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TECHNICAL SECRETARIAT
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Professional Congress Organiser 
Avda. Diagonal, 497
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Tel. +34 933 027 541
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O R G A N I Z AT I O N

VENUE 
Auditorio de la Diputación de Alicante - ADDA
Paseo Campoamor, s/n 
03010 Alicante, Spain 
www.addaalicante.es

WIFI
WiFi internet access will be available at the Congress venue

REGISTRATION 

REGISTRATION FEES
Fees in Euros (€) (VAT Included)  After 1 August

 - Member* 500 € 

 - Non Member 650 € 

 - Student Member 300 €

 - Student non Member 500 €

 - Industry / Corporate 700 €

*Members of European Societies affiliated to the International Society of Developmental Biology (ISDB)

REGISTRATION FEES INCLUDES
 - Admission to all scientific sessions
 - Access to Exhibition area
 - Welcome reception at the venue on 23rd October
 - Coffee breaks during the congress period
 - Pic nic Lunch bags on 24th and 25th October
 - Special fee for congress dinner on 25th October in Hall Séneca (by Michelin star Chef 
María José San Román)

 - Program & Book of Abstracts through the website during the Congress

ATTENDANCE CERTIFICATE
Congress participants will receive a certificate of attendance after the Congress, always 
on request.

G E N E R A L  I N F O R M AT I O N
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SECRETARIAT AND REGISTRATION DESK

OPEN EVERY DAY AT THE FOLLOWING TIMES
 - Wednesday, 23rd October from 15.00 to 19.00
 - Thursday, 24th October from 08.30 to 19.00
 - Friday, 24th October from 08.30 to 19.00
 - Saturday, 26th October from 08.30 to 13.30

BADGES
For security reasons, badges must be worn at all times throughout the congress and the 
social events. It will be your entrance ticket to the venue and all scientific sessions.  
EUR 25.00 (VAT included) will be charged for replacing a lost badge and for re-printing 
due to incorrect submission of names and/or company names or addresses.

CONGRESS OFFICIAL HOTEL
Melià Alicante Hotel ****
Plaza del Puerto, 3
03001 Alicante, Spain
10 minutes by bus from the ADDA, venue of the EDBC 2019 Congress

OTHER SUGGESTED HOTELS
 - Eurostars Lucentum ****
 - Tryp Gran Sol ****
 - NH Rambla de Alicante ***
 - La City Mercado ***

LIABILITY
By registering for the congress, and / or by participating in the exhibition held along with 
the 2019 EDBC Alicante, participants and exhibitors agree that the Organizing Committee 
or the Congress Secretariat cannot accept liability for personal injuries sustained, or 
for loss or damage of property belonging to congress participants, either during, or as a 
result of the meeting.

COFFEE BREAKS
Coffee breaks are included in the registration fee and will be offered in the exhibition 
area.

PIC-NIC LUNCH
Pic-nic lunch bags will be collected in the Exhibition and Poster area. Please make sure 
you bring your pic nic lunch ticket. Online requested special diets will also require ticket.

SOCIAL PROGRAMME

WELCOME RECEPTION
Wednesday 23rd October at 20.00 at the Exhibition and Posters area

CONGRESS DINNER
Friday 25th October at 20.30 in Hall Séneca (by Michelin star Chef María José San Román). 
Ticket will be requested at the entrance.
Buses will be available from ADDA to the congress dinner venue, Hall Séneca, after the 
sessions conclude. Return by your own means.
Bus departure: 20.00
Meeting point: ADDA main entrance

DISCLAIMERS
The information contained in this program is correct at the time of publication. The 
European Developmental Biology Congress and/or its agents have the right for any 
reason beyond their control to alter or cancel, without prior notice, the Congress or any 
of the arrangements, timetables, plans or other items relating directly or indirectly to 
the Congress. The Organisation and/or AOPC shall not be liable for any loss, damage, 
expenditure or inconvenience caused to participants and their belongings either 
during or as a result of the Congress or at the hotels, or as a result of such alteration or 
cancellation. Please check the validity of your own insurance.
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The Speakers’ Preview Room will be located next to the registration desk.
The opening hours are:

 - Wednesday, 23rd October from 15.00 to 19.00
 - Thursday, 24th October from 08.30 to 19.00
 - Friday, 24th October from 08.30 to 19.00
 - Saturday, 26th October from 08.30 to 13.30

SPEAKERS 
All oral presentations must be delivered to the Speakers’ Preview Room at least 1hour 
before their session. Those authors presenting in the first session of the day may do so 
the day before. All speakers are kindly requested to make their presentations during the 
allotted time, which appears in the programme.

POSTERS
Posters will be displayed throughout the Congress.
 - Set up: Wednesday 23rd October from 15.00 to 19.30
 - Dismantling: Saturday 26th October at 13.30 

Please contact the Congress Secretariat for adhesive material. Any poster left after 13.30 
on Saturday will be removed. The Organisers cannot accept liability for lost or damaged 
posters.

POSTER SESSIONS
 - Poster Session I: Even Numbers Thursday 24th October from 13.30 to 15.30
 - Poster Session II: Odd Numbers Friday 25th October from 13.30 to 15.30

Authors are required to stand by their poster during the Poster Session they have been 
assigned. Poster codes coincide with the board number.

I N S T R U C T I O N S  F O R  S P E A K E R S  A N D  A U T H O R S

WED 23 THU 24 FRI 25 SAT 26

E X H I B I T I O N

09.30 –11.00 h

S01
Cell Biology of 
Development

S05
Organisation of 
Developmental 

Fields

S09
Human 

Development  
and Disease

11.00 –11.30 h C O F F E E  B R E A K

11.30 –13.00 h

S02
Stem Cells and 
Differentiation

S06
Regeneration and 

Homeostasis

PL04
Closing Lecture

13.00 –13.30 h WORKSHOPS  
& DEMOS

13.00 - 13.30
(SALA DE CÁMARA)

10xGenomics Symposium: 
Biology at true resolution  

with 10X Genomics

14.00 - 15.30
(SALA A1 - 2ND FLOOR)

Outreach event: Conversación  
& Speed-dating con científicos

15.30 - 17.00
(SALA DE CÁMARA)

Panel Discussion: Preprints  
and scientific publishing

FLASH TALKS AWARD SESSION

13.30 –15.30 h POSTER SESSIONS & LUNCH

15.30 –17.00 h
S03

Genome Dynamics 
in Development

S07
Evo-Devo

17.00 –17.30 h REGISTRATION
17.00 –20.00

C O F F E E  B R E A K

17.30 –19.00 h OPENING
18.30 –19.00

S04
Growth and  

Form

S08
Physiology of 
Development

19.00 –20.00 h
PL01

Opening Lecture
PL02

Plenary Lecture
PL03 

Plenary Lecture

WELCOME 
RECEPTION

CONGRESS 
DINNER

C O N G R E S S  T I M E TA B L E
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13.00 - 17.00 WORKSHOPS & DEMOS

13.00 - 13.30 10xGenomics Symposium: Biology at true resolution with 10X Genomics (Sala de Cámara)

14.00 - 15.30 Outreach event: Conversación & Speed-dating con científicos (Sala A1 - 2nd Floor)

15.30 - 17.00 Panel Discussion: Preprints and scientific publishing (Sala de Cámara)

17.00 - 20.00 REGISTRATION

18.30 - 19.00 OPENING

19.00 - 20.00  OPENING LECTURE

CHAIR: Joan Galcerán - Alicante, Spain

   PLENARY TALK
   ISDB-MOD LECTURE: INSIGHTS FROM NOVEL RESEARCH ORGANISMS: FROM CRUSTACEAN LIMBS  

TO THE BEAUTY OF BUTTERFLIES
Nipam Patel - Woodshole, USA

20.00 - 21.00 WELCOME RECEPTION

W E D N E S D AY  2 3  O C T O B E R

09.30 - 11.00 SYMPOSIUM 01. CELL BIOLOGY OF DEVELOPMENT

CHAIR: Patrick Lemaire - Paris, France

09.30 INVITED TALK
   INTERPLAY BETWEEN MOLECULAR AND MECHANICAL CUES CONTROL COLLECTIVE MIGRATION  

OF NEURAL CREST CELLS
Roberto Mayor - London, United Kingdom

09.55 YOUNG PI SELECTED TALK

 S1-YPI 
 DYNAMICS OF NEURAL STEM CELL NICHE MORPHOGENESIS IN DROSOPHILA

Pauline Spéder Murphy - Paris, France

10.20 ABSTRACT-SELECTED TALK 

 S1-ST 
 REGULATION OF THE ADULT MUSCLE QUIESCENT STEM NICHE BY NOTCH SIGNALING

Meryem Baghdadi - Paris, France

10.35 INVITED TALK
   CELL BIOLOGICAL MECHANISMS REGULATING NEUROGENESIS

Kate Storey - Dundee, United Kingdom

11.00 - 11.30 COFFEE BREAK

11.30 - 13.00 SYMPOSIUM 02. STEM CELLS AND DIFFERENTIATION

CHAIR: Miguel Manzanares - Madrid, Spain

11.30 INVITED TALK
   FALLING ASLEEP: REGULATION OF QUIESCENCE IN ADULT STEM CELLS

Isabel Fariñas - Valencia, Spain

11.55 YOUNG PI SELECTED TALK

 S2-YPI 
 SPATIOTEMPORAL DISSECTION OF CELL-FATE DECISIONS DURING GASTRULATION, AT SINGLE CELL 

RESOLUTION 
Yonatan Stelzer - Rehovot, Israel

12.20 ABSTRACT-SELECTED TALK 

 S2-ST 
 MOLECULAR INVERSE STOCHASTIC RESONANCE IMPEDES DECODING OF THE HER6 OSCILLATOR  

IN ZEBRAFISH NEUROGENESIS
Ximena Soto - Manchester, United Kingdom

12.35 INVITED TALK
   EPIGENETIC MECHANISMS IN EARLY MAMMALIAN DEVELOPMENT

María-Elena Torres-Padilla - Munich, Germany

T H U R S D AY  24  O C T O B E R
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13.00 - 13.30 FLASH TALKS 01

 FT1-1 
 ENDOTHELIAL TGFβ SIGNALING ORCHESTRATES OUTFLOW TRACT MORPHOGENESIS IN ZEBRAFISH

Giulia Boezio - Bad Nauheim, Germany

 FT1-2 
 PARTIAL ENDOTHELIAL-TO-MESENCHYMAL TRANSITION FOLLOWED BY PARTIAL  

MESENCHYMAL-TO-ENDOTHELIAL TRANSITION DURING ZEBRAFISH HEART VALVE FORMATION
Renee Wei-Yan Chow - Illkirch-Graffenstaden, France

 FT1-3 
 CELL LINEAGE DEPENDENT CHIRAL FLOWS AT THE ACTOMYOSIN CORTEX DRIVE CELLULAR 

REARRANGEMENT IN EARLY DEVELOPMENT
Lokesh Pimpale - Dresden, Germany

 FT1-4 
 THE ROLE OF CENTROSOMES AS FATE DETERMINANTS IN NEURAL STEM CELL DIVISION

Glòria Casas Gimeno - Groningen, Netherlands

 FT1-5 
 DYSREGULATED TEMPORAL PATTERNING GOVERNS THE GROWTH, HIERARCHY AND COMPOSITION 

OF NEURODEVELOPMENTAL TUMORS IN DROSOPHILA
Cédric Maurange - Marseille, France

 FT1-6 
 CHIRAL CELL SLIDING DRIVES LEFT-RIGHT ASYMMETRIC ORGAN ROTATION

Mikiko Inaki - Toyonaka, Japan

 FT1-7 
 HOW PHYSICAL INTERACTIONS REGULATE UNDIFFERENTIATED STATE OF SUTURE CELLS

Diana Alves Afonso - Dresden, Germany

 FT1-8 
 INTRA-ORGAN COMMUNICATION WITHIN THE DEVELOPING ZEBRAFISH HEART INVOLVES 

MECHANICAL COUPLING OF MYOCARDIUM AND ENDOCARDIUM
Dorothee Bornhorst - Hannover, Germany

 FT1-9 
 DYNAMICS AND MOLECULAR HETEROGENEITY IN MOUSE PRIMITIVE ENDODERM INDUCTION  

AND DIFFERENTIATION
Sara Pozzi - Copenhagen, Denmark

 FT1-10 
 A TRANSITORY SIGNALING CENTER PROMOTES TIMELY PRIMORDIAL GERM CELL DIFFERENTIATION

Torsten Banisch - New York, USA

 FT1-11 
 REGULATION OF YAP FUNCTION BY ALTERNATIVE SPLICING DURING EARLY EMBRYO DEVELOPMENT

Barbara Pernaute - Barcelona, Spain

 FT1-13 
 NOGGIN EXPRESSION IN THE NOTOCHORD IS REQUIRED FOR PROPER PANCREAS DEVELOPMENT  

IN VERTEBRATES
João Amorim - Porto, Portugal

 FT1-14 
 IMPACT OF SIGNALING PATHWAYS IN THE CIS-REGULATION DURING EMBRYONIC DEVELOPMENT

Marta Moreno-Oñate - Sevilla, Spain

 FT1-15 
 ENDOGENOUS CRISPR ARRAYS FOR SCALABLE WHOLE ORGANISM LINEAGE TRACING

James Cotterell - Barcelona, Spain

13.30 - 14.30 ERC SESSION

13.30 - 15.30 POSTERS SESSION I & LUNCH

15.30 - 17.00 SYMPOSIUM 03. GENOME DYNAMICS IN DEVELOPMENT

CHAIR: Rolf Zeller - Basel, Switzerland

15.30 INVITED TALK
   GENOME DYNAMICS IN EVOLUTION

Peter Holland - Oxford, United Kingdom

15.55 YOUNG PI SELECTED TALK

 S3-YPI 
 MODULATION OF PITX1 LIMB REGULATION BY 3D GENOME STRUCTURE DYNAMICS 

Guillaume Andrey - Geneva, Switzerland

16.20 ABSTRACT- SELECTED TALK 

 S3-ST 
 DYNAMIC REGULATION OF ALTERNATIVE SPLICING MODULATES DNA DAMAGE RESPONSE  

DURING ZYGOTIC GENOME ACTIVATION 
Manuel Irimia - Barcelona, Spain

16.35 INVITED TALK
   GENOME ARCHITECTURE MAPPING: EXPLORING STATE SPECIFIC 3D GENOME TOPOLOGIES  

IN BRAIN CELLS
Ana Pombo - Berlin, Germany

17.00 - 17.30 COFFEE BREAK

17.30 - 19.00 SYMPOSIUM 04. GROWTH AND FORM

CHAIR: Miguel Torres - Madrid, Spain

17.30 INVITED TALK
   A CONTROL MECHANISM LINKING DIFFERENTIATION RATE TO PRECURSOR CELL SURVIVAL 

MINIMIZES ORGAN SIZE VARIABILITY
Fernando Casares - Sevilla, Spain

17.55 YOUNG PI SELECTED TALK

 S4-YPI 
 EPITHELIAL MORPHOGENESIS WITH SCUTOIDS, A NOVEL BIOPHYSICAL PRINCIPLE LINKS CELL 

CONNECTIVITY AND TISSUE CURVATURE
Luís María Escudero - Sevilla, Spain

18.20 ABSTRACT- SELECTED TALK 

18.35 INVITED TALK
   ONE GROWTH AND FORM OF THE LIMB DUD

James Sharpe, Barcelona, Spain

19.00 - 20.00 PLENARY LECTURE

CHAIR: Miguel Torres - Madrid, Spain

 PLENARY TALK
   THE EMBO KEYNOTE LECTURE: THE CONTROL OF HOX GENES REGULATION 

Denis Duboule - Geneva, Switzerland
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09.30 - 11.00 SYMPOSIUM 05. ORGANISATION OF DEVELOPMENTAL FIELDS

CHAIR: James Briscoe - London, United Kingdom

09.30 INVITED TALK
   BIOPHYSICS OF MORPHOGEN GRADIENT FORMATION AND SCALING

Marcos González-Gaitán - Geneva, Switzerland

09.55 YOUNG PI SELECTED TALK

 S5-YPI 
 PATTERNING WITH WAVES: A ROBUST AND EVOLVABLE EMBRYONIC PATTERNING MECHANISM 

Ezzat El-Sherif - Erlangen, Germany

10.20 ABSTRACT- SELECTED TALK 

 S5-ST 
 A BI-STABLE REACTION-DIFFUSION MECHANISM FOR SIZE-INDEPENDENT SYMMETRY BREAKING  

OF MOUSE EMBRYOID BODIES 
Luciano Marcon - Sevilla, Spain

10.35 INVITED TALK
   MAKING A FLAT LEAF: PRE-PATTERNING, MORPHOGENIC SMALL RNAS, AND TURING REACTIONS 

Marja Timmermans - Tübingen, Germany

11.00 - 11.30 COFFEE BREAK

11.30 - 13.00 SYMPOSIUM 06. REGENERATION AND HOMEOSTASIS

CHAIR: Sally Lowell - Edimburgh, United Kingdom

11.30 INVITED TALK
   MECHANISMS DRIVING THE CONSTRUCTION AND MAINTENANCE OF ADULT NEURAL STEM  

CELL ENSEMBLES 
Laure Bally Cuif - Paris, France

11.55 YOUNG PI SELECTED TALK

 S6-YPI 
 LOCAL MECHANICAL FEEDBACKS ON EGFR/ERK MAINTAIN EPITHELIAL INTEGRITY DURING  

CELL ELIMINATION
Romain Levayer - Paris, France

12.20 ABSTRACT- SELECTED TALK 

 S6-ST 
 IDENTIFICATION OF A MACROPHAGE SUBTYPES REQUIRED FOR ORGAN REGENERATION  

IN THE ZEBRAFISH 
Nadia Mercader - Bern, Switzerland

12.35 INVITED TALK
   SIGNALING MECHANISMS IN HEART REGENERATION

Eldad Tzahor - Rehovot, Israel

F R I D AY  2 5  O C T O B E R 13.00 - 13.30 FLASH TALKS 02

 FT2-1 
 EX-UTERO DEVELOPMENT OF THE MOUSE EMBRYO - FROM ZYGOTE TO ORGANOGENESIS

Alejandro Aguilera Castrejon - Rehovot, Israel

 FT2-2 
 A LOCAL SOURCE OF RETINOIC ACID SHAPES THE EXTRAOCULAR MUSCLE FUNCTIONAL UNIT

Glenda Comai - Paris, France

 FT2-3 
 TISSUE MORPHOGENESIS AT CRITICALITY

Nicoletta Petridou - Klosterneuburg, Austria

 FT2-4 
 RECONSTRUCTING CELL LINEAGES USING SOMATIC MUTATIONS: DESIGN, OPTIMIZATION  

AND IN SITU READING OF CRISPR RECORDERS
Marco Grillo - Lyon, France

 FT2-5 
 SYNCHRONIZING MOUSE PRESOMITIC MESODERM CELLS: WHAT ARE THE COUPLING RULES?

Christine Ho - Heidelberg, Germany

 FT2-6 
 ROLE OF AUTOPHAGY DURING CELL COMPETITION IN HEART DEVELOPMENT AND CARDIAC 

REGENERATION
Lorena Esteban-Martínez - Madrid, Spain

 FT2-8 
 VASCULAR REPAIR AFTER SPINAL CORD INJURY IN ZEBRAFISH

Ana Ribeiro - Lisboa, Portugal

 FT2-9 
 THE PERIODIC COLORATION IN BIRDS FORMS THROUGH A PREPATTERN OF SOMITE ORIGIN

Nicolas Haupaix - Paris, France

 FT2-10 
 THE MAYFLY CLOEON DIPTERUM: A NEW PLATFORM TO STUDY INSECT EVOLUTION AND 

MORPHOLOGICAL NOVELTIES
Isabel Almudi - Sevilla, Spain

 FT2-11 
 A HUMAN ACCELERATED REGION REGULATES FOREBRAIN EXPANSION THROUGH THE REGULATION 

OF EARLY FOXG1 EXPRESSION
Sandra Acosta - Barcelona, Spain

 FT2-12 
 THE ACTIN NUCLEATOR CYK-1/MDIA DRIVES CHIRALITY OF ACTOMYOSIN FLOWS AND FACILITATES 

LEFT-RIGHT SYMMETRY BREAKING IN EARLY C. ELEGANS EMBRYO’S
Teije Middelkoop - Dresden, Germany

 FT2-13 
 ANTAGONISTIC ACTIVITIES OF VEGFR3/FLT4 AND NOTCH1B FINE-TUNE MECHANOSENSITIVE 

SIGNALING DURING CARDIAC VALVULOGENESIS
Federica Fontana - Potsdam, Germany

 FT2-14 
 AN ATRIAL FIBRILLATION SUSCEPTIBILITY LOCUS IS A DISTAL ENHANCER THAT CONTROLS  

THE CARDIAC EXPRESSION OF THE GJA1 GENE IN MAMMALS
Jesus Victorino - Madrid, Spain

 FT2-15 
 CYSTATIN B PREVENTS ECTOPIC HISTONE TAIL CLIPPING DURING NEURAL STEM CELL RENEWAL  

AND DIFFERENTIATION
Eduard Daura Sarroca - Helsinki, Finland

13.30 - 15.30 POSTER SESSION II & LUNCH
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15.30 - 17.00 SYMPOSIUM 07. EVO-DEVO

CHAIR: Peter Holland - Oxford, United Kingdom

15.30 INVITED TALK
   A NEW MULTISTAGE MULTIMODAL CELLULAR ATLAS REVEALS A NEURAL CREST-LIKE PLURIPOTENT 

NEUROECTODERMAL BORDER IN ANNELIDS 
Detlev Arendt - Heidelberg, Germany

15.55 YOUNG PI SELECTED TALK

 S7-YPI 
 THE ASSEMBLY OF A MOLECULAR MAP OF NEUROGENESIS IN OCTOPUS VULGARIS

Eve Seuntjens - Leuven, Belgium

16.20 ABSTRACT- SELECTED TALK 

 S7-ST 
 TAXON-RESTRICTED GENES DRIVE CELL TYPE EVOLUTION: INSIGHTS FROM THE CNIDARIAN HYDRA

Alexander Klimovich - Kiel, Germany

16.35 INVITED TALK
   EVOLUTION AND DEVELOPMENT OF PETAL NANOSCALE RIDGES THAT SCATTER LIGHT AND 

INFLUENCE ANIMAL BEHAVIOUR
Beverley Glover - Cambridge, United Kingdom

17.00 - 17.30 COFFEE BREAK

17.30 - 19.00 SYMPOSIUM 08. PHYSIOLOGY OF DEVELOPMENT

CHAIR: Sergio Casas-Tintó - Madrid, Spain

17.30 INVITED TALK
   A CONSERVED ROLE FOR REACTIVE OXYGEN SPECIES DURING EARLY EMBRYONIC DEVELOPMENT 

AND APPENDAGE REGENERATION
Enrique Amaya - Manchester, United Kingdom

17.55 YOUNG PI SELECTED TALK

 S8-YPI 
 METABOLIC ADAPTATION AND RESILIENCY IN CAVEFISH 

Nicolas Rohner - Kansas City, USA

18.20 ABSTRACT- SELECTED TALK 

 S8-ST 
 A NOVEL ADAPTATION MECHANISM TO ENSURE ROBUST TISSUE MIGRATION VIA DYNAMIC 

BUFFERING OF EXTRACELLULAR CHEMOKINE 
Mie Wong - Zurich, Switzerland

18.35 INVITED TALK
   BIOLOGICAL ROBUSTNESS: GENETIC COMPENSATION AND TRANSCRIPTIONAL ADAPTATION

Didier Stainier - Bad Nauheim, Germany

19.00 - 20.00 PLENARY LECTURE

CHAIR: Leonor Saude - Lisbon, Portugal

 PLENARY TALK
   CELLULAR BIOGRAPHIES: RECONSTRUCTING DEVELOPMENTAL TRAJECTORIES AND LINEAGES 

Alex Schier - Basel, Switzerland

20.30 - 22.00 CONGRESS DINNER   20.00 Bus departure to congress dinner venue. (Return by your own means)

09.30 - 11.00 SYMPOSIUM 09. HUMAN DEVELOPMENT AND DISEASE

CHAIR: Víctor Borrell - Alicante, Spain

09.30 INVITED TALK
   PANCREAS ORGANOIDS TO STUDY HUMAN DEVELOPMENT AND DISEASE

Anne Grapin-Botton - Copenhagen, Denmark

09.55 YOUNG PI SELECTED TALK

 S9-YPI 
 MODELLING THE PATHOLOGICAL LONG-RANGE REGULATORY EFFECTS OF HUMAN STRUCTURAL 

VARIATION WITH PATIENT-SPECIFIC HIPSCS 
Álvaro Rada-Iglesias - Santander, Spain

10.20 ABSTRACT- SELECTED TALK 

 S9-ST 
 MULTIPLE CONGENITAL AND POSTNATAL DISEASE STATES ARISE FROM SOMATIC MOSAICISM  

FOR CONSTITUTIVELY ACTIVE BRAF SIGNALLING
Heather Etchevers - Marseille, France

10.35 YOUNG PI SELECTED TALK

 S9-YPI 
 YYLNCT DEFINES A CLASS OF DIVERGENTLY TRANSCRIBED LNCRNAS AND SAFEGUARDS THE 

T-MEDIATED MESODERMAL COMMITMENT OF HUMAN PSCS 
Leo Kurian - Cologne, Germany

11.00 - 11.30 COFFEE BREAK

11.30 - 12.45 CLOSING LECTURE

CHAIR: Ángela Nieto - Alicante, Spain

11.30 - 12.45 Suzanne Eaton Lecture

11.30 - 11.45 A remembrance by Marcos González-Gaitán - Geneva, Switzerland

 11.45  EXPLORING THE DYNAMIC RELATIONSHIP BETWEEN GENE EXPRESSION AND CHROMOSOME 
ORGANISATION DURING X-CHROMOSOME INACTIVATION 
Edith Heard - Heidelberg, Germany

12.45 - 13.30 AWARD SESSION AND CLOSING OF THE CONGRESS

S AT U R D AY  2 6  O C T O B E R
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P O S T E R 
S E S S I O N S

POSTER SESSION I
Even Numbers Thursday 24th October from 13.30 to 15.30

POSTER SESSION II
Odd Numbers Friday 25th October from 13.30 to 15.30

Authors are required to stand by their poster during the Poster 
Session they have been assigned.

PA Cell Biology of Development
PB Stem Cells and Differentiation
PC Genome Dynamics in Development
PD Growth and Form
PE Organisation of Developmental Fields
PF Regeneration and Homeostasis
PG Evo-Devo
PH Physiology of Development
PI Human Development and Disease
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 PA-1 
 MAPK/ERK ACTIVITY REGULATES KIDNEY SIZE AND NEPHRON NUMBER VIA MULTIPLE CELLULAR 

FUNCTIONS
S Kuure, A Ihermann-Hella, K Kurtzeborn, HN Kwon, H Li, T Hirashima, M Matsuda, C Cebrian, G Dressler

 PA-2 
 THE SPECTRAPLAKIN SHORT-STOP MEDIATES THE CROSSTALK BETWEEN MICROTUBULES AND 

ACTIN DURING SINGLE-CELL BRANCHING
D Ricolo, S J Araújo

 PA-3 
 A NEW NUCLEAR β-CATENIN/BCL9 PARTNER REGULATES WNT SIGNALING AT THE INTERPHASE 

BETWEEN DEVELOPMENT AND CANCER
C Cantù

 PA-4 
 P38 MAPKS REGULATE AMINO ACID DEPLETION INDUCED OXIDATIVE STRESS RESPONSE IN MOUSE 

PRE-IMPLANTATION EMBRYOS IN VITRO
P Bora, V Thamodaran, AW Bruce

 PA-5 
 CODANIN-1 IS AN ESSENTIAL PROTEIN WHICH BINDS, STABILIZES AND RE-LOCALIZES C15ORF41 PROTEIN

B Motro, G Swickley, Y Bloch, S Noy-Lotan, A Yanai, H Tamary

 PA-6 
 THE ROLE OF CENTROSOMES AS FATE DETERMINANTS IN NEURAL STEM CELL DIVISION

G Casas Gimeno, J Paridaen

 PA-7 
 WWC2 A NOVEL MEIOTIC/MITOTIC CELL CYCLE RELATED AND CELL FATE INFLUENCING FACTOR, 

DURING EARLY MOUSE (PREIMPLANTATION) DEVELOPMENT
G Virnicchi, P Bora, M Anger, A Susor, AW Bruce

 PA-8 
 EMT MARKER SNAIL DISPLAYS A DYNAMIC DISTRIBUTION IN PERI-IMPLANTATION MOUSE EMBRYOS

R de la Fuente, RS Kelly, B Plusa

 PA-9 
 A RETINO-RETINAL PROJECTION GUIDED BY UNC5C EMERGED IN SPECIES WITH RETINAL WAVES

V Murcia-Belmonte, Y Coca, C Vegar, S Negueruela, C De Juan, A Valiño, S Sala, A Kania, V Borrell, L Martínez, 
L Erskine, H Herrera 

 PA-10 
 THE TRANSCRIPTION FACTOR SNAIL1B REGULATES VALVE INTERSTITIAL CELL INVASION DURING 

ZEBRAFISH CARDIAC DEVELOPMENT
A Gentile, F Gunawan, A Bensimon-Brito, D Stainier

 PA-11 
 INTEGRATION OF LINEAR AND CYCLIC TIMING IN C. ELEGANS DEVELOPMENT

J Kracmarova, B Towbin, GJ Hendriks, H Grosshans

 PA-12 
 AMBRA1, AN AUTOPHAGIC PROTEIN INVOLVED IN ZEBRAFISH PRIMORDIAL GERM CELL SURVIVAL

CM Fontana, G Meneghetti, L Dalla Valle

 PA-13 
 vTONI A TOOL FOR VISUALISATION AND ANALYSIS OF 4D TRACKS IN THE EARLY MOUSE EMBRYO

A Lopez-Izquierdo, M Manzanares, S Menchero

 P A  C e l l  B i o l o g y  o f  D e v e l o p m e n t  PA-14 
 MYOSIN VI PLAYS A STRUCTURAL ROLE DURING SPERMIOGENESIS IN MAMMALS

P Zakrzewski, A Suwinska, MJ Redowicz, F Buss, M Lenartowska 

 PA-15 
 DYNAMICS OF NEURAL STEM CELL NICHE MORPHOGENESIS IN DROSOPHILA

M Rujano, A Banach-Latapy, P Spéder Murphy

 PA-17 
 CHARACTERIZATION OF MODULATOR OF SMOOTHENED (MOSMO) GENES DURING VERTEBRATE 

DEVELOPMENT
M Sintes, C Camacho De La Macorra, N Tabanera Anguita, P Bovolenta, MJ Cardozo Ruiz

 PA-18 
 ENDOTHELIAL TGFβ SIGNALING ORCHESTRATES OUTFLOW TRACT MORPHOGENESIS IN ZEBRAFISH

G Boezio, A Bensimon Brito, S Günther, C Helker, D Stainier

 PA-19 
 MOLECULAR SIGNATURES IDENTIFY IMMATURE MESENCHYMAL PROGENITORS IN EARLY MOUSE 

LIMB BUDS THAT RESPOND DIFFERENTIALLY TO MORPHOGEN SIGNALING
RR Reinhardt, FG Gullotta, GN Nusspaumer, EÜ Ünal, RI Ivanek, AZ Zuniga, RZ Zeller

 PA-20 
 STAGE-SPECIFIC MTOR-REGULATED TRANSLATION AFFECTS THE RELATIVE SPATIAL POSITIONING  

OF CELLS DURING MOUSE PREIMPLANTATION EMBRYO DEVELOPMENT
L Gahurova, M Kubickova, P Cerna, A Susor, K Kovacicova, M Anger, AW Bruce 

 PA-21 
 A NEW MECHANISM OF NEURULATION IN THE ZEBRAFISH FOREBRAIN

F Giger, C Houart

 PA-22 
 DYSREGULATED TEMPORAL PATTERNING GOVERNS THE GROWTH, HIERARCHY AND COMPOSITION 

OF NEURODEVELOPMENTAL TUMORS IN DROSOPHILA
C Maurange, S Genovese, C Gaultier, R Clément

 PA-23 
 EPICARDIAL-DERIVED CELLS AND THE ORIGIN OF THE CORONARY ENDOTHELIUM

R Carmona, S Barrena, SY Ahamed, ME Ordóñez, R Muñoz-Chápuli

 PA-24 
 CHARACTERIZATION OF YAP/TAZ-TEAD ACTIVITY AS MECHANO-TRANSDUCER OF THE 

MORPHOGENESIS OF THE VERTEBRATE RETINAL PIGMENTED EPITHELIUM
C Camacho De La Macorra, T Moreno Marmol, X Perosanz, P Bovolenta, MJ Cardozo Ruiz

 PA-25 
 THE ROLE OF THE aECM AND Yki INACTIVATION IN THE DISASSEMBLY OF A FUNCTIONAL ORGAN

JJ Fraire-Zamora, J Solon, J Casanova

 PA-26 
 CHIRAL CELL SLIDING DRIVES LEFT-RIGHT ASYMMETRIC ORGAN ROTATION

M Inaki, H Honda, M Matsuno

 PA-27 
 UNDERSTANDING THE DYNAMICS OF HEART DEVELOPMENT AT SINGLE-CELL RESOLUTION

M Raiola, M Sendra, I Esteban, M Torres

 PA-28 
 LASTICITY IN THE LIMB NERVOUS SYSTEM IN RESPONSE TO SUPERNUMERARY DIGITS

B Berki, M Luxey, P Tschopp

 PA-30 
 RADIAL GLIA FIBERS TRANSLATE FGF8 MORPHOGENETIC SIGNAL TO GENERATE THE PROTOMAP OF 

THALAMIC NUCLEAR COMPLEX IN THE MANTLE LAYER
A Pombero, R García-López, A Estirado, A Botella-López, S Martínez
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 PA-31 
 SCHIZOPHRENIA MODEL IN LIS1/SLIS1 MICE

R Garcia-Lopez, A Pombero, A Estirado, S Martinez

 PA-32 
 MT4-MMP REGULATES ENDOTHELIAL CELL MIGRATION DURING ANGIOGENESIS

N Moracho Pascual, AIR Learte, C Clemente, MG Montalvo, AG Arroyo, C Sánchez-Camacho

 PA-33 
 A COMPARATIVE STUDY OF THE MEMBRANE TYPE-MATRIX METALLOPROTEINASES MT1-MMP AND 

MT4-MMP EXPRESSION DURING MOUSE EMBRYONIC DEVELOPMENT
E Muñoz-Sáez, AIR Learte, I Rodríguez-Martín, N Moracho Pascual, MG Montalvo, AG Arroyo, C Sánchez-Camacho

 PA-34 
 THE ROLE OF BARRIER TO AUTOINTEGRATION FACTOR IN CHROMATIN ORGANISATION AND 

PREMATURE AGEING
R Romero-Bueno, G Gomez-Saldivar, A Dobrzynska, M Rojas, C Ayuso, CG Riedel, P Askjaer 

 PA-35 
 CELLULAR AND MOLECULAR MECHANISMS OF THE DEVELOPMENT OF THE STATOACOUSTIC 

GANGLION (SAG) 
A Bañón González, B Alsina

 PA-36 
 TESTING THE CIS-REGULATORY POTENTIAL OF TYPE 2 DIABETES ASSOCIATED NON-CODING 

SEQUENCES
A Eufrásio, M Duque, J Bessa

 PA-37 
 MIR-195B ENHANCES CARDIOMYOGENIC DIFFERENTIATION VIA MODULATION OF SMAD3/SMURF1 ON 

CHICKEN PROEPICARDIAL EXPLANTS
A Dueñas, A Exposito-Villen, JN Dominguez, AE Aranega, D Franco

 PA-38 
 CYCLIN A AS NOVEL LINK BETWEEN CELL CYCLE AND CELL POLARITY

P Darnat, J Sallé, M Gho, A Audibert 

 PA-39 
 MESENDODERM SPECIFICATION AND MORPHOGENESIS IN ZEBRAFISH GASTRULATION: THE ROLE OF 

EXTRAEMBRYONIC TISSUES
A Schauer, CP Heisenberg

 PA-40 
 CELL-CELL CONTACT FORMATION AND WNT/ß-CATENIN SIGNALLING IN THE SEA STAR EMBRYO

V Barone, M Byrne, LC Deirdre 

 PA-41 
 INVESTIGATING THE REGULATORY ROLE OF TEAD4 IN BLASTOMERE POSITIONING AND CELL FATE 

DURING MOUSE PREIMPLANTATION EMBRYOGENESIS
R Collier, A Mihajlovic, L Gahurova, AW Bruce 

 PA-42 
 THE ROLES OF IRX3 AND IRX5 IN COCHLEAR EPITHELIAL CELL FATE SPECIFICATION

B Leung, Y Liu, T Qin, K So, CC Hui, MH Sham

 PA-43 
 HEARING LOSS-CAUSING GENES, EYA1, TBX1 AND FGF10 DURING MURINE AURICLE DEVELOPMENT

JM Fons Romero, A Tucker

 PA-44 
 BUCKY BALL PROTEIN INTERACTION WITH RNA DURING ZEBRAFISH GERMLINE DEVELOPMENT

H Khalifa, P Krishnakumar, R Perera, O Shomroni, G Salinas, R Dosch 

 PA-45 
 SEARCHING FOR GENES REQUIRED IN DROSOPHILA RING GLAND DEVELOPMENT

M Garcia Ferres, JC-G Hombria

 PA-46 
 UNVEILING GLIAL PROGENITORS DURING HINDBRAIN MORPHOGENESIS

C Belmonte-Mateos, C Pujades

 PA-47 
 SCRIBBLE AND α-CATENIN COOPERATIVELY REGULATE CELL PROLIFERATION IN THE DROSOPHILA 

WING IMAGINAL DISC
Y Huang

 PA-48 
 EXPLORING THE RHOMBOMERIC BOUNDARY CELL POPULATION STEMNESS PROPERTIES

C Engel-Pizcueta, CF Hevia, C Pujades

 PA-49 
 MOLECULAR FUNCTIONS OF PRI SMORF PEPTIDES DURING DROSOPHILA LEG DEVELOPMENT

D Markus, F Payre, J Zanet

 PA-50 
 INTERPLAY BETWEEN MESENDODERM CELL FATE SPECIFICATION AND INTERNALIZATION DURING 

ZEBRAFISH GASTRULATION
D Pinheiro, CP Heisenberg

 PA-51 
 CELL CYCLE AND CELL FATE DECISION: ROLE OF THE CDC25B G2/M REGULATOR IN MAMMALIAN 

CORTICOGENESIS
M Roussat, C Audouard, F Medevielle, F Pituello, S Bel-Vialar

 PA-52 
 GENE EDITING OF PRRX1A CONFIRMS THE HEART PHENOTYPE OF MORPHOLINO-MEDIATED KNOCK 

DOWN IN ZEBRAFISH
N Castroviejo Jiménez, L Rago, OH Ocaña, J Galcerán, MA Nieto

 PA-53 
 THE SONIC HEDGEHOG RECEPTORSOME IN NEUROEPITHELIAL PATTERNING AND FOREBRAIN 

SPECIFICATION
M Marczenke, A Christ, BL Allen, TE Willnow 

 PA-54 
 SCO-SPONDIN, A MATRICELLULAR NEUROGENIC PROTEIN IN THE EMBRYONIC CEREBROSPINAL FLUID

T Caprile, C Farkas, A Gato, A Vera, F Lamus, H Montecinos 

 PA-55 
 VOLTAGE-GATED POTASSIUM CHANNEL KCNG4B FUNCTIONS IN ZEBRAFISH EAR DEVELOPMENT

E Gasanov, J Jedrychowska, V Korzh

 PA-56 
 HOW PHYSICAL INTERACTIONS REGULATE UNDIFFERENTIATED STATE OF SUTURE CELLS

D Alves Afonso, A Lamprou, J Tabler

 PA-57 
 MICROTUBULES AND MOTOR PROTEINS SUPPORT ZEBRAFISH NEURONAL MIGRATION BY DIRECTING 

CARGO
U Theisen, A Ernst, R Heyne, T Ring, RW Köster 

 PA-58 
 RECONSTRUCTING ENTERIC NERVOUS SYSTEM LINEAGES AT SINGLE-CELL RESOLUTION

R Lasrado, A Laddach, J Kleinjung, V Pachnis

 PA-59 
 EPH SIGNALING CONTROLS MITOTIC SPINDLE ORIENTATION AND CELL PROLIFERATION IN 

NEUROEPITHELIAL CELLS
M Franco, A Carmena
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 PA-61 
 INVESTIGATING THE IMPORTANCE OF MITOTIC BOOKMARKING BY RBPJ/NOTCH SIGNALING IN 

VERTEBRATE NEUROGENESIS
A Heskol, V Teixeira, DS Castro

 PA-62 
 SOXD TRANSCRIPTION FACTORS PROMOTE ACTIVATION OF QUIESCENT NEURAL STEM CELLS IN THE 

ADULT HIPPOCAMPUS
A Morales, C Medina, S Muñoz, M Ciorraga, C Córdoba, L Li, E Calleja, S Nicolis, V Lefebvre, H Mira 

 PA-63 
 LINEAGE SPECIFIC REQUIREMENT FOR RNA AND DNA UNWINDING DURING LYMPHATIC 

ENDOTHELIAL CELL PROLIFERATION
K Koltowska, K Okuda, M Rondon Galeano, S Paterson, AK Lagendijk, H Chen, J Baillie, I Leshchiner, W 
Goessling, A Smith, C Simons, S Schulte-Merker, M Hogan 

 PA-64 
 THE FIRST EMT IN THE MOUSE EMBRYO DEVELOPMENT TAKES PLACE AT THE BLASTOCYST STAGE

K Filimonow, K Michniak, A Piliszek, B Plusa 

 PA-65 
 THE ASYMMETRIC MIGRATORY BEHAVIORS OF A NOVEL MESENDODERMAL CELL POPULATION NEAR 

THE ZEBRAFISH LEFT-RIGHT ORGANIZER
C Bota, M Mallo, G Martins, SS Lopes

 PA-66 
 INTRA-ORGAN COMMUNICATION WITHIN THE DEVELOPING ZEBRAFISH HEART INVOLVES 

MECHANICAL COUPLING OF MYOCARDIUM AND ENDOCARDIUM
D Bornhorst, P Xia, H Nakajima, C Dingare, W Herzog, V Lecaudey, N Mochizuki, C-P Heisenberg, D Yelon, S 
Abdelilah-Seyfried

 PA-67 
 A SPECIFIC PBX1 ISOFORM HAS A DUAL FUNCTION INDUCING DOPAMINERGIC SPECIFICATION AND 

REPRESSING ALTERNATIVE FATES
I Roger, L Remesal, L Chirivella, M Maicas, R Brocal, C Cucarella, M Casado, N Flames 

 PA-68 
 A SPECIFIC ISOFORM OF PYD/ZO-1 MEDIATES A JUNCTIONAL REMODELLING REQUIRED FOR THE 

FORMATION AND STABILITY OF DROSOPHILA NEPHROCYTE DIAPHRAGM
M Carrasco-Rando, J Culi, M Ruiz-Gómez

 PA-69 
 ANALYSIS OF NON-PHOSPHORYLATABLE VARIANTS OF DUMBFOUNDED, A MAIN COMPONENT OF 

DROSOPHILA NEPHROCYTES SLIT DIAPHRAGMS
V Castillo-Mancho, J Culi, M Ruiz-Gómez

 PA-70 
 THE ROLE OF PRDM14 DURING EPIGENETIC REPROGRAMMING IN MOUSE PRIMORDIAL GERM CELLS

M Barrero, A Mallol, M Guirola, M Iehara, H Ohta, M Yamaji, K Kurimoto, M Saitou, B Payer 

 PA-71 
 BIOINFORMATIC AND FUNCTIONAL ANALYSES OF MUSCLE CELL DIVERSIFICATION IN DROSOPHILA 

MELANOGASTER
P Poovathumkadavil, B Bertin, K Jagla

 PA-72 
 ISURE-CRE IS A GENETIC TOOL TO RELIABLY INDUCE AND REPORT CRE-DEPENDENT GENETIC 

MODIFICATIONS
M Fernández-Chacón, V Casquero-García, W Luo, F Lunella, S Ferreira Rocha, S Del Olmo-Cabrera, R Benedito

 PA-73 
 A TOOLBOX FOR RECOMBINASE-DEPENDENT MOSAIC CELLULAR BARCODING AND COMBINATORIAL 

GENE KNOCKOUT ANALYSIS
I García González, V Casquero, L Wen, M Fernandez-Chacón, F Lunella, R Benedito

 PA-74 
 MECHANICS OF MESODERM MIGRATION IN THE EMBRYONIC AND EXTRA-EMBRYONIC PORTIONS OF 

THE MOUSE EMBRYO
W Nahaboo, B Saykali, M Versaevel, S Gabriele, I Migeotte 

 PA-75 
 VAL66MET POLYMORPHISM INFLUENCE ON BDNF ISOFORMS’ ACTION IN ZEBRAFISH LATERAL LINE 

DEVELOPMENT
E Gasanov, G de Assis, V Korzh 

 PA-76 
 ARTERIAL DIFFERENTIATION IS TIGHTLY DEPENDENT ON CELL-CYCLE CESSATION

W Luo, I Garcia-Gonzalez, M Fernandez-Chacon, S Pontes-Quero, N Alvarez, R Benedito

 PA-77 
 ORIGIN AND FUNCTION OF NON-APICAL MITOSIS IN EPITHELIAL-MESENCHYMAL TRANSITION 

DURING MOUSE GASTRULATION
E Despin-Guitard, N Mathiah, I Migeotte

 PA-78 
 STEM CELL BEHAVIOUR IN POST-EMBRYONIC NEUROMAST FORMATION

K Groß, A Seleit, L Centanin

 PA-79 
 YAP/WWTR1-TEAD ACTIVITY DURING PROEPICARDIAL CLUSTER FORMATION

L Ortiz-Lopez, M Peralta, E Remacha, N Mercader, F Fahrbach, J Vermot

 PA-80 
 SPATIAL REGULATION OF PRONEURAL GENE EXPRESSION DURING HINDBRAIN DEVELOPMENT

J Yeung, M Tambalo, D Wilkinson

 PA-81 
 GGA-CLOCKOME: AN OMICS APPROACH TO UNDERSTANDING THE TEMPORAL CONTROL OF THE 

EMBRYO MOLECULAR CLOCK
I Duarte, G Carraco, RP Andrade

 PA-82 
 ARTIAL ENDOTHELIAL-TO-MESENCHYMAL TRANSITION FOLLOWED BY PARTIAL MESENCHYMAL-TO-

ENDOTHELIAL TRANSITION DURING ZEBRAFISH HEART VALVE FORMATION
R Chow, H Fukui, A Duchemin, H Nakajima, N Mochizuki, J Vermot 

 PA-83 
 UNRAVELING MECHANISMS UNDERLYING MESODERM INDUCTION

A Drozd, N Menezes, L Mariani, X Guo, E Ferretti

 PA-84 
 PRRX1 CONTROLS ENDODERMAL ORGAN LATERALITY IN VERTEBRATES

OH Ocaña, H Coskun, N Castroviejo, J Galceran, A Nieto

 PA-85 
 MAPK SIGNALING EFFECTS BRANCHING MORPHOGENESIS THROUGH CHANGES IN BIOMECHANICAL 

PROPERTIES OF URETERIC BUD TIP CELLS
K Kurtzeborn, A Ihermann-Hella, S Kuure

 PA-87 
 SINGLE CELL RNA-SEQ AND CLONAL ANALYSIS APPROACHES UNCOVERED ENDOCARDIAL CELL 

HETEROGENEITY AT THE ORIGIN OF VALVULAR SPECIFIC CELL TYPES
B Farhat, P Zakeri, B Jagla, T Moore-Morris, A Baudot, M Puceat 
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 PA-88 
 VESICULAR SORTING FOR HEDGEHOG RECEPTION THROUGH MORPHOGENETIC SYNAPSIS

AC Gradilla, L Gonzalez-Mendez, D Sanchez-Hernandez, E Gonzalez, A Aguirre-Tamaral, C Jimenez-Jimenez, A 
Andres, G Aguilar, S Colomo, JM Falcon, I Guerrero 

 PA-89 
 C59 IS POWERFUL TOOL TO STIMULATE CHONDROCYTE DIFFERENTIATION

M Buchtova, M Killinger

 PA-90 
 CELL LINEAGE DEPENDENT CHIRAL FLOWS AT THE ACTOMYOSIN CORTEX DRIVE CELLULAR 

REARRANGEMENT IN EARLY DEVELOPMENT
L Pimpale, T Middelkoop, S Grill 

 PA-91 
 DIFFERENTIAL ACTIVATION OF A NOVEL NON-CANONICAL, ß-CATENIN-DEPENDENT WNT PATHWAY 

CONTROLS AXON GUIDANCE DECISIONS AT THE MIDLINE
C Morenilla-Palao, M López-Cáscales, J López-Atalaya, D Baeza, A Barco, E Herrera

 PA-92 
 DEREGULATION OF THE WNT AND TGF-β SIGNALING PATHWAYS UNDERLIES ZIC2-ASSOCIATED 

HOLOPROSENCEPHALY
A Giner de Gracia, C Morenilla-Palao, MT López-Cascales, G Muça, E Herrera

 PA-93 
 A STUDY ON ACTOMYOSIN INFLUENCING THE FORMATION OF SPATIAL ASYMMETRIES IN EARLY 

EMBRYONIC ORGANOIDS
K Arato, V Trivedi

 PA-94 
 THE CELL-TYPE SPECIFIC FUNCTIONS OF AN ER MODULATING FACTOR, PECANEX IN NOTCH AND WNT 

SIGNALING PATHWAYS
T Yamakawa, K Matsuno

 PA-95 
 LGL PHOSPHOREGULATION COUPLES APICO-BASAL POLARIZATION WITH CELL DIVISION

S Moreira, M Osswald, G Ventura, M Gonçalves, C Sunkel, E Morais-De-Sa 

 PA-96 
 MULTI-PHASE BEHAVIOUR OF PROCESSING BODIES IN EARLY DROSOPHILA DEVELOPMENT

M Sankaranarayanan, B Wood, E Wilby, T Weil

 PA-97 
 DEFINING THE EARLIEST STEP OF CARDIOVASCULAR LINEAGE SEGREGATION BY SINGLE-CELL RNA-SEQ

F Lescroart, X Wang, X Lin, B Swedlund, S Gargouri, A Sànchez-Dànes, V Moignard, C Dubois, C Paulissen, S 
Kinston, B Göttgens, C Blanpain 

 PA-98 
 FUNCTION OF ERK1/2 IN PLURIPOTENT AND DIFFERENTIATING HUMAN EMBRYONIC STEM CELLS

SN Nakanoh, LV Vallier

 PA-99 
 EXPRESSION OF VARIOUS MICRORNAS ON INFLOW TRACT DURING CARDIAC LOOPING

V Garcia-Martinez, V Garcia-Lopez, D Franco, A Aranega, C Garcia-Padilla, C Lopez-Sanchez 

 PA-100 
 DIRECT INVOLVEMENT OF MIR-130a AND MIR-133a IN EARLY CARDIAC ATRIAL SPECIFICATION

C Lopez-Sanchez, V Garcia-Lopez, D Franco, A Aranega, C Garcia-Padilla, V Garcia-Martinez 

 PA-101 
 LANAR POLARIZATION OF CILIA IN THE ZEBRAFISH FLOOR-PLATE INVOLVES PAR3-MEDIATED 

POSTERIOR LOCALIZATION OF HIGHLY MOTILE BASAL BODIES
A Donati, S Schneider-Maunoury, C Vesque

 PA-102 
 A CONSERVED E3 UBIQUITIN LIGASE COORDINATES A TRAVELLING WAVE OF APICAL CONSTRICTION 

DURING NEURAL DIFFERENTIATION IN THE DROSOPHILA NEUROEPITHELIUM
C Shard, F Schweisguth

 PA-103 
 LIVE-IMAGING OF DROSOPHILA OOCYTE CHROMATIN ARCHITECTURE

B Marques, R Matos, T Feijão, R Martinho 

 PA-104 
 CD36 IN BONE DEVELOPMENT

A Ramesova, P Hamouzova, B Vesela, E Svandova, J Doubek, F Tichy, E Matalova

 

 PB-1 
 HUMAN AXIAL PROGENITORS GENERATE TRUNK NEURAL CREST CELLS IN VITRO

T Frith, I Granata, M Wind, E Stout, O Thompson, K Neumann, D Stavish, P Heath, D Ortmann, J Hackland, K 
Anastassiadis, M Gouti, J Briscoe, V Wilson, S Johnson, M Placzek, M Guarracino, P Andrews, A Tsakiridis 

 PB-2 
 GENERATION OF A REPORTER CELL LINE FOR STUDYING HUMAN CORTICAL INTERNEURON FATE 

SPECIFICATION
M Cruz Santos, C Cardo, M Li

 PB-3 
 UNRAVELING THE LAYERS OF EMBRYONIC HEMATOPOIESIS

L Freyer, L Iturri, R Gentek, M Bajenoff, E Gomez Perdiguero 

 PB-4 
 REPROGRAMMING ACTIVATES RETROTRANSPOSONS IN MOUSE INDUCED PLURIPOTENT STEM CELLS

P Gerdes, SM Lim, D Chan, FJ Sanchez-Luque, PE Carreira, C James, SR Richardson, JM Polo, AD Ewing, GJ 
Faulkner

 PB-5 
 A HUMAN RETINAL ORGANOID MODEL OF MYCN-DRIVEN RETINOBLASTOMA

M Hellsand, M Åkesson, S Stenfelt, T Tararuk, F Hallböök

 PB-6 
 DYNAMICS AND MOLECULAR HETEROGENEITY IN MOUSE PRIMITIVE ENDODERM INDUCTION AND 

DIFFERENTIATION
S Pozzi, M Perera, A Trusina, JM Brickman 

 PB-8 
 KAT3 PROTEINS ARE DISPENSABLE FOR PROLIFERATION OF NEURAL PROGENITORS BUT ESSENTIAL 

FOR NEURAL DIFFERENTIATION
R Gonzalez-Martinez, B Del Blanco, A Barco, E Herrera

 PB-9 
 LURIPOTENCY FACTORS REGULATE THE ONSET OF HOX CLUSTER ACTIVATION IN THE EARLY EMBRYO

M Tiana, E Lopez-Jimenez, J Sainz de Aja, J Victorino, A Barral, C Badia-Careaga, I Rollan, R Rouco, E Santos, 
H Sanchez-Iranzo, RD Acemel, C Torroja, J Adan, E Andres-Leon, JL Gomez-Skarmeta, G Giovinazzo, F Sanchez-
Cabo, M Manzanares 

 PB-10 
 TEMPORAL CONTROL OF NEUROGENESIS BY EPH/EPHRIN SIGNALING

A Kischel, C Audouard, A Davy

 PB-11 
 PRIMARY CILIUM REMODELLING MEDIATES A CELL SIGNALLING SWITCH IN DIFFERENTIATING NEURONS

G Toro-Tapia, D Das

 P B  S t e m  C e l l s  a n d  D i f f e r e n t i at i o n
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 PB-12 
 THE GENE REGULATORY LOGIC OF CONVERGENT CELL FATE SPECIFICATION IN THE DEVELOPING 

VERTEBRATE SKELETON
C Moreau, C Feregrino, A Di Pietro-Torres, S Fischer, P Tschopp

 PB-13 
 INFLUENCE OF CELL-EXTRINSIC AND -INTRINSIC FACTORS ON THE TRANSCRIPTIONAL 

CONVERGENCE OF SKELETOGENIC CELLS
C Moreau, C Feregrino, P Tschopp

 PB-14 
 NEUROGENIC NICHE CELLS SHARE A COMMON LINEAGE GOVERNED BY DNA REPLICATION REGULATORS

G Ortiz Ávarez, M Daclin, S Asm, P Lansade, A Fortoul, M Faucourt, S Clavreul, ME Lalioti, S Taraviras, S 
Hippenmeyer, J Livet, A Meunier, A Genovesio, N Spassky 

 PB-15 
 SEARCHING FOR THE EMBRYONIC ORIGIN OF SKELETAL MUSCLE STEM CELLS HETEROGENEITY BEHAVIOUR

F Hernandez-Torres, L Rodríguez-Outeiriño, F Ramírez, D Franco, AE Aránega

 PB-16 
 CONTRIBUTIONS OF THE PRONEURAL FACTORS ASCL1A AND ASCL1B TO DOPAMINERGIC 

NEUROGENESIS IN ZEBRAFISH
C Altbuerger, M Rath, W Driever

 PB-17 
 RONEURAL ROLE OF ASENSE IN THE DROSOPHILA NEUROEPITHELIAL TO NEUROBLAST TRANSITION

M Martin, MN Shaikh, F Gutierrez-Avino, FJ Tejedor

 PB-18 
 RADIAL GLIAL CELLS FROM MAMMALIAN DEVELOPING NEOCORTEX CAN DIVIDE SYMMETRICALLY  

IN VITRO
M Ledesma, D Míguez

 PB-19 
 RECONSTRUCTING AND VISUALISING CELL LINEAGES

I Salvador-Martinez, M Grillo, J Svedlund, M Nilsson, M Averof, M Telford 

 PB-20 
 A CONSERVED ROLE OF NANOG IN VERTEBRATE EMBRYOGENESIS

L Simpson, D Crowley, J Chatfield, M Loose, A Johnson

 PB-21 
 CXCR4 SIGNALING IN B CELL COLONIZATION OF DEVELOPING BURSA OF FABRICIUS

V Halasy, N Fejszák, T Kovács, L Orbán, S Härtle, N Nagy 

 PB-22 
 75 NEUROTROPHIN RECEPTOR REGULATES CORTICAL INTERMEDIATE PROGENITOR FATE

S Meier, F Alfonsi, N D Kurniawan, M Piper, E J Coulson 

 PB-23 
 THE TRANSITION FROM LOCAL TO GLOBAL PATTERNS GOVERNS THE DIFFERENTIATION OF MOUSE 

BLASTOCYSTS
S Fischer, E Corujo-Simon, J Lilao, EHK Stelzer, S Munoz-Descalzo 

 PB-24 
 ITX2 AND MYOGENIC PROGRESSION DURING DEVELOPMENT

F Ramírez, F Hernandez-Torres, L Rodriguez-Outeiriño, J Dominguez-Macías, F Franco, AE Aránega 

 PB-25 
 THE ROLE OF ZIC2 IN THE ADULT MOUSE NEUROGENESIS

I Guzmán, E Herrera

 PB-26 
 SCULPTING OF FOREBRAIN DEVELOPMENT BY MEIS HOMEOBOX PROTEINS IN THE PATHOGENESIS OF 

RESTLESS LEGS SYNDROME
VR Kittke, DD Lam, C Zhao, DA Lohse, W Krezel, M Torres, J Winkelmann 

 PB-27 
 INTRON RETENTION AS A MECHANISM TO TIGHTLY CONTROL THE TIMING OF NEURONAL DIFFERENTIATION

A González-Iglesias, A Domingo-Muelas, A Arcas, E Mancini, J Valcárcel, I Fariñas, MA Nieto 

 PB-28 
 MITOTIC CHROMOSOME BINDING DISTINGUISHES THE NEURAL TRANSCRIPTION FACTORS BRN2 AND 

ASCL1: POSSIBLE IMPACT ON M-G1 TRANSITION
MAF Soares, D Sampaio-Soares, V Teixeira, R Oliveira, DS Castro

 PB-29 
 SPATIOTEMPORAL DISSECTION OF CELL-FATE DECISIONS DURING GASTRULATION, AT SINGLE CELL 

RESOLUTION
YS Stelzer

 PB-30 
 SOX5 CONTROLS THE ESTABLISHMENT OF QUIESCENCE DURING THE DEVELOPMENT OF THE 

HIPPOCAMPAL NEUROGENIC NICHE
L Li, M Ciorraga, J Jurado, C Medina, V Lefebvre, A Morales 

 PB-31 
 AXON GUIDANCE CUES SECRETED BY THE CORTEX GLIAL NICHE REGULATE ASYMMETRIC STEM CELL 

DIVISION IN DROSOPHILA LARVAL BRAIN NEUROBLAST LINEAGES
A De Torres Jurado, A Carmena

 PB-32 
 CELL LINEAGE DIFFERENTIATION IN THE MOUSE BLASTOCYST: THE EMERGENCE OF THE 

PLURIPOTENT EPIBLAST
C Chazaud, N Allègre, S Chauveau, Y Renaud, C Dennis

 PB-33 
 DIVERSITY OF PROGENITOR CELL TYPES IN THE DEVELOPING FERRET CEREBRAL CORTEX

L Del-Valle-Anton, S Amin, M Florio, S McCarroll, V Borrell 

 PB-34 
 STUDY OF MECP2 DIMERS IN THE DIFFERENTIATION OF HUMAN NEURONS

ML Molina Gallego, E Geijo Barrientos, S Martínez Pérez 

 PB-35 
 MOLECULAR INVERSE STOCHASTIC RESONANCE IMPEDES DECODING OF THE HER6 OSCILLATOR IN 

ZEBRAFISH NEUROGENESIS
X Soto, V Biga, J Kursawe, R Lea, P Doostdar, N Papalopulu

 PB-36 
 A TRANSITORY SIGNALING CENTER PROMOTES TIMELY PRIMORDIAL GERM CELL DIFFERENTIATION

T Banisch, M Slaidina, L Gilboa, R Lehmann 

 PB-37 
 TO DIVIDE OR TO DIFFERENTIATE - THE FATE OF DROSOPHILA NEURAL STEM CELLS

C Homem

 PB-39 
 MICROGLIAL REGULATION OF ADULT NEURAL STEM CELLS IN THE SUBEPENDYMAL ZONE

P Duart-Abadia, A Pérez-Villalba, MS Sirerol-Piquer, A Domingo-Muelas, I Fariñas

 PB-40 
 VASCULAR REGULATION OF NEURAL STEM CELL MAINTENANCE IN ADULT NEUROGENIC NICHES

L Blasco-Chamarro, MS Sirerol-Piquer, G Belenguer, P Duart-Abadia, I Fariñas

 PB-41 
 ENGINEERING NEURAL TUBE PATTERNING IN VITRO WITH SHH SIGNALLING

JLF Lazaro Farre, MM Melchionda, JB Briscoe

 PB-42 
 AVING THE WAY TOWARDS HUMAN THYROID FOLLICLES IN VITRO : WHAT CAN WE LEARN?

V Fernandez Vallone, R Opitz, M Gossen, K Renko, H Stachelschied
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 PB-43 
 ESTABLISHMENT OF IN VITRO CELLULAR SYSTEMS TO MODEL MESODERM DIFFERENTIATION

E Ferretti

 PB-44 
 REGULATION OF YAP FUNCTION BY ALTERNATIVE SPLICING DURING EARLY EMBRYO DEVELOPMENT

B Pernaute, CDR Wyatt, M Miret, L Goyeneche, M Irimia

 PB-45 
 ONSET AND PATTERNING RULES OF MESENDODERM AND DEFINITIVE ENDODERM IN EMBRYOID BODIES

N Sagy, M Pour, S Slovin, G Savyon, M Allalouf, J Boxman, I Nachman

 PB-46 
 THE DYNAMIC INTERPLAY OF IMMUNE CELLS AND RETINAL STEM CELLS

C Becker, K Lust, F Eggeler, O El Said, B Bajoghli, N Aghaallaei, J Wittbrodt 

 PB-47 
 A FUNCTIONAL GENOMICS APPROACH TO DISSECT THE PATHWAYS INVOLVED IN THE MESODERMAL 

SPECIFICATION OF ENDOTHELIAL AND BLOOD PROGENITOR CELLS AND ITS LINEAGE BY USING 
CRISPR CAS9
M Bansal, R Benedito 

 PB-48 
 CHARACTERIZATION OF THE HUMAN GnRH NEURON DEVELOPMENTAL TRANSCRIPTOME USING A 

GNRH1-TDTOMATO REPORTER LINE IN HUMAN PLURIPOTENT STEM CELLS
C Lund, V Yellapragada, S Vuoristo, D Balboa, S Trova, C Allet, K Pulli, P Giacobini, T Tuuri 

 PB-49 
 CELL CYCLE DYNAMICS IN PLANARIAN STEM CELLS

MA Grohme, O Frank, J C Rink

 PB-51 
 UNDERSTANDING THE MECHANISMS INVOLVEDI IN THE MIGRATION AND CIRCUIT INTEGRATION OF 

GABAERGIC THALAMIC INTERNEURONS
I Huerga Gomez, G López Bendito

 PB-52 
 RABBIT INNER CELL MASS RETAINS ABILITY TO DIFFERENTIATE INTO TROPHECTODERM LINEAGE

A Piliszek, K Filimonow, A Chołoniewska, J Chołoniewski 

 PB-53 
 ENCAPSULATION PROMOTES ISLET-CELL SIGNATURE IN DIFFERENTIATING HUMAN INDUCED 

PLURIPOTENT STEM CELLS
S Chera, TA Legoy, A Mathisen, L Ghila

 PB-54 
 ANALYSING THE ROLE OF HNF4A IN HIPSC-DERIVED DIFFERENTIATING TO INSULIN PRODUCING CELLS

L Ghila, H Vethe, Y Bjørlykke, H Scholz, S Chera, H Ræder

 PB-55 
 SENSORY NEUROGENESIS DEPENDS ON VASCULAR-NEURONAL FILOPODIA CONTACTS AND BLOOD FLOW

L Taberner, A Bañon, B Alsina

 PB-56 
 AN APPROACH TO QUANTIFY THE ARCHITECTURE OF THE INNER CELLULAR MASS OF 

PREIMPLANTATION MAMMALIAN EMBRYOS
J Forsyth, B Plusa, S Cotter 

 PB-57 
 NICHE RECRUITMENT BY INDIVIDUAL NEURAL STEM CELLS IN DROSOPHILA

A Banach-Latapy, M Rujano, P Spéder

 PB-58 
 CHARACTERIZING THE ROBO SIGNALLING CASCADE THAT DRIVES DIRECT NEUROGENESIS

SA Amin, AG Schambony, MG Gentzel, VB Borrell 

 PB-59 
 ROLE OF MEIS1 IN MOUSE BRAIN DEVELOPMENT

L Cathiard, V Fraulob, B Schuhbaur, M Torres, J Winkelmann, W Krezel 

 PB-60 
 ENDOCARDIAL APELIN SIGNALING REGULATES ENDOCARDIUM-MYOCARDIUM INTERACTION

J Qi, D Stainier, C Helker

 PB-61 
 OSKAR MRNA DRIVES P-BODY ASSEMBLY IN DROSOPHILA GERMLINE

B Rankovic, AE Ephrussi

 PB-62 
 REGULATION OF THE ADULT MUSCLE QUIESCENT STEM NICHE BY NOTCH SIGNALING

M Baghdadi

 PB-63 
 STUDYING THE DIVISION MODES OF ZEBRAFISH PALLIAL NEURAL PROGENITORS

I Foucher, F Rosa, E Than-Trong, N Dray, A Alunni, L Bally-Cuif

 PB-64 
 INHIBITION OF MITOTIC KINASES IN SKIN AND ORAL EPITHELIA TRIGGERS A SQUAMOUS 

DIFFERENTIATION RESPONSE ENSURING GENOME INTEGRITY
A Gandarillas, N Sanz-Gómez, I De Pedro, D Santamaría, M Malumbres, G De Cárcer

 PB-65 
 SQUAMOUS EPITHELIAL CELLS COMMONLY RESPOND TO A DNA DAMAGE-DIFFERENTIATION 

CHECKPOINT INVOLVING POLYPLOIDISATION
A Freije, L Contreras, L San Juan, N Sanz-Gomez, A Gandarillas 

 PB-66 
 MOLECULAR MECHANISMS BEHIND DIFFERENTIATION OF EPENDYMAL CELLS

A Srivastava

 

 PC-1 
 RETENTION OF PATERNAL DNA METHYLOME IN THE DEVELOPING ZEBRAFISH GERMLINE

K Skvortsova, K Tarbashevich, R Lister, M Irimia, E Raz, O Bogdanovic

 PC-2 
 TRANSCRIPTOMIC AND GENOMIC SIGNATURES OF AXON GUIDANCE DECISIONS

M Fernández-Nogales, M López-Cascales, J Fernández-Albert, V Murcia-Belmonte, A Barco, E Herrera

 PC-3 
 ON THE TRAIL OF NEW MARKERS OF PACEMAKER CELLS

T Obrębski, A Paterek, A Brzozowska, R Minhas, C Winata 

 PC-4 
 3D GENOME FOLDING IN MAMMALIAN GERM CELLS

C Vara, A Paytuví-Gallart, Y Cuartero, F François, F Garcia, M Marti-Renom, A Ruiz-Herrera 

 PC-5 
 SUBFUNCTIONALIZATION OF COHESIN STAG1/2 IN ZEBRAFISH DEVELOPMENT AND DISEASE

S Ketharnathan, A Labudina, S Lee, J Antony, I Morison, J Horsfield

 PC-6 
 NOGGIN EXPRESSION IN THE NOTOCHORD IS REQUIRED FOR PROPER PANCREAS DEVELOPMENT IN 

VERTEBRATES
JP Amorim, AM Gali-Macedo, H Marcelino, R Carriço, S Naranjo, S Rivero-Gil, J Teixeira, M Galhardo, J 
Marques, JL Gomez-Skarmeta, J Bessa 

 P C  G e n o m e  D y n a m i c s  i n  D e v e l o p m e n t
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 PC-7 
 DYNAMIC REGULATION OF ALTERNATIVE SPLICING MODULATES DNA DAMAGE RESPONSE DURING 

ZYGOTIC GENOME ACTIVATION
C Wyatt, B Pernaute, Q Rovira, M Irimia

 PC-8 
 IMPACT OF SIGNALING PATHWAYS IN THE CIS-REGULATION DURING EMBRYONIC DEVELOPMENT

M Moreno-Oñate, S Jiménez-Gancedo, J Gómez-Skarmeta

 PC-9 
 IDENTIFICATION OF SOX2 CIS-REGULATORY REGION SPECIFIC FOR COCHLEAR EPITHELIUM

K So, B Leung, Y Liu, T Qin, CC Hui, MH Sham 

 PC-10 
 UNDERSTANDING THE BIFURCATION OF THE NEURAL RETINA AND PIGMENTED EPITHELIUM 

DEVELOPMENTAL PROGRAMS
L Buono, T Morero, B De La Cerda, R Polvillo, P Bovolenta, JR Martinez-Morales 

 PC-11 
 ROLE OF TRANSCRIPTION FACTORS IN GENE EXPRESSION REGULATION DURING EMBRYONIC 

DEVELOPMENT
L Gallardo Fuentes, JL Gómez Skarmeta

 PC-12 
 IMPACT OF THE EXPRESSION OF HUMAN CTCF PROTEIN ON THE SACCHAROMYCES CEREVISIAE GENOME

I Vazquez-Gutierrez, P Firbas, JJ Tena, JM Santos-Pereira, I Maeso

 PC-13 
 DYNAMICS OF DNA METHYLOMES UNDERLIE OYSTER DEVELOPMENT

G Rivière, Y He, S Tecchio, E Crowell, G-C Wu, E Saint-Carlier, P Sourdaine Pascal, X Guo, P Favrel 

 PC-14 
 THE GROUND ZERO OF GENE REGULATORY EVOLUTION: UNVEILING GENERAL PRINCIPLES OF FIRST-TIME 

CIS-REGULATORY INTERACTIONS BETWEEN MAMMALIAN-SPECIFIC TFS AND THE ZEBRAFISH GENOME
MJ López, P Firbas, I Maeso

 PC-15 
 EMBRYONIC NEURODEVELOPMENT IS AFFECTED IN HUNTINGTON’S DISEASE

C Vila Torondel, A Esteve-Codina, G Iacono, D Tornero, A Míguez, JM Canals 

 PC-16 
 EVALUATING THE SWITCH IN CELLULAR COMPETENCE DURING HEAD TO TRUNK TRANSITION

P Duarte, A Dias, A Nóvoa, M, Mallo

 PC-17 
 UNDERSTANDING SPECIES-SPECIFIC TIMESCALES DURING MOTOR NEURON DEVELOPMENT

T Rayon, D Stamataki, R Perez-Carrasco, L Garcia- Perez, J Melchionda, J Briscoe

 PC-18 
 EPIGENETIC AND NON-EPIGENETIC ACTION OF SIRTUIN 1 DURING OOCYTE MEIOSIS

J Nevoral, L Landsmann, M Stiavnicka, S Prokesova, H Rimnacova, T Fenclova, J Moravec, T Zalmanova

 PC-19 
 GENE REGULATION DURING TRUNK-TO-TAIL TRANSITION IN THE VERTEBRATE EMBRYO

A Lozovska, P Duarte, M Mallo

 PC-21 
 MODULATION OF PITX1 LIMB REGULATION BY 3D GENOME STRUCTURE DYNAMICS

G Andrey, B Kragesteen, M Spielmann, C Paliou, R Rouco, V Heinrich, R Schöpflin, A Esposito, C Annunziatella, 
S Bianco, A Chiariello, I Jerković, I Harabula, P Guckelberger, M Pechstein, L Wittler, W-L Chan, M Franke1, D 
Lupiáñez, K Kraft, B Timmermann, M Vingron, A Visel, M Nicodemi, S Mundlos 

 PC-22 
 IMPACT OF PROMOTER SEQUENCES ON TRANSCRIPTIONAL DYNAMICS DURING ZYGOTIC GENOME 

ACTIVATION
C Fernandez, A Trullo, M Dejean, E Bertrand, O Radulescu, M Lagha 

 PC-23 
 COMPARATIVE FUNCTIONAL ANALYSIS OF THE ATYPICAL NOTCH LIGANDS DLK1 AND DLK2 IN THE 

REGULATION OF VERTEBRATE NEUROGENESIS
SB Telerman, RS Hamilton, B Shaw, AAshcroft, P Arthur-Farraj, B Steventon, AC Ferguson-Smith 

 PC-24 
 DISSECTING THE PANCREATIC AND DUODENAL HOMEOBOX 1 (PDX1) CIS-REGULATORY LANDSCAPE 

BY HUMANIZING THE ZEBRAFISH GENOME
IM Costa, A Gali-Macedo, C Perrod, J Bessa

 PC-25 
 THE GLUCOCORTICOID RECEPTOR COUPLES ENDOCRINE SIGNALLING TO SYNAPTIC ACTIVITY-

DEPENDENT GENE TRANSCRIPTION VIA A METABOTROPIC GLUTAMATE RECEPTOR-REGULATED 
PATHWAY IN ZEBRAFISH
H Eachus, D Subramanya, H Jackson, G Wang, K Berntsen, J Ashton, U Esposito, F Seifuddin, M Pirooznia, E 
Elhaik, N Krone, R Baines, M Placzek, V Cunliffe 

 PC-26 
 RECONSTRUCTION OF THE GLOBAL NEURAL CREST GENE REGULATORY NETWORK IN VIVO

TSS Sauka-Spengler, RMW Williams, ICF Candido-Ferreira, ER Repapi, DG Gavriouchkina, US Senanayake, ITCL 
Irving TC, JT Telenius, ST Taylor, JH Hughes

 PC-27 
 THE FIRST ASSOCIATION OF HB KNOSSOS: (HBB:c82G>T) WITH (HBB: c118C>T) MUTATION CAUSS 

THALASSEMIA HOMOZYGOUS IN ALGERIAN CHILDREN
K Belhadi, M Gribaa, A Benhouda, H Djaara, I Benchafeddine 

 PC-28 
 THE PIONEER ACTIVITY OF HOX13 IS REQUIRED FOR PROPER DIGIT PATTERNING

I Desanlis, Y Kherdjemil, A Mayran, C Gentile, J Drouin

 PC-29 
 TRANSCRIPTION REGULATION OF GLIOGENESIS: A PLAY BETWEEN TRANSCRIPTION FACTORS AND 

CHROMATIN REMODELERS
C Marie, C Parras

 

 PD-1 
 EX-UTERO DEVELOPMENT OF THE MOUSE EMBRYO - FROM ZYGOTE TO ORGANOGENESIS

A Aguilera Castrejon, J Hanna

 PD-2 
 EPITHELIAL MORPHOGENESIS WITH SCUTOIDS, A NOVEL BIOPHYSICAL PRINCIPLE LINKS CELL 

CONNECTIVITY AND TISSUE CURVATURE
P Gomez-Galvez, P Vicente-Munuera, S Anbari, A Tagua, C Gordillo, A M Palacios, A Velasco, C Capitan-Agudo, 
C Grima, V Annese, R Robles, A Marquez, J Buceta, L Escudero

 PD-5 
 DEVELOPMENT OF DISTINCT DENDRITIC ORIENTATIONS BETWEEN DIRECTION-SELECTIVE T4/T5 

NEURON SUBTYPES
J Pujol-Martí, N Hoermann, T Schilling, A Haji Ali, A Borst

 PD-6 
 INDUCED IMBALANCE AT GASTRULATION BETWEEN ANTERIOR AND POSTERIOR ONTOGENETIC 

PROGRAMS CAUSES SEVERE HEAD DYSGENESIS IN MICE
E Grall, V Gourain, A Nair, E Martin, MC Birling, JN Freund, I Duluc 

 P D  G r o w t h  a n d  F o r m
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 PD-7 
 IN VIVO FUNCTIONAL ANALYSIS OF C-TERMINAL DOMAIN OF MSX1 GENE IN MICE FOR CRANIOFACIAL 

DEVELOPMENT
DA Daishi, AY Akihiro, NM Naomi, SO Seiichi, ET Eiji 

 PD-8 
 A NEUROMESODERMAL COMPETENT DOMAIN IS A CONSERVED SOURCE OF SPINAL CORD WITH 

DIVERGENT GROWTH DYNAMICS
T Fulton, A Attardi, M Lenz, L Muresan, B Steventon 

 PD-9 
 NEW ROLES OF MYF5 IN DORSAL SOMITIC PROGENITORS

M López-Mayorga, N Moncaut, C Vicente-García, L Teboul, PWJ Rigby, J Carvajal 

 PD-10 
 FROM Hoxb6 GENE TO PROTEIN: A COMPARISON OF mRNA AND PROTEIN EXPRESSION PATTERNS

A Casaca, A Nóvoa, M Mallo

 PD-11 
 A QUANTITATIVE MORPHOMETRIC TOOL DESCRIBING EARLY CHICK EMBRYO ELONGATION

A Maia-Fernandes, T Pais de Azevedo, G Martins, I Palmeirim, A Marreiros, R P Andrade 

 PD-12 
 GENETIC CONTROL OF SKELETAL MUSCLE HYPERTROPHY

C Vicente-Garcia, M Lopez-Mayorga, LM Escudero Cuadrado, JJ Carvajal 

 PD-13 
 TEMPORAL CONTROL IN EARLY CHICK EMBRYO SOMITE SEGMENTATION

AP Martins-Jesus, AC Maia-Fernandes, R Magno, I Duarte, RP Andrade

 PD-14 
 ARE MIRNAS IMPORTANT FOR DIFFERENT PACES OF THE EMBRYO CLOCK?

G Carraco, I Duarte, A Andrade

 PD-15 
 A LOCAL SOURCE OF RETINOIC ACID SHAPES THE EXTRAOCULAR MUSCLE FUNCTIONAL UNIT

G Comai, M Tesarova, N Martinez, A Robert Moreno, V Dupé, M Rhinn, N Ghyselinck, J Sharpe, S Tajbakhsh 

 PD-16 
 FROM 3D VOLUMETRIC IMAGES TO THE IDEAL GROWING MOUSE LIMB

GD Dalmasso, MM Musy, JS Sharpe

 PD-17 
 HYDRODYNAMIC ASPECTS OF OOGENESIS OR HOW TO CHOOSE BETWEEN LIFE AND DEATH

N Chartier, A Mukherjee, J Pfanzelter, B Larson, F Jülicher, SW Grill 

 PD-18 
 DECIPHERING TEMPORAL REGULATION OF EPITHELIAL TISSUE MORPHOGENESIS

A Maugarny-Calès, F Bosveld, E van Leen, E Girard, Y Bellaïche 

 PD-19 
 A CONTROL MECHANISM LINKING DIFFERENTIATION RATE TO PRECURSOR CELL SURVIVAL 

MINIMIZES ORGAN SIZE VARIABILITY
A Iannini, T Navarro, M Sanchez-Aragon, L Marcon, J Muñoz-Garcia, S Ares, F Casares 

 PD-20 
 ENDOGENOUS CRISPR ARRAYS FOR SCALABLE WHOLE ORGANISM LINEAGE TRACING

J Cotterell, J Sharpe

 PD-22 
 BMP SIGNALING IS UNDER CONTROL OF RX GENES DURING OPTIC CUP FORMATION

N Sokolova, T Tavhelidse, T Thumberger, J Wittbrodt

 PD-23 
 MECHANISMS OF ZIKV TERATOGENESIS: IN VIVO APPROACH USING CHICKEN EMBRYOS AS 

EXPERIMENTAL MODEL
GEW Wachholz, APM Muterle, TFT Fumaco Teixeira, SMSM Martins Simon De Matos, FSLV Sales Luiz Vianna, 
PMR Roehe, LSF Schuler Faccini, LRF Rosa Fraga 

 PD-24 
 THE INFLUENCE OF TWO SPLICE VARIANTS OF PAX7 ON MIDBRAIN SIZE AND WNT-SIGNALLING IN 

CHICKEN
A Wizenmann, A Richter, C Lumper, M Neukum, U Kohler, K Lim

 PD-25 
 ORIENTED BASEMENT MEMBRANE FIBRILS PROVIDE A MEMORY FOR F-ACTIN PLANAR 

POLARIZATION VIA THE DYSTROPHIN-DYSTROGLYCAN COMPLEX DURING TISSUE ELONGATION
V Mirouse, F Cerqueira Campos, H Alegot, P Pouchin, C Fritsch, C Dennis, I Adam, H Sally 

 PD-26 
 CELL AND TISSUE DYNAMICS DURING VERTEBRATE EMBRYO AXIS ELONGATION

B Benazeraf

 PD-27 
 TOWARDS A 4D ATLAS OF HEART TUBE DEVELOPMENT AND MORPHOMETRIC STAGING SYSTEM FOR 

EARLY STAGE MOUSE EMBRYOS
I Esteban, M Torres

 PD-28 
 MATHEMATICAL AND COMPUTATIONAL MODELLING OF CHICK HYPOTHALAMUS DEVELOPMENT

I Groves, K Chinnaiya, S Burbridge, M Placzek, A Fletcher 

 PD-29 
 IN VITRO STUDY OF REACTION-DIFFUSION AND ACTIVE CELL FORCES COUPLINGS IN SKELETAL 

PATTERING AND SELF-ORGANIZATION
A Malandrino, X Diego, H Cardona Blaya, X Trepat, J Sharpe

 PD-31 
 TISSUE MORPHOGENESIS AT CRITICALITY

NI Petridou, B Corominas-Murtra, E Hannezo, C-PH Heisenberg

 PD-32 
 HIPPO PATHWAY EFFECTORS, YAP AND TAZ, IN CRANIOFACIAL DEVELOPMENT

H Vanyai, F Prin, S Boeing, T Snoeks, T Mohun, B Thompson

 PD-33 
 3D X-RAY COMPUTED MICROTOMOGRAPHY ANALYSIS OF CALLOSAL AND COMMISSURAL DEFECTS 

IN MOUSE MODEL OF DEFECTIVE AXONAL TRACTS
M Kavkova, ME Kastriti, A Stratigi, M Theodosiou, M Savvaki, D Mariatos, K Theodorakis, M Vidaki, T 
Zikmund, D Karagogeos, I Adameyko, J Kaiser 

 PD-34 
 THE SEGMENTATION CLOCK IN TEMPORAL CONTROL OF HOXB GENE EXPRESSION

RP Andrade, R Magno, C Fernandes, CJ Sheeba, F Pinto, AN Gonçalves, T Resende, J Amaro, AFM Marée, I 
Palmeirim

 PD-35 
 THE ROLES OF CALCIUM SIGNALING AND ANOCTAMIN-10 IN NOTOCHORD FORMATION

M Chatzigeorgiou, J Hoyer, Z Liang

 PD-36 
 MECHANISMS OF ORGAN SIZE VARIATION THROUGH THE EYES OF FLIES

T Navarro Álvarez, I Almudi, F Casares

 PD-37 
 INDUCTION OF SYNTHETIC TISSUE DEFORMATION THROUGH APICAL CONSTRICTION

G Martínez Ara, N Taberner Carretero, M Takayama, M Miki 
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 PD-38 
 BMPER IS REQUIRED FOR SEMICIRCULAR CANAL DUCT MORPHOGENESIS IN THE ZEBRAFISH INNER EAR

S Baxendale, EC Maier, N Obholzer, S Burbridge, N Van Hateren, MM Garcia Romero, F Tuazon, J Zinski, M 
Marzo, R Knight, SG Megason, MC Mullins, TT Whitfield 

 PD-39 
 THE USE OF MACHINE LEARNING AND PATTERN RECOGNITION FOR EMBRYO SELECTION DURING 

EARLY DEVELOPMENT
C Mapstone, B Plusa

 PD-40 
 SIGNALING DYNAMICS IN THE CONTROL OF VERTEBRATE MESODERM SEGMENTATION

K Sonnen

 

 PE-1 
 THE ROLE OF TBX18 IN AXIAL MESODERM DEVELOPMENT

S Burbridge, P Ellis, M Placzek

 PE-2 
 IN VIVO ANALYSIS OF THE EVOLUTIONARY CONSERVED BTD-BOX DOMAIN OF THE SP 

TRANSCRIPTION FACTORS IN DROSOPHILA
D Blom-Dahl, S Cordoba, H Gabilondo, P Miguel Carr, C Estella

 PE-3 
 EXPLORING THE MECHANISMS UNDERLYING ROBUST PATTERN FORMATION IN THE MEDAKA MODEL

C Vibe, K Stapornwongkul, T Thumberger, J Wittbrodt, A Aulehla 

 PE-4 
 THE DEVELOPING CHICK HYPOTHALAMUS: SINGLE CELL RNA SEQUENCING ANALYSIS

K Chinnaiya, T Kim, S Burbridge, C Sun, S Blackshaw, M Placzek 

 PE-5 
 A SINGLE-CELL TRANSCRIPTOME ATLAS OF THE DEVELOPING ZEBRAFISH HINDBRAIN

M Tambalo, R Mitter, A Stewart, D Wilkinson 

 PE-6 
 AN ALK5/SNAI1-DEPENDENT METASTATIC TYPE OF EPITHELIAL TO MESENCHYMAL TRANSITION AT 

THE CORE OF VERTEBRATE AXIAL ELONGATION
A Dias, L Lemos, A Lozovska, F Wymeersch, A Nóvoa, G Martins, V Wilson, M Mallo 

 PE-7 
 EOMES-DEPENDENT ANTERIOR CELL LINEAGES ARE SPECIFIED IN A TEMPORALLY AND SPATIALLY 

DEFINED PATTERN DURING EARLY MOUSE GASTRULATION
S Probst, S Sagar, J Tosic, C Schwan, D Grün, S Arnold 

 PE-8 
 CELL SHAPE CHANGES CAUSED BY BMP SIGNALLING LEAD TO REFINEMENT OF SIGNALLING RANGE 

IN DROSOPHILA WING VEINS
DJ Toddie-Moore, M Montanari, O Shimmi

 PE-9 
 NEUROMESODERMAL PROGENITORS SEPARATE THE AXIAL STEM ZONES WHILE PRODUCING FEW 

SINGLE- AND DUAL-FATED DESCENDANTS
O Voiculescu, W Wood, K Kyrsting, J Stegmaier, I Kucinksi, C Kaminski, R Milut 

 PE-10 
 ATTERNING AND GROWTH CONTROL BY A GFP GRADIENT ENGINEERED IN VIVO

KS Stapornwongkul, MG De Gennes, GS Salbreux, JPV Vincent

 P E  O r g a n i s at i o n  o f  d e v e l o p m e n ta l  f i e l d s

 PE-11 
 RECONSTRUCTING CELL LINEAGES USING SOMATIC MUTATIONS: DESIGN, OPTIMIZATION AND IN 

SITU READING OF CRISPR RECORDERS
M Grillo, I Salvador-Martinez, J Svedlund, M Nilsson, M Telford, M Averof 

 PE-12 
 COUPLING OF CELL SEGREGATION AND CELL FATE THROUGH TENSION IN THE VERTEBRATE HINDBRAIN

D Wilkinson, J Cayuso, Q Xu

 PE-14 
 ATTERNING WITH WAVES: A ROBUST AND EVOLVABLE EMBRYONIC PATTERNING MECHANISM

H Rudolf, C Zellner, A Boos, E El-Sherif

 PE-15 
 AXIAL/PARAXIAL MESODERM FORMATION: THE ROLE OF CNOT2

T Pais De Azevedo, I Palmeirim

 PE-16 
 MEIS TRANSCRIPTION FACTORS INTERPRET FGF SIGNALING GRADIENT TO CONVEY POSITIONAL 

INFORMATION ALONG THE LIMB BUD PROXIMO-DISTAL AXIS
I Delgado, A López, A Roselló, G Giovinazzo, V Cadenas, MJ Anderson, M Lewandoski, M Torres 

 PE-17 
 A BI-STABLE REACTION-DIFFUSION MECHANISM FOR SIZE-INDEPENDENT SYMMETRY BREAKING OF 

MOUSE EMBRYOID BODIES
L Marcon, J Raspopovic, M Langegger, P Mueller 

 PE-18 
 BIOPHYSICAL MODEL OF CYTONEME GUIDANCE IN HEDGEHOG SIGNALING

A Aguirre-Tamaral, M Cambón, D Poyato, J Soler, I Guerrero 

 PE-19 
 ESTABLISHING FUNCTIONAL POLARITY ALONG THE LENGTH OF FLY MALPIGHIAN/RENAL TUBULES

R Beaven, B Denholm

 PE-20 
 TO WHAT EXTENT IS DIGIT PATTERNING A TURING SYSTEM?

JY Han

 PE-21 
 SYNCHRONIZING MOUSE PRESOMITIC MESODERM CELLS: WHAT ARE THE COUPLING RULES?

C Ho, G Monke, A Aulehla

 PE-22 
 ADDRESSING THE ROLE OF GENE OSCILLATION DYNAMICS IN SCALING OF SOMITE SIZE USING SIZE-

REDUCED MEDAKA EMBRYOS
S Svambaryte, C Vibe, A Aulehla

 PE-23 
 EXPLORING THE EFFECTS OF SIGNALING GRADIENTS ON THE DYNAMICS OF THE SEGMENTATION 

CLOCK OSCILLATIONS
T Tomita, V Lauschke, A Aulehla 

 PE-24 
 THE ROLE OF THE FORKHEAD TRANSCRIPTION FACTORS FD4 AND FD5 DURING DEVELOPMENT

M Ruiz-Losada, C Estella

 PE-25 
 ANALYSIS OF THE TBX3 CONTROLLED GENE REGULATORY NETWORKS DURING THE ONSET OF LIMB 

BUD DEVELOPMENT
A Girdžiušaitė, R Rushikesh, S Jhanwar, A Zuniga, R Zeller

 PE-26 
 UNDERSTANDING NORMAL AND ABNORMAL LIMB DEVELOPMENT THROUGH IN-VIVO SINGLE CELL 

TRANSCRIPTIONAL PROFILING
R Rouco Garcia, O Bompadre, A Rauseo, G Andrey
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 PF-1 
 VASCULAR REPAIR AFTER SPINAL CORD INJURY IN ZEBRAFISH

A Ribeiro, M Costa, T Maçarico, L Saúde

 PF-2 
 MOLECULAR AND CELLULAR EVENTS UNDERLYING POSTERIOR REGENERATION IN THE ANNELID 

PLATYNEREIS DUMERILII
E Gazave, A Planques, H C Chou, L Bideau, L C Carreira, S Q Schneider, M Vervoort 

 PF-3 
 LESSONS FROM THE ZEBRAFISH: HOW TO REGENERATE A HEART

D De Bakker, D Colquhoun, H Honkoop, I Hooijkaas, P Nguyen, V Christoffels, J Kaslin, J Bakkers 

 PF-4 
 MITOCHONDRIAL ACTIVITY IN HIPPO-RELATED OVERGROWTHS

M Rosselló, E Saló, T Adell

 PF-5 
 IDENTIFICATION OF HIPPO DOWNSTREAM EARLY EFFECTOR GENES DURING PLANARIAN 

HOMEOSTATIC TISSUE RENEWAL
D Font, N De Sousa, T Adell, E Saló

 PF-6 
 COORDINATION BETWEEN CELL PROLIFERATION AND APOPTOSIS AFTER DNA DAMAGE

C Estella, M Ruiz-Losada, R Gonzalez, A Baonza

 PF-8 
 CELLULAR MECHANISMS OF CORNEAL WOUND HEALING IN ZEBRAFISH

K Ikkala, V Stratoulias, F Michon

 PF-9 
 ATACSEQ AND RNASEQ ANALYSIS REVEAL NEW ELEMENTS OF PLANARIAN POSTERIOR ORGANIZER

E Pascual-Carreras, M Marín, S Castillo-Lara, P Coronel-Córdoba, MS Magri, JP Abril, JL Gomez-Skarmeta, E 
Saló, T Adell

 PF-11 
 REGENERATING PURKINJE NEURONS IN THE ZEBRAFISH

S Pose Mendez, B Winter, M Rehbock, K Namikawa, RW Köster

 PF-12 
 MYC AND MYCN-MEDIATED CELL COMPETITION IN HEART DEVELOPMENT AND REGENERATION

C Villa Del Campo, N Muñoz-Martín, R Sierra Muñoz, M Torres

 PF-13 
 ROLE OF AUTOPHAGY DURING CELL COMPETITION IN HEART DEVELOPMENT AND CARDIAC 

REGENERATION
L Esteban Martínez, R Sierra, M Torres

 PF-14 
 IDENTIFICATION OF A MACROPHAGE SUBTYPES REQUIRED FOR ORGAN REGENERATION IN THE 

ZEBRAFISH
N Mercader

 PF-15 
 LOCAL MECHANICAL FEEDBACKS ON EGFR/ERK MAINTAIN EPITHELIAL INTEGRITY DURING CELL 

ELIMINATION
R Levayer, L Valon

 PF-16 
 REGULATION OF SPINAL CORD REGENERATION IN ZEBRAFISH

V Cigliola, N Lee, A Shoffner, C Becker, KD Poss

 P F  R e g e n e r at i o n  a n d  H o m e o s ta s i s  PF-17 
 THE NON-CODING LANDSCAPE OF DROSOPHILA REGENERATION

C Camilleri, R Amador-Ríos, C Klein, E Vizcaya-Molina, F Serras, R Guigó, M Corominas 

 PF-18 
 LOSS OF NORMAL PHOSPHOLIPASE C1 AND C3 ACTIVITY CAUSES CARDIAC FIBROSIS IN JUVENILE 

MICE DUE TO ABERRANT EPICARDIAL CELL REACTIVATION
M Hintze, TH Franz

 PF-19 
 TNFR2 AS A NEGATIVE REGULATOR OF CELL REPROGRAMMING

P Martí-Rodrigo, A Lozano-Ureña, G Belenguer, JM Morante-Redolat, SR Ferrón, I Fariñas 

 PF-20 
 ROS ACTIVATED AKT AND ASK1 ACT SYNERGISTICALLY TO PROMOTE REGENERATION IN DROSOPHILA 

IMAGINAL DISCS
J Esteban Collado, P Santabárbara Ruiz, M Corominas Guiu, F Serras Rigalt 

 PF-21 
 CELL CORPSE REMOVAL IS DEPENDENT ON NON-CANONICAL AUTOPHAGY DURING RETINAL 

NEUROGENESIS
B Villarejo-Zori, L Esteban-Martinez, P Boya

 PF-22 
 MODELLING ALVEOLAR DEVELOPMENT AND REGENERATION USING HUMAN LUNG ORGANOIDS

V Menon, J Lee, R Rawlins 

 PF-23 
 IDENTIFYING ECM GENE EXPRESSION DYNAMICS REQUIRED FOR FIBROTIC TISSUE REMODELING IN 

THE INJURED ZEBRAFISH HEART
J Münch, S Seyfried 

 PF-24 
 THE WNT-TARGET GENE PRDM1A IS A KEY MODULATOR OF OSTEOBLAST DIFFERENTIATION DURING 

ZEBRAFISH CAUDAL FIN REGENERATION
F Klenner, D Wehner, G Weidinger 

 

 PG-1 
 GENETIC REGULATION OF AMPHIOXUS SOMITOGENESIS INFORMS THE EVOLUTION OF THE 

VERTEBRATE HEAD MESODERM
H Escriva, D Aldea, L Subirana, C Keime, L Meister, I Maeso, S Marcellini, JL Gomez-Skarmeta, S Bertrand 

 PG-2 
 DISSECTING THE CIS-REGULATORY ROBUSTNESS OF PTCH1 IN LIMB DEVELOPMENT AND EVOLUTION

V Tissières, I Sospedra, A Alcaina, M Osterwalder, A Visel, J Lopez-Rios 

 PG-3 
 THE MAYFLY CLOEON DIPTERUM: A NEW PLATFORM TO STUDY INSECT EVOLUTION AND 

MORPHOLOGICAL NOVELTIES
I Almudi, J Vizueta, F Marletaz, C Wyatt, P Firbas, I Maeso, F Feuda, A De Mendoza, S Aerts, J Paps, J Rozas, 
A Sanchez, M Irimia, F Casares 

 PG-4 
 STAPES DEVELOPMENT AND EMBRYONIC ORIGIN

N Ali, N Tucker

 PG-5 
 THE PERIODIC COLORATION IN BIRDS FORMS THROUGH A PREPATTERN OF SOMITE ORIGIN

N Haupaix, C Curantz, R Bailleul, S Beck, A Robic, M Manceau 

 P G  E v o - D e v o
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 PG-6 
 MORPHOGENETIC PROCESSES OF VERTEBRATE HEAD AND NECK MUSCULOSKELETAL SYSTEMS

E Heude, S Tajbakhsh, G Levi 

 PG-7 
 ADAPTATION OF PRE-EXISTING DEVELOPMENTAL MECHANISMS DURING THE MORPHOLOGICAL 

EVOLUTION OF AN ORGAN
J Hombria, S Molina Gil, JM Espinosa Vazquez, I Almudi

 PG-8 
 EVOLUTIONARY EPITHELIAL REORGANIZATION WITHOUT GENETIC CHANGES DURING DORSAL 

CLOSURE IN FLY EMBRYOS
JJ Fraire-Zamora, Y Jaeger, J Solon 

 PG-9 
 GENE LOSSES IN OIKOPLEURA DIOICA, AN EVODEVO CHORDATE SYSTEM TO STUDY HEART 

DEVELOPMENT AND WHETHER MARINE EMBRYOS ARE READY FOR CLIMATE CHANGE
A Ferrández-Roldán, V Roncalli, M Fabregà-Torrus, E Duran-Bello, G Sànchez-Serna, C Whiting, P Costa-
Domech, NP Torres-Águila, S D’Aniello, G Romano, A Palumbo, R Albalat, C Cañestro 

 PG-10 
 ROBING THE FLEXIBILITY OF GERM LAYER PATTERNING TO ALTERATIONS IN EMBRYO GEOMETRY 

AND GROWTH RATES DURING VERTEBRATE EVOLUTION
T Fulton, A Attardi, V Trivedi, B Steventon 

 PG-11 
 IDENTIFYING NOVEL MOLECULAR MECHANISMS UNDERLYING LATERAL LINE SENSE ORGAN 

DEVELOPMENT USING AN UNBIASED, COMPARATIVE APPROACH
A Campbell, D Gela, M Psenicka, C Baker 

 PG-12 
 THE EVOLUTION OF NANOG FROM INVERTEBRATE VENT GENES

DC Crowley, JC Chatfield, TE Forey, LS Simpson, ML Loose, RA Alberio, AJ Johnson 

 PG-13 
 INVESTIGATING TRANSCRIPTION FACTOR HIERARCHIES UNDERLYING THE FORMATION OF HAIR 

CELLS VERSUS ELECTRORECEPTORS IN THE LATERAL LINE SYSTEM
M Minarik, AS Campbell, MS Modrell, D Gela, M Psenicka, CVH Baker 

 PG-14 
 IDENTIFICATION OF A POPULATION OF OOCYTE PROGENITOR CELLS IN THE SEA ANEMONE 

NEMATOSTELLA VECTENSIS
P Miramón, L Lebouvier, N Bartsch, M Montjouridès, Y Loe Mie, H Marlow, P Steinmetz 

 PG-15 
 INVESTIGATING THE ROLE OF NEUROPEPTIDES IN THE DEVELOPMENT OF THE SEA URCHIN, 

STRONGYLOCENTROTUS PURPURATUS
NJ Wood, MR Elphick, P Oliveri 

 PG-16 
 HOW TO STICK TOGETHER? CELLULAR ADHESION IN A MARINE SPONGE OSCARELLA LOBULARIS

A Vernale, A Le Bivic, E Renard, C Borchiellini 

 PG-17 
 THE ROLE OF CIS-REGULATORY ELEMENTS IN MORPHOLOGICAL ADAPTATION TO CAVE 

ENVIRONMENT IN ASTYANAX MEXICANUS
A Gil Gálvez, E De La Calle Mustienes, A Neto, H Bilandžija, WR Jeffery 

 PG-18 
 YAP1B, A DIVERGENT YAP/TAZ FAMILY MEMBER, COOPERATES WITH YAP1 IN SURVIVAL AND 

MORPHOGENESIS VIA COMMON TRANSCRIPTIONAL TARGETS
J Vázquez-Marín, JA Gutiérrez-Triana, M Almuedo-Castillo, L Buono, R Polvillo, JL Gómez-Skarmeta, JL Mateo, 
J Wittbrodt, JR Martínez-Morales 

 PG-19 
 GENETIC REGULATORY MECHANISMS OF CEREBRAL CORTEX EXPANSION IN AMNIOTE EVOLUTION

AE Espinós, SF Fernández, AC Cárdenas, VB Borrell

 PG-20 
 THE ASSEMBLY OF A MOLECULAR MAP OF NEUROGENESIS IN OCTOPUS VULGARIS

E Seuntjens, A Deryckere, J De Clercq, R Sanges, E Almansa Berro

 PG-22 
 EARLY BLASTOMERE IDENTITY OF THE ACOEL ISODIAMETRA PULCHRA

V Cetrangolo, ES Seaver, MM Martindale, RS Schnabel, AH Hejnol 

 PG-23 
 THE OPOSSUM MONODELHPIS DOMESTICA TO SCRUTINIZE MAMMALIAN EMBRYO LINEAGE 

PATTERNING
A Courtois, TS Kitajima

 PG-24 
 EVOLUTION OF COLOUR PATTERNING IN DANIO SPECIES

U Irion, A Eskova, M Podobnik, C Dooley, C Nuesslein-Volhard

 PG-25 
 A HUMAN ACCELERATED REGION REGULATES FOREBRAIN EXPANSION THROUGH THE REGULATION 

OF EARLY FOXG1 EXPRESSION
S Acosta, J Sindaye, IC Rollan, L Fiore, G Iacono, A Misharin, S Vidal, J Armstrong, N Joshi, N Takata, M 
Sikora, B Xu, E Willerslev, H Heyn, M Manzanares, J Knoblich, G Oliver 

 PG-26 
 ESTABLISHING AN EVOLUTIONARY LINK BETWEEN IMMUNE RESPONSE AND METAMORPHOSIS

C Nunes, T Koyama, E Sucena 

 PG-27 
 TAXON-RESTRICTED GENES DRIVE CELL TYPE EVOLUTION: INSIGHTS FROM THE CNIDARIAN HYDRA

A Klimovich, T Domazet-Lošo, L Faure, I Adameyko, T Bosch 

 PG-28 
 TGF-BETA PATHWAY IN DEVELOPMENT OF THE SPONGE HALISARCA DUJARDINI

I Borisenko, A Lavrov, A Ereskovsky 

 PG-29 
 MICROSYNTENIC CLUSTERS REVEAL CONSERVATION OF LNCRNAS IN CHORDATES DESPITE ABSENCE 

OF SEQUENCE CONSERVATION
C Herrera-Úbeda, M Marín-Barba, E Navas-Pérez, J Gravemeyer, M Irimia, J Garcia-Fernàndez 

 PG-30 
 DEVELOPMENTAL SIMILARITIES AND DIFFERENCES IN CONVERGENT PHENOTYPES OF METATARSAL 

FUSION BETWEEN JERBOA AND CHICKEN
RT Tsutsumi, HG Gutierrez, TM Moore, KC Cooper 

 PG-31 
 HIGHER GROWTH RATE AND LARGE PROTHORACIC GLAND SIZE ARE RESPONSIBLE FOR EARLY 

METAMORPHOSIS IN THE POPULATION OF D MELANOGASTER SELECTED FOR FASTER PRE-ADULT 
DEVELOPMENT
N Chauhan, N Shrivastava, N Agrawal, M Shakarad

 PG-32 
 ROLE OF TISSUE/CELLS DYNAMICS IN THE FORMATION OF THE PLUMAGE PATTERN

C Curantz, R Bailleul, M Durande, F Graner, M Manceau 

 PG-33 
 UNRAVELING THE TOLL RECEPTOR (TLR) COMPLEMENT IN INVERTEBRATES AND THEIR 

PHYLOGENETIC RELATIONSHIPS TO VERTEBRATE TLR
A Orús Alcalde, AH Hejnol
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 PG-34 
 MEDAKA GLI3 CRISPANTS REVEAL SKELETAL ELEMENT HOMOLOGIES BETWEEN PECTORAL FINS 

AND TETRAPOD LIMBS
J Letelier, S Naranjo-Durán, E Sanabria, E De La Calle-Mustienes, C Mounieres, JR Martínez-Morales, JL 
Gómez-Skarmeta 

 PG-35 
 DEVELOPMENTAL CONVERGENCE OF HIGH ORDER SENSORY CIRCUITS IN THE AMNIOTE PALLIUM

F Garcia-Moreno, E Rueda-Alaña, A Ftara, MT Gallego-Flores, JM Encinas 

 PG-36 
 A COMBINATORIAL BHLH CODE DEFINES DISTINCT MUSCLE CELL TYPES IN A DIPLOBLAST, THE SEA 

ANEMONE NEMATOSTELLA VECTENSIS
S Kaul-Strehlow, S Jahnel, J Steger, B Zimmermann, P Steinmetz, F Rentzsch, A Cole, U Technau 

 PG-37 
 ROBUSTNESS OF VERTEBRATE DEVELOPMENT TO TEMPERATURE FLUCTUATIONS

D Capek, B Bajoghli, P Müller 

 PG-38 
 HOXD13/BMP2 TARGETS AND THE EVOLUTION OF VERTEBRATE LIMBS

J Castro, R Freitas

 

 PH-3 
 METABOLIC ADAPTATION AND RESILIENCY IN CAVEFISH

N Rohner

 PH-4 
 DI4/DILA CLASS OF SPINAL NEURONS CONTROL MECHANICAL ITCH

A Escalante, R Klein 

 PH-5 
 IMAGING METABOLISM IN ZEBRAFISH EARLY DEVELOPMENT

C Scott, E Amaya, T Carney 

 PH-6 
 PRRX1 ISOFORMS IN VASCULAR DEVELOPMENT

F Garcia-Asencio, K Kass Youssef, C López Blau, J Galcerán, MA Nieto

 PH-7 
 THE ACTIN NUCLEATOR CYK-1/MDIA DRIVES CHIRALITY OF ACTOMYOSIN FLOWS AND FACILITATES 

LEFT-RIGHT SYMMETRY BREAKING IN EARLY C. ELEGANS EMBRYO’S
T Middelkoop, T Quintero Cadena, L Pimpale, S Yazdi, S Grill 

 PH-8 
 MEIS TRANSCRIPTION FACTORS REGULATE ELECTRICAL CONDUCTION AND CARDIOMYOCYTE 

ASSEMBLING DURING DEVELOPMENT AND ADULT HEART HOMEOSTASIS
N Muñoz-Martín, V Cadenas, R Sierra, D Sedmera, M Torres 

 PH-9 
 OSTOVULATORY AGEING MODIFIES CA2+ HOMEOSTASIS IN MOUSE OOCYTES THROUGH A 

CONDITIONS-DEPENDENT, MULTI-PATHWAY MECHANISM
A Ajduk, M Szpila, A Walewska, D Sabat-Pospiech, P Straczynska, T Ishikawa, R Milewski, K Szczepanska 

 PH-10 
 THE NUCLEAR RECEPTOR FTZ-F1 CONTROLS IN THE FAT BODY THE ORGANISM SYSTEMIC GROWTH IN 

DROSOPHILA MELANOGASTER
A Talamillo, C Pérez, J Cruz, D Martin, R Barrio 

 P H  P h y s i o l o g y  o f  D e v e l o p m e n t

 PH-11 
 ANTAGONISTIC ACTIVITIES OF VEGFR3/FLT4 AND NOTCH1B FINE-TUNE MECHANOSENSITIVE 

SIGNALING DURING CARDIAC VALVULOGENESIS
F Fontana, T Haack, S Abdelilah-Seyfried 

 PH-12 
 A NOVEL ROLE OF THE REPROGRAMMING FACTOR OCT4 IN VALVE DEVELOPMENT AND DISEASE

MP Puceat, EH Hiriart, TG Gee, EF Farrar, JB Butcher 

 PH-13 
 CO-CULTURE OF RABBIT PREIMPLANTATION EMBRYOS WITH RABBIT OVIDUCT EPITHELIAL CELLS 

(ROECS) AFFECTS IN VITRO DEVELOPMENT AND FIRST LINEAGE DIFFERENTIATION
A Chołoniewska, A Duszewska, JA Modliński, A Piliszek 

 PH-14 
 HOW WORMS COUNT TIME

LJ Morales Moya, H Grosshans

 PH-15 
 A NOVEL ADAPTATION MECHANISM TO ENSURE ROBUST TISSUE MIGRATION VIA DYNAMIC 

BUFFERING OF EXTRACELLULAR CHEMOKINE
M Wong, LR Newton, J Hartmann, ML Hennrich, M Wachsmuth, P Ronchi, A Guzman Herrera, Y Schwab, A-C 
Gavin, D Gilmour 

 PH-17 
 LASTICITY AND DETERMINANTS OF ZEBRAFISH SEX DIFFERENTIATION

B Chung

 

 PI-1 
 MODELLING THE PATHOLOGICAL LONG-RANGE REGULATORY EFFECTS OF HUMAN STRUCTURAL 

VARIATION WITH PATIENT-SPECIFIC HIPSCS
A Rada-Iglesias, M Laugsch, M Bartusel, R Rehimi, H Alirzayeva, A Karolidou, G Crispatzu, P Zentis, M Nikolic, 
T Bleckwehl, P Kolovos, WFJ Van Ijcken, T Šarić, K Koehler, P Frommolt, K Lachlan, J Baptista 

 PI-2 
 A CONSERVED MOLECULAR CASCADE INITIATES TROPHECTODERM DIFFERENTIATION IN HUMAN, 

BOVINE AND MOUSE EMBRYOS PRIOR TO BLASTOCYST FORMATION
C Gerri, A McCarthy, G Alanis-Lobato, A Demtschenko, A Bruneau, S Loubersac, K Elder, P Snell, L Christie, L 
David, H Van De Velde, A Fouladi-Nashta, K Niakan 

 PI-3 
 AN ATRIAL FIBRILLATION SUSCEPTIBILITY LOCUS IS A DISTAL ENHANCER THAT CONTROLS THE 

CARDIAC EXPRESSION OF THE GJA1 GENE IN MAMMALS
J Victorino, I Rollan, J Adan, M Manzanares

 PI-4 
 SCHIZOPHRENIA RISK GENE DLG2 CONTRBUTIES TO CORTICAL INTERNEURON DEVELOPMENT

A Ghazwani, J Pocklington

 PI-5 
 ETIOLOGY AND PREVENTION FROM NTDS LINKED WITH WNT-PCP SIGNALLING PATHWAY

J Caro-Vega, N Sola-Idigora, B Fernandez-Santos, L Cerrillos, A González-Menes, C Mesa-Cruz, P Ybot-Gonzalez 

 PI-6 
 MATERNAL AGE, OBESITY AND DIABETES IN EMBRYONIC DEVELOPMENT A MURINE MODEL

J Lilao-Garzón, Y Brito-Casillas, A B Expósito-Montesdeoca, T Balayo, A Wägner, S Muñoz-Descalzo 

 P I  H u m a n  D e v e l o p m e n t  a n d  D i s e a s e
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 PI-8 
 RAB23 REGULATES AP-2/CLATHRIN-MEDIATED ENDOCYTOSIS AND UNDERPINS THE DEVELOPMENT 

OF MULTIPLE ORGANS
MR Hasan, M Takatalo, H Ma, K Alakurtti, T Mustonen, DP Rice

 PI-9 
 DLG2 HAS A NOVEL ROLE IN HUMAN CORTICAL PROJECTION NEURON DEVELOPMENT

B Sanders, T Steward, D Whitcomb, A Pocklington, E Shin 

 PI-10 
 DLG2 REGULATES GENE EXPRESSION PROGRAMMES ASSOCIATED WITH COMPLEX 

NEUROPSYCHIATRIC DISORDERS DURING EARLY NEUROGENESIS
A Pocklington, B Sanders, E Rees, M Owen, J Shin 

 PI-11 
 THE TSHZ3 GENE AS A NEW PLAYER IN AUTISM SPECTRUM DISORDER

L Had, A Fatmi, F Fasano

 PI-12 
 CHARACTERIZATION OF A NEW CCDC40 ZEBRAFISH MUTANT GENERATED BY CRISPR-CAS9

M Rasteiro, A Pinto, S Lopes 

 PI-13 
 YYLNCT DEFINES A CLASS OF DIVERGENTLY TRANSCRIBED LNCRNAS AND SAFEGUARDS THE 

T-MEDIATED MESODERMAL COMMITMENT OF HUMAN PSCS
S Frank, D Bartsch, A Ahuja, W Yao, C Kanduri, K Kou, I Costa Filho, L Kurian 

 PI-14 
 MIMICKING CONGENITAL DISORDERS OF GLYCOSYLATION IN MEDAKA UNRAVELS THE ROLE OF 

N-GLYCOSYLATION IN VERTEBRATE NERVOUS SYSTEM DEVELOPMENT
S Gucum, T Thumberger, J Wittbrodt

 PI-15 
 SNAIL CONTROLS BONE LENGTH

S Vega, C Lopez-Blau, J Galceran, MA Nieto

 PI-16 
 THE CONTROL OF EPITHELIAL/MESENCHYMAL TRANSITIONAL STATES

K Kass Youssef, H Fazilaty, A Arcas, D Abad, C Lopez-Blau, S Vega, MA Nieto

 PI-17 
 CYSTATIN B PREVENTS ECTOPIC HISTONE TAIL CLIPPING DURING NEURAL STEM CELL RENEWAL AND 

DIFFERENTIATION
E Daura Sarroca, S Tegelberg, M Yoshihara, F Simonetti, K Aksentjeff, P Hakala, J Kere, T Joensuu, AE Lehesjoki 

 PI-19 
 UNDERSTANDING THE CONTRIBUTION OF DIFFERENT MACROPHAGE POPULATIONS TO BRAIN 

METASTASIS
FJ Rodríguez-Baena, M Arumí-Planas, A Marquez, JP López-Atalaya, B Sánchez-Laorden 

 PI-20 
 FROM MUTATION TO MALFORMATION: MOLECULAR MECHANISMS ASSOCIATING HOXA1 

MUTATIONS TO BICUSPID AORTIC VALVE
D Marchese, G Odelin, A Pinard, E Faure, G Collod-Bérou, S Zaffran, R Rezsohazy 

 PI-21 
 MICROENVIRONMENTAL REGULATION OF MELANOMA PROGRESSION, ROLE OF SNAIL1

M Arumí-Planas, FJ Rodríguez-Baena, B Sánchez-Laorden

 PI-22 
 MECHANISMS UNDERLYING MELANOMA PLASTICITY ROLE OF EMT-TFS

F Cabello-Torres, K Kass Youssef, MA Nieto, B Sanchez-Laorden

 PI-23 
 THE ALTERATION OF THE GENE EXPRESSION IN THE EARLY STAGES OF DEVELOPMENT IS 

RESPONSIBLE FOR THE PATHOLOGY IN THE ADULT ANIMAL
DJ Moreno Fernández-Ayala, JD Hernández Camacho, P Navas Lloret

 PI-24 
 MULTIPLE CONGENITAL AND POSTNATAL DISEASE STATES ARISE FROM SOMATIC MOSAICISM FOR 

CONSTITUTIVELY ACTIVE BRAF SIGNALLING
P Quintana, P Heux, N Bernard-Marissal, V Delague, HC Etchevers

 PI-25 
 EFFICIENT SINGLE-COPY HDR BY 5’ MODIFIED LONG DSDNA DONORS

T Tavhelidse, A Gutierrez-Triana, T Thumberger, I Thomas, B Wittbrodt, T Kellner, K Anlas, E Tsingos, J Wittbrodt

 PI-26 
 CIS-REGULATORY SIMILARITIES OF THE HUMAN AND ZEBRAFISH PANCREAS IDENTIFY DISEASE 

RELATED ENHANCERS
R Bordeira-Carriço, J Teixeira, M Duque, D Ribeiro, M Galhardo, R Dominguez-Acemel, F Panos, J Tena, A 
Eufrasio, J Marques, J Freitas, F Carneiro, JL Goméz-Skarmet, J Bessa 

 PI-27 
 NXPH-1 PROMOTES PRIMARY NEUROBLASTOMA GROWTH BY ACTIVATING ALPHA-NRXN1+ CANCER 

CELLS
L Fanlo-Escudero, S Usieto, S Gómez-Gómez, M Vila-Ubach, A Montero-Carcaboso, C Lavarino, G Le Dréau, E 
Martí 

 PI-28 
 ZEBRAFISH TECHNOLOGIES AND MOLECULAR TOOLS: ADVANCED SERVICES PROVIDED BY 

CONGENTO - CONSORTIUM FOR GENETICALLY TRACTABLE ORGANISMS
AC Certal
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The exhibition area located contributes to the high-level discussions on the Congress’ 
topics. 

OPENING HOURS
 - Wednesday 23rd October from 17.00 to 20.00
 - Thursday 24th October from 10.30 to 19.00
 - Friday 25th October from 10.30 to 19.00
 - Saturday 26th October from 10.30 to 13.30

10xGenomics [Booth 7]
Biosis / Techniplast [Booth 5]
Bioscientifica [Booth 4]
Eupheria [Booth 2]
Indigo [Booth 6]
Intavis [Booth 3]
Leica [Booth 10]
Macrogen Spain [Booth 7]
Novogene [Booth 9]
The Company of Biology [Booth 8]
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INTERPLAY BETWEEN MOLECULAR AND MECHANICAL CUES CONTROL COLLECTIVE MIGRATION OF 
NEURAL CREST CELLS
Roberto Mayor
Department of Cell and Developmental Biology, University College London, London WC1E 6BT, UK

Neural crest is an embryonic stem cell population whose migratory behaviour has been likened to cancer invasion during metastasis. 
We have shown that directional collective migration of neural crest cells emerges by a combination of positive and negative neural 
crest-neural crest interactions, whereas the initiation of cell migration is triggered by a change in the mechanical properties of the 
environment. I will summarize all the cellular activities that account for this directional migration and I will present a mathematical 
model that simulates each of these activities. The model indicates that directional collective cell migration is an emergent property 
based on cell-cell interactions, but an initial bias is critical to set up the initial directionality. I will discuss our recent studies that 
identify chemotaxis as the initial bias in controlling directional collective cell migration. Collective cell chemotaxis, the directed 
migration of cell groups along gradients of soluble chemical cues, underlies various developmental and pathological processes. Our 
findings identify a novel mechanism of collective chemotaxis of neural crest cells. We show that the neural crest exhibits a tensile 
actomyosin ring at the edge of the migratory cell group that contracts in a supracellular fashion. This contractility is polarized during 
collective cell chemotaxis: it is inhibited at the front but persists at the rear of the cell cluster. By developing a mathematical model 
and testing its predictions in vivo, we found that the rear contraction leads to cell intercalation that triggers a wave of cellular flow 
within the cell cluster. We show, consistently with the mathematical model, that central cells move forward, but when they reach 
the front of the cluster they are engaged in a peripheral retrograde movement. This dynamic cell rearrangement is equivalent to 
the cytoplasmic movement observed in single cell migration, and therefore we propose that during collective chemotaxis the whole 
cluster behaves as a single giant cell or “supercell”.

S1-Y P I .  S Y M P O S I U M  0 1

DYNAMICS OF NEURAL STEM CELL NICHE MORPHOGENESIS IN DROSOPHILA
Maria Alexandra Rujano, Agata Banach-Latapy, Pauline Spéder Murphy
Department of Developmental and Stem Cell Biology, Institut Pasteur, Paris, France

Neural stem cells (NSCs) are found in a tailored cellular microenvironment, the niche, comprising a variety of cell populations, 
including glia, neurons, a blood-brain barrier and the NSCs themselves. The niche is a pivotal factor in neurogenesis, mediating the 
impact of local and external signals on NSCs. Despite this prominent role, very little is known about how niche architecture forms 
and how it regulates stem cell behaviour.

Answering these questions requires being able to identify, track and manipulate niche cell populations in vivo. The complexity of 
the mammalian brain makes these requirements difficult to achieve, and has hindered progress on these outstanding issues. We 
are using the Drosophila larval brain as a genetically amenable, simpler and fully in vivo model. It recapitulates core features of 
mammalian neurogenesis, including a niche with similar cellular players and functions.

A specific glial subpopulation, the cortex glia, is able to build a complex membrane network spanning the entire brain, resulting in the 
individual encasing of each cycling NSC and its newly born progeny. We are using this model as a paradigm for niche formation and 
acquisition of architectural complexity. Using powerful genetic tools and live-imaging, we show that the formation of this membrane 
network relies on a diversity of cellular events, including cell growth, genome replication, adhesion and cell-cell fusion. We propose 
that the spatial and temporal combination of these different dynamic processes results in the formation of a NSC niche able to 
sustain robust neurogenesis in a coordinated fashion.

S 2 - S T.  S Y M P O S I U M  0 1

REGULATION OF THE ADULT MUSCLE QUIESCENT STEM NICHE BY NOTCH SIGNALING
Meryem Baghdadi
Developmental and Stem Cell Biology, Pasteur Institute, Paris, France

Adult skeletal muscles can regenerate after repeated trauma, yet our understanding of how adult muscle stem cells (MuSCs) restore 
muscle integrity and homeostasis after regeneration is limited. In the adult mouse, MuSCs are quiescent and located between the 
basal lamina, and the myofibre. After injury, they re-enter the cell cycle, proliferate, differentiate and fuse to restore the damaged 
fibre. A subpopulation of myogenic cells then self-renews for future repair. The paired/homeo-domain transcription factor Pax7 
regulates marks perinatal and postnatal MuSCs. When MuSCs are removed from their niche, they rapidly express the commitment 
marker Myod and proliferate. The basal lamina is rich in collagens, non-collagenous glycoproteins and proteoglycans. How these 
extracellular matrix (ECM) proteins regulate the satellite cell quiescent niche remains unknown. Moreover, although signalling 
pathways that maintain MuSCs quiescence have been identified, how these regulate stem cell properties and niche composition 
remains largely unclear. Importantly, sustained high activity of the NOTCH signalling pathway is critical for the maintenance of 
MuSCs in a quiescence state. Using chromatin immunoprecipitation followed by sequencing, we identified NOTCH/RBPJ-bound 
regulatory elements adjacent to specific microRNAs and specific collagen genes the expression of which is deregulated in Notch- 
mutant mice. The disruption of Collagen V or miR-708 leads to anomalous cell cycle entry and gradual diminution of the stem cell 
pool. In summary, our two studies showed that Collagen V and miR708 can contribute cell-autonomously to the generation of the 
MuSC niche via a Notch signalling-regulated mechanism.

I N V I T E D  TA L K .  S Y M P O S I U M  0 1

CELL BIOLOGICAL MECHANISMS REGULATING NEUROGENESIS
Kate Storey
Dundee, United Kingdom 

Regulation of neuroepithelial cell behaviour is critical for the generation of a functional nervous system. Recent advances indicate 
that this involves intricate and dynamic changes in cell morphology which mediate interactions between cells within the proliferative 
ventricular layer of the developing neuroepithelium. This talk will review key cell biological mechanisms that mediate delamination 
of new born neurons from within this tissue. These include cytoskeletal interactions that orchestrate the phenomenon of apical 
abscission and a potential role for novel lateral cell processes. The latter emerge basal to the adherens junction, extend cell contacts 
beyond immediate cell neighbours within the neuroepithelium and are dynamically regulated during neuronal delamination.
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FALLING ASLEEP: REGULATION OF QUIESCENCE IN ADULT STEM CELLS
Isabel Fariñas
Centro de Investigación Biomédica en Red sobre Enfermedades Neurodegenerativas (CIBERNED). Departamento de Biología Celular, Biología 
Funcional y Antropología Física. Estructura de Recerca Interdisciplinar en Biotecnologia i Biomedicina (ERI BIOTECMED), Universidad de Valencia, 
46100 Burjassot, Spain 

Immune responses have evolved to efficiently protect injured tissue of adult homeothermic individuals from uncontrolled infection. 
Inversely correlated with the phylogenetic refinement of immune responses is the loss of regeneration characteristic of adult cold-
blooded organisms. Despite the loss of extensive regenerative capacity in adult mammalian tissues, however, resident stem cells 
(SC) support cell turnover under physiological conditions and are capable of regenerating tissue architecture in some instances. The 
adult mammalian brain harbors neural SC that support continual neurogenesis and can respond to elimination of their progeny by 
regenerating the complete lineage. Because of their location, NSC are isolated from the circulating immune system and, therefore, 
they represent an ideal system to test the contribution of brain-specific innate immunity to the regulation of SC in adult mammalian 
tissues. Characterization of NSC from the adult rodent subependymal zone (SEZ) by flow cytometry and traceable nucleoside 
retention assays has indicated the co-existence of activated and quiescent NSC in this niche. Single-cell deep-sequencing has 
further revealed different NSC molecular states with regards to cell-cycle gene expression: quiescent, primed for activation, and fully 
activated. The transcriptome of subependymal quiescent and primed NSC is significant enriched in innate immunity-related genes 
and our functional analyses indicate that peripherally-induced inflammation promotes activation of NSC followed by their return 
to quiescence and that the effects are mediated by tumour necrosis factor (TNF)α. These data identify the first signaling pathway 
promoting the return of activated NSC to quiescence and add to the emerging concept that they can respond to systemic effects 
despite their relative isolation from circulation.
Funding: MINECO (SAF, CIBERNED, TERCEL) and Generalitat Valenciana (Prometeo), Fundación Botín-Banco Santander.

S 2 - S T.  S Y M P O S I U M  0 2

MOLECULAR INVERSE STOCHASTIC RESONANCE IMPEDES DECODING OF THE HER6 OSCILLATOR IN 
ZEBRAFISH NEUROGENESIS
Ximena Soto, Veronica Biga, Jochen Kursawe, Robert Lea, Parnian Doostdar, Nancy Papalopulu
School of Medical Sciences, Faculty of Biology Medicine and Health, University of Manchester, United Kingdom

Ultradian oscillations of key transcription factors, such as members of the Hes family, are thought to be important in Neural Progenitor 
Cell (NPC) maintenance and miR-9 acts as a tuner of these oscillations by buffering fluctuations/noise on the gene expression. 
However, most of the effect of miRNAs in controlling noise has been based on artificial synthetic systems or analysis of static 
measurements.

Biological noise has been inferred from static snapshot measurements but the dynamic properties of protein expression noise are 
unknown. Furthermore, how noise may affect inherently dynamic systems such as protein expression oscillations has not been 
experimentally tested. We have recently uncovered how noise may affect inherently dynamic systems such as protein expression 
oscillations. Using a CRISPR/Cas9 Zebrafish Her6-Venus fusion reporter, live imaging and absolute quantitation we show that 
Her6, a helix-loop-helix transcription factor undergoes a transition from irregular, noisy, fluctuations to oscillations as neurogenesis 
commences. In the absence of miR-9 input, the Her6 oscillator is subject to Inverse Stochastic Resonance due to a new type of protein 
expression noise characterized by an increase in frequency. Theory and experimentation show that such noise prevents molecular 
decoding of the oscillator and locks cells into a normally transitory state where they co-express progenitor and early differentiation 
markers. Thus, we characterise for the first time the dynamic properties of noise longitudinally and we reveal mechanistically the 
importance of constraining noise in decoding an oscillatory signal. 
This work has been recently submitted to Nature (Soto et all, 2019. https://doi.org/10.1101/608604).

S 2 -Y P I .  S Y M P O S I U M  0 2

SPATIOTEMPORAL DISSECTION OF CELL-FATE DECISIONS DURING GASTRULATION, AT SINGLE CELL 
RESOLUTION
Yonatan Stelzer
Department of Molecular Cell Biology, Weizmann Institute of Science, Rehovot, Israel

In mammals, implantation marks the initiation of cellular differentiation and robust acquisition of specialized cellular properties by 
individual cells, that specify the basic embryonic lineages. Cell specification is shaped by complex layers of epigenetic modifications 
that specify, memorize and modulate functional embryonic programs. New technologies now offer unprecedented view into cell 
specification at the molecular level. One aspect of these technologies involves transcriptional analysis at single cell resolution, which 
has recently enabled charting the mouse post-implantation development at unparalleled resolution. Yet, it remains a challenge to 
dissect the relative roles of intrinsic cellular processes from extrinsic effects of the localized environment upon cell-fate choices. In 
additions, disentangling the Gordian knot of epigenetic cause and effect still remains a formidable task. 

To address these challenges, we developed a novel method that uses fluorescent dyes to index spatial information in the early embryo. 
Analyzing multiple individual embryos at different time points, established highly comprehensive spatiotemporal characterization 
of post-implantation development. To study how epigenetics may be involved in regulating cell-fate and function, we generated 
isogenic pairs of mouse embryonic stem cell, harboring knockouts of key factors involved in writing, maintaining and erasing of 
DNA methylation. Analyzing chimeric embryos derived from isogenic clones, enables critically evaluating and substantiating casual 
relationships between DNA methylation changes and gene-expression. Taken together, by synthesizing ideas from developmental 
biology, epigenetics, computational biology, microscopy and single cell genomics, our study allows separating extrinsic signaling 
from intrinsic cellular commitment around some of the most fundamental lineage decision choices in mammals.

I N V I T E D  TA L K .  S Y M P O S I U M  0 2

EPIGENETIC MECHANISMS IN EARLY MAMMALIAN DEVELOPMENT
María-Elena Torres-Padilla
Institute of Epigenetics and Stem Cells, Helmholtz Zentrum München D-81377 München, Germany. Faculty of Biology, Ludwig-Maximilians Universität, 
München, Germany 

In mammals, the terminally differentiated sperm and oocyte fuse to create a totipotent zygote upon fertilisation. The mechanisms 
underlying the epigenetic reprogramming towards totipotency that follows fertilisation are not fully understood, and the molecular 
features of totipotent cells remain scarce. Embryonic cells remain totipotent only for a restricted time window. During this time, 
embryonic cells are characterised by an atypical chromatin structure and reactivation of specific families of retrotransposons. 
Recently, it was reported that totipotent-like cells arise in ES cell cultures in vitro. Like in the embryo, these cells are characterised by 
the expression of MERVL LTR retrotransposons. To address how the expression of these elements is regulated during the transition 
between totipotent and pluripotent states, we first examined histone modifications and chromatin structure in early mouse embryos. 
Remarkably, we have found that specific features of embryonic chromatin are also present in totipotent-like cells in vitro. Based on 
this analysis, we have begun to decipher key molecular regulators of repetitive elements in the embryo, and how they contribute 
to shaping the regulatory programme of the newly formed embryo. Our results have identified candidate proteins that regulate 
chromatin function and expression of these elements and show that they can induce totipotency. We are currently examining the role 
of these molecules in sustaining totipotency in the embryo. We will present our latest results that reveal a new role for chromatin 
integrity in promoting epigenetic reprogramming and sustaining molecular features of totipotent cells.
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ENDOTHELIAL TGFβ SIGNALING ORCHESTRATES OUTFLOW TRACT MORPHOGENESIS IN ZEBRAFISH
Giulia Boezio (1), Anabela Bensimon Brito (1), Stefan Günther (2), Christian Helker (1), Didier Stainier (1) 
(1) Developmental Genetics, (2) Bioinformatics and Deep Sequencing Platform, Max Planck Institute for Heart and Lung Research, Bad Nauheim, 
Germany

The cardiac outflow tract (OFT), situated at the arterial pole of the heart, provides a vital connection between the heart and the 
vascular network. OFT development relies on a finely regulated crosstalk between endothelial cells (EC) and smooth muscle cells 
(SMC) and any aberration during this process leads to a substantial number of congenital heart defects. Several of these defects 
have been associated with an impairment of transforming growth factor beta (TGFβ) signaling, but importantly, the molecular 
mechanisms underlying their pathogenesis remain unclear. 

Here we show that zebrafish mutants lacking the TGFβ receptor I/activin receptor-like kinase 5 (Alk5) exhibit a severe dilation of the 
OFT. In particular, we prove that Alk5 restricts EC proliferation in early developmental stages and later regulates SMC alignment and 
extracellular matrix (ECM) organization. Using transcriptomic analyses, we confirmed that loss of Alk5 alters the expression of ECM 
component genes in the OFT, particularly affecting cell-matrix adhesion processes.

Although Alk5 is expressed in both endothelial and smooth muscle cells, surprisingly, expression of wild type Alk5 exclusively in the 
endothelium rescued not only cell-specific defects but also restored the organization of smooth muscle cells and the surrounding elastic 
lamina. Overall, our findings provide novel insights into a previously uncharacterized role for Alk5 during endothelial development in 
vivo, and define a framework for TGFβ signaling during morphogenesis of the greater vessels.

F T1- 3 .  F L A S H  TA L K S  0 1

CELL LINEAGE DEPENDENT CHIRAL FLOWS AT THE ACTOMYOSIN CORTEX DRIVE CELLULAR 
REARRANGEMENT IN EARLY DEVELOPMENT
Lokesh Pimpale, Teije Middelkoop, Stephan Grill 
Biophysics, MPI-CBG / TU Dresden, Dresden, Germany

Cells need to be positioned correctly during embryogenesis for achieving important processes like body axis formation and organ 
development. The mechanisms by which cells reposition in the early developing embryo are still not completely understood. Recently, 
Naganathan et al. 2014, showed that the gradient of myosin in the actomyosin cortex generates chiral flows and these flows are 
important for breaking left-right symmetry in a developing C. elegans embryo. We here show that chiral flows arise in the cells of 
AB lineage only, and that the presence of these flows correlates with cellular repositioning in the developing worm embryo. Using 
reverse genetics approach and temperature sensitive mutants we demonstrate that cellular rearrangements in the AB lineage are 
driven by chiral actomyosin flows. Thus, we conclude that chiral actomyosin flows drive cellular rearrangement in early development.

F T1- 2 .  F L A S H  TA L K S  0 1

PARTIAL ENDOTHELIAL-TO-MESENCHYMAL TRANSITION FOLLOWED BY PARTIAL MESENCHYMAL-TO-
ENDOTHELIAL TRANSITION DURING ZEBRAFISH HEART VALVE FORMATION
Renee Wei-Yan Chow (1), Hajime Fukui (1), Anne-Laure Duchemin (1), Hiroyuki Nakajima (2), Naoki Mochizuki (2), Julien Vermot (1) 
(1) Development and Stem Cells, Institut de Génétique et de Biologie Moléculaire et Cellulaire (IGBMC), Illkirch-Graffenstaden, France, (2) 
Department of Cell Biology, National Cerebral and Cardiovascular Center Research Institute, Suita, Japan

Mechanical forces caused by heartbeat and blood flow have been hypothesized to regulate epithelial-to-mesenchymal transition 
(EMT) during heart valve formation. However, testing this hypothesis has been hampered by limitations in live-imaging and heartbeat 
manipulations in mouse and chicken. The optical clarity and amenability to blood flow manipulations make the zebrafish embryo 
an excellent model to study the impact of hemodynamic forces on heart valve formation. However, unlike mouse and chicken 
heart valve formation, the role of EMT during zebrafish heart valve formation is currently unclear. Here, we use live imaging 
and immunohistochemistry to examine the extent to which EMT occurs and to test the possibility of a partial mesenchymal-to-
endothelial transition (MET) during later stages of valve leaflet formation. We show that endocardial cells that have migrated into 
the extracellular matrix form a structure with stereotypical cell morphologies that splits apart to form a two-cell thick leaflet. We 
alter hemodynamic forces after cell migration but before leaflet formation by adding drugs that modify heartrate to the water. We 
found that leaflet formation is inhibited when heartrate is reduced via an anesthetic (tricaine) but is unaffected when heartrate is 
increased via isoprenaline. Finally, we describe the sequence by which cells change cell polarity and rearrange cell-cell junctions as 
they enter the cardiac jelly and later become re-exposed to the heart’s lumen. Together, our results establish the cellular signature 
delimitating partial EMT and MET in vivo and set up a model for further studies on the role of hemodynamic forces in both processes.

F T1- 4 .  F L A S H  TA L K S  0 1

THE ROLE OF CENTROSOMES AS FATE DETERMINANTS IN NEURAL STEM CELL DIVISION
Glòria Casas Gimeno, Judith Paridaen
Asymmetric Stem Cell Division and Ageing, European Research Institute for the Biology of Ageing, Groningen, Netherlands

In vertebrate embryogenesis, neural progenitor cells (NP) generate the great majority of the brain cellular diversity. In the peak of 
neurogenesis, NPs undergo asymmetric divisions that produce a self-renewing NP and a differentiating cell. Accumulating evidence 
point towards differently aged centrosomes as key determinants in this asymmetry. The old, so-called “mother” centrosome (MC), 
has a stronger binding to mitotic spindle microtubules that could bias the segregation of subcellular structures in mitosis. In addition, 
the cell that inherits the MC extends a primary cilium faster than its sister cell, and this asynchrony in signal sensing might underlie 
unequal fates.

Here, we want to investigate the role of differently aged centrosomes in NP divisions in the zebrafish embryonic telencephalon. Using 
specific NP and neuronal markers, we determined that the highest neurogenic rate corresponds to 22-24 hours post-fertilization. To 
analyze the inheritance pattern of centrosomes in these neurogenic divisions, we use a previously described technique based on 
photo-convertible protein- tagging of centrosomes in vivo, which allows to distinguish old from newly synthesized centrosomes and 
to analyze their pattern of segregation in mitosis. The precise functional link between centrosome age and cell fate will be tested by 
targeting distinct MC functions by inducible shRNA-mediated knock-down and the effect on NP division outcome will be analyzed 
by clonal analysis. 

Together, these experiments will expand our knowledge on how individual NPs select the appropriate division mode and daughter 
cell fate to ensure robust tissue development.
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DYSREGULATED TEMPORAL PATTERNING GOVERNS THE GROWTH, HIERARCHY AND COMPOSITION OF 
NEURODEVELOPMENTAL TUMORS IN DROSOPHILA
Cédric Maurange, Sara Genovese, Cassandra Gaultier, Raphaël Clément
IBDM, CNRS, Aix-Marseille University, Marseille, France

The mechanisms that transform a developing tissue into a pediatric cancer remain obscure. During Drosophila larval development, 
asymmetrically-dividing neural stem cells, called neuroblasts, progress through an intrinsic temporal patterning program that schedules 
a systematic transition from an early default self-renewing to a late differentiation-permissive state. This process ensures cessation 
of divisions before adulthood. However, early developmental perturbation of asymmetric divisions leads to unlimited neuroblast 
amplification and aggressive tumors. Using single-cell transcriptomics, clonal analysis and numerical modeling, we find that this 
larval neuroblast temporal program is recapitulated in tumors, perpetuating growth and inducing predictable cell heterogeneity. 
Underlying this phenomenon is a robust hierarchical division scheme that aberrantly maintains a subset of self-renewing neuroblasts 
- resembling early larval neuroblasts - while allowing another subset to progress throughout temporal patterning. Along the tumor 
hierarchy, the RNA-binding proteins Imp and Syncrip antagonistically regulate neuroblast proliferative properties, at least partly, by 
acting on glucose metabolism genes. This work suggests that cooption of temporal patterning could be a major transforming event 
in developing neural tissues.

F T1-7.  F L A S H  TA L K S  0 1

HOW PHYSICAL INTERACTIONS REGULATE UNDIFFERENTIATED STATE OF SUTURE CELLS
Diana Alves Afonso, Argyro Lamprou, Jacqueline Tabler
MPI-CBG, Dresden, Germany

Growth, homeostasis and repair are supported by tissue-specific progenitor and stem cell populations in many tissues, however, 
how progenitor pools resist differentiation is poorly understood. Sutures are fibrous joints that connect the flat bones of the skull and 
serve as a progenitor pool required for continued osteoblast production during infancy and repair. While end-point genetic studies 
implicate complex signaling networks in maintaining the suture as a progenitor pool, the role of the physical microenvironment, 
such as extracellular matrix (ECM), in promoting or preventing differentiation has not been explored. Here, we transiently disrupt 
the physical arrangement of the suture mesenchyme through dissociation and assess suture fate in reconstituted aggregates. 
We find that, prior to maturation of the suture, progenitors are competent to differentiate into osteoblasts and that the physical 
microenvironment of the suture is essential to maintain these cells in a progenitor state. Our data are the first to implicate a role of 
physical interactions in the regulation of sutures.

F T1- 6 .  F L A S H  TA L K S  0 1

CHIRAL CELL SLIDING DRIVES LEFT-RIGHT ASYMMETRIC ORGAN ROTATION
Mikiko Inaki (1), Hisao Honda (2), Kenji Matsuno (1) 
(1) Dept. Biol. Sci, Grad. Sch. Sci, Osaka Univ, Toyonaka, Japan, (2) Sch. Med, Kobe Univ

Polarized epithelial morphogenesis is important for animal development and has been mostly attributed to directional cell 
intercalations, which involve anisotropic junctional remodeling of cells. However, polarized epithelial deformation can be induced by 
other mechanisms. The epithelial tube of the Drosophila embryonic hindgut demonstrates a counterclockwise axial rotation of 90 
degrees. By this rotation, the hindgut that was first formed symmetrically becomes left-right (LR) asymmetric. Here, we studied the 
cellular dynamics that drive the hindgut rotation. It was previously shown that the apical surfaces of hindgut epithelial cells have 
intrinsic LR asymmetry (cell chirality in three dimensions) before the hindgut rotation. However, it is unknown how cell chirality is 
converted into axial rotation of the hindgut epithelial tube. In this study, we clarified the cellular dynamics that connect cell chirality 
and rotation of the hindgut epithelial tube. Live imaging analysis showed that hindgut cells changed their positions relative to their 
subjacent cells as sliding leftward (in the rotation direction). We designated this novel cellular dynamics “cell sliding” (Inaki et al., 
eLife, 2018). By contrast, in Myosin31DF mutants, the hindgut rotation, cell chirality, and cell sliding coincidently became the mirror 
images of those in wild type. In addition, when Myosin31DF was over-expressed, hindgut rotation and cell sliding amounts were 
increased. These results demonstrate that chiral cell sliding converts the chiral cell shape into the LR directional twisting of the 
hindgut epithelial tube.

F T1- 8 .  F L A S H  TA L K S  0 1

VESICULAR SORTING FOR HEDGEHOG RECEPTION THROUGH MORPHOGENETIC SYNAPSIS
Ana Citlali Gradilla (1), Laura Gonzalez-Mendez (1), David Sanchez-Hernandez (1), Esperanza Gonzalez (2), Adrian Aguirre-
Tamaral (1), Carlos Jimenez-Jimenez (1), German Andres (1), Gustavo Aguilar (1), Sara Colomo (1), Juan Manuel Falcon (2), 
Isabel Guerrero (1) 
(1) Depto. de Regeneración y Desarrollo, Centro de Biologia Molecular Severo Ochoa (CSIC-UAM), Madrid, Spain, (2) CIC Biogune, Derio, Spain

The Hedgehog (Hh) morphogen has a central role in the development of a wide range of organisms; implicated in tissue patterning, 
cell migration, axon guidance, as well as adult stem cell maintenance and cancer. We have previously shown that Hh can signal 
at a distance to be received by the trans-membrane receptor Patched (Ptc), through filopodia-like structures (called cytonemes) 
where Hh and Ptc co-localize at discrete contact sites. These contact sites reveal a distinctive annular structure (resembling a 
synaptic-bouton) found during Hh signal transmission. In addition, both cytoneme establishment and their associated signalling-
contact sites present a basolateral polarization in Drosophila epithelia. Now we have found that cytoneme mediated Hh reception 
requires a vesicular sorting mechanism for correct placement of the receptor Ptc, in a similar process to that needed for basolateral 
secretion and dispersion of Hh from producing cells. Snare proteins as described for other known synaptic-like processes mediate 
this polarized sorting. The process also involves Multi Vesicular Bodies (MVBs) formation regulated by the ESCRT complex, in a 
function different to that regulating Ptc lysosomal degradation. Finally, the membrane-spanning proteins Tetraspanins, might be 
involved in Ptc inclusion in extracellular-like vesicles, as we found that Ptc is present in purified exosomal fractions from Drosophila 
tissue culture cells; while Ptc co-localizes and interacts with the Drosophila Tsp96F, orthologous to the mammalian Tetraspanin CD9/
CD81, in the wing disc epithelia where over-expression of an HA-tagged form can block normal Hh reception.
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DYNAMICS AND MOLECULAR HETEROGENEITY IN MOUSE PRIMITIVE ENDODERM INDUCTION AND 
DIFFERENTIATION
Sara Pozzi (1), Marta Perera (1), Ala Trusina (2), Joshua Mark Brickman (1) 
(1) DanStem, Novo Nordisk Foundation Center for Stem Cell Biology, Copenhagen University, (2) StemPhys, Niels Bohr Institute, University of 
Copenhagen, Denmark

The earliest lineage choices during mammalian development involve the specification of embryonic and extra-embryonic lineages. 
Just prior to implantation, progenitors of the epiblast (EPI) and primitive endoderm (PrE) are specified as a result of interactions 
within a gene regulatory network involving the transcription factors Nanog and Gata6, in addition to FGF/Erk signaling. While 
previous studies in vivo have largely focused on a limited number of factors, including these canonical regulators, our lab recently 
identified additional transcriptional and signal transduction regulators essential for this cell fate choice. We have developed in vitro 
models for both the induction of Erk/MAPK signaling and of PrE differentiation in response to stimulation of Nodal/Activin, Wnt and 
LIF. Based on single-cell dynamics and transcriptomic analysis of reporter cell lines, we have identified intermediate stages during 
PrE differentiation and are interested in how these signaling pathways interact to drive the specification of different cell types. In 
particular, we focus on the independent inductive and selective properties of these pathways, from which we have found that they 
act on a committed progenitor that appears during the early stages of differentiation. Our work implies that signaling regulates 
selective proliferation of primed populations, which then acquire competence and commitment for further differentiation. I will 
discuss how signaling pathways interact with these populations, how they are influenced by the underling gene regulatory networks, 
and how the composition of these networks influences the ability of cells to respond to signalling cues.

F T1-11.  F L A S H  TA L K S  0 1

REGULATION OF YAP FUNCTION BY ALTERNATIVE SPLICING DURING EARLY EMBRYO DEVELOPMENT
Barbara Pernaute, Christopher Wyatt, Marta Miret, Lucia Goyeneche, Manuel Irimia
Systems Biology, Centre for Genomic Regulation, Barcelona, Spain

Embryo development is a tightly regulated process that requires a precise coordination between cell growth, death and differentiation. 
Much work has been done in order to identify the signaling pathways, transcriptional and post-transcriptional regulators that allow 
for correct embryo development. However, the impact that alternative splicing has on the generation of protein diversity amongst 
those regulators remains understudied. Using RNA-sequencing, we have identified hundreds of RNA splice variants that change 
dynamically during early mouse embryo development, and that impact genes known to be crucial for correct embryogenesis. 
Amongst those are a number of regulators of the Hippo pathway, a signaling cascade essential for embryo lineage specification and 
cell growth control during development and in the adult. We have found two different isoforms of the Hippo effector Yap present in 
mouse embryonic stem cells and early embryos. By finely modulating the levels of each variant in mouse embryonic stem cells, we 
have found that a tight regulation of the balance between both isoforms is required to ensure a precise control over Yap activity, and 
we show this is essential for pluripotency maintenance.
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A TRANSITORY SIGNALING CENTER PROMOTES TIMELY PRIMORDIAL GERM CELL DIFFERENTIATION
Torsten Banisch (1), Maija Slaidina (1), Lilach Gilboa (2), Ruth Lehmann (1) 
(1) Developmental Genetics, New York University - Skirball Institute, New York, United States, (2) Biological Regulation, Weizmann Institute of 
Science, Rehovot, Israel

During gonadogenesis cellular movements, proliferation and the onset of differentiation of multiple cell types requires spatio-
temporal regulation. This is in particular critical, since gonads harbor primordial germ cells (PGCs), which need to be maintained 
even before their functional niches are established. Such temporal coordination underlies systemic cues, e.g. hormones that elicit 
specific cellular responses.

We study the orchestration of cell type specific morphogenesis programs and the coordination of somatic gonad formation and PGC 
development in the developing Drosophila ovary.

Here, we utilized a single-cell RNA sequencing data-set of larval ovaries generated in our lab, which provides transcriptomes of all 
gonadal cell types. We identified the yet uncharacterized somatic swarm cells (SWs) as a major driver of gonad morphogenesis and 
as a transient signaling center for PGCs. Employing cell type specific tools, we show that SWs undergo morphogenetic anterior to 
posterior movements, a process regulated by an early expression peak of the steroid hormone ecdysone. 

After completing their migration, which establishes the posterior compartment of the gonad, SWs produce and secrete the perforin-
like molecule Torso-like in response to a second ecdysone peak. PGCs perceive Torso-like as a temporal cue via the receptor 
tyrosine kinase Torso. Receptor activation culminates in PGC differentiation by alleviating transcriptional repression of the major 
differentiation gene bag of marbles. 

Together, this work identifies a mechanism coupling the completion of gonad morphogenesis with the initiation of germline 
differentiation. This tight temporal coordination is a critical event in many organisms and ensures for proper organ development and 
function.
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NOGGIN EXPRESSION IN THE NOTOCHORD IS REQUIRED FOR PROPER PANCREAS DEVELOPMENT IN 
VERTEBRATES
João Pedro Amorim (1), Ana Gali-Macedo (1), Hugo Marcelino (1), Renata Carriço (1), Silvia Naranjo (2), Solangel Rivero-Gil (2), 
Joana Teixeira (1), Mafalda Galhardo (3), Joana Marques (1), Jose Luis Gomez-Skarmeta (2), José Bessa (1) 
(1) VDR Group - Vertebrate Development and Regeneration, i3S - Instituto de Investigação e Inovação em Saúde, Porto, Portugal, Porto, Portugal, (2) 
Centro Andaluz de Biologia del Desarrollo, Universidad Pablo de Olavide, Spain, (3) CIBIO - Centro de Investigação em Biodiversidade e Recursos 
Genéticos, Vairão, Portugal

The notochord is an evolutionary novelty that appeared at the basis of vertebrate evolution, acquiring an important function as 
a signaling center in vertebrate development. Early experiments of notochord ablation in chicken have demonstrated that this 
signaling center is crucial for proper pancreas development, however which molecules are involved in this process are yet to be 
fully described. Here, we show that the loss-of-function of the notochord expression of noggin2 (nog2) in the zebrafish impairs 
beta-cell differentiation, suggesting that Nog2, a known Bmp inhibitor, might counteract the antagonistic role of Bmp in beta-cell 
differentiation. We also show that nog2 expression in the notochord is induced by at least one notochord enhancer and its loss 
of function, either by an insulator integration, genomic deletion or enhancer-mediated suppression of transcription, is sufficient 
to impair beta-cell differentiation. Tracing Nog2 diffusion, we show that this protein emanates from the notochord and is found 
co-localized with pancreas progenitor cells. Finally, we have searched for enhancers in the landscape of the human and mice Nog 
gene, having found one notochord enhancer for each of these species, as well as evidences for a common upstream transcriptional 
regulator. In summary, our work shows that the disruption of a nog2 notochord enhancer might impact in the proper development of 
the endocrine pancreas, resulting in a pancreatic disease associated phenotype.
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IMPACT OF SIGNALING PATHWAYS IN THE CIS-REGULATION DURING EMBRYONIC DEVELOPMENT
Marta Moreno-Oñate, Sandra Jiménez-Gancedo, José Luis Gómez-Skarmeta
Centro Andaluz de Biología del Desarrollo (CABD), Sevilla, Spain

The animal body plan formation takes place during the embryonic development and it results from the precise spatio-temporal 
regulation of the gene expression. The animal form evolves largely by altering the expression of functionally conserved developmental 
genes and the vast networks they control. Most of the genomic signatures underlying key evolutionary processes can be found in the 
cis-regulatory elements (CREs) that control when, where and how much the genes are transcribed.

We have started to identify genome-wide CREs acting during early development in zebrafish at different embryonic stages. To do 
that, we performed both ATAC-seq and RNA-seq, which allowed us to link the identified CREs to their target developmental genes 
and determine how their activity change in the different developmental stages. These enhancer-promoter physical interactions occur 
in a highly regulated manner, showing the importance of a precise regulation of the gene expression along development and animal 
evolution.

To identify activated or repressed enhancers upon modulation of the genetic pathways, embryos have been treated with different 
drugs during the gastrulation period, when body plan basic layout is generated. At this point the open chromatin profiling have been 
done at three different stages: 80% of epiboly (gastrulation), 12 somites (neurulation) and 24hpf (organogenesis) stages. Altogether, 
the goal of this project is to understand how signaling pathways control CREs activity and regulate gene expression over different 
stages during the embryonic development.
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MODULATION OF PITX1 LIMB REGULATION BY 3D GENOME STRUCTURE DYNAMICS
Guillaume Andrey (1), Kragesteen Bjørt (2), Spielmann Malte (2), Paliou Christina (2), Rouco Raquel (1), Heinrich Verena (2), 
Schöpflin Robert (1), Esposito Andrea (3), Annunziatella Carlo (3), Bianco Simona (3), Chiariello5 Andrea (3), Jerković Ivana (2), 
Harabula Izabela (2), Guckelberger Philine (2), Pechstein Michael (2), Wittler Lars (2), Chan Wing-Lee (4), Franke1 Martin (2), 
Lupiáñez Darío (5), Kraft Katerina (2), Timmermann Bernd (2), Vingron Martin (2), Visel Axel (6), Nicodemi Mario (3), Mundlos 
Stefan (2) 
(1) Genetic Medicine and Development, University of Geneva, Medical School, Switzerland, (2) Max Planck Institute for Molecular Genetics, Berlin, 
Germany, (3) Dipartimento di Fisica, Università di Napoli Federico II, and INFN Napoli, Complesso Universitario di Monte Sant’Angelo, Naples, Italy, 
(4) Institute for Medical and Human Genetics, Charité Universitätsmedizin Berlin, Germany, (5) Berlin Institute for Medical Systems Biology, Max-
Delbrück Center for Molecular Medicine, Berlin-Buch, Germany, (6) Lawrence Berkeley National Laboratory, Berkeley, CA, USA

The regulatory specificity of enhancers and their interaction with gene promoters is thought to be controlled by their sequence 
and the binding of transcription factors. By studying Pitx1, a regulator of hindlimb development, we show that dynamic changes in 
chromatin conformation can restrict the activity of enhancers. Inconsistent with its hindlimb-restricted expression, Pitx1 is controlled 
by an enhancer (Pen) that shows activity in both fore- and hindlimb. By capture HiC and 3D-modeling of the locus, we demonstrate 
that fore- and hindlimbs have fundamentally different chromatin configurations, whereby Pen and Pitx1 interact in hindlimbs and are 
physically separated in forelimbs. Structural variants are able to convert the inactive into the active conformation, thereby inducing 
Pitx1 misexpression in the forelimb, causing partial arm-to-leg transformation in mice and humans. Using scRNA-seq, we further 
show that Pitx1 is misexpressed in forelimb cell-types that correspond to its normal hindlimb expression specificity. In conclusion, 
tissue-specific 3D chromatin conformation can contribute to enhancer activity and specificity in vivo and its disturbance can result 
in gene misexpression and disease.
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ENDOGENOUS CRISPR ARRAYS FOR SCALABLE WHOLE ORGANISM LINEAGE TRACING
James Cotterell, James Sharpe
Tissue Engineering and Disease Biology, EMBL Barcelona, Spain

The last decade has seen a renewed appreciation of the central importance of cellular lineages to many questions in biology 
(especially organogenesis, stem cells and tumor biology). This has been driven in part by a renaissance in genetic clonal-labeling 
techniques. Recent approaches are based on accelerated mutation of DNA sequences, which can then be sequenced from individual 
cells to re-create a “phylogenetic” tree of cell lineage. However, current approaches depend on making transgenic alterations to 
the genome in question, which limit their application. Here, we introduce a new method which completely avoids the need for prior 
genetic engineering, by identifying endogenous CRISPR target arrays suitable for lineage analysis. In both mouse and zebrafish we 
identify the highest quality compact arrays as judged by equal base composition, 5’ G sequence, minimal likelihood of residing in 
the functional genome, minimal off targets and ease of amplification. We validate multiple high quality endogenous CRISPR arrays, 
demonstrating their utility for lineage tracing.
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DYNAMIC REGULATION OF ALTERNATIVE SPLICING MODULATES DNA DAMAGE RESPONSE DURING 
ZYGOTIC GENOME ACTIVATION
Christopher Wyatt, Pernaute Barbara, Quirze Rovira, Manuel Irimia
Systems Biology, Centre for Genomic Regulation (CRG), Barcelona, Spain

The transition from maternal to embryonic control is a crucial time in an organism’s life cycle, with an overhaul of the epigenetic marks, 
targeted mRNA degradation and the initiation of transcription. However, how alternative splicing is regulated during this process and 
how it contributes to early embryogenesis is unknown. Using RNA-seq data from human, mouse and cow from multiple time points 
representing the transition from the oocyte to blastocyst, we identified thousands of exon skipping events with dynamic temporal 
regulation. Most of these exons change at the stage of genome activation, which shows the highest level of exon skipping diversity 
so far reported for any cell or tissue type. Interestingly, many events led to disruptive or non-canonical isoforms, generally through 
temporary skipping of constitutive exons, and were in genes enriched for DNA damage responses in the three species, consistent 
with the low levels of DNA damage response reported at these stages. Using various computational approaches, we identified two 
core spliceosomal components, Snrpb and Snrpd2, as potential regulators of these patterns. Consistently, microinjection of Snrpb/d2 
mRNA into mouse zygotes reduced the levels of temporary exon skipping at genome activation, and lead to an increase in the levels 
of etoposide-induced DNA damage response. Beyond genome activation, we also identified multiple cassette exons with conserved 
regulation among human, cow and mouse early embryogenesis in genes enriched in core developmental pathways, such as Wnt and 
Hippo, and a set of “pan-pluripotent” exons whose regulation is shared among all toti- and pluripotent cell types.
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GENOME ARCHITECTURE MAPPING: EXPLORING STATE SPECIFIC 3D GENOME TOPOLOGIES IN BRAIN 
CELLS
Ana Pombo
Berlin Institute for Medical Systems Biology, Max Delbrueck Center for Molecular Medicine, Berlin, Germany; Humboldt University of Berlin, Berlin, 
Germany

The folding of chromosomes and the structural organization of the genome impacts human health and disease. Gene expression is 
controlled by long-range chromatin contacts between non-coding regulatory regions and their target genes. Disruption of chromatin 
contacts due to disease-associated structural changes in the linear genome can result in altered patterns of gene expression. 
However, it remains challenging to determine 3D chromosome topologies in specific cell types in complex tissues, such as specific 
neurons in the brain, especially without disturbing cell physiology through tissue digestion.

To study the relationship between 3D genome folding and gene expression, we have developed Genome Architecture Mapping 
(GAM), a novel ligation-free technique to map chromatin contacts genome-wide, which is ideally suited to study rare cell types in 
situ. GAM extracts spatial information by sequencing the DNA content from a large collection of randomly orientated, thin nuclear 
sections, which are isolated through laser microdissection, before quantifying the frequency of locus co-segregation. 

The first GAM datasets generated in ESCs identified specific chromatin contacts across large genomic distances that were enriched 
for interactions between active genes and enhancers. Here, we have generated the first in-situ genome-wide chromatin contact 
maps directly from specific neuronal subtypes: dopaminergic neurons (DNs) in the ventral tegmental area, and pyramidal neurons 
(PNs) from the CA1 region of the hippocampus. We observe reorganization of topologically associating domains (TADs) in situ that 
coincide with neuron-specific gene expression. We also detect cell-type specific chromatin contacts between biologically important 
loci (e.g. neurodevelopment, synaptic plasticity) some of which are separated by tens of megabases. Our observations demonstrate 
that in-situ neurons form TADs and long-range chromatin contacts specific for neuronal specialization and cell state. 
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EPITHELIAL MORPHOGENESIS WITH SCUTOIDS, A NOVEL BIOPHYSICAL PRINCIPLE LINKS CELL 
CONNECTIVITY AND TISSUE CURVATURE
Pedro Gomez-Galvez (1), Pablo Vicente-Munuera (1), Samira Anbari (2), Antonio Tagua (1), Carmen Gordillo (1), Ana M. Palacios 
(1), Antonio Velasco (1), Carlos Capitan-Agudo (1), Clara Grima (3), Valentina Annese (1), Rafael Robles (3), Alberto Marquez (3), 
Javier Buceta (2), Luis M. Escudero (1) 
(1) Cell Biology, Universidad de Sevilla, Seville, Spain, (2) Chemical and Biomolecular Engineering Department, Lehigh University. Bethlehem, USA, (3) 
Departamento de Matemática Aplicada I, Universidad de Sevilla, Seville, Spain

During animal development, the epithelial tissue has to bend multiple times. This process requires the coordination of biophysical 
forces, inducing cell shape changes, to complete the morphogenesis of the organ. For example, cells adopt the shape of scutoids, 
stabilizing the epithelial architecture and favoring tissue curvature. However, how biophysical forces drive the changes in organization 
of the whole tissue remains unknown. Here, we address this problem by implementing a novel epithelia segmentation method and 
by computational and biophysical modeling. Our results reveal that scutoids lead to a new principle in epithelia morphogenesis 
that links cell connectivity and tissue curvature: the Flintstones law. This logarithmic behavior is a consequence of the energetic 
cost associated with the cells adopting the scutoidal shape. We will explain how the geometrical and physical restrictions inherent 
to living matter affect the cell-cell connectivity and the three-dimensional organization of the epithelium. Our results establish a 
unifying and realistic model of epithelial architecture that can be used as a reference for the correct development of organoids in 
physiological and pathological conditions.
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A CONTROL MECHANISM LINKING DIFFERENTIATION RATE TO PRECURSOR CELL SURVIVAL MINIMIZES 
ORGAN SIZE VARIABILITY
Antonella Iannini (1), Tomas Navarro (1), Maximo Sanchez-Aragon (1), Luciano Marcon (1), Javier Muñoz-Garcia (2), Saul Ares 
(3), Fernando Casares (1) 
(1) DMC2 Unit, CABD (Andalusian Centre for Developmental Biology), CSIC-UPO-JA, Seville, (2) Dept. Mathematics, Carlos III University, Spain, (3) 
CNB (CSIC), Madrid, Spain

Usually organs start little. During their development, growth depends on the exponential proliferation of progenitor cells. Exponential 
growth is particularly sensitive to noise, such as variations in progenitor cell number. Since biological processes are subject to 
both intrinsic and extrinsic noise, final organ size should exhibit a great variability. However, this is not the case: a given organ is 
characterized by a species-specific size and shape. Therefore, organ development must be under some mechanism of feedback 
control -in the engineering sense- that regulates its growth rates according to some output. In this work, using the Drosophila eye 
as model, we first verify experimentally the existence of such a control mechanism. Then we show that the BMP2 molecule Dpp 
provides feedback information about the rate at which the retina differentiates by controlling the survival of undifferentiated cells, 
and explain how this feedback works using mathematical modeling. Finally, we discover that, at a cellular level, Dpp is required to 
overcome a mitotic stress that surveys the cellular nutritional status and to continue the cell’s differentiation path. At a single cell 
level, this might represent a “quality control” mechanism ensuring that only nutritionally fit cells are used to construct the quasi-
crystalline array of ommatidia of the fly retina. However, when this cell mechanism is integrated at the systems level, it additionally 
provides a feedback control that ensures not only that the eyes are built optimally, but also minimizes fluctuations in eye size.

P L E N A R Y  TA L K

THE CONTROL OF HOX GENES REGULATION 
Denis Duboule’s laboratory
School of Life Sciences, Ecole Polytechnique Fédérale, Lausanne, Switzerland, Department of Genetics and Evolution, University of Geneva, 
Switzerland and Collège de France, Paris France

During vertebrate development, Hox genes are controlled by enhancers acting over very long distances and localized within two large 
and distinct regulatory landscapes flanking the gene cluster. The proper implementation of these complex long-range regulations 
is key to the general organization of the animal body plan. However, molecular genomics studies of these regulations in living 
specimens are made difficult by the early developmental stages considered, the heterogeneity of the tissues and the low number 
of cells. In this context, we use ES cells-based gastruloids to try to overcome some of these problems. These biological objects 
display many features of an elongating post-occipital mammalian trunk and can thus be used as a surrogate system to challenge 
particular mechanisms at work during the dynamic development of posterior body parts. Comparative data regarding Hox gene 
regulation between gastruloids and the mouse embryo will be discussed as well as the necessary complementarity between these 
two approaches.
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BIOPHYSICS OF MORPHOGEN GRADIENT FORMATION AND SCALING
Marcos González-Gaitán
Geneva, Switzerland 

Pattern formation and growth of developing tissues involve the graded distribution of morphogens. Scaling of the morphogen 
gradient ensures proportioned morphological patterning of tissues with different sizes. On the other hand, we showed that growth 
of the drosophila wing disc is mediated by a mechanism in which cells compute the relative time derivative of the concentration 
of a morphogen: Dpp. In this context, scaling drives a homogenous increase of the morphogen concentration throughout the tissue 
and thereby can fuel homogeneous growth. A key question is how does the morphogen gradient scale? We now have an idea of the 
machinery: two extracellular factors, Pentagone and the HSPG Dally are essential for gradient scaling. We propose a mechanism by 
which these molecules can control scaling based on their physics and cell biology.
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A BI-STABLE REACTION-DIFFUSION MECHANISM FOR SIZE-INDEPENDENT SYMMETRY BREAKING OF 
MOUSE EMBRYOID BODIES
Luciano Marcon (1), Jelena Raspopovic (1), Maria Langegger (2), Patrick Mueller (2) 
(1) Gene Expression and Morphogenesis, Centro Andaluz de Biología del Desarrollo UPO-CSIC, Seville, Spain, (2) Friedrich Miescher Laboratory of the 
Max Planck Society, Max-Planck-Ring 9, 7207 Tübingen, Germany

Mouse embryoid bodies can break their initial symmetry to form a localized expression of germ layer markers that resembles the 
formation of the anterior-posterior axis in the embryo. Here, we analyze this self-organization in three dimensions by using lightsheet 
microscopy. Our data shows that the formation of the anterior-posterior axis is characterized by a moving gene expression front of 
mesendodermal fates that propagates from the boundary on one side of the embryoid body. By developing a three-dimensional 
computational model of embryoid body self-organization, we show that this spatiotemporal dynamics can be recapitulated by 
a bi-stable reaction-diffusion mechanism under the influence of signals coming from the boundary. To test this hypothesis we 
analyze anterior-posterior axis self-organization in embrioid bodies of different size and upon pharmacological inhibition of signaling 
pathways. In agreement with the model, our data show that the formation of the axis is size-independent and that the velocity of the 
front is mediated by Wnt and Nodal signaling.
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PATTERNING WITH WAVES: A ROBUST AND EVOLVABLE EMBRYONIC PATTERNING MECHANISM
Heike Rudolf, Christine Zellner, Alena Boos, Ezzat El-Sherif
Division of Developmental Biology; Department of Biology, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany

Oscillatory and sequential gene activity has been implicated in the spatial patterning of many embryonic structures. For example, 
a molecular clock mediates stripes of gene expression that delimit vertebrate somites, segments in short-germ arthropods, and 
lateral roots in plants. Aperiodic sequential activation of genes regulates the spatial patterning of limb bud and the neural tube in 
vertebrates. Interestingly, these oscillatory and sequential gene activities have been observed to be organized into spatial waves 
that propagate away from a signaling center. How these waves are generated and why they are, as it seems, a common mode of 
gene regulation is so far not understood. Here we present a model: ‘Speed Regulation’ model, which explains how these waves are 
generated. We also show that the model is robust and evolvable, hence its common employment during development. We show 
experimentally (using various genetic perturbations) that both periodic and aperiodic waves mediate the patterning of the anterior-
posterior axis of short-germ insects (in particular, the beetle Tribolium castaneum ) according to the Speed Regulation model. We also 
suggest a molecular realization of the model, in which a gradient regulates the switching between two groups of enhancers: one 
group is responsible for sequential gene activation, and the other for freezing temporal rhythms into spatial patterns. This model is 
supported by imaging enhancer activities in Drosophila in live embryos using the MS2-MCP system.
Related publications by the authors: Dev Bio 2019, eLife 2018, Development 2018, PNAS 2017, Current Biology 2016, PloS Genetics 2014, Development 2012.
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MAKING A FLAT LEAF: PRE-PATTERNING, MORPHOGENIC SMALL RNAS, AND TURING REACTIONS 
Khoa Nguyen (1), Emanuele Scacchi (1), Damianos Skopelitis (2), Gael Paszkiewicz (1), Agata Burian (3), Marja Timmermans (1,2) 
(1) Center for Plant Molecular Biology, University of Tuebingen, Auf der Morgenstelle 32, 72076 Tuebingen, Germany, (2) Cold Spring Harbor 
Laboratory, 1 Bungtown Rd, Cold Spring Harbor, NY 11724, USA, (3) University of Silesia in Katowice, Jagiellonska 28, 40-032 Katowice, Poland

Development of flat leaf architecture posses an unusual and mechanistically challenging problem; namely, how to create a stable 
dorsoventral (top-bottom) boundary within the plane of a long and wide, but shallow, structure. The acquisition and maintenance of 
this polar axis involves an intricate gene regulatory network with several highly conserved transcription factors that promote either 
dorsal or ventral fate at its core. These are expressed in complementary domains delineating the top and bottom side of the initiating 
organ, respectively. The positional information needed to define these domains is provided in part by small RNAs that, reminiscent 
to classical morphogens, generate sharply defined domains of target gene expression through an intrinsic and direct threshold-based 
readout of their mobility gradients. While the polarity network is sufficient to cleanly separate regions of dorsal and ventral identity, 
our most recent findings from mathematical modeling predict that additional inputs are needed to maintain a robust, uniformly 
positioned developmental boundary. Interestingly, anisotropic growth is one such input. The maintenance of a stable dorsoventral 
boundary during primordium growth may thus rely on the anisotropic nature of that growth.
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MECHANISMS DRIVING THE CONSTRUCTION AND MAINTENANCE OF ADULT NEURAL STEM CELL 
ENSEMBLES 
Laure Bally-Cuif
Department of Developmental and Stem Cell Biology, Institut Pasteur and CNRS UMR3738, Paris, France 

We are interested in understanding how single cell and population events combine to ensure the maintenance of neural stem cell 
(NSC) pools in the adult brain. We largely focus on the dorsal telencephalon (pallium), which hosts NSCs in all adult vertebrates. 
In teleost fish such as the zebrafish, the pallial NSC pool consists of a monolayer of tightly juxtaposed, quiescent radial glial (RG) 
cells (1,2). These cells transiently activate (ie. enter the cell cycle and divide) to amplify or generate neurons, and individual RG 
serve as a continuous neurogenic lineage from embryo to adult (3). We address, at the single cell and population levels, the cell 
heterogeneities, fate decisions and clonal dynamics sustaining NSC maintenance, combining genetic lineage tracing and intra-vital 
imaging to record over weeks the behavior of NSC groups (>1,000 cells) in their niche (4). Within this frame, I will discuss our most 
recent work highlighting that (i) the NSC quiescence/activation balance is spatio-temporally controlled through cell-cell inhibitions 
occurring across the germinal sheet, and (ii) the NSC pool is maintained at long term through population asymmetry and functional 
specialization, where the amplification, self-renewal and neurogenic potential of NSCs are hierarchically segregated over different 
sub-pools. These findings together highlight that NSC pools are systems combining heterogeneous cell states and functions, which 
respond, in part, to population-emerging cues. 
(1) Than-Trong, E., and Bally-Cuif, L. (2015). Radial glia and neural progenitors in the adult zebrafish central nervous system. Glia 63, 1406-1428.

(2) Kizil, C., Kaslin, J., Kroehne, V., and Brand, M. (2012). Adult neurogenesis and brain regeneration in zebrafish. Dev. Neurobiol. 72, 429-461.

(3) Furlan, G., Cuccioli, V., Vuillemin, N., Dirian, L., Muntasell, A.J., Coolen, M., Dray, N., Bedu, S., Houart, C., Beaurepaire, E., et al. (2017). Life-Long Neurogenic 
Activity of Individual Neural Stem Cells and Continuous Growth Establish an Outside-In Architecture in the Teleost Pallium. Curr. Biol. 27, 3288-3301.e3.

(4) Dray, N., Bedu, S., Vuillemin, N., Alunni, A., Coolen, M., Krecsmarik, M., Supatto, W., Beaurepaire, E., and Bally-Cuif, L. (2015). Large-scale live imaging of 
adult neural stem cells in their endogenous niche. Development 142, 3592-600.
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IDENTIFICATION OF A MACROPHAGE SUBTYPES REQUIRED FOR ORGAN REGENERATION IN THE 
ZEBRAFISH
Nadia Mercader
Development and Regeneration, Institute of Anatomy, Bern, Switzerland

Organ regeneration is preceded by the recruitment of innate immune cells, which play an active role during repair and regrowth. 
Here we studied macrophage subtypes during organ regeneration in the zebrafish, an animal model with high regenerative capacity. 
We identified a macrophage subpopulation expressing wilms tumor 1b (wt1b) that accumulates within regenerating tissues. This 
wt1b-positive macrophage population exhibited an overall pro-regenerative gene expression profile and different migratory behavior 
compared to the remainder of macrophages. Functional studies showed that wt1b regulates macrophage migration and retention at 
the injury area. Further, wt1b null mutant zebrafish presented signs of impaired macrophage differentiation, delayed fin growth upon 
caudal fin amputation and reduced cardiomyocyte proliferation following cardiac injury that correlated with altered macrophage 
recruitment to the regenerating areas. Altogether, we describe a pro-regenerative macrophage subtype in the zebrafish and a role 
for wt1b in organ regeneration.
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LOCAL MECHANICAL FEEDBACKS ON EGFR/ERK MAINTAIN EPITHELIAL INTEGRITY DURING CELL 
ELIMINATION
Romain Levayer, Léo Valon
Department of Developmental and Stem Cell Bioloy, Institut Pasteur, PARIS, France

While the signals regulating apoptosis during development are rather well known, what regulates the precise spatio-temporal 
distribution of cell death and the adjustement of cell elimination to local perturbations is not well known. 

Using the Drosophila pupal notum (a single layer epithelium), we previously showed that cell extrusion and cell death can be 
modulated by cell deformations. We recently showed that this is mediated by the activation of the pro-survival signal EGFR/
ERK by cell stretching. However, the exact contribution of the mechanical modulation of EGFR/ERK to normal development and 
morphogenesis was not known.

By combining a live sensor of ERK, segmentation and tracking, we show that ERK is systematically activated for 1 hour in the first 
row of cells surrounding each extruding cell. This transient activation correlates with the transient stretching of the neighbouring 
cells and can be simulated by local ablation of a single cell. The pulse of ERK is also sufficient to downregulate transiently caspase 
activation in the neighbouring cells. Using statistical analysis and simulations, we show that this feedback modulates the spatio-
temporal distribution of cell death and alter the total number of dying cells in the tissue. By preventing simultaneous elimination of 
neighbours, it also maintains tissue integrity. Finally, those feedbacks also generate compensatory death in the cells neighbouring 
clones resistant for apoptosis. Altogether, our results suggest that local and transient mechanical feedbacks are important features 
of epithelial homeostasis and are essential for the robustness and plasticity of the tissue.
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SIGNALING MECHANISMS IN HEART REGENERATION
Eldad Tzahor
Professor, Weizmann Institute of Science, Rehovot, Israel, e-mail: eldad.tzahor@weizmann.ac.il

The Tzahor team studies novel mechanisms of mammalian cardiac regeneration and repair following injury, a major challenge in 
current biomedical research (Tzahor and Poss, Science 2017) using mouse, rats and pigs’ models. We are focusing on the role 
of NRG1-ErbB2 signaling pathway in cardiac regeneration after revealing that ErbB2 is both necessary and sufficient to promote 
cardiac regeneration in adult mice (D’Uva et al., NCB 2015). We also study the cardiac microenvironment as a mean to enhance the 
regenerative potential of the heart (Yahalom et al., eLIFE 2015). We recently revealed that the proteoglycan, Agrin can serve as an 
inducer of mammalian heart regeneration, with a great therapeutic potential for the treatment of ischemic heart disease (Bassat 
et al., Nature 2017; Sarig et al., Circulation 2019). Current studies examine the therapeutic effects of Agrin, whose administration 
into injured heart of pigs elicits a significant regenerative response. Our findings together have significant implications for improving 
current strategies to treat heart disease in human.
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EX-UTERO DEVELOPMENT OF THE MOUSE EMBRYO - FROM ZYGOTE TO ORGANOGENESIS
Alejandro Aguilera Castrejon, Jacob Hanna
Dept. Molecular Genetics, Weizmann Institute of Science, Rehovot, Israel

The intimate association of the mammalian embryo in-vivo with the maternal uterus has been the most limiting constraint for 
investigating embryonic development in mammals. To date, pre-implantation embryos are routinely grown in-vitro, and protocols 
have been devised to model implantation in a dish, where cultured blastocyst implant and reach the egg-cylinder stage, equivalent 
to the E6.5 embryo. Nevertheless, previous attempts to culture post-implantation mouse embryos have been limited, and a number 
of physical and genetic manipulations applied in animal models with external development are still impossible to apply in mammals. 
To overcome these limitations, we developed an efficient ex-utero post-implantation mouse embryo culture protocol, supporting 
appropriate development of embryos at the onset of gastrulation (E6.5) until the hind limb formation stage (E11), which are equal 
to those developing in-utero. Furthermore, we generated ex-utero chimeras by microinjecting mouse primed ESCs into E7.5 embryos 
grown in-vitro until E11, creating a platform for assessing long-term integration of pluripotent stem cells in the post-implanted 
embryo. In addition, we established a whole-embryo electroporation protocol followed by long-term ex-utero culture, opening the 
possibility to manipulate gene function from gastrulation to organogenesis in mouse embryos. Based on this work, we are encouraged 
to develop an in-vitro culture system to bridge between pre-implantation to post-implantation development, allowing proper and 
efficient culture from the zygote through implantation, gastrulation and organogenesis. The ability to grow mouse embryos ex-
utero in a controlled environment provides a unique opportunity to study mammalian development through direct experimental 
manipulation and imaging.
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A LOCAL SOURCE OF RETINOIC ACID SHAPES THE EXTRAOCULAR MUSCLE FUNCTIONAL UNIT
Glenda Comai (1), Marketa Tesarova (2), Neus Martinez (3), Alexandre Robert Moreno (3), Valerie Dupé (4), Muriel Rhinn (5), 
Norbert Ghyselinck (5), James Sharpe (3), Shahragim Tajbakhsh (1) 
(1) Stem Cells and Development, Pasteur Institut, Paris, France, (2) Central European Institute of Technology, Brno University of Technology, Brno, 
Czech Republic, (3) EMBL Barcelona, Spain, (4) Institut de Génétique et Développement de Rennes IGDR, Rennes, France, (5) IGBMC, Illkirch-
Graffenstaden, France

Vertebrates have evolved a remarkable diversity of body muscle shapes to accommodate their distinct modes of feeding, locomotion 
and strength. During development, muscle progenitors and myofibres segregate and split into individual muscles with stereotypical 
morphology. As such, this process is essential for the acquisition of defined muscle identities with precise biomechanical roles in 
the adult.

We have investigated the patterning of extraocular muscles (EOM), an evolutionary conserved cranial muscle unit. EOM are crucial 
for the coordinated movement of the eyeballs and vision. However, how the stereotyped arrangement of six EOM is established 
during development remains to be resolved.

Using micro-CT, OPT and confocal microscopy we built a 3D spatiotemporal map of muscle and tendon development. Our studies 
show that the ‘EOM-target tissue’, the eyeball itself, is a source of critical diffusible signals for EOM patterning. Genetic invalidation 
of the retinoic acid (RA) signaling pathway, or selective inhibition of the nuclear retinoic acid receptors resulted in a dramatic 
impairment of muscle splitting. Moreover, the recognition of the final attachment points in the periocular mesenchyme by tendon 
progenitors was impaired upon RA deficiency. Finally, using a genetic reporter of retinoic acid signal transduction, we demonstrate 
that a subpopulation of cranial mesenchymal cells, but not the myogenic progenitors themselves, is the cell type responsive to RA. 
Taken together, we propose a model in which RA secretion from the target organ instructs periocular tissue organization and muscle 
patterning.
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TISSUE MORPHOGENESIS AT CRITICALITY
Nicoletta Petridou, Bernat Corominas-Murtra, Edouard Hannezo, Carl-Philipp Heisenberg
Institute of Science and Technology Austria, Klosterneuburg, Austria

The fitness of embryonic development requires the embryo to find the optimal balance between robustness and adaptability. Such 
balance is achieved in nature when a system is poised to criticality, meaning that with small changes in its parameters, a transition 
between the different phase states can occur. Order-disorder phase transitions have been described in macromolecules and gene 
expression networks, however if they occur in living tissues and what is their role in development is unknown. We have previously 
described that the onset of morphogenesis in zebrafish relies on an abrupt blastoderm fluidization upon a progressive loss of cell-
cell adhesion. By applying tools from statistical physics, we unravel that the blastoderm resides close to a critical value of cell 
connectivity. Specifically, we map the connectivity of the blastoderm and identify the size of the largest rigid cluster (LRC) through 
rigidity percolation. Interestingly, at the time point of fluidization we detect a sharp drop in the size of the LRC that takes place 
upon small changes in cell connectivity, with the latter reaching a critical value where a phase transition occurs. By performing 
rigidity percolation analysis in different cell types and regions of the embryo we found that the mesodermal germ layer displays a 
remarkably ordered structure and resides further away from the transition point, ensuring morphogenetic robustness. Intriguingly, 
altering the non-canonical Wnt signaling pathway, brings the mesodermal tissue to criticality, where the order-disorder transition 
occurs, compromising its morphogenesis. Overall, we highlight how criticality ensures the fitness of tissue morphogenesis.
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RECONSTRUCTING CELL LINEAGES USING SOMATIC MUTATIONS: DESIGN, OPTIMIZATION AND IN SITU 
READING OF CRISPR RECORDERS
Marco Grillo (1), Irepan Salvador-Martinez (2), Svedlund Jessica (3), Nilsson Mats (3), Telford Maximilian (2), Averof Michalis (1) 
(1) Institut de Genomique Fonctionelle de Lyon, Centre National de la Recherche Scientifique, Ecole Normale de Lyon, Lyon, France, (2) Centre for Life 
Origins and Evolution, Department of Genetics Evolution and Environment, University College London, London, United Kingdom, (3) Science for Life 
Laboratory, Stockholm University, Stockholm, Sweden

Cell lineages provide the framework for understanding how multicellular organisms are built and how cell fates are decided during 
development. Describing cell lineages in most organisms is challenging, given the number of cells involved; even a fruit fly larva has 
~50,000 cells and a small mammal has more than 1 billion cells. The idea of using spontaneous somatic mutations as markers for 
cell lineage reconstruction has been proposed, but the challenge of detecting these rare mutations across the genome of individual 
cells is daunting. Targeting mutations to specific loci using CRISPR has solved this challenge, leading to the development of ‘CRISPR 
recorders’. We have focused on optimising the design and improving the accuracy of CRISPR recorders, using Drosophila as our 
model system. We have generated transgenic lines harbouring CRISPR recorders containing 32 targets loci, and lines expressing 
the cognate gRNA and Cas9 under constitutive promoters. Mutation rates were tuned experimentally to match the optimal rates 
determined by simulations for lineage reconstruction of embryonic, larval and adult cell lineages. Our second aim is to develop a 
method for reading the recorders in intact tissues, allowing us to lineage cells in their native environment. Our work and validation in 
flies will eventually allow to deploy optimised CRISPR recorders for a wide range of questions and model organisms.
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SYNCHRONIZING MOUSE PRESOMITIC MESODERM CELLS: WHAT ARE THE COUPLING RULES?
Christine Ho, Gregor Monke, Alexander Aulehla
Developmental Biology, EMBL, Heidelberg, Germany

Somitogenesis is a time and space periodic process of the vertebrate body axis segmentation which requires coordinated genetic 
oscillations. Numerous studies show that the Notch signaling pathway is involved in synchronizing the oscillations on a tissue level. 
However the coupling rules remain unclear. To describe how the coupling is achieved, theoretical physics propose two distinct classes 
of models: phase-difference coupling models and pulse coupling models. To explain synchronization in PSM cells, main studies in our 
field used the phase difference coupling framework and indeed these models can recapitulate several aspects of PSM oscillations. 
However, a central prediction of phase-difference framework per se is still unclear. In addition, numerical simulations performed 
in the lab show that phase-difference and pulsed coupled synchronization models make distinct predictions regarding collective 
phase determination. This highlights the importance to find a new experimental study, we have established a new experimental 
setup which allows us to quantitatively test the predictions made in phase-difference and pulsed coupling models. Our results are 
not in agreement with the current segmentation clock synchronization models. In contrast, our findings are compatible with the 
synchronization mechanism based on pulsed coupled oscillators. We are currently further challenging these conclusions using both 
theoretical and experimental strategies. In summary, this study is questioning our fundamental understanding of coupling rules 
governing the cell synchronization during segmentation clock.

F T 2 - 6 .  F L A S H  TA L K S  0 2

ROLE OF AUTOPHAGY DURING CELL COMPETITION IN HEART DEVELOPMENT AND CARDIAC 
REGENERATION
Lorena Esteban Martínez, Rocío Sierra, Miguel Torres
Cell and Developmental Biology, Spanish National Center for Cardiovascular Research, Madrid, Spain

Cell Competition (CC) is the process by which viable cells are eliminated from tissues by comparison with neighboring cells. Myc 
overexpression in a mosaic fashion induces CC in heart, a mechanism by which Myc-high cardiomyocytes actively eliminate 
neighboring cardiomyocytes with lower Myc levels. Our current interest focuses on understanding the relationship between 
metabolism and autophagy during Myc-dependent CC at both embryonic development and postnatal maduration of cardiomyocytes 
(CMs) in mice. Our results show that autophagy is reduced in wildtype embryonic CMs when Myc is overexpressed in neighboring 
CMs (iMOS-Myc). More interestingly, hypoxia, which induces autophagy in wildtype hearts, completely abolishes this lysosomal 
degradative process and CC in Myc-overexpressed hearts. In addition, blocking the monocarboxylate transporters (MCTs) prevents 
the reduction of wildtype CMs in iMOS-Myc hearts. Together, these results could suggest that some metabolites that are released 
through MCTs and whose levels can vary upon hypoxic conditions are implicated in CC. 

On the other hand, we are studying the autophagy pathway during the neonatal maduration of the heart by analyzing its role in 
the binucleation and polyploidization, both processes associated with cell cycle arrest in cardiomyocytes. We have observed that 
autophagy is inhibited at postnatal stages, specially from P7, when the majority of CMs are binucleated. More importantly, this 
process increases in both antioxidant and hypoxic conditions, two stimuli that promote cardiomyocyte proliferation in the postnatal 
heart. In summary, our main goal is to determine if autophagy and Myc-dependent CC are both relevant for heart regeneration.
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VASCULAR REPAIR AFTER SPINAL CORD INJURY IN ZEBRAFISH
Ana Ribeiro, Mariana Costa, Tiago Maçarico, Leonor Saúde
LSaúde Lab, Instituto de Medicina Molecular, Lisboa, Portugal

Spinal cord injuries have dramatic and irreversible effects on motor and sensory functions in mammals. By contrast, zebrafish are 
able to repair the spinal cord and restore motility and are increasingly used to study successful strategies of regeneration. In this 
study we investigate if the vascular system is reestablished after spinal cord injury in zebrafish and whether the vasculature is 
important for the efficient recovery of spinal cord function. 

We show that the zebrafish spinal cord has a similar organization and specialised blood-spinal cord barrier modifications as observed 
in mammals. We followed the vascular response over the course of spinal cord regeneration and confirmed that zebrafish, unlike 
mammals, are able to restore the vascular network. The repair of the damaged blood vessels occurs through the activation of 
angiogenesis. The new blood vessels are also able to rapidly recruit pericytes, thus contributing to the reestablishment of the blood-
spinal cord barrier. 

To address the role of the vasculature during spinal cord regeneration we are inhibiting the formation of new blood vessels using a 
genetic approach. Our preliminary results show that interfering with the spinal cord re-vascularisation results in impaired functional 
recovery.

This work reveals the enhanced capacity of zebrafish to repair the spinal cord vasculature when compared to mammals and highlights 
the importance of tissue re-vascularisation during regeneration.
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THE PERIODIC COLORATION IN BIRDS FORMS THROUGH A PREPATTERN OF SOMITE ORIGIN
Nicolas Haupaix (1), Camille Curantz (1), Richard Bailleul (1), Samantha Beck (1), Annie Robic (2), Marie Manceau (1) 
(1) CIRB, Collège de France, Paris, France, (2) Genphyse, Inra, Toulouse, France

Spots, stripes… These periodic patterns often seen in animals have been largely viewed as self-organizing. Do they also depend on 
preexisting positional information? In juvenile galliform birds, we show that signaling from the somite sets the position of stripes in 
the plumage, while their width is controlled by the expression of agouti. These results reveal that early developmental landmarks 
can shape periodic patterns upstream of late local dynamics, and thus constrain their evolution.
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THE MAYFLY CLOEON DIPTERUM: A NEW PLATFORM TO STUDY INSECT EVOLUTION AND 
MORPHOLOGICAL NOVELTIES
Isabel Almudi (1), Joel Vizueta (2), Ferdinand Marletaz (3), Chris Wyatt (4), Panos Firbas (1), Ignacio Maeso (1), Roberto 
Feuda (5), Alexandre de Mendoza (6), Stein Aerts (7), Jordi Paps (5), Julio Rozas (2), Alejandro Sanchez (2), Manuel Irimia (4), 
Fernando Casares (1) 
(1) GEM-DMC2 MdM Unit, Centro Andaluz Biologia del Desarrollo (CABD), Seville, Spain, (2) Universitat de Barcelona, Spain, (3) OIST, Okinawa, 
Japan, (4) Centre for Genomic Regulation (CRG), Barcelona, Spain, (5) University of Bristol, UK, (6) University of Western Australia, Perth, Australia, 
(7) ViB & University of Leuven, School of Medicine. Leuven, Belgium

The great capability of insects to adapt to new environments promoted their extraordinary diversification. The key phylogenetic 
position of mayflies within Paleoptera, as the sister group of the rest of winged insects together with their life history traits make 
them an essential order to understand insect evolution. Moreover, the mayfly species Cloeon dipterum is a privileged model to study 
evolutionary innovations as Cloeon males develop, in addition to the compound eyes, an extra pair of dorsal, turban-shaped eyes. 

To answer these questions, we have successfully established C. dipterum as a model species with a continuous culture in the 
lab. We have sequenced and assembled a high quality reference genome and we provide the first analyses of the genomic bases 
underlying the evolution of the turbanate eyes and the origin of insect wings, paving the way for a better understanding of how 
insects colonized the sky and explored a huge variety of new ecological niches.
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A HUMAN ACCELERATED REGION REGULATES FOREBRAIN EXPANSION THROUGH THE REGULATION OF 
EARLY FOXG1 EXPRESSION
Sandra Acosta (1), Jaydeep Sindaye (2), Isabel Clara Rollan (3), Luciano Fiore (4), Giovanni Iacono (5), Alexander Misharin (6), 
Silvia Vidal (7), Judith Armstrong (7), Nikita Joshi (6), Nozomu Takata (4), Martin Sikora (8), Beisi Xu (9), Eske Willerslev (8), 
Holger Heyn (5), Miguel Manzanares (3), Juergen Knoblich (2), Guillermo Oliver (4) 
(1) Institute of Evolutive Biology, Universitat Pompeu Fabra, Barcelona, Spain, (2) Institute of Molecular Biotechnology Austria, Vienna, (3) Centro 
Nacional de Investigaciones Cardiovasculares (CNIC), Madrid, Spain, (4) Centre for Vascular and Developmental Biology, Feinberg Cardiovascular 
Research Institute, Northwestern University, Chicago, IL, (5) CNAG-CRG, Centre for Genomic regulation (CRG), Barcelona Institute of Science and 
Technology (BIST), Barcelona, Spain, (6) Division of Pulmonary and Critical Care Medicine, Northwestern University, Chicago, IL, (7) Hospital Sant 
Joan de Deu, Barcelona, Spain, (8) GeoGenetics Center, University of Copenhagen, Denmark, (9) Bioinformatics Department, St. Jude Research 
Children´s Hospital, Memphis, USA

How evolution impacted human forebrain development remains an intriguing question. Some of the molecular mechanisms implicated 
in the expansion of cortical progenitors have been deciphered; however, it is not yet known whether mutations responsible for the 
expansion of the human forebrain occurred during early stages of embryonic development. 

Here, we identified a human accelerated region (HAR) located in an enhancer upstream of Foxg1, a key transcription factor implicated 
in forebrain development. Luciferase reporter analysis indicated that the human variant has stronger regulatory activity than mouse 
or chimp. Humanization of the mouse enhancer variant in transgenic mice and in targeted mouse ESC-derived organoids resulted 
in an increase and a change of identity in forebrain neural progenitors. However, analysis in human ESC-derived organoids and in a 
cohort of epilepsy patients suggests the presence of redundant regulatory elements controlling similar functions in humans. Notably 
we found similar mutations in healthy control cohort than in epileptic patients, but at a lower frequency. 

These results suggest that human-specific mutations in critical regulatory elements controlling early brain development have an 
impact in the expansion and patterning of forebrain progenitors.
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THE ACTIN NUCLEATOR CYK-1/MDIA DRIVES CHIRALITY OF ACTOMYOSIN FLOWS AND FACILITATES 
LEFT-RIGHT SYMMETRY BREAKING IN EARLY C. ELEGANS EMBRYO’S
Teije Middelkoop (1), Porfirio Quintero Cadena (2), Lokesh Pimpale (1), Shahrzad Yazdi (3), Stephan Grill (1) 
(1), Biotec / TU Dresden, Dresden, Germany, (2) Division of Biology and Biological Engineering, California Institute of Technology, Pasadena, CA, USA, 
(3) Department of Materials Science and Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

The emergence of organismal left-right asymmetry has puzzled developmental biologists for decades. In recent years, actomyosin 
activity has proven to be instrumental in driving the chirality of various cells, tissues and organisms. While several myosin motors 
and actin nucleators of the Formin family can rotate helical actin filaments in vitro, little is known about how these activities can 
lead to the chirality of entire cellular actin networks in vivo. Recently, it was shown that the C. elegans actomyosin cortex generates 
active torques that drive chiral cortical flows and organismal left-right symmetry breaking. These chiral flows are dependent on the 
RhoA GTPase and its target non-muscle myosin II (NMII), but the underlying molecular mechanism remains elusive. By combining 
the strength of C. elegans genetics with quantitative live-imaging, we show that the activity of the Formin CYK-1/mDia is a key 
determinant for chiral morphogenesis of C. elegans embryos. Using both loss and gain of function genetic perturbations we show 
that CYK-1/mDia is instrumental for the chirality of cortical flows and proper left-right symmetry breaking. Our results are consistent 
with a mechanism in which active tension and torque generation in the actomyosin layer are molecularly distinct and driven by NMII 
and CYK-1/mDia respectively.
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ANTAGONISTIC ACTIVITIES OF VEGFR3/FLT4 AND NOTCH1B FINE-TUNE MECHANOSENSITIVE 
SIGNALING DURING CARDIAC VALVULOGENESIS
Federica Fontana (1), Timm Haack (2), Salim Abdelilah-Seyfried (1) 
(1) Institute of Biochemistry and Biology, University of Potsdam, (2) Institute of Molecular Biology, Hannover Medical School, D-30625 Hannover, 
Germany

The formation of cardiac valve leaflets is strictly dependent on mechanical forces exerted by blood flow. Endocardial cells that 
line the interior of the heart are sensitive to this biomechanical stimulus and respond by arranging into luminal cells subjected to 
shear stress and abluminal cells which are not exposed to it. The means by which biomechanical stimuli are sensed and how they 
evoke different responses by endocardial cells during this highly dynamic process are largely unknown. Here we show that blood 
flow not only activates shear stress-responsive gene expression but also suppresses programs of no-shear stress regions. We 
find that blood flow activates two parallel mechanosensitive pathways, one mediated by Notch and the other by Klf2a, which are 
both particularly strongly expressed within a characteristic subset of luminal cells we named “heel cells”. We also identify the 
angiogenesis receptor Vegfr3/Flt4 as an important player in mechanosensitive signaling and find that it is negatively regulated by 
both pathways during zebrafish cardiac valvulogenesis. Vegfr3/Flt4 becomes restricted to abluminal endocardial cells, which have 
mesenchymal characteristics. Its loss results in the occurrence of abluminal endocardial cells that express the luminal fate marker 
Notch and causes a disruption in valve morphogenesis. Our work explains how mechanosensitive signaling by Vegfr3/Flt4 on the 
abluminal side and antagonistic signaling by Notch on the luminal side shapes cardiac valve leaflets by triggering unique differences 
in the fates of endocardial cells.
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AN ATRIAL FIBRILLATION SUSCEPTIBILITY LOCUS IS A DISTAL ENHANCER THAT CONTROLS THE 
CARDIAC EXPRESSION OF THE GJA1 GENE IN MAMMALS
Jesus Victorino, Isabel Rollan, Javier Adan, Miguel Manzanares
Centro Nacional de Investigaciones Cardiovasculares Carlos III (CNIC), Madrid, Spain

Atrial Fibrillation (AF) is the most common cardiac arrhythmia in humans1. Genomic studies have linked more than 30 loci to the 
disease in non-coding regions2,3,4; however, the molecular mechanisms by which these associations could be predisposing to AF 
remain unknown. In this project, we are studying the functional genomics governing AF susceptibility through the characterization 
of AF-associated regulatory elements. We are building maps of enhancer elements associated to the disease and identifying their 
target genes using chromosome conformation capture techniques, CRISPR-based technology and massively parallel reporter assays 
(MPRA) that allow us to test libraries of genomic DNA searching for enhancers. We have performed reporter assays in transgenic 
mouse embryos identifying disease-associated cardiac enhancer elements. Hi-C data carried out in hiPSC-CM helped identifying 
candidate genes to be regulated by the described enhancers. We found a distal element, >700 kb downstream GJA1 gene, with 
conserved function across mammals driving cardiac expression specifically. The enhancer activity starts during development (E9.5) 
and remains in the adulthood. Our data suggest that control of gene expression of a member of intercellular channels involved in 
cardiomyocyte communication may account for AF susceptibility risk.
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CYSTATIN B PREVENTS ECTOPIC HISTONE TAIL CLIPPING DURING NEURAL STEM CELL RENEWAL AND 
DIFFERENTIATION
Eduard Daura Sarroca (1), Saara Tegelberg (1), Masahito Yoshihara (2), Francesca Simonetti (1), Katri Aksentjeff (1), Paula 
Hakala (1), Juha Kere (2), Tarja Joensuu (1), Anna-Elina Lehesjoki (1) 
(1) University of Helsinki and Folkhälsan Research Center, Eduard Daura Sarroca, Helsinki, Finland, (2) Karolinska Institutet 

Progressive myoclonus epilepsy of Unverricht-Lundborg type (EPM1; OMIM: 254800) is an autosomal recessively inherited 
neurodegenerative disorder with poorly understood pathogenetic mechanisms. EPM1 is caused by loss-of-function mutations in 
the CSTB gene, which encodes the ubiquitous cysteine protease inhibitor cystatin B (CSTB). The Cstb-deficient mouse (Cstb-/-) 
recapitulates key features of human EPM1. The physiological function(s) of CSTB and the mechanisms leading from CSTB deficiency 
to neuronal degeneration are not known.

CSTB has been shown to interact with cathepsin L, a protease with widely reported roles as a histone-tail protease during cellular 
state transitions such as stem cell differentiation. We hypothesized that CSTB functions as an epigenetic modifier during brain 
development. To explore this idea, we set up neural stem/progenitor cell (NS/PC) cultures generated from wild-type and Cstb-/-

mouse embryos and used these as a model of neural stem cell renewal and differentiation in the presence and absence of CSTB. 
We performed western blot analysis of NS/PC histone extracts, cell type characterization by immunofluorescence microscopy and 
RNA-sequencing followed by transcriptome analysis.

We found that CSTB functions as a negative modulator of histone H3 tail clipping in neural stem cells. As a result, Cstb-/- NS/PCs undergo 
ectopic chromatin remodeling during both self-renewal and differentiation. We show that neurons rather than glial cells employ this 
epigenetic mechanism as part of their differentiation program. Finally, we report mitochondrial defects in differentiating Cstb-/- NS/PCs.

This study constitutes the first evidence of histone clipping in neural cells and in disease and provides key insights into the 
pathogenesis of EPM1.
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A NEW MULTISTAGE MULTIMODAL CELLULAR ATLAS REVEALS A NEURAL CREST-LIKE PLURIPOTENT 
NEUROECTODERMAL BORDER IN ANNELIDS 
Paola Bertucci (1), Hernando Martinez Vergara (1), Christian Tischer (1), Constantin Pape (1), Kimberly Isobel Meechan (1), 
Valentyna Zinchenko (1), Rachel Templin (1), Benjamin Titze (2), Adrian Wanner (2), Christel Genoud (2), Rainer Friedrich (2), 
Yannick Schwab (1), Anna Kreshuk (1), Detlev Arendt (1)
(1) European Molecular Biology Laboratory (EMBL), Meyerhofstrasse 1, 69117 Heidelberg, Germany, (2) Friedrich Miescher Institute for Biomedical 
Research, Maulbeerstrasse 66, 4058 Basel, Switzerland

Animal bodies are composed of hundreds of cell types that differ in location, morphology, cytoarchitecture, and physiology. This is 
reflected by cell type-specific regulatory states that control the differential expression of molecular machines for division of labor and 
specialization. Here, we take advantage of the early and highly stereotypic cellular differentiation in the marine annelid Platynereis 
dumerilii to establish and explore the link between cell type-specific gene expression and cellular structure/function for an entire 
body. Registering molecular markers versus segmented nuclei, neuropil, and muscle fibers, we align the whole-body Platynereis 
cellular expression atlas with a newly acquired serial block-face electron microscopy dataset for the same stage. This allows us 
to link cell types with their specific gene expression profile to sets of cells with similar subnuclear ultrastruture, reflecting specific 
chromatin states. Our atlas allows identifying previously unknown morphologies of molecularly defined cell types, and assigning 
expression profiles to characteristic cellular morphologies and ultrastructures. We thus establish the first direct link between cellular 
phenotypes and regulatory states for an entire body.

We use this multi-modal multi-stage atlas to investigate cell types located along the Platynereis neuroectodermal border from 
embryonic to larval stages. From embryonic stages onwards, we detect specific co-expression of pluripotency factors and, at later 
stages, terminal selectors shared with neural crest and placodes, in a column of cells at the lateral edge of the Platynereis developing 
ventral nerve cords. Combined molecular and morphological analysis furthermore reveals that the neuroectodermal border cells give 
rise to ganglia, glands, pigment cells, peripheral neurons, and ensheathing glia similar to crest and placodes. This is validated by cell 
tracking and gene knockdown experiments. These findings suggest that pluripotent progenitors located at the neuroectoderm border 
and giving rise to peripheral sensory neurons, glial and pigment cells may have predated the divergence of major bilaterian lineages.
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THE ASSEMBLY OF A MOLECULAR MAP OF NEUROGENESIS IN OCTOPUS VULGARIS
Eve Seuntjens (1), Astrid Deryckere (1), Jolien De Clercq (1), Remo Sanges (3), Eduardo Almansa Berro (2) 
(1) Developmental Neurobiology, KU Leuven, Leuven, Belgium, (2) Centro Oceanográfico de Canarias, Instituto Español de Oceanografia (IEO), Santa 
Cruz de Tenerife, Spain, (3) Scuola Internazionale Superiore di Studi Avanzati di Trieste, Italy

Cephalopods have evolved a centralized and unusually complex brain when compared to other invertebrate mollusks. Octopus 
vulgaris in particular shows complex cognitive behaviors such as problem solving and social learning and has approximately 500 
million neurons, while the primitive mollusk Aplysia only has 20,000. The molecular and cellular mechanisms underlying this massive 
expansion of neurons in invertebrates remain elusive. In vertebrates, a similar expansion is associated with the appearance of 
different types and numbers of neurogenic stem cells during embryonic development. 

Octopus vulgaris, like other cephalopods, has a direct development and hatches in a juvenile form (paralarval) after 40 days depending 
on the water temperature. By the time of hatching, all central brain areas can be distinguished. During embryogenesis, the central 
brain arises from cord-like domains, but the localization of the neurogenic areas is still elusive. Using lightsheet imaging, we are 
constructing a comprehensive 3D atlas of Octopus vulgaris embryonic development. By employing gene expression analysis of 
conserved molecular markers of neurogenesis on tissue sections at different stages of embryogenesis, we evaluated which factors 
drive brain development in Octopus vulgaris. Our results indicate that the central brain cord originates from distinct neurogenic zones 
in a defined time window during development. Furthermore, we identified specific transcription factors linked to the appearance 
of cell diversity within central brain regions such as the optic lobes. Our data help to understand the evolution of complex central 
nervous systems and puts research on traditional model species in perspective.
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TAXON-RESTRICTED GENES DRIVE CELL TYPE EVOLUTION: INSIGHTS FROM THE CNIDARIAN HYDRA
Alexander Klimovich (1), Tomislav Domazet-Lošo (2), Louis Faure (3), Igor Adameyko (3), Thomas Bosch (1) 
(1) Zoological Institute, Christian-Albrechts University Kiel, Germany, (2) Laboratory of Evolutionary Genetics, Division of Molecular Biology, Ruder 
Boškovic Institute, Zagreb, Croatia, (3) Center for Brain Research, Medical University of Vienna, Austria

Understanding the molecular events that underlie the evolution of morphological diversity remains a major challenge in biology. In 
every animal species, highly-conserved genes make up the functional core of their genomes, essential for their development. Yet, 
a substantial portion of each genome is represented by taxon-restricted genes (TRGs) that show no detectable homology to other 
genes outside a certain taxon. The lack of homology confounds attempts to determine the putative function of the proteins coded by 
TRGs and impedes their systematic analysis.

Recently, we uncovered (Klimovich et al., in prep.) that TRGs prevail among the genes differentially expressed in the neurons of the 
freshwater cnidarian Hydra. They comprise the molecular signature of each of seven neuronal subpopulations. By combining genomic, 
transcriptomic and proteomic analysis, in silico peptide analysis and machine learning with in vitro assays, we systematically analyze 
the complexity and function of the TRGs in Hydra neurons. We classify these TRGs into families and reveal the common principles of 
their expression and structure. Using transgenesis, we investigate the function of neuron-specific TRGs in Hydra. Our study uncovers 
the previously underappreciated role of the TRGs in generating the cell-type diversity in animals. It reveals that TRGs may drive the 
emergence of novelties, cell types with new functions, and radiation of major animal clades.
The work is supported by the Deutsche Forschungsgemeinschaft (CRC 1182: ”Origin and Function of Metaorganisms”) and a grant from Wallenberg Advanced 
Bioinformatics Infrastructure at SciLifeLab.

I N V I T E D  TA L K .  S Y M P O S I U M  0 7

EVOLUTION AND DEVELOPMENT OF PETAL NANOSCALE RIDGES THAT SCATTER LIGHT AND INFLUENCE 
ANIMAL BEHAVIOUR
Beverley Glover
Cambridge, United Kingdom 

Flowers and the animals that pollinate them interact at a key point - the petal epidermis. It is this single layer of tissue that often 
provides the visual surface that advertises nectar and pollen rewards. We take an integrated evo-devo approach to understanding 
the petal epidermis, and our recent research has focused on its optical and tactile properties. In particular, we have been exploring 
the function and development of cuticular ridges present on the petal surface of a range of flowering plant species that scatter 
light, generating a “blue halo” effect which improves foraging efficiency of bumblebee pollinators. I will present recent work on 
these nanoscale ridges, describing a variety of developmental genetic and modelling approaches to understand their patterning and 
growth.

I N V I T E D  TA L K .  S Y M P O S I U M  0 8

A CONSERVED ROLE FOR REACTIVE OXYGEN SPECIES DURING EARLY EMBRYONIC DEVELOPMENT AND 
APPENDAGE REGENERATION
Enrique Amaya
Division of Cell Matrix Biology and Regenerative Medicine, The University of Manchester, E-mail: enrique.amaya@manchester.ac.uk

We are investigating the molecular and cellular mechanisms responsible for scar free wound healing and tissue regeneration in 
frog embryos and tadpoles. We have shown that tadpole tail amputation induces a sustained production of reactive oxygen species 
(ROS), which is necessary for tail regeneration. When ROS production following tail amputation is inhibited, both cell proliferation 
and growth factor signaling fail to occur normally. Intriguingly, we have found that fertilization also induces a dramatic increase in 
ROS production, which is also sustained throughout early embryogenesis. Indeed, if we inhibit or attenuate ROS production following 
fertilization, cell cycle progression and growth factor signaling are also inhibited or attenuated, respectively. Thus, we find many 
remarkable parallels in the induction, maintenance and roles for ROS during tissue regeneration and those following fertilization and 
during embryogenesis. Indeed, both injury and fertilization seem to set in motion a similar series of events, and as such, we have 
begun to think of fertilization as an injury, which induces development, in much the same way that injury induces a regenerative 
response in post-embryonic stages. Thus, we postulate that a successful regenerative response is dependent on a return to an 
embryonic-like state of cellular oxidation, which facilitates cell cycle progression and growth factor signaling.

S 8 -Y P I .  S Y M P O S I U M  0 8

METABOLIC ADAPTATION AND RESILIENCY IN CAVEFISH
Nicolas Rohner
Rohner Lab, Stowers Institute, Kansas City, United States

Adapting to extreme environments requires drastic changes to an animal’s metabolism. Adaptation to the total darkness of caves 
can be particular challenging. One hallmark of cave environments is a shortage of internal food sources, which requires drastic 
morphological, behavioral, and physiological adaptations. Astyanax mexicanus is a promising research organism to unravel the 
genetic basis of such changes, as surface and cave morphs of the same species are available for comparison. Additionally, both 
morphotypes remain interfertile and can be bred outside their natural environments. We have previously shown that cavefish 
evolved impressive physiological adaptations such as increased appetite, starvation resistance, and altered feeding behaviors in 
part due to mutations in mc4r. In addition, we found that cavefish display elevated blood sugar levels and insulin resistance caused by 
a mutation of the insulin receptor. In contrast to human patients, carrying similar mutations, cavefish do not display common markers 
and symptoms of metabolic diseases and high blood sugar. Furthermore, cavefish develop large amounts of hypertrophic visceral 
adipocytes without obvious signs of inflammation due to reduced amounts of pro-inflammatory cytokines. Taking together, our work 
suggests that cavefish develop these phenotypes as part of their starvation resistance and have evolved resilience phenotypes that 
allow them to tolerate stark deviations from what would be considered normal physiology in other vertebrates.
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A NOVEL ADAPTATION MECHANISM TO ENSURE ROBUST TISSUE MIGRATION VIA DYNAMIC BUFFERING 
OF EXTRACELLULAR CHEMOKINE
Mie Wong (1), Lionel Newton (2), Jonas Hartmann (2), Marco Hennrich (2), Malte Wachsmuth (3), Paolo Ronchi (2), Alejandra 
Guzman Herrera (2), Yannick Schwab (2), Anne-Claude Gavin (2), Darren Gilmour (1) 
(1) Institute of Molecular Life Sciences, University of Zurich, Switzerland, (2) EMBL Heidelberg, Germany, (3) Luxendo GmbH, Heidelberg, Germany

Robustness is ubiquitously observed in biological systems to ensure that living cells maintain a stable outcome in changing and 
challenging environments. A key tissue-shaping process during development is directed cell migration, yet the adaptation mechanisms 
that lead to its robustness under input variations are poorly understood.

We take an experimental approach that combines quantitative imaging with inducible perturbation experiments to address this 
fundamental question using the zebrafish lateral line primordium, a migrating tissue guided by Cxcr4-mediated chemokine signalling. 
Upon exposure to abrupt ‘chemokine floods’, migrating tissues halt transiently before returning to the baseline migration behaviour 
in the continued presence of elevated chemokine, demonstrating perfect adaptation. Investigation into the underlying mechanism 
revealed a chemokine-dependent phosphorylation of the scavenger receptor Cxcr7b. This post-translational modification reroutes 
Cxcr7b from constitutive degradation to cell surface recycling, thereby coupling scavenging capacity to extracellular chemokine 
levels. We finally show that Cxcr7b phosphorylation is not required for tissue migration in the presence of physiological chemokine, 
but essential when chemokine levels are increased. This work uncovers a new feedback mechanism where the adaptation burden 
is shifted from a canonical GPCR to an autonomously acting scavenger receptor that dynamically buffers the extracellular guidance 
cue. We predict that this ‘outsourcing’ strategy for adaptation will be general to other cell and tissue mobilisation contexts such as 
immune response, stem cell homing, and pathological invasion.

I N V I T E D  TA L K .  S Y M P O S I U M  0 8

BIOLOGICAL ROBUSTNESS: GENETIC COMPENSATION AND TRANSCRIPTIONAL ADAPTATION
Didier Stainier
Department of Developmental Genetics, Max Planck Institute for Heart and Lung Research, 61231 Bad Nauheim, Germany 

Genetic robustness, or the ability of an organism to maintain fitness in the presence of harmful mutations, can be achieved via 
protein feedback loops. Previous work has suggested that organisms may also respond to mutations by transcriptional adaptation, a 
process by which related gene(s) are upregulated independently of protein feedback loops. However, the prevalence of transcriptional 
adaptation and its underlying molecular mechanisms are unknown. Here, by analyzing several models of transcriptional adaptation in 
C. elegans, zebrafish and mouse, we uncover a requirement for mutant mRNA degradation. Alleles that fail to transcribe the mutated 
gene do not exhibit transcriptional adaptation, and these alleles give rise to more severe phenotypes than alleles displaying mutant 
mRNA decay. Transcriptome analysis in alleles displaying mutant mRNA decay reveals the upregulation of a substantial proportion 
of the genes that exhibit sequence similarity with the mutated gene’s mRNA, suggesting a sequence-dependent mechanism. 
Furthermore, using the C. elegans model, we uncover a requirement for factors known to be involved in small RNA maturation 
and transport into the nucleus including Argonaute proteins and DICER, and confirm these findings in mouse models. These results 
have implications for our understanding of disease-causing mutations, and will help in the design of mutant alleles with minimal 
transcriptional adaptation-derived compensation.

P L E N A R Y  TA L K

CELLULAR BIOGRAPHIES: RECONSTRUCTING DEVELOPMENTAL TRAJECTORIES AND LINEAGES 
Alex Schier
Basel, Switzerland

The development of systems ranging from embryos to metastases is governed by molecular differentiation trajectories and cell 
division lineage relationships. I will describe our recent efforts to use single-cell RNA sequencing and CRISPR-Cas9 genome editing 
to generate new tools to reconstruct developmental trajectories and lineage trees at very large scales. Using axial mesoderm and 
brain development as examples, I will discuss the opportunities and challenges for these technologies to provide new views of 
development (also see McKenna et al. Science 2016; Farrell et al. Science 2018; Raj et al. Nature Biotechnology 2018).

I N V I T E D  TA L K .  S Y M P O S I U M  0 9

PANCREAS ORGANOIDS TO STUDY HUMAN DEVELOPMENT AND DISEASE
Anne Grapin-Botton (1,2), Siham Yennek (1), Carla Gonçalves (1), Manuel Figueiredo-Larsen (1), Svend Bertel Steffenssen (1), 
Chiara Greggio (3), Filippo de Franceschi (3), Akiko Nakamura (2), Michael Larsen (2), Matthias Lütolf(3), Yung Hae Kim (1,2)
(1) DanStem, University of Copenhagen, Denmark, (2) MPI-CBG, Dresden, Germany, (3) Ecole Polytechnique Fédérale de Lausanne, Lausanne, 
Switzerland 

To understand pancreas development, as a complement to in vivo investigations in mice, we designed simplified in vitro systems 
that can be monitored and manipulated better than the whole embryo. We initially established 3D culture conditions that enable the 
efficient expansion, differentiation and morphogenesis of dissociated mouse embryonic pancreatic progenitors. We show that these 
systems can be used to understand the mechanisms of differentiation of acinar and endocrine cells and the formation of the ductal 
network that transports digestive enzymes.

Transposing the model to study human development and model disease, we will present recent data showing an organoid 
model established from human pluripotent stem cell-derived pancreas progenitors. This model enables the robust expansion and 
cryopreservation of pancreas progenitors and their assembly into ducts. We used single-cell sequencing to compare the cells 
expanded in 3D, pancreas progenitors produced in 2D and pancreatic cells from human fetuses either directly collected or grown 
in vitro in the same conditions. This enables us to identify differences due to the production process in vitro from stem cells from 
the effect of the culture medium. This model recapitulates many aspects of human pancreas differentiation and morphogenesis 
and further endocrine differentiation can be triggered. We used the model to screen for pathways regulating pancreas progenitor 
expansion and to model how human genes associated to a susceptibility to diabetes affect development.
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MODELLING THE PATHOLOGICAL LONG-RANGE REGULATORY EFFECTS OF HUMAN STRUCTURAL 
VARIATION WITH PATIENT-SPECIFIC HIPSCS
Álvaro Rada-Iglesias (1), Magdalena Laugsch (2), Michaela Bartusel (2), Rizwan Rehimi (2), Hafiza Alirzayeva (2), Agathi 
Karolidou (2), Giuliano Crispatzu (2), Peter Zentis (3), Milos Nikolic (2), Tore Bleckwehl (2), Petros Kolovos (4), Wilfred F.J. van 
Ijcken (5), Tomo Šarić (6), Katrin Koehler (7), Peter Frommolt (3), Katherine Lachlan (8), Julia Baptista (9) 
(1) Institute of Biomedicine and Biotechnology of Cantabria (IBBTEC), University of Cantabria/CSIC, Santander, España, (2) Center for Molecular 
Medicine Cologne (CMMC), University of Cologne, Germany, (3) Cluster of Excellence Cellular Stress Responses in Aging-Associated Diseases 
(CECAD), University of Cologne, Germany, (4) Biotech Research and Innovation Centre (BRIC), University of Copenhagen, Denmark, (5) Erasmus 
Medical Center, University of Rotterdam, The Netherlands, (6) Institute for Neurophysiology, University of Cologne, Germany, (7) Department of 
Pediatrics, University Clinic Carl Gustav Carus, Dresden, Germany, (8) Human Genetics & Genomic Medicine, University of Southampton, UK, (9) 
Institute of Biomedical and Clinical Science, University of Exeter Medical School, Exeter, UK

The pathological consequences of structural variants disrupting 3D genome organization can be difficult to elucidate in vivo due 
to differences in gene dosage sensitivity between mice and humans. This is illustrated by Branchiooculofacial Syndrome (BOFS), 
a rare congenital disorder caused by heterozygous mutations within TFAP2A, a neural crest regulator for which humans, but not 
mice, are haploinsufficient. Here we present a BOFS patient carrying a heterozygous inversion with one breakpoint located within a 
Topologically Associating Domain (TAD) containing enhancers essential for TFAP2A expression in human neural crest cells (hNCC). 
Using patient-specific hiPSCs, we show that, although the inversion shuffles the TFAP2A hNCC enhancers with novel genes within 
the same TAD, this does not result in enhancer adoption or ectopic gains in gene expression. Instead, the inversion disconnects 
one TFAP2A allele from its cognate enhancers, leading to monoallelic and haploinsufficient TFAP2A expression in patient hNCC. 
Therefore, our work highlights the power of hiPSCs differentiation to unveil the pathological mechanisms whereby structural 
variants can cause congenital abnormalities. Furthermore, our work shows that placing enhancer and genes within the same TAD 
is not sufficient for enhancer adoption to take place, suggesting that additional and largely unknown regulatory layers are required 
for efficient enhancer-gene communication. Lastly, we will present preliminary data illustrating how we are trying to dissect the 
regulatory logic governing the compatibility and responsiveness between genes and enhancers, which we believe, includes genetic, 
epigenetic and structural factors.

S 9 - S T.  S Y M P O S I U M  0 9

MULTIPLE CONGENITAL AND POSTNATAL DISEASE STATES ARISE FROM SOMATIC MOSAICISM FOR 
CONSTITUTIVELY ACTIVE BRAF SIGNALLING
Patrice Quintana, Pauline Heux, Nathalie Bernard-Marissal, Valerie Delague, Heather C. Etchevers
MMG, INSERM - Aix-Marseille Universite, Marseille, France

Each cell of a developing organism or tumour not only can undergo lineage specification over time and space, but acquires stochastic 
mutations during that diversification process, leading to inherent mosaicism with a potential impact on further differentiation. 
Many tumours ectopically express driver oncogenes that can confer competitive growth advantages to individual cells, sometimes 
at the expense of the organism. One example is BRAF, an evolutionarily conserved intracellular enzyme that mediates signalling 
from the large tyrosine kinase receptor family to the nucleus of target cells via the MAP kinase pathway. A recurrent missense 
mutation (V600E) leads to its constitutive activation in multiple cancers, but was also recently identified in a few sporadic congenital 
malformations and tumours. To test the hypothesis that the developmental potential of the initial cell in which an oncogenic mutation 
takes place is a major factor in the pathogenic outcome, we have examined mouse models in which Braf (V600E) is expressed in 
neural crest (NC) cells at various stages of commitment, using four Cre drivers and lineage tracing. Transcriptome comparisons of 
NC cultures expressing this mutation or not support the assertion that constitutive Braf signalling weights population-level fate 
decisions. Phenotypes vary from mid-gestational embryonic lethality with non-cell-autonomous vascular and brain malformations, 
to congenital peripheral demyelinating neuropathy with postnatal onset, to rapid nevus formation without melanoma in adults. Our 
results imply that prenatal mosaicism for gain-of-function somatic mutations in MAPK signalling effectors is an under-appreciated 
candidate cause of both congenital and postnatal human diseases.

S 9 -Y P I .  S Y M P O S I U M  0 9

YYLNCT DEFINES A CLASS OF DIVERGENTLY TRANSCRIBED LNCRNAS AND SAFEGUARDS THE 
T-MEDIATED MESODERMAL COMMITMENT OF HUMAN PSCS
Stefan Frank (1), Deniz Bartsch (1), Gaurav Ahuja (1), Wenjie Yao (1), Chandrashekhar Kanduri (2), Joseph Kou (1), Ivan Gesteira 
Costa Filho (1), Leo Kurian (1) 
(1) Center for molecular medicine, University of Cologne, Germany, (2) University of Gothenburg, Sweden

Human protein-coding genes are often accompanied by divergently transcribed non-coding RNAs whose functions, especially in cell 
fate decisions, are poorly understood. Using an hESC-based cardiac differentiation model, we define a class of divergent lncRNAs, 
termed yin yang lncRNAs (yylncRNAs), that mirror the cell-type-specific expression pattern of their protein-coding counterparts. 
yylncRNAs are preferentially encoded from the genomic loci of key developmental cell fate regulators. Most yylncRNAs are spliced 
polyadenylated transcripts showing comparable expression patterns in vivo in mouse and in human embryos. Signifying their 
developmental function, the key mesoderm specifier BRACHYURY (T) is accompanied by yylncT, which localizes to the active T locus 
during mesoderm commitment. Mechanistically, yylncT binds the de novo DNA methyltransferase DNMT3B, inhibiting its activity 
at the active T locus during mesoderm differentiation. Consistent with a transcript-specific function, the depletion of yylncT causes 
aberrant local DNA methylation and disrupts the activation of the T locus, abolishing mesoderm commitment. Collectively, we report 
a lncRNA-mediated regulatory layer safeguarding embryonic cell fate transitions.

C L O S S I N G  L E C T U R E

EXPLORING THE DYNAMIC RELATIONSHIP BETWEEN GENE EXPRESSION AND CHROMOSOME 
ORGANISATION DURING X-CHROMOSOME INACTIVATION 
Edith Heard
EMBL European Molecular Biology Laboratory, Meyerhofstrasse 1, 69117 Heidelberg, Germany, E-mail: Edith.Heard@embl.org

X-chromosome inactivation during early female development is an essential epigenetic process that is required to achieve appropriate 
dosage for X-linked gene products. We are interested in understanding how the differential treatment of the two X chromosomes 
in the same nucleus is set up during development and how this differential expression is then maintained, or reversed in certain 
circumstances, either normally or in a disease context such as cancer. The establishment of X inactivation involves the non-coding 
Xist RNA that triggers chromosome-wide chromatin re-organisation and gene silencing. Recent insights have been made into the 
nature of these chromosome-wide changes, including the global loss of topologically associated domains (TADs) (1,2,3). However 
little is known about the underlying mechanisms and the precise relationship between 3D chromosome structure and altered gene 
expression states on the X chromosome. Results of our recent studies, using a combination of single-cell chromosome-conformation 
capture technologies and high-resolution microscopy in differentiating embryonic stem cells and in vivo mouse embryos, will be 
presented where we have investigated (i) the degree to which 3D chromatin organization into topologically associated domains 
(TADs) is involved in monoallelic Xist regulation during development and (ii) the relationship between 3D structure and regional 
silencing and escape from X inactivation on the inactive X chromosome. The implications for development and disease will be 
dicussed.
(1) Nora, E.P. et al. (2012). Spatial partitioning of the regulatory landscape of the X-inactivation centre. Nature 485, 381-385.
(2) Giorgetti, L. et al. (2014) Predictive polymer modeling reveals coupled fluctuations in chromosome conformation and transcription. Cell, 157: 950-963.
(3) Giorgetti L., Lajoie, B., Carter, A.C., Attia, M. et al. (2016) Structural organization of the inactive X chromosome. Nature 535: 575-579.
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A NEW NUCLEAR β-CATENIN/BCL9 PARTNER REGULATES WNT SIGNALING AT THE INTERPHASE 
BETWEEN DEVELOPMENT AND CANCER
Claudio Cantù
Linkopings universitet, Linköping, Sweden

Bcl9 and Bcl9l (Bcl9/9l) are developmentally expressed genes that encode Wnt/β-catenin transcriptional co-factors. Mechanistically, 
BCL9/9L mediate the interaction between β-catenin and the chromatin code-reader PYGO via two evolutionarily conserved domains, 
HD1 and HD2, respectively, in order to activate Wnt target genes. Surprisingly, we find that the BCL9-interacting proteins PYGO1/2 
play a negligible role in activating β-catenin/BCL9-target genes in selected tissue context during development. High-throughput 
protein-protein interaction studies allowed us to uncover new candidate proteins that specifically bind to BCL9/9L. Among them, a 
T-box containing transcription factor - never previously implicated in Wnt Signalling, referred to as TboxTF - appears to co-operate with 
the β-catenin/BCL9 complex in specific developmental contexts. In vivo genome-wide DNA-protein interaction assays revealed that 
a large fraction of TboxTF-bound regions is co-occupied by β-catenin/BCL9. Notably, TboxTF precisely occupies previously described 
TCF/β-catenin-dependent Wnt responsive elements. This raised a model in which tissue-specific developmental transcription factors 
can modulate the Wnt/β-catenin-dependent transcriptional response via the action of the adaptor proteins BCL9/9L. Of note, in 
intestinal epithelial cells, TboxTF expression correlates with Wnt activity: it is higher in Lgr5+ stem cells and becomes overexpressed 
in colorectal cancer (CRC) cells. This, importantly, suggests that the crosstalk between TboxTF and Wnt signalling activation could 
be considered as a novel therapeutic target for CRC.

P A - 4 

P38 MAPKS REGULATE AMINO ACID DEPLETION INDUCED OXIDATIVE STRESS RESPONSE IN MOUSE 
PRE-IMPLANTATION EMBRYOS IN VITRO
Pablo Bora (1), Vasanth Thamodaran (2), Alexander W Bruce (1) 
(1) Department of Molecular Biology and Genetics, Jihočeská univerzita v Českých Budějovicích, České Budějovice, Czech Republic, (2) Centre for Stem 
Cell Research (a unit of inStem, Bengaluru), Christian Medical College, Vellore, India

Maternal under-nutrition is a major cause of placental-fetal developmental disorders and failed pregnancies the world over and 
particularly in economically weaker societies. Whereas carbohydrates are more easily accessible, proteins usually come at a 
premium. In vitro culture of mouse pre-implantation embryos serves as a model to study development and can be cultured both with 
and without amino acid supplementation. In absence of amino acids, though the embryos develop as expected, the impact of p38α/β 
MAPK inhibition is severe and across all lineages. The embryos had collapsed blastocoel cavities and markedly reduced number 
of cells. However, as work from the lab has previously shown and as is reiterated here, in presence of amino acids, primarily the 
number of differentiated primitive endoderm (PrE; Gata4 positive) cells decreases and the blastocoel cavity remains largely intact. 
Since absence of amino acid is a stress and p38α/β are classically defined as stress-induced signalling pathway components, it was 
postulated that under such an environment there could be an increase in levels of Reactive Oxygen Species, which can lead to cell 
death. Indeed, addition of antioxidant (N-acetyl cysteine; NAC) partially recovers the embryos, with modest but significant increase 
observed in outer and PrE cell numbers. In the presence of amino acids, addition of NAC had no such influence, thus indicating a 
possible dual role of p38α/β in lineage specification and in regulating amino acid starvation induced oxidative stress in in vitro pre-
implantation embryonic culture conditions.

P A -1 

MAPK/ERK ACTIVITY REGULATES KIDNEY SIZE AND NEPHRON NUMBER VIA MULTIPLE CELLULAR 
FUNCTIONS
Satu Kuure (1), Anneliis Ihermann-Hella (1), Kristen Kurtzeborn (1), Hyuk Nam Kwon (1), Hao Li (1), Tsuyoshi Hirashima (2), 
Michiyuki Matsuda (2), Cristina Cebrian (3), Gregory Dressler (4) 
(1) Helsinki Institute of Life Science / Research Programs Unit, University of Helsinki, Finland, (2) Department of Pathology and Biology of 
Diseases, Graduate School of Medicine & Laboratory of Bioimaging and Cell Signaling, Graduate School of Biostudies, Kyoto University, Japan, (3) 
Developmental Biology Division, Cincinnati Children’s Hospital, OH, USA, (4) Department of Pathology, University of Michigan, MI, USA

Reduced nephron count derives from defects in embryonic kidney development and has a multifactorial impact on human well-
being in the forms of kidney function, blood pressure, and cardiac health. Molecular and cellular causes of such congenital kidney 
impairment remain elusive. We recently demonstrated dynamic MAPK/ERK activation pattern in developing kidney by live-imaging 
of FRET-based biosensor for ERK. Interestingly, significant heterogeneity in MAPK activation was detected not only between distinct 
renal tissues (branching epithelium vs. nephrogenic mesenchyme) but also among seemingly homogenous progenitor cell populations. 
Genetic MAPK/ERK inactivation in branching epithelium resulted in loss of complexity due to essential regulatory functions in cell 
E-cadherin and paxillin-mediated cellular adhesions and demonstrated a requirement for MAPK/ERK in maintenance of collecting 
ductal progenitors. Abrogation of MAPK/ERK in nephron progenitor population demonstrated that dynamic activation is required 
for the maintenance of progenitor identity in nephrogenic mesenchyme while sustained activity propels differentiation in the early 
nephron precursors. We discovered that MAPK/ERK activity cell intrinsically and extrinsically controls the thickness, coherence, 
and integrity of the nephron progenitor niche by regulating expression of PAX2 and localization of ITGA8. In nephron precursors, 
MAPK activity primes the proximal and distal cell identities by making cells receptive for differentiation induced by WNT and 
NOTCH activities. In our ongoing experiments, we focus on examining the mechanobiological effects of MAPK/ERK activity on the 
maintenance of renal progenitor niches, which enable continuous growth and differentiation taking place exclusively during fetal life.

P A - 2 

THE SPECTRAPLAKIN SHORT-STOP MEDIATES THE CROSSTALK BETWEEN MICROTUBULES AND ACTIN 
DURING SINGLE-CELL BRANCHING
Delia Ricolo, Sofia Araújo
Genetics, Microbiology and Statistics, University of Barcelona, Spain

Branching networks are a very common feature of multicellular animals and underlie the formation and function of numerous organs 
including the nervous system, the respiratory system, the vasculature and many internal glands. These networks vary from subcellular 
structures such as dendritic trees to large multicellular tissues such as the lungs. The production of branched structures by single 
cells, which has been better described in neurons and in cells of the respiratory and vascular systems, involves complex cytoskeletal 
remodelling events. In Drosophila, tracheal system terminal cells (TCs) and nervous system dendrites are models for these subcellular 
branching processes. During tracheal embryonic development, the generation of subcellular branches is characterized by extensive 
remodelling of the microtubule network and actin cytoskeleton, followed by vesicular transport and membrane dynamics. We have 
recently shown that centrosomes are key players in the initiation of subcellular lumen formation where they act as microtubule 
organizing centres (MTOCs) (Ricolo, et al. Cur. Biol. 2016). However, not much is known on the events that trigger the formation of 
these subcellular branches or what makes them choose a particular trajectory within the cytoplasm of the TC. We have identified 
that the spectraplakin Shortstop (Shot) is involved in the microtubule stabilization events that lead to the formation and extension 
of the subcellular lumen. We observed that an excess of Shot induces more branching points in the embryonic tracheal TC leading 
to cells with extra subcellular lumina and that a shot loss-of-function leads to cells deficient in de novo subcellular lumen formation.



8 98 8 EDBC2019EDBC2019A B S T R A C T S A B S T R A C T S

P A - 5

CODANIN-1 IS AN ESSENTIAL PROTEIN WHICH BINDS, STABILIZES AND RE-LOCALIZES C15ORF41 
PROTEIN
Benny Motro (1), Grace Swickley (1), Yehoshua Bloch (1), Sharon Noy-Lotan (2), Ami Yanai (1), Hannah Tamary (2) 
(1) Faculty of Life Sciences, Bar-Ilan University, Ramat-Gan, Israel, (2) Schneider Children’s Medical Center of Israel, Petach Tikva, Israel

Congenital dyserythropoietic anemia type I (CDA I), is an autosomal recessive disease with macrocytic anemia in which erythroid 
precursors in the bone marrow exhibit pathognomonic abnormalities including spongy heterochromatin and chromatin bridges. 
We have shown previously that the CDAN1 gene, which is mutated in CDA I, encodes Codanin-1, a ubiquitously expressed and 
evolutionarily conserved large protein. Recently, an additional etiologic factor for CDA I was reported, C15Orf41. Mutations in both 
CDAN1 and C15Orf41 genes results in very similar erythroid phenotype. However, the specificity to the erythroid lineage is not clear, 
neither the possible relationships between these two etiologic factors. We demonstrate here that inducible inactivation of Codanin-1 
in 3T3 fibroblasts results in very similar phenotypes to those observed in CDA I erythroblasts, including cell death and bi-nucleated 
cells. Codanin-1 and C15Orf41 bind to each other, and Codanin-1 overexpression increases the levels of C15Orf41. C15Orf41 protein 
is mainly nuclear and Codanin-1 overexpression shifts it to the cytoplasm. Lastly, even though Codanin-1 is an essential protein in 
mammals, phylogenetic analysis revealed that it was apparently lost from several diverse and unrelated animal taxa. Interestingly, 
C15Orf41 was eliminated in the exact same animal taxa. To the best of our knowledge this is one of the extreme cases of the 
Phylogenetic Profiling phenomenon, which strongly suggests common pathways for these two proteins.

P A - 6

THE ROLE OF CENTROSOMES AS FATE DETERMINANTS IN NEURAL STEM CELL DIVISION
Glòria Casas Gimeno, Judith Paridaen
Asymmetric Stem Cell Division and Ageing, European Research Institute for the Biology of Ageing, Groningen, Netherlands

In vertebrate embryogenesis, neural progenitor cells (NP) generate the great majority of the brain cellular diversity. In the peak of 
neurogenesis, NPs undergo asymmetric divisions that produce a self-renewing NP and a differentiating cell. Accumulating evidence 
point towards differently aged centrosomes as key determinants in this asymmetry. The old, so-called “mother” centrosome (MC), 
has a stronger binding to mitotic spindle microtubules that could bias the segregation of subcellular structures in mitosis. In addition, 
the cell that inherits the MC extends a primary cilium faster than its sister cell, and this asynchrony in signal sensing might underlie 
unequal fates.

Here, we want to investigate the role of differently aged centrosomes in NP divisions in the zebrafish embryonic telencephalon. Using 
specific NP and neuronal markers, we determined that the highest neurogenic rate corresponds to 22-24 hours post-fertilization. To 
analyze the inheritance pattern of centrosomes in these neurogenic divisions, we use a previously described technique based on 
photo-convertible protein- tagging of centrosomes in vivo, which allows to distinguish old from newly synthesized centrosomes and 
to analyze their pattern of segregation in mitosis. The precise functional link between centrosome age and cell fate will be tested by 
targeting distinct MC functions by inducible shRNA-mediated knock-down and the effect on NP division outcome will be analyzed 
by clonal analysis. 

Together, these experiments will expand our knowledge on how individual NPs select the appropriate division mode and daughter 
cell fate to ensure robust tissue development.

P A -7 

WWC2 A NOVEL MEIOTIC/MITOTIC CELL CYCLE RELATED AND CELL FATE INFLUENCING FACTOR, 
DURING EARLY MOUSE (PREIMPLANTATION) DEVELOPMENT
Giorgio Virnicchi (1), Pablo Bora (1), Martin Anger (2), Andrej Susor (3), Alexander Bruce (1) 
(1) Dept. Molecular Biology & Genetics, University of South Bohemia (Faculty of Science), Ceske Budejovice, Czech Republic, (2) Institute of Animal 
Physiology & Genetics (Czech Academy of Science), Libechov, Czech Republic, (3) Central European Institute of Technology (CEITEC), Brno, Czech 
Republic

Differential activation/suppression, within the first distinct cell lineages of the mouse embryo, of the evolutionarily conserved hippo-
signalling pathway is crucial for further viable development. Specifically, intra-cellular apical-basolateral polarisation in outer cell 
populations, from the 16-cell stage, suppresses hippo-signalling to induce trophectoderm cell fate, whilst apolar inner cells are able 
to potentiate it to resist differentiation and support pluripotency. Such activation of the central kinase cascade, requires specific 
upstream regulators (e.g. AMOT and NF2), whereas other activators (e.g. KIBRA) have been identified in Drosophila and various 
mammalian cancer models. 

Here we report that WWC2, a mammalian paralog of KIBRA, is required during preimplantation mouse embryo development to 
ensure temporally germane blastomere divisions. Indeed, RNAi mediated global/clonal Wwc2 down-regulation, is not only associated 
with cell-autonomously delayed cleavage but cumulative appearances of abnormal nuclear morphologies (including bi-/multi-/
micro-nucleation and mid-body association) and apoptosis; phenotypes that can be reversed by co-expression of siRNA resistant 
recombinant Wwc2 mRNA (derived protein of which associates with mid-bodies). Moreover, cells from Wwc2 knockdown clones are 
compromised to populate the mature blastocyst ICM. However, those few that can, are biased to either apoptose or differentiate into 
primitive endoderm, rather than becoming pluripotent epiblast. Lastly, using a similar RNAi approach, we report a role for WWC2 
in supporting murine oocyte meiotic maturation. GV oocytes depleted of Wwc2 transcripts fail to reach the MII-arrested stage and 
are blocked with varying degrees of meiotic spindle defect; phenotypes associated with failed phosphorylation/activation of the cell 
cycle regulating kinase AURKA (plus impaired phosphorylation of AURKB/C).

P A - 8 

EMT MARKER SNAIL DISPLAYS A DYNAMIC DISTRIBUTION IN PERI-IMPLANTATION MOUSE EMBRYOS
Roberto de la Fuente, Rowena Seaton Kelly, Berenika Plusa
Faculty of Biology, Medicine and Health (FBMH), University of Manchester, United Kingdom

Mouse embryos undergo implantation around day E4.5 of development, starting with the contact of part of the trophectoderm (TE), 
the outer epithelial layer encapsulating the conceptus, with the endometrium. By this time, certain cell populations have already 
differentiated into specific lineages within the embryo: the epiblast (EPI), which originates the embryo proper, and the primitive 
endoderm (PrE), in contact with the blastocoel. The PrE gives rise to the visceral and parietal endoderm (VE and PE, respectively), 
two lineages that differ in their epithelial vs. mesenchymal features. Whereas the epithelial PrE-derived VE coats the extraembryonic 
ectoderm and the EPI once the embryo has implanted, PE precursor cells migrate away from the PrE even prior to implantation. The 
transcription factor SNAIL is known to be a main hallmark for epithelial-to-mesenchymal transition (EMT), an event typically found 
as part of complex cellular processes like tissue morphogenesis, regeneration or cancer invasion. We have identified a pattern of 
localisation of SNAIL in the early development of mouse embryos, related to PrE-to-PE specification. The presence of SNAIL in 
certain subsets of cells, both from the ICM and the TE, suggests an intrinsic role of this factor as part of the normal cellular events 
occurred around implantation, and points EMT as a normal feature in the early stages of embryo development.



919 0 EDBC2019EDBC2019A B S T R A C T S A B S T R A C T S

P A - 9 

A RETINO-RETINAL PROJECTION GUIDED BY UNC5C EMERGED IN SPECIES WITH RETINAL WAVES
Veronica Murcia-Belmonte (1), Yaiza Coca (1), Celia Vegar (1), Santiago Negueruela (1), Camino De Juan (1), Arturo Valiño (1), 
Salvador Sala (1), Artur Kania (2), Víctor Borrell (1), Luis Martínez (1), Lynda Erskine (3), Eloisa Herrera (1) 
(1) Developmental Neurobiology, Instituto de Neurociencias de Alicante-UMH, San Juan de Alicante, Spain, (2) Department of Anatomy and Cell 
Biology, Division of Experimental Medicine, McGill University Montreal, Canada, (3) Institute of Medical Sciences, University of Aberdeen, Scotland 
(UK) 

The existence of axons extending from one retina to the other has been reported during perinatal development in different vertebrates. 
However, it has been thought that these axons are either a labelling artefact or misprojections. Here, we unequivocally show that 
a small subset of retinal ganglion cells (RGCs) project to the opposite retina and that the guidance receptor Unc5c, expressed in 
the retinal region where the R-R neurons are located, is necessary and sufficient to guide axons to the opposite retina. In addition, 
Netrin1, an Unc5c ligand, is expressed in the ventral diencephalon in a pattern that is consistent with impeding the growth of Unc5c 
retinal axons into the brain. We have also generated a mathematical model to explore the formation of retinotopic maps in the 
presence and absence of a functional connection between both eyes. This model predicts that an R-R connection is required for the 
bilateral coordination of axonal refinement in species where refinement depends upon spontaneous retinal waves. Consistent with 
this idea, the retinal expression of Unc5c correlates with the existence and size of a R-R projection in different species and with 
the extent of axonal refinement in visual targets. These findings demonstrate that active guidance drives the formation of the R-R 
projection and suggest an important role for these projections in visual mapping to ensure congruent bilateral refinement.

P A -10 

THE TRANSCRIPTION FACTOR SNAIL1B REGULATES VALVE INTERSTITIAL CELL INVASION DURING 
ZEBRAFISH CARDIAC DEVELOPMENT
Alessandra Gentile, Felix Gunawan, Anabela Bensimon-Brito, Didier Stainier
Developmental Genetics, Max Planck Institute for Heart and Lung Research, Bad Nauheim, Germany

Heart valve interstitial cells (VICs) are fibroblast-like cells important to maintain the structural integrity of mature valves. These cells 
are positioned between two layers of endothelial cells and secrete the extracellular matrix (ECM) components of the valve. In mouse, 
it has been shown that VICs arise through an endothelial-to-mesenchymal transition (EndoMT), a process associated with multiple 
factors including the transcriptional regulator Snail1. While it is known that valve diseases involve VIC aberrations, little is known 
about the roles or origin of VICs during cardiac development. As mice deficient for Snail1 die as embryos, it is challenging to analyze 
the function of this protein during VIC development.

Using zebrafish as a model, we focused on the role of Snai1 in VIC recruitment and maturation. Our results show that snai1b is the 
most enriched snai1 paralogue in the atrioventricular canal (AVC) at early stages of valvulogenesis. We generated a promoter-less 
allele and an in-frame deletion allele of snai1b. Interestingly, snai1b loss-of-function leads to an increased number of VICs. We are 
now investigating cell proliferation, apoptosis, ECM composition and cellular behavior to better understand the role of snai1b during 
VIC development.

In conclusion, we aim to deepen the knowledge on the role of VICs in maintaining homeostasis and structural integrity of the heart 
valves, and the molecular mechanisms that govern their development.

P A -11 

INTEGRATION OF LINEAR AND CYCLIC TIMING IN C. ELEGANS DEVELOPMENT
Jana Kracmarova, Benjamin Towbin, Gert-Jan Hendriks, Helge Grosshans
Friedrich Miescher Institute, Basel, Switzerland

Worm development is regulated in time by a linear heterochronic pathway responsible for the control of stage-specific events, and 
by rhythmically expressed genes driving events that are repeated every larval stage. The heterochronic pathway has been studied 
for more than 30 years, however, the extensive oscillatory gene expression was only recently discovered [1]. We aim to understand 
how the linear and the oscillating timer are coordinated. We hypothesize that an important factor in integrating these timers is 
the conserved microRNA let-7. Transcription of let-7 microRNA oscillates and the levels of its mature form increase in steps at 
every larval stage. We combine mathematical modeling and quantitative experiments to understand the role of let-7 microRNA in 
developmental timing of C. elegans.
[1] Hendriks GJ et al. (2014) Mol. Cell. 53: 380-392.
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AMBRA1, AN AUTOPHAGIC PROTEIN INVOLVED IN ZEBRAFISH PRIMORDIAL GERM CELL SURVIVAL
Camilla Maria Fontana, Giacomo Meneghetti, Luisa Dalla Valle
Biology, Università degli Studi di Padova, Padova, Italy

AMBRA1, initially identified as a positive regulator of the Beclin1-dependent autophagic pathway, is an intrinsically disordered 
protein, working as a scaffold-molecule to coordinate a high number of intracellular processes, such as autophagy, apoptosis, cell 
proliferation and development.

Zebrafish genome contains two ambra1 paralogous genes, both deeply involved not only in the autophagic process but also in neural, 
muscular and cardiac development, as demonstrated by knockdown experiments with morpholinos. Using CRISPR/Cas9 technology, 
we recently produced the ambra1a-/- and ambra1b-/- mutant zebrafish lines. Differently from knockdown results, embryos of both 
lines do not display overt developmental defects, due to compensatory effects of the paralogous gene that remains active. On the 
contrary, it is not possible to generate a stable Ambra1a/Ambra1b mutant line because mutants do not survive after larval stages 
when both genes are KO. 

Silencing of the zebrafish ambra1b gene leads to all-male individuals as demonstrated by visual analysis of secondary sexual features 
and reproductive behaviour of ambra1b-/- adults. No sex ratio alterations were instead found in heterozygous adult ambra1b+/- 
as well as in ambra1a-/-. Interestingly, ambra1b-/- embryos showed, at very early developmental stages, statistically significant 
reduction of primordial germ cells (PGCs) that was confirmed by knockdown experiments with specific ATG and splicing morpholinos. 
The reduction was rescued by injection of human AMBRA1 mRNA. PGCs decrease leads to all-male phenotype, as expected in 
zebrafish when the number of PGCs is low. Results suggest a significant role for Ambra1b in protecting primordial germ cells from an 
over-loss during their development and migration.
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VTONI. A TOOL FOR VISUALISATION AND ANALYSIS OF 4D TRACKS IN THE EARLY MOUSE EMBRYO
Antonio Lopez-Izquierdo, Miguel Manzanares, Sergio Menchero
Centro Nacional de Investigaciones Cardiovasculares, Madrid, Spain

Continuous advances in imaging techniques, including live imaging, have improved the understanding of morphogenetic events 
during embryo development at single-cell resolution. Several segmentation tools have been generated recently to identify individual 
cells and measure fluorescent intensity levels. These tools have given a quantitative dimension to the outputs that can be obtained 
after imaging. However, detailed analysis must be performed after image data acquisition, especially in 3D live image data, that 
might not be straightforward. We have developed vTONI, a user-friendly tool for time-lapse analysis that uses single-cell coordinates 
and intensity measurements to identify cell lineages and 3D reconstruct each time point. We have focused in mouse preimplantation 
development, which represents an ideal model to apply live imaging techniques and study the emergence of the first cell populations 
in context. vTONI allows the visualization of each cell and its descendant cells in a 3D interactive panel to analyse fluorescent 
intensity dynamics and cell positioning rearrangements. We have used vTONI to study the activity of the Notch pathway, by using a 
CBF1-VENUS reporter mouse line, during the morula to blastocyst transition.

P A -14 

MYOSIN VI PLAYS A STRUCTURAL ROLE DURING SPERMIOGENESIS IN MAMMALS
Przemyslaw Zakrzewski (1), Anna Suwinska (1), Maria Jolanta Redowicz (2), Folma Buss (3), Marta Lenartowska (1) 
(1) Faculty of Biology and Environmental Protection, Nicolaus Copernicus University in Torun, Torun, Poland, (2) Laboratory of Molecular Basis of Cell 
Motility, Nencki Institute of Experimental Biology, Warsaw, Poland, (3) Cambridge Institute for Medical Research, University of Cambridge, United 
Kingdom

Myosin VI (MYO6) is an actin-based molecular motor performing a wide range of functions in different cellular pathways, including 
endocytosis and regulation of actin dynamics. In Drosophila, MYO6 plays a key role during spermiogenesis and male flies lacking 
MYO6 (jar/jar) are infertile. Although MYO6 is important for spermatogenesis in Drosophila and the fundamental mechanisms 
controlling spermiogenesis are conserved between evolutionally distinct species, similar studies have not been performed in 
mammals. Our results now demonstrate that male KO mice (Snell’s waltzer; sv/sv ) have reduced fertility, suggesting a role for 
MYO6 also during mammalian spermatogenesis. Our results show that MYO6 is expressed in mouse testes and is present in actin-
rich structures crucial for spermiogenesis, such as the acroplaxome and the tubulobulbar complex (TBCs). The lack of MYO6 in sv/
sv spermatids leads to structural disruptions in these compartments. Interestingly, TOM1, a known binding partner of MYO6 in the 
endocytic pathway, colocalises with MYO6 in the acroplaxome. In sv/sv spermatids the lack of MYO6 leads to TOM1 delocalisation 
and eccentric docking of the acrosomal granule. At the TBCs MYO6 colocalises with two endocytic adaptor proteins, TOM1 and 
GIPC1. Loss of MYO6 causes disruption of TBCs cytoskeleton and the dispersal of the early endocytic compartment containing 
these adaptors. In summary, our findings indicate that MYO6 plays a structural role not only in flies but also during mammalian 
spermiogenesis. 
This research was supported by National Science Centre (Poland) with a grant 2017/25/N/NZ3/00487 and scholarship 2018/28/T/NZ3/00002 to PZ and a 
Medical Research Council (MR/S00776/1) grant to FB.
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DYNAMICS OF NEURAL STEM CELL NICHE MORPHOGENESIS IN DROSOPHILA
Maria Alexandra Rujano, Agata Banach-Latapy, Pauline Spéder Murphy
Department of Developmental and Stem Cell Biology, Institut Pasteur, Paris, France

Neural stem cells (NSCs) are found in a tailored cellular microenvironment, the niche, comprising a variety of cell populations, 
including glia, neurons, a blood-brain barrier and the NSCs themselves. The niche is a pivotal factor in neurogenesis, mediating the 
impact of local and external signals on NSCs. Despite this prominent role, very little is known about how niche architecture forms 
and how it regulates stem cell behaviour.

Answering these questions requires being able to identify, track and manipulate niche cell populations in vivo. The complexity of 
the mammalian brain makes these requirements difficult to achieve, and has hindered progress on these outstanding issues. We 
are using the Drosophila larval brain as a genetically amenable, simpler and fully in vivo model. It recapitulates core features of 
mammalian neurogenesis, including a niche with similar cellular players and functions.

A specific glial subpopulation, the cortex glia, is able to build a complex membrane network spanning the entire brain, resulting in the 
individual encasing of each cycling NSC and its newly born progeny. We are using this model as a paradigm for niche formation and 
acquisition of architectural complexity. Using powerful genetic tools and live-imaging, we show that the formation of this membrane 
network relies on a diversity of cellular events, including cell growth, genome replication, adhesion and cell-cell fusion. We propose 
that the spatial and temporal combination of these different dynamic processes results in the formation of a NSC niche able to 
sustain robust neurogenesis in a coordinated fashion.

P A -17 

CHARACTERIZATION OF MODULATOR OF SMOOTHENED (MOSMO) GENES DURING VERTEBRATE 
DEVELOPMENT
Marcos Sintes, Carlos Camacho de la Macorra, Noemí Tabanera Anguita, Paola Bovolenta, Marcos J. Cardozo Ruiz
Centro de Biologia Molecular Severo Ochoa, Consejo Superior de Investigaciones Cientificas-Universidad Autónoma de Madrid, CIBERER. Madrid 
28049, Spain

The Hedgehog (Hh) signaling pathway plays important roles during development and indeed is one of the key regulators of 
cell proliferation and differentiation as well as of tissue morphogenesis. Defects in Hh signaling have been linked to different 
pathologies, including cancer and congenital diseases. Hh signaling needs to be highly regulated and the list of genes with such a 
role is progressively growing, with the very recent addition of Mosmo. This gene encodes a tetraspanin protein that promotes the 
internalization and degradation of the Hh signaling transducer Smoothened (Smo), thereby down-modulating the activation of the 
pathway (Pusapati et al. 2018). Whether Mosmo function is relevant to embryonic vertebrate development remains yet unexplored. 
To address this question, we first used in situ hybridization (ISH) to determine the expression pattern of the two zebrafish mosmo 
paralogs, mosmoa and mosmob during embryonic development. Comparison of the distribution of the main Hh pathway components 
revealed that mosmoa and mosmob are expressed ventrally along the neural tube with a pattern that resembles that of patched1, 
a Hh receptor and negative regulator of the pathway. We thereafter generated knock-out zebrafish models using CRISPR/Cas-9 
technology. Adult double mosmoa and mosmob knock-out display a phenotype that, in preliminary analysis, appears similar to 
that of patched1 mutants, indicating that Mosmo could be playing an important function in vertebrate development. ISH and qPCR 
experiments are ongoing to assess a possible dysregulation of the Hh signaling pathway, as a result of mosmo loss of function.
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ENDOTHELIAL TGFβ SIGNALING ORCHESTRATES OUTFLOW TRACT MORPHOGENESIS IN ZEBRAFISH
Giulia Boezio (1), Anabela Bensimon Brito (1), Stefan Günther (2), Christian Helker (1), Didier Stainier (1) 
(1) Developmental Genetics, (2) Bioinformatics and Deep Sequencing Platform, Max Planck Institute for Heart and Lung Research, Bad Nauheim, 
Germany

The cardiac outflow tract (OFT), situated at the arterial pole of the heart, provides a vital connection between the heart and the 
vascular network. OFT development relies on a finely regulated crosstalk between endothelial cells (EC) and smooth muscle cells 
(SMC) and any aberration during this process leads to a substantial number of congenital heart defects. Several of these defects 
have been associated with an impairment of transforming growth factor beta (TGFβ) signaling, but importantly, the molecular 
mechanisms underlying their pathogenesis remain unclear. 

Here we show that zebrafish mutants lacking the TGFβ receptor I/activin receptor-like kinase 5 (Alk5) exhibit a severe dilation of the 
OFT. In particular, we prove that Alk5 restricts EC proliferation in early developmental stages and later regulates SMC alignment and 
extracellular matrix (ECM) organization. Using transcriptomic analyses, we confirmed that loss of Alk5 alters the expression of ECM 
component genes in the OFT, particularly affecting cell-matrix adhesion processes.

Although Alk5 is expressed in both endothelial and smooth muscle cells, surprisingly, expression of wild type Alk5 exclusively in the 
endothelium rescued not only cell-specific defects but also restored the organization of smooth muscle cells and the surrounding elastic 
lamina. Overall, our findings provide novel insights into a previously uncharacterized role for Alk5 during endothelial development in 
vivo, and define a framework for TGFβ signaling during morphogenesis of the greater vessels.

P A -19 

MOLECULAR SIGNATURES IDENTIFY IMMATURE MESENCHYMAL PROGENITORS IN EARLY MOUSE LIMB 
BUDS THAT RESPOND DIFFERENTIALLY TO MORPHOGEN SIGNALING
Robert Reinhardt (1), Fabiana Gullotta (1), Gretel Nusspaumer (2), Erkan Ünal (1), Robert Ivanek (1), Aimée Zuniga (1), Rolf Zeller (1) 
(1) Department of Biomedicine, University of Basel, Switzerland, (2) Centro Andaluz de Biologia del Desarrollo, Universidad Pablo de Olavide, Sevilla, 
Spain

The key molecular interactions governing vertebrate limb bud development are a paradigm to study the mechanisms controlling 
progenitor cell proliferation and specification during vertebrate organogenesis. However, little is known about the cellular 
heterogeneity of the mesenchymal progenitors in early limb buds that ultimately contribute to the chondrogenic condensations 
prefiguring the skeleton. We combined flow cytometric and transcriptome analyses to identify the molecular signatures of several 
distinct mesenchymal progenitor cell populations present in early mouse forelimb buds. In particular, JAGGED1 (JAG1) -positive cells 
located in the posterior-distal mesenchyme were identified as the most immature limb bud mesenchymal progenitors (LMPs), which 
critically depend on SHH and FGF signaling in culture. The analysis of Gremlin1 (Grem1) -deficient forelimb buds showed that JAG1-
expressing LMPs are protected from apoptosis by GREM1-mediated BMP antagonism. At the same stage, the osteo-chondrogenic 
progenitors (OCPs) located in the core mesenchyme are already actively responding to BMP signaling. This analysis sheds light on the 
cellular heterogeneity of the early mouse limb bud mesenchyme and the distinct response of LMPs and OCPs to morphogen signaling.

P A - 2 0 

STAGE-SPECIFIC MTOR-REGULATED TRANSLATION AFFECTS THE RELATIVE SPATIAL POSITIONING OF 
CELLS DURING MOUSE PREIMPLANTATION EMBRYO DEVELOPMENT
Lenka Gahurova (1), Michaela Kubickova (1), Pavlina Cerna (1), Andrej Susor (2), Kristina Kovacicova (3), Martin Anger (3), 
Alexander Bruce (1) 
(1) Department of Molecular Biology and Genetics, University of South Bohemia, Ceske Budejovice, (2) Institute of Animal Physiology and Genetics, 
Czech Academy of Sciences, Libechov, (3) Central European Institute of Technology, Department of Genetics and Reproduction, Veterinary Research 
Institute, Brno. Czech Republic

The earliest appearing inner cells (inner cell mass precursors) of mouse preimplantation development are formed following the 
8-cell (8C) to 16C division and have been reported to be biased towards eventually contributing to the pluripotent epiblast and 
subsequently the embryo itself. In contrast, cells internalised after the 16C to 32C cleavage division are more likely to contribute to 
the differentiating extra-embryonic primitive endoderm. The generation of inner cells during the 8C to 16C division has been shown 
to be associated with specific intra-cellular nuclear positioning and relative orientation of the resulting mitotic spindle, plus other 
constrictive actomyosin driven processes following cytokinesis. However, the underlying mechanisms regulating these processes 
remain largely unknown.

mTOR-regulated translation of mRNAs containing 5’ terminal oligopyrimidine (TOP) motifs was shown to affect chromosomal 
segregation and meiotic spindle positioning in mouse oocytes. Here we demonstrate that mTOR has a previously unrecognised 
role during the 8C to 16C stage division, as short chemical inhibition during mitosis, when we observed a burst of mTOR-dependent 
translation, negatively influences the formation of the first inner cells. Time-lapse confocal microscopy reveals spindle orientations 
and nuclear positions ordinarily associated with the generation of inner cells often give rise to two outer cells under mTOR inhibition 
- presumably via translational regulation of relevant mRNAs. Indeed, RNAi-mediated downregulation of candidate TOP-containing 
cytoskeletal gene mRNAs, Ank2 and Dctn2, also impairs inner cell generation by the 16C stage. We are currently investigating 
detailed spatial and temporal patterns of translational regulation imparted by mTOR during this period.
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A NEW MECHANISM OF NEURULATION IN THE ZEBRAFISH FOREBRAIN
Florence Giger, Corinne Houart
MRC CNDD, King’s College London, United Kingdom

Neural tube closure is a crucial morphogenetic event in development. Anteriorly, telencephalic cells converge towards the midline 
above eye progenitors that maintain a cohesive state before moving outwards to form the optic vesicles. Although the patterning 
mechanisms giving rise to telencephalon and eye identity have been described, how these decisions translate into complex 
morphogenetic behaviours is still unknown.

I am taking advantage of the amenability of the zebrafish embryo to live imaging to understand the mechanisms underlying forebrain 
neurulation. High resolution time-lapse images have revealed that the eye field is internalised by folding of the anterior neural plate. 
This makes it both original as the rest of the neural tube adopts a very different behaviour, and universal as the anterior neural plate 
appears to be closer to other vertebrate models than what was previously believed.

Myosin accumulates both at the midline and at the folding sites, forming a string around the neural plate that closes in a hairpin 
shape as neurulation proceeds. Disruption of this Myosin structure will help determine its role for the organisation of the forebrain. 
Previous work has identified zebrafish mutants with forebrain neurulation defects. Comparative analysis of Myosin organisation in 
addition to cell movements and dynamics in wild-type and mutant embryos will be of crucial importance to understand forebrain 
morphogenesis.

Combination of high-resolution live imaging, biomechanics and functional analyses are deployed to understand early forebrain 
morphogenesis and identify core principles of synergy between biomechanical and molecular control of organ formation in vertebrates.
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DYSREGULATED TEMPORAL PATTERNING GOVERNS THE GROWTH, HIERARCHY AND COMPOSITION OF 
NEURODEVELOPMENTAL TUMORS IN DROSOPHILA
Cédric Maurange, Sara Genovese, Cassandra Gaultier, Raphaël Clément
IBDM, CNRS, Aix-Marseille University, Marseille, France

The mechanisms that transform a developing tissue into a pediatric cancer remain obscure. During Drosophila larval development, 
asymmetrically-dividing neural stem cells, called neuroblasts, progress through an intrinsic temporal patterning program that schedules 
a systematic transition from an early default self-renewing to a late differentiation-permissive state. This process ensures cessation 
of divisions before adulthood. However, early developmental perturbation of asymmetric divisions leads to unlimited neuroblast 
amplification and aggressive tumors. Using single-cell transcriptomics, clonal analysis and numerical modeling, we find that this 
larval neuroblast temporal program is recapitulated in tumors, perpetuating growth and inducing predictable cell heterogeneity. 
Underlying this phenomenon is a robust hierarchical division scheme that aberrantly maintains a subset of self-renewing neuroblasts 
- resembling early larval neuroblasts - while allowing another subset to progress throughout temporal patterning. Along the tumor 
hierarchy, the RNA-binding proteins Imp and Syncrip antagonistically regulate neuroblast proliferative properties, at least partly, by 
acting on glucose metabolism genes. This work suggests that cooption of temporal patterning could be a major transforming event 
in developing neural tissues.
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EPICARDIAL-DERIVED CELLS AND THE ORIGIN OF THE CORONARY ENDOTHELIUM
Rita Carmona, Silvia Barrena, Sara Yasmine Ahamed, María Estela Ordóñez, Ramón Muñoz-Chápuli
Department of Animal Biology, University of Málaga, and Andalusian Center for Nanomedicine and Biotechnology (BIONAND), Málaga, Spain

The embryonic epicardium generates a population of epicardial-derived mesenchymal cells (EPDC) that contributes to the coronary 
vessels and the connective tissue of the adult heart. The contribution of EPDC to the coronary endothelium is controversial. The 
Wilms’ tumor suppressor gene (Wt1) has been frequently used as a driver to trace the EPDC fate using the Cre-lox technology. 
We have compared, using confocal microscopy and flow cytometry, the WT1-expressing cell lineage with other alleged epicardial 
markers, namely the cardiac troponin gene (cTnT, an unexpected driver for epicardial cells), the Gata5 gene, and the G2 enhancer of 
the Gata4 gene.

The G2-GATA4 cell linage contributes more than any other one to the cardiac endothelium (>20% of all the endothelial cells). The WT1 
cell lineage contribution increases in the ventricle along the gestation (from 4% to 7%). Both, GATA5 and cTnT lineages contribute to 
3-4% of all the endothelial cells, a fraction that probably represents the actual EPDC contribution to the coronary endothelium. The 
higher contribution of WT1 lineage cells can be explained by de novo expression of this gene in part of the coronary endothelium. We 
think that the much higher contribution of the G2-GATA4 cell linage might be related to the incorporation of circulating progenitor 
cells to the embryonic coronary endothelium. 

In summary, our results reveal substantial differences among the alleged “epicardial” drivers and a novel source of coronary 
endothelial cells. They also recommend caution when using a sole cell tracing model to study the fate of the EPDC.
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CHARACTERIZATION OF YAP/TAZ-TEAD ACTIVITY AS MECHANO-TRANSDUCER OF THE 
MORPHOGENESIS OF THE VERTEBRATE RETINAL PIGMENTED EPITHELIUM
Carlos Camacho de la Macorra, Tania Moreno Marmol, Xabier Perosanz, Paola Bovolenta, Marcos J. Cardozo Ruiz
Development and Regeneration, Centro de Biologia Molecular Severo Ochoa, Consejo Superior de Investigaciones Cientificas-Universidad Autonoma 
de Madrid, CIBERER, Madrid, Spain

The transcriptional regulators Yap and Taz respond to mechanical stimuli by translocating to the nucleus, where they form a 
transcriptional complex with TEAD factors to promote target gene expression. Mutations in yap/taz lead to developmental defects 
in different eye structures. Indeed, lack of Yap/Taz function has been reported to prevent zebrafish RPE specification (Miesfeld et al. 
Development 2015). During eye morphogenesis, zebrafish RPE cells undergo shape changes from an elongated neuroepithelial to a 
cuboidal shape that finally flatten into a squamous epithelium. This conversion could occur either as a stretch response to external 
forces and/or cell autonomously, for example, through Yap/Taz activity.

In contrast to what proposed, we observed nuclear Yap/Taz-TEAD activity in RPE cells only after their specification, concomitantly 
with cell stretching. Furthermore, RPE cells are present in yap/taz mutants. Despite this initial specification, the integrity of the optic 
cup is thereafter compromised. In embryos lacking Yap, patches of RPE are missing and this absence corresponds to regions in which 
the neural retina extrudes from the eye cup. These observations suggest that Yap/Taz proteins act as mechano-transducers of RPE 
development. To test this possibility and further understand the cellular mechanism underlying RPE formation, embryos were treated 
with myosin inhibitors, when the RPE undergoes stretching. This cytoskeletal alteration prevents the acquisition of a squamous 
morphology associated with the down regulation of the expression of CCN1 and CCN2, two Yap target genes. Ongoing studies are 
exploring the link between Yap/Taz and RPE cytoskeleton, cell morphology and adhesion.
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THE ROLE OF THE AECM AND YKI INACTIVATION IN THE DISASSEMBLY OF A FUNCTIONAL ORGAN
Juan J. Fraire-Zamora (1), Jerome Solon (2), Jordi Casanova (3) 
(1) Cell and Developmental Biology, CRG and IRB, Barcelona, Spain, (2) Centre for Genomic Regulation (CRG), (3) Institute for Research in Biomedicine 
(IRB) Barcelona

Epithelial integrity is a homeostatic condition necessary to maintain organ functions where epithelial cells must receive information 
from their environment, transduce it into the nucleus and take cellular decisions leading to survival or death. Very little is known on 
the cellular and molecular mechanisms leading to organ degeneration or disassembly. In the fruit fly Drosophila melanogaster, the 
larval respiratory organ (trachea) must disassemble during metamorphosis. Here I will present our results on how organ disassembly 
is achieved in Drosophila through cell area reduction, trachea shortening and activation of programmed cell death. During the 
initiation of metamorphosis, remodeling of the tracheal apical extracellular matrix (aECM), through matrix metalloprotease 1 
(MMP1), results in apical cell area reduction and the initial shortening of the trachea. This length reduction is concomitant with i) 
a nuclear-to-cytoplasmic relocalization of the transcriptional coactivator Yorkie (Yki), ii) a decrease in transcription of the Death-
associated inhibitor of apoptosis (diap1), iii) caspase activation and iv) initiation of apoptosis. Downregulation of both MMP1 and 
the Ste-20-like kinase Hippo (Hpo) prevents trachea shortening and cell death. Our results are in agreement with work in cell culture 
systems where ECM properties can modulate the nuclear localization of the Yes-associated protein (YAP, the mammalian orthologue 
of Yki). They also suggest that ECM remodeling through MMPs activity and Yki inactivation via the Hippo signaling pathway lead to 
organ size reduction and disassembly through apoptosis. These conserved cellular and molecular events could represent a general 
feature in the disassembly of both invertebrate and vertebrate organs.
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CHIRAL CELL SLIDING DRIVES LEFT-RIGHT ASYMMETRIC ORGAN ROTATION
Mikiko Inaki (1), Hisao Honda (2), Kenji Matsuno (1) 
(1) Dept. Biol. Sci, Grad. Sch. Sci, Osaka Univ, Toyonaka, Japan, (2) Sch. Med, Kobe Univ

Polarized epithelial morphogenesis is important for animal development and has been mostly attributed to directional cell 
intercalations, which involve anisotropic junctional remodeling of cells. However, polarized epithelial deformation can be induced by 
other mechanisms. The epithelial tube of the Drosophila embryonic hindgut demonstrates a counterclockwise axial rotation of 90 
degrees. By this rotation, the hindgut that was first formed symmetrically becomes left-right (LR) asymmetric. Here, we studied the 
cellular dynamics that drive the hindgut rotation. It was previously shown that the apical surfaces of hindgut epithelial cells have 
intrinsic LR asymmetry (cell chirality in three dimensions) before the hindgut rotation. However, it is unknown how cell chirality is 
converted into axial rotation of the hindgut epithelial tube. In this study, we clarified the cellular dynamics that connect cell chirality 
and rotation of the hindgut epithelial tube. Live imaging analysis showed that hindgut cells changed their positions relative to their 
subjacent cells as sliding leftward (in the rotation direction). We designated this novel cellular dynamics “cell sliding” (Inaki et al., 
eLife, 2018). By contrast, in Myosin31DF mutants, the hindgut rotation, cell chirality, and cell sliding coincidently became the mirror 
images of those in wild type. In addition, when Myosin31DF was over-expressed, hindgut rotation and cell sliding amounts were 
increased. These results demonstrate that chiral cell sliding converts the chiral cell shape into the LR directional twisting of the 
hindgut epithelial tube.
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UNDERSTANDING THE DYNAMICS OF HEART DEVELOPMENT AT SINGLE-CELL RESOLUTION
Morena Raiola, Miquel Sendra, Isaac Esteban, Miguel Torres
Genetic Control of Organ Development and Regeneration, Spanish Center for Cardiovascular Research (CNIC), Madrid, Spain

The first steps of heart development imply drastic changes in morphology. How the heart achieves this while beating is still unclear. 
We are studying the dynamics of cardiac morphogenesis by tracking individual cells in live analysis of mouse embryos. In order 
to find and quantify cellular mechanisms that explain changes in tissue size and shape, data from multiple specimens have to be 
registered into a single reference. Local shape variability between samples makes this registration challenging. To overcome it, we 
are developing a computational workflow to map cell tracks from different embryos in an average model. The segmented heart 
geometry obtained from the time-lapse image is parametrized by spherical harmonics and then fit to the reference shape. That way, 
we gather each track to its corresponding cardiac area and developmental stage. On this basis, we have identified a cell population 
situated in the splanchnic mesoderm anterolateral to the heart that migrates actively towards the midline. We are now studying 
whether this phenomenon accounts for the compaction and closing of the heart tube. Our final goal is to obtain a digitalized single-
cell map for the development of the primitive heart. This will help to understand key events in mammalian cardiac morphogenesis.
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PLASTICITY IN THE LIMB NERVOUS SYSTEM IN RESPONSE TO SUPERNUMERARY DIGITS
Bianka Berki, Maeva Luxey, Patrick Tschopp
DUW Zoology, University of Basel, Switzerland

The distal tetrapod limb, the so-called autopod, has experienced dramatic morphological modifications that can reflect adaptations 
to a variety of different styles of locomotion. While limb diversification has been well studied at the skeletal level, the integration of 
its neuromuscular system necessitates coordinated patterning changes in order to provide a fully functional limb.

Here, using whole mount immunohistochemistry and state-of-the-art light-sheet microscopy, we follow the emergence of nerve 
and muscle patterns in chicken wings and legs, two appendages with highly distinct locomotor outputs. We challenge the ability 
of these patterns to adjust to supernumerary digits in an experimentally altered autopod. We demonstrate that while muscles 
are able to perfectly follow changes in distal skeletal morphology, nerve patterns are only partially responsive. To investigate a 
potential link between nerve patterning alterations in the limb periphery and the central nervous system, we focus on the soma of 
limb innervating-motor neurons located in the lateral motor column (LMC) of the spinal cord. Using retrograde axonal labeling and 
immunohistochemistry on control- and polydactyl-side LMCs, we quantify modifications in motor neuron pool size, composition, and 
connectivity.

Collectively, we aim to uncover the cellular and molecular mechanisms that determine the patterning plasticity of the limb nervous 
system, with implications for our understanding of autopod morphological evolution and human congenital malformations affecting 
hands and feet.
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RADIAL GLIA FIBERS TRANSLATE FGF8 MORPHOGENETIC SIGNAL TO GENERATE THE PROTOMAP OF 
THALAMIC NUCLEAR COMPLEX IN THE MANTLE LAYER
Ana Pombero, Raquel García-López, Alicia Estirado, Arancha Botella-López, Salvador Martínez
Instituto de Neurociencias, Universidad Miguel Hernández, San Juan de Alicante, Spain

Thalamic neurons are distributed in different nuclear groups of the thalamic multinuclear complex, which develop topologically-
ordered specific projections that conveys information of voluntary motor programs and sensory modalities to functional areas in the 
cerebral cortex. Since thalamic neurons showed a homogenous morphology, their functional specificity is derived from their afferent 
and efferent connectivity. Adequate development of thalamic afferent and efferent connections depends of guide signals that bind 
receptors in nuclear neuropils and axonal growth cones, respectively; which finally are regulated by regionalization processes in 
the thalamic neurons, codifying topological information. In this work, we studied the role of Fgf8 morphogenetic signaling in the 
establishment of the molecular thalamic protomap, which was revealed by Igsf21, Pde10a and Btbd3 gene expression in the thalamic 
mantle layer. Fgf8 signaling activity was evidenced by pERK expression in radial glia cells and fibers, which may represent a scaffold 
that translate neuroepithelial positional information into the mantle layer. We describe here that Fgf8-hypomorphic mouse lacked 
pERK expression in radial glia cells and fibers and presented a disorganized thalamic regionalization, increasing neuronal death in the 
ventro-lateral thalamus and strong disruption of thalamocortical projections. In conclusion, Fgf8 encodes the positional information 
required for thalamic nuclear regionalization and development of thalamocortical projections.
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SCHIZOPHRENIA MODEL IN LIS1/SLIS1 MICE
Raquel Garcia-Lopez, Ana Pombero, Alicia Estirado, Salvador Martinez
Instituto de Neurociencias, Universidad Miguel Hernández, San Juan de Alicante, Spain

LIS1 is one of principal genes related with Type I lissencephaly, a severe human brain malformation characterized by an abnormal 
neuronal migration in the cortex, as well as predisposition to develop mental disorders. The role of this gene has been studied 
using the Lis1/sLis1 murine model, which has deleted the first coding exon from the Lis1 gene. Homozygous mice are not viable 
but heterozygous have shown abnormal neuronal morphology and cortical dysplasia and enhanced excitability. Genetic variation 
in Lis1 gene has been linked to schizophrenia, although little is known about how they contribute to the disease process. Here, we 
have examined Lis1/sLis1 mouse mutants to study how the Lis1 gene might cause deficits associated with the pathophysiology 
of schizophrenia. We have observed a reduction expression levels of GABA-synthesizing enzyme glutamic acid decarboxylase 67 
(Gad67) in the hippocampus and in the anterior cingulate area as well as reduction of the expression levels of PV cells in the 
anterior cingulate in Lis1/sLis1 mutant compared with control mice. The c-Fos protein expression of Lis1/sLis1 mice was increased in 
certain brain regions, such as the medial prefrontal cortex, perirhinal cortex, retrosplenial cortex and hippocampus, compared with 
control mice. Ours results suggest that deletion the first coding exon from the Lis1 gene might cause deficits associated with the 
pathophysiology of schizophrenia.
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MT4-MMP REGULATES ENDOTHELIAL CELL MIGRATION DURING ANGIOGENESIS
Natalia Moracho Pascual (1), Ana Isabel Rodríguez Learte (2), Cristina Clemente (3), María Gregoria Montalvo (1), Alicia García 
Arroyo (3,4), Cristina Sánchez-Camacho (2,3) 
(1) Escuela de Doctorado e Investigación, Universidad Europea de Madrid, Villaviciosa de Odón, (2) Ciencias Biomédicas Básicas, Universidad Europea 
de Madrid, Villaviciosa de Odón, (3) Centro Nacional de Investigaciones Cardiovasculares (CNIC), Madrid, (4) Centro de Investigaciones Biológicas 
(CIB), Madrid, Spain

Angiogenesis is the physiological process that involves the growth of new blood vessels from pre-existing vessels during embryonic 
development. This process relies on endothelial cell (EC) migration that depends on matrix-degrading proteases and cell-extracellular 
matrix interactions. Good postulated candidates for regulating sprouting angiogenesis are matrix metalloproteinases (MMPs) that 
are divided into secreted and membrane-type MMPs (MT-MMPs). Among the latest, we have previously reported that MT4-MMP 
(MMP17), a GPI-anchored matrix metalloproteinase, is expressed in endothelial cells of blood vessels of distinct embryonic organs 
including the developing brain. However, the role of this proteinase in blood vessel formation during embryogenesis remains unknown. 
Only in pathological conditions, Mt4-mmp has been involved in angiogenesis by contributing to vessel maturation and stabilization 
during tumor progression. Our results demonstrate that the presence of MT4-MMP is necessary for VEGF- and Cxcl12-induced 
EC migration. Thus, mouse lung EC derived from Mt4-mmp-/- mice showed reduced migration compared to wild type animals in 
transwell migration assays. Accordingly, MT4-MMP is required for the proper formation of the vascular plexus in the developing 
brain. Whole-mount immunostaining of the embryonic hindbrain revealed vascular defects characterized by limited number and 
density of junctions and a reduced vessel area
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A COMPARATIVE STUDY OF THE MEMBRANE TYPE-MATRIX METALLOPROTEINASES MT1-MMP AND 
MT4-MMP EXPRESSION DURING MOUSE EMBRYONIC DEVELOPMENT
Emma Muñoz-Sáez (1), Ana Isabel Rodríguez Learte (1), Iván Rodríguez-Martín (1), Natalia Moracho Pascual (2), Maria Gregoria 
Montalvo (2), Alicia García Arroyo (3,4), Cristina Sánchez-Camacho (1,3) 
(1) Ciencias Biomédicas Básicas, Universidad Europea de Madrid (UEM), Villaviciosa de Odón, (2) Escuela de Doctorado e Investigación, 
Universidad Europea de Madrid (UEM), Villaviciosa de Odón, (3) Centro Nacional de Investigaciones Cardiovasculares (CNIC), Madrid, (4) Centro de 
Investigaciones Biológicas (CIB), Madrid. Spain

Matrix metalloproteinases (MMPs) are archetypical peri-cellular proteolytic enzymes with a role in angiogenesis, cell migration 
and cancer progression. Amongst them, membrane-type-MMPs MT1-MMP (MMP14), a type I transmembrane protein, and MT4-
MMP (MMP17), a GPI anchor MT-MMP, seem to play different actions during embryo development. Whilst MT1-MMP-deficient 
mice show aberrant modeling of connective tissues, MT4-MMP loss-of-function results in no major developmental phenotypes. 
Here we report a comparative study between the expression pattern of Mt1-mmp and Mt4-mmp during mouse development. At 
early embryonic stages, Mt4-mmp expression prevails in the cardiovascular system, primarily associated to the vasculature and 
the endocardial endothelium of the primitive heart tube. Similarly, reporter expression for Mt1-mmp is also detected during heart 
development but a stronger labeling is present in this tissue compared to Mt4-mmp. Both proteinases might be relevant during 
nervous system development, but in this case with distinct tissue specific roles. Whereas Mt4-mmp presents a wider distribution in 
the brain, particularly high in the cerebral cortex, Mt1-mmp shows a more restricted distribution mainly located in the olfactory bulb 
and superior colliculus among other structures. Taken together our study aims to shed light into the reasoning behind the restrictive 
expression pattern of MT-MMPs during development and its possible synergistic effects particularly in the correct development of 
the CNS and cardiovascular systems.
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THE ROLE OF BARRIER TO AUTOINTEGRATION FACTOR IN CHROMATIN ORGANISATION AND 
PREMATURE AGEING
Raquel Romero-Bueno (1), Gerorgina Gomez-Saldivar (2), Agnieszka Dobrzynska (1), Marta Rojas (1), Cristina Ayuso (1), 
Christian Riedel (3), Peter Askjaer (1) 
(1) Dpt. of Gene Regulation and Morphogenesis, Andalusian Centre For Developmental Biology (CABD), Seville, Spain, (2) Dpt. of Biology, University 
of Fribourg, Switzerland, (3) Dpt. of Biosciences and Nutrition, Karolinska Institutet, Solna, Sweden

Barrier to Autointegration Factor (BAF) is a highly conserved metazoan chromatin binding protein implicated in nuclear envelope (NE) 
breakdown and reassembly during mitosis and chromatin compaction. The localisation of BAF to the NE is interdependent of nuclear 
lamins and LEM-domain inner nuclear membrane proteins (LAP2, emerin, and MAN1). BAF is ubiquitously expressed and depletion 
of BAF causes early embryonic arrest. Strikingly, a single amino acid substitution in human BAF (Ala12Thr) causes Nestor-Guillermo 
Progeria Syndrome (NGPS), which affects a variety of tissues and leads to severe skeletal defects and scoliosis. It is intriguing 
why a mutation in an essential protein expressed throughout development triggers the development of symptoms only a few years 
into childhood. To explore Caenorhabditis elegans as model for this devastating disease, we have modified the baf-1 locus to mimic 
the human NGPS mutation (baf-1(G12T)). We found that baf-1(G12T) mutants are hypersensitive to NE perturbations, particularly 
to modifications in the nuclear lamina. This dramatically affects mitotic chromosome segregation and embryonic viability. Using 
Bimolecular Fluorescence Complementation, we discovered the nuclear pore and chromatin binding protein MEL-28/ELYS as a novel 
BAF interaction partner. In proliferating cells, MEL-28 is required for nuclear pore complex assembly, whereas we found that MEL-
28 associates with active chromatin in post-mitotic cells. We are currently investigating the role of the NGPS mutation on BAF’s 
interactions with MEL-28 and other NE proteins as well as BAF’s function in chromatin organisation through DamID. We propose that 
changes in tissue-specific genome organisation are driving forces in disease development.
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CELLULAR AND MOLECULAR MECHANISMS OF THE DEVELOPMENT OF THE STATOACOUSTIC GANGLION 
(SAG) 
Aitor Bañón González, Berta Alsina
Health and Experimental Sciences Department, Universitat Pompeu Fabra, Barcelona, Spain

The development of the statoacoustic ganglion (SAG) is a fascinating process in which distinct events such as neuronal specification, 
delamination, cell communication, migration and proliferation are tightly coordinated. However, it is little known how neuroblasts 
regulate their cellular behavior within the SAG. We make use of high spatiotemporal imaging of mosaic labeled neuroblasts in 
zebrafish to track and perform 4D cell reconstructions at the single cell level and investigate the dynamics of movements and cell 
shape changes. We also make use of CRISPR and Tol2 transgenesis techniques for missexpression and loss-of-function experiments 
of candidate genes implicated in SAG development. At early stages, neuroblasts display directional movements through active 
membrane protrusions towards a medial position where they coalesce to form the SAG. Neuroblasts also show dynamic and directed 
filopodia making contacts between them, suggesting that they could be involved in cell-cell communication. Currently, we are 
investigating the role of these signaling filopodia (cytonemes) by inhibiting filopodia exclusively in neuroblasts through the expression 
of the dominant-negative form of Irsp53, a protein needed for filopodia nucleation. At later stages, neuroblasts start the process 
of axogenesis. We have uncovered that these cells do not only innervate in a bipolar manner, but at early stages are multipolar, 
and display different shapes according to their location. Moreover, we are testing the role of FGF13a through CRISPR knock-out, a 
candidate gene implicated in sensory neuronal shape. Altogether, our results will shed light onto how sensory neurons communicate 
and arrange properly within the SAG.
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TESTING THE CIS-REGULATORY POTENTIAL OF TYPE 2 DIABETES ASSOCIATED NON-CODING SEQUENCES
Ana Eufrásio, Marta Duque, José Bessa
IBMC, Instituto de Investigação e Inovação em Saúde, i3S, Porto, Portugal

Type 2 diabetes(T2D) is partially characterized by endocrine pancreatic dysfunction. Genome-wide association studies have shown 
that many genetic variants associated to T2D overlap with putative endocrine enhancers required for a proper endocrine pancreas 
function. This suggests that T2D associated variants might impair enhancer activity and consequently, gene expression. To approach 
this hypothesis, we have performed in vivo transgenesis assays in zebrafish to test if sequences overlapping with T2D associated 
loci are enhancers. We found that five out of ten tested sequences are enhancers of the differentiated endocrine pancreas. Secondly, 
we explored the potential of these sequences to be active in the endocrine progenitor domain, identifying at least one pancreatic 
progenitor enhancer. Thirdly, we analyzed the impact of genetic variants in the enhancer activity. In one sequence, the enhancer 
activity was disrupted by the presence of a single nucleotide variant in a putative binding site for PDX1, an important TF in pancreas 
development. We further analyzed this sequence by dividing it in fragments, testing them for endocrine enhancer activity. These 
results lead us to conclude that most likely the loss of the PDX1 binding site is accompanied by the gain of a repressor binding site 
that might contribute to the inactivation of the tested enhancer. Overall this work helps to assess the importance of non-coding 
variants in T2D development and uncover new variants potentially associated to T2D.
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MIR-195B ENHANCES CARDIOMYOGENIC DIFFERENTIATION VIA MODULATION OF SMAD3/SMURF1 ON 
CHICKEN PROEPICARDIAL EXPLANTS
Angel Dueñas, Almudena Exposito-Villen, Jorge Dominguez, Amelia Aranega, Diego Franco
Experimental Biology, University of Jaen, Spain

The proepicardium is an embryonic transitional structure that leads to the formation of the most external cardiac layer, the epicardium. 
During development, part of the embryonic epicardium suffers an epithelial-to-mesenchymal transition, generating mesenchymal 
cells that subsequently contribute to the cardiac fibroskeleton, the coronary vasculature and to a lesser extend to the endocardial 
cushions but not to cardiomyocytes. However, in vitro culture of proepicardial/septum transversum (PE/ST) explants can generate 
beating cardiomyocytes, a process that is tightly regulated by Bmp/Fgf signaling. 

microRNAs are small non coding RNAs that post-transcriptionally regulate gene expression by base-pair complementarity with 
mRNA transcript 3´UTR leading to protein translation blockage and/or mRNA degradation. microRNAs play pivotal roles in 
distinct biological processes simultaneously modulating expression of multiple targets. In this study we provide evidences of the 
differentially expression of microRNAs at distinct epicardial stages (HH17, HH24 and HH32). miR-100 is significantly decreased 
while miR-195b is progressively enhanced and both are regulated by Bmp and Fgf administration. Gain-of-function assays in PE/
ST explants demonstrate that miR-195b and miR-223 enhances, while miR-23 and miR-27 blocks cardiomyogenesis, by distinctly 
regulating Wnt5, Smurf1, Smad3 and Fosl2 expression. Importantly, this capacity remains in embryonic (HH24) epicardial explants. 
siRNA and microRNA rescue experiments demonstrate that miR-195 driven cardiomyogenesis is dependent on Smurf1 and Smad3, 
but not Fols2 signalling. Furthermore, we identified three novel lncRNAs with enhanced expression in the PE/ST, that are Bmp/Fgf 
responsive and regulated by miR-195, supporting a functional role in cardiomyogenesis. Collectively, these observations open new 
pathways for regenerative cardiovascular medicine.
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CYCLIN A AS NOVEL LINK BETWEEN CELL CYCLE AND CELL POLARITY
Pénélope Darnat (1), Jeremy Sallé (2), Michel Gho (1), Agnes Audibert (1) 
(1) Laboratoire de Biologie du Dévelopement - UMR 7622, Institut de Biologie Paris Seine (IBPS), PARIS, France, (2) Institut Jacques Monod, Paris, 
France

Cell proliferation and planar cell polarity (PCP) are two processes required for morphogenesis. It is known that defects in one induce 
defects in the other. However, how the two processes crosstalk remains poorly understood. I aim to study how proteins involved 
in the cell cycle interact with those regulating the PCP. These links are studied in the asymmetric cell divisions occurring during the 
formation of the Drosophila melanogaster bristle, which generate cell fate diversity through the polarization of precursor cells. We 
have shown that Cyclin A, essential for mitosis entry, acts as a bridge between cell proliferation and PCP. Indeed, we have observed 
that a pool of Cyclin A was asymmetrically localized at the apical posterior cortex of the precursor cells during mitosis. This particular 
Cyclin A asymmetric localization is abolished when the PCP was disrupted in fz and dsh mutants. Also, using STED microscopy and 
PLA, we have shown that Cyclin A was part of the complex formed by Frizzled and Dishevelled. More importantly cell divisions are 
disoriented in a cycA loss of function and when Cyclin A was ectopically localized at the cell cortex. Together, these data unravel the 
role of this asymmetric Cyclin A localization in cell division orientation and, highlight a new function never observed in other systems 
for this cell cycle factor.
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MESENDODERM SPECIFICATION AND MORPHOGENESIS IN ZEBRAFISH GASTRULATION: THE ROLE OF 
EXTRAEMBRYONIC TISSUES
Alexandra Schauer, Carl-Philipp Heisenberg
IST Austria, Klosterneuburg, Austria

During embryogenesis, a spatially provided maternal pre-pattern is robustly translated into the adult body plan requiring a tightly 
coordinated interplay between cell signaling and morphogenesis. So far, remarkably little is known about the mechanisms underlying 
this coordination and how they are affected by extrinsic factors, such as interactions with extraembryonic tissues. To address this 
question, we study zebrafish embryos, whose extraembryonic yolk cell with the yolk syncytial layer (YSL) provides crucial signals 
for germ layer specification, is involved in gastrulation movements and maintains the geometry of the embryo proper. To investigate 
how far the embryo can compensate for the loss of this extraembryonic structure and mimic normal patterning, we have developed 
an ex vivo system to culture zebrafish embryos in isolation from the yolk cell. Our preliminary observations indicate that the embryo 
can give rise to a wide range of mesendodermal cell fates in absence of the yolk cell, challenging previous suggestions that the YSL 
provides an indispensable initial input for mesendoderm formation. However, the activity range and levels of signaling pathways 
involved in the establishment of mesendodermal cell fates are altered in yolk-free embryos. Moreover, the spatial organization of the 
germ layers is disrupted. We are currently analyzing how signaling pathway activity and morphogenetic movements adapt to their 
changed environment and relate to normal embryo development. Thereby, we should not only gain a more in-depth understanding 
of the various contributions of the yolk cell to development, but also of how robust patterning is achieved in zebrafish development.
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CELL-CELL CONTACT FORMATION AND WNT/β-CATENIN SIGNALLING IN THE SEA STAR EMBRYO
Vanessa Barone (1), Maria Byrne (2), Lyons Deirdre (1) 
(1) Scripps Institution of Oceanography, UC San Diego, La Jolla, United States, (2) University of Sydney, Australia

How cell differentiation and morphogenesis are coordinated during embryonic development is an open question in developmental 
biology. The accepted theory sees morphogenesis as a consequence of the cell differentiation events initiated by biochemical signals. 
However, recent evidence shows that the interplay between biochemical signals and mechanical stimuli may determine cell fate. 
Yet, it remains unclear if changes in the mechanical stimuli experienced by single embryonic cells are sufficient to change patterns 
of cell differentiation at the tissue level. Here, we employed live imaging of sea star (Patiriella regularis ) early embryos to follow cell 
shape, cell-cell contact formation and biochemical signals necessary for mesendoderm differentiation, i.e. Wnt/β-catenin signaling, 
at the single cell resolution. Observing the whole differentiating tissue, we found that cells forming more cell-cell contacts at early 
gastrula stage present higher Wnt/β-catenin signaling levels. Interestingly, those cells originate from cells forming more cell-cell 
contacts at earlier stages of development, when the Wnt/β-catenin signalling domain is not established yet. Finally, differently from 
what was previously thought, we show that early cleavage in sea star embryos involves asymmetric cell divisions, resulting in a 
subset of smaller cells at the 16 cell stage: the progeny of those smaller cells tend to form more cell-cell contacts and show higher 
Wnt/β-catenin signaling. These results raise the intriguing possibility that cell-cell contact formation and Wnt/β-catenin signalling 
regulate each other during echinoderm development and open the way to further experiments testing how altering cell-cell adhesion 
of sea star embryonic cells affects Wnt/β-catenin signalling and mesendoderm tissue patterning.
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INVESTIGATING THE REGULATORY ROLE OF TEAD4 IN BLASTOMERE POSITIONING AND CELL FATE 
DURING MOUSE PREIMPLANTATION EMBRYOGENESIS
Rebecca Collier (1), Aleksandar Mihajlovic (2), Lenka Gahurova (1), Alexander W Bruce (1) 
(1) Department of Molecular Biology and Genetics, University of South Bohemia, České Budějovice, Czech Republic, (2) Centre de recherche du CHUM, 
Montreal, Quebec, Canada

In the preimplantation mouse embryo, trophectoderm (TE) specification is essential for developmental progression and establishment 
of subsequent lineages. Combined, apical-basolateral polarity acquisition and positional cues mediate blastomeric progression of 
the TE. Whilst these processes certainly reinforce each other to provide the appropriate conditions for TE maturation, the extent 
and mechanics of this functional interaction remain poorly understood. Here we report, clonal knock-down (KD) of Tead4 expression 
increases contribution of manipulated progeny to the ICM without effecting the extent of blastomere polarisation. Such cells abscise, 
rather than dismantle, the apical domain; thus, functionally uncoupling polarity and outer-cell position, prior to internalisation. 
Accordingly, we have generated mRNA-seq datasets from both non-manipulated and Tead4-KD outer cell clones. A number of 
potential regulators of this apical abscission phenotype have been identified and are currently under investigation. Together, these 
studies are uncovering the endogenous molecular mechanisms that homeostatically integrate both intra-cellular polarity and 
appropriate blastomere positioning, in a manner responsible for the derivation of the TE lineage.
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THE ROLES OF IRX3 AND IRX5 IN COCHLEAR EPITHELIAL CELL FATE SPECIFICATION
Bernice Leung (1), Yuchen Liu (1), Tianli Qin (1), Karl So (1), Chi Chung Hui (2), Mai Har Sham (1) 
(1) School of Biomedical Sciences, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Pokfulam, Hong Kong SAR, China, (2) Program in 
Developmental and Stem Cell Biology, The Hospital for Sick Children, Toronto, Canada

The Iroquois (Irx) genes are homeodomain transcription factors that play various roles in embryonic development. Of the six Irx 
genes, Irx3 and Irx5 appear to cooperate for normal development in various systems. Irx genes are shown to be widely expressed 
in the chick inner ear. Mutations in Irx5 has also been shown to be linked to craniofacial defects and sensorineural hearing loss in 
human patients, but their functions in the development of mammalian cochlear epithelium remain unknown. To explore the roles of 
Irx3/5 in cochlear epithelium development, phenotypical analysis of mouse mutants of Irx3LacZ/+, Irx5EGFP/+, and Irx3/5-/- and 
conditional double knockouts using Emx2Cre were performed. Irx3 and Irx5 are generally coexpressed within the early developing 
cochlear epithelium before slightly segregating as the cochlea further develops. The double knockout (DKO) shows an enlarged 
cochlear duct that varies greatly from those of the single mutants and control. Furthermore, we utilized Sox2, Myo7a, Bmp4, Otx2, 
CD44, Cxn26, and Kcnq1 to characterize the ventral sensory and dorsal nonsensory cell types of the cochlear epithelium in detail. 
The ventral cochlear epithelium cell composition of the DKO was altered as both the greater epithelial ridge and lesser epithelial 
ridge were lost and the Organ of Corti was expanded. These results suggest that both Irx3 and Irx5 are required for correct cell fate 
specification within the ventral cochlear epithelium.
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HEARING LOSS-CAUSING GENES, EYA1, TBX1 AND FGF10 DURING MURINE AURICLE DEVELOPMENT
Juan Manuel Fons Romero, Abigail Tucker
Centre for Craniofacial and Regenerative Biology, King’s College London, United Kingdom

There are several human syndromes characterized by hearing loss with mutations affecting the development of the three ear 
components, leading to malformation of the hearing apparatus. Microtia is a common feature and encompasses auricle defects 
with variable severity. Examples of syndromes associated with microtia and hearing loss include Branchio-oto-renal syndrome 
(BOR), 22q11.2 deletion syndrome, and lacrimo-auricular-dento-digital (LADD) syndrome. We aim to uncover the genetic interactions 
between the main genes associated with these syndromes such as Eya1, Tbx1 and FGF10 during auricle development. Mice with 
a Eya1 mutation display microtia, similar to that in BOR patients. Tbx1 mutant mice show a more severe microtia, resembling that 
observed in 22q11.2 deletion syndrome. We found that Eya1 is expressed in the mesodermally-derived auricle muscle, downstream of 
Tbx1. Loss of function of either gene led to a lack of cartilage differentiation due to a downregulation of Sox9 in the ectomesenchyme. 
Eya1 and Tbx1 are needed for auricle muscle differentiation, as shown by the downregulation of MyoD. However, Sox9 deletion does 
not interfere with the initial stages of auricle development. FGF10 mutant mice display a mild microtia, characteristic of patients 
with LADD syndrome. We observed that FGF10 is not needed for auricle induction but for auricle morphogenesis, as seen by Sox9 
expression and proliferation pattern. FGF10 mutant auricles are arrested in development at embryonic day 14.5. We propose a model 
in which Tbx1/Eya1 positive mesodermal muscle instructs the ectomesenchyme to induce auricle development and to differentiate 
into elastic cartilage by upregulation of Sox9.
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BUCKY BALL PROTEIN INTERACTION WITH RNA DURING ZEBRAFISH GERMLINE DEVELOPMENT
Hazem Khalifa (1), Pritesh Krishnakumar (2), Roshan Perera (1), Orr Shomroni (3), Gabriela Salinas (3), Roland Dosch (1) 
(1) Human Genetics, (2) Developmental Biochemistry, (3) Transcriptome and Genome Analysis Laboratory. Universitätsmedizin Göttingen, Germany

Multicellular organisms develop unique cells termed germ cells for their reproduction. The specification of germ cells during 
embryogenesis depends on the assembly of a germ cell specific RNP granule, also known as germ plasm. Germ plasm acts as 
a cytoplasmic determinant for the germ cells. Our lab previously discovered the Bucky ball protein (Buc) in zebrafish. Loss of Buc 
disrupts germ plasm assembly in the oocyte. Vice versa, its overexpression induces the formation of ectopic germ cells, which 
identifies Buc as the first germ plasm organizer in vertebrates. However, the molecular mechanism of germ cell specification by Buc 
remains widely ambiguous. The Drosophila protein Oskar (Osk) has equivalent organizer activities, but it has no sequence similarity 
with Buc. Fascinatingly, when we injected Osk into zebrafish embryos, it induced the formation of additional germ cells. This result 
indicates similar biochemical activities of both proteins during germ cell specification. Here, we show that Buc binds to the known 
Osk interactors Vasa protein and nanos mRNA. Our results identify Buc as a novel RNA-binding protein. Furthermore, I am working on 
characterizing the molecular mechanism of these interactions between Buc and germ plasm RNAs. I isolated novel mRNAs regulated 
by Buc, suggesting their role during germline development.
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SEARCHING FOR GENES REQUIRED IN DROSOPHILA RING GLAND DEVELOPMENT
Mar Garcia Ferres, James C-G Hombria
Centro Andaluz de Biologia del Desarrollo, Sevilla, Spain

The ring gland is the major endocrine organ of the fly, formed by the fusion of three independent glands: the corpora allata, the 
prothoracic glands and the corpora cardiaca. The primordium of each gland is specified independently during embryogenesis in three 
different cephalic positions, from where they migrate posteriorly to converge at the anterior tip of the aorta, located dorsally in the 
first abdominal segment. During this process, both the corpora allata and the prothoracic gland primordia experience an epithelial 
to mesenchymal transition induced by the activation of snail. The genetic network downstream of this event is yet unknown, as 
well as the factors controlling the directed migration of these cells to their final position. To identify genes involved in ring gland 
development, we are using a deficiency screening approach. As a complementary method, we are also implementing the Translating 
Ribosome Affinity Purification technique to identify the translatome of the endocrine primordia. We identify phenotypes at different 
levels, affecting primordium viability, migration, and assembly or positioning, indicating that through these approaches we can 
identify a variety of factors involved in multiple morphogenetic processes. Here we present preliminary data on some of the genes 
we have identified so far, which encode RhoGEF, transmembrane proteoglycans and transcription factor proteins.
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UNVEILING GLIAL PROGENITORS DURING HINDBRAIN MORPHOGENESIS
Carla Belmonte-Mateos, Cristina Pujades, PhD
DCEXS, Universitat Pompeu Fabra, Barcelona, Spain

Our group is mainly interested in how cell diversity arises and how the balance of proliferation vs. differentiation is regulated 
during brain morphogenesis. My project in particular aims to decipher when progenitor cells commit to the glial fate and how this is 
regulated during embryonic development.

Radial glial cells (RGC) are neurogenic progenitors. Despite these stem cell features, RGC are an heterogeneous cell population since 
during early developmental stages they display differentiated glial-like characteristics as well. However, what orchestrates this 
heterogenicity remains unknown, as well as the functional relevance of specifying different RGC populations at early development. 
My project aims to tackle these questions using the zebrafish hindbrain which is the most posterior brain vesicle and one of the most 
conserved structures in vertebrates.The hindbrain is transiently segmented along the anteroposterior axis in seven morphological 
segments called rhombomeres. Each rhombomere constitutes a developmental unit of gene expression and a cell lineage compartment. 

Neurogenesis is initiated by proneural genes, which expression is spatiotemporally restricted to territories known as hindbrain 
boundary flanking regions. However, little is known about how gliogenesis takes place and how these different capacities are 
allocated. Our gene expression results suggest that indeed neurogenic and gliogeneic capacities are segregated within the hindbrain 
in time and space. We are currently performing functional experiments to: i) understand the gene hierarchy during gliogenesis; ii) 
study the putative role of Notch-pathway. Our results suggest that time and position of RGC may impact on the fate and function of 
their derivatives.
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SCRIBBLE AND αCATENIN COOPERATIVELY REGULATE CELL PROLIFERATION IN THE DROSOPHILA WING 
IMAGINAL DISC
Yunxian Huang
University of Helsinki, Institute of Biotechnology, Helsinki, Finland

Control of cell proliferation is crucial for tissue development as well as tissue homeostasis. During epithelial morphogenesis 
establishing apical-basal polarity and growth control appear to be tightly coupled. In fact compromising cell polarity determinants 
often leads to loss of growth control. Scribble (Scrib), a polarity determinant and also known as a tumor suppressor, is one of 
such molecules. Although molecular mechanisms underlying Scrib regulates cell polarity are relatively well established, how Scrib 
regulates tissue growth largely remains unclear. Here, by using Drosophila wing imaginal disc as a model, we address how Scrib 
regulates cell growth. Our data reveal that PDZ domain of Scrib is crucial for growth control while LRR domain of Scrib sufficiently 
maintains apical-basal polarity. Strikingly, interaction between Scrib PDZ domain and αCatenin (αCat) in septate junctions (SJs), the 
functional ortholog of vertebrate tight junctions (TJs), appears to be crucial for cell growth control. We showed that LRR domain of 
Scrib-αCat chimera sufficiently restores growth control in scrib mutants, suggesting that Scrib-αCat complex is a key component for 
regulation of proliferation. We also found that similar mechanisms between Scrib and αCat are utilized in mammalian cells. Taken 
together, our studies demonstrate that formation of Scrib-αCat complex in SJs in Drosophila wing or in TJs in mammalian cells plays 
a significant role in cell proliferation in epithelia. We also suspect that this may be a key mechanism behind contact inhibition of cell 
proliferation.
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EXPLORING THE RHOMBOMERIC BOUNDARY CELL POPULATION STEMNESS PROPERTIES
Carolyn Engel-Pizcueta, Covadonga F. Hevia, Cristina Pujades
Department of Experimental and Health Sciences, Universitat Pompeu Fabra (UPF), Barcelona, Spain

The hindbrain is the most posterior embryonic brain vesicle and it is subdivided into a series of seven segments called rhombomeres. 
The rhombomeric Boundary Cell Population (rBCP) is generated at the interface between rhombomeres. During the early wave of 
neurogenesis in the hindbrain, the rBCP is non-neurogenic, lacking the expression of proneural and neuronal differentiation genes. 
Also, the rBCP displays a specific pattern of gene expression, including the enriched expression of the Enhancer of Split gene, 
her9, an ortholog of Hes1. This gene has a role in the maintenance of neural progenitor cells and it can be regulated by other 
signaling pathways independently of Notch pathway. Thus, our interest is to understand the mechanism regulating the acquisition 
and maintenance of the stemness properties of the rBCP, focusing on the role of her9 and Notch activity. In order to answer it, we 
combined genetic approaches with high-resolution in vivo imaging in zebrafish. Our results show that the rBCP does not display 
Notch activity at early stages of development, coinciding with the enrichment of her9 expression in the rBCP. At later stages, the 
rBCP starts expressing Notch receptors and ligands, and responding to Notch activity. This Notch activity switch is detected by 
the expression of her4, a classical Notch target, and the Notch activity reporter line. As a consequence, derivatives from the rBCP 
undergo neurogenesis. Altogether, our results indicate the potential role of her9 in maintaining the progenitor capacity of the rBCP 
at early stages before the Notch activity switch.
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MOLECULAR FUNCTIONS OF PRI SMORF PEPTIDES DURING DROSOPHILA LEG DEVELOPMENT
Damien Markus, François Payre, Jennifer Zanet
Centre de Biologie du Développement, Centre de Biologie Intégrative, Université de Toulouse, CNRS, bat 4R3, Toulouse, France

The recent discovery of small coding open reading frames (smORF) in genomes, which can represent hundreds of microproteins, or 
smORFs peptides, questions the biological importance of this new family. In Drosophila, Pri smORF peptides are essential for the 
development and morphogenesis of different tissues, such as the epidermis and appendages. The gene has a dynamic and a tissue-
specific expression during the development and shows a plethora of activities. The molecular mode of action of Pri peptides has been 
elucidated so far during epidermal differentiation. The Pri peptides recognize and fix to the E3 ubiquitin ligase named Ubr3 which 
then partially degrades the transcription factor Svb, then switching it from a transcriptional repressor to an activator which induce 
the expression of its target genes implicated in epidermal differentiation. Even though Pri peptides have also roles in the Drosophila 
leg development, their molecular mode of action and their targets remain to be deciphered. Therefore we are investigating the role 
of the complex Pri/Svb/Ubr3 in the transcriptional regulation of leg segmentation and morphogenesis to determine if this trinity is 
re-used to fulfill Pri peptides molecular functions in appendage development.

P A - 5 0 

INTERPLAY BETWEEN MESENDODERM CELL FATE SPECIFICATION AND INTERNALIZATION DURING 
ZEBRAFISH GASTRULATION
Diana Pinheiro, Carl-Philipp Heisenberg
IST Austria, Klosterneuburg, Austria

Embryonic development entails both correct differentiation of cells into given lineages and their proper positioning along the 
body axes. In the early zebrafish gastrula, germ layer specification is concurrent to internalization movements that reposition the 
future mesendoderm progenitors underneath the prospective ectoderm. Nodal signaling plays a conserved role in regulating both 
processes, raising the possibility that cell differentiation and tissue shaping may be intrinsically coupled. Yet, the existence, nature 
and spatiotemporal scale of the mutual feedback between these processes are still poorly understood. To address this fundamental 
question, we combined heterochronic and homochronic cell transplantation assays with high resolution live imaging. We found that 
the autonomous internalization capacity of marginal mesendoderm cells decays during gastrulation. This implies that commitment 
to a mesendodermal fate does not generally enable cells to internalize, and suggests that the time of mesendoderm specification 
determines the cell-autonomous ability of cells to undergo internalization. Consistent with this, we found that ‘leader’ cells, which 
are specified first and can undergo cell-autonomous internalization, guide internalization of ‘follower’ cells, which are specified late 
and are unable to internalize on their own. Overall, our findings suggest that mesendoderm cells exhibit a window of competence for 
autonomous internalization, raising key questions as to the molecular mechanisms regulating this competence.
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CELL CYCLE AND CELL FATE DECISION: ROLE OF THE CDC25B G2/M REGULATOR IN MAMMALIAN 
CORTICOGENESIS
Mélanie Roussat, Christophe Audouard, François Medevielle, Fabienne Pituello, Sophie Bel-Vialar
Centre de Biologie du Développement - Centre de Biologie Intégrative, CNRS UMR 5547, Université Paul Sabatier UT3, TOULOUSE, France, 
Metropolitan

Building a functional central nervous system involves tight regulation of the rate of proliferation of neural stem/progenitor cells 
and of differentiation into neurons. In the developing neocortex, different progenitor populations located apically or basally, lead to 
the production of different types of neurons and, a change in this progenitor ratio can compromise brain adult function and lead to 
cortical malformations such as microcephaly. Increasing evidences put cell cycle regulators at major regulators of this process. Our 
work focuses on the CDC25B phosphatase, a G2/M transition positive regulator that is specifically expressed in apical progenitors 
(aRGs). We recently showed that in the developing spinal cord, CDC25B promotes neuronal production and part of this function is 
independent of G2/M regulation (Bonnet et al., 2018). Conditional inactivation of CDC25B in cortical neural progenitors lengthens 
G2-phase while decreasing G1-phase without affecting total cell cycle length of aRGs. It also causes a change in the ratio of basal 
progenitors, the number of aRGs being unaffected. CDC25B gain of function by in utero electroporation leads to the opposite 
phenotype. We are now elucidating the causal link between G1/G2 length modification and the basal progenitor production defect 
in our mutant. Our results shed light to G2/M regulators as fine regulators of corticogenesis.

P A - 5 2 

GENE EDITING OF PRRX1A CONFIRMS THE HEART PHENOTYPE OF MORPHOLINO-MEDIATED KNOCK 
DOWN IN ZEBRAFISH
Noemi Castroviejo Jiménez, Luciano Rago, Oscar H. Ocaña, Joan Galcerán, M. Ángela Nieto
Neurobiology Unit, Instituto de Neurociencias (CSIC-UMH), Sant Joan d’Alacant, Spain

Gene loss-of-function (LOF) studies are fundamental to address their relevance in a particular biological process. Abundant 
approaches exist to perform LOF depending on the type of experiment and organism being used. Morpholino oligonucleotides-
mediated knockdown (MO) technologies have been widely used over 20 years to address the function of developmental genes in 
vertebrates. New gene editing technologies including the CRISPR/Cas9 system have now become the gold standard to test gene 
function.

We have previously shown that a Prrx1a-dependent L/R asymmetric EMT induces differential L/R forces leading to the leftward 
displacement of the posterior pole of the heart, driving its normal left-handed position. This analysis was performed by MO-mediated 
knockdown and as previously published prrx1a mutant alleles in zebrafish do not present defects in heart laterality, we decided to 
check whether G0 CRISPR-generated prrx1a mutants were able to recapitulate the heart phenotypes of prrx1a morphants. 

We found that both MO-mediated knock down and CRISPR-mediated gene editing of prrx1a results in an efficient Prrx1a protein loss, 
while the previously published mutant alleles are likely not null. Consistent with this, prrx1a crispant embryos confirm the mesocardia 
phenotype previously found in the morphants as well as the observed reduction in atrial size. However, morphants show early 
defects in heart development including defects in spaw expression leading to heart jogging randomization, which is not observed in 
the crispants. These data indicate that the early phenotypes are prrx1a-independent, that heart laterality is instructed after jogging 
and confirm the role of Prrx1a in the process.
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THE SONIC HEDGEHOG RECEPTORSOME IN NEUROEPITHELIAL PATTERNING AND FOREBRAIN 
SPECIFICATION
Maike Marczenke (1), Annabel Christ (1), Benjamin L. Allen (2), Thomas E. Willnow (1) 
(1) Max-Delbrueck Center for Molecular Medicine, Berlin, Germany, (2) Department of Cell and Developmental Biology, University of Michigan, Ann 
Arbor, Michigan, USA

Sonic hedgehog (SHH) governs central patterning processes along the dorso-ventral axis of the emerging mammalian forebrain. 
Secreted by the prechordal plate (PrCP), SHH targets neuroepithelial cells of the overlying forebrain organizer, the rostral 
diencephalon ventral midline (RDVM), to establish the ventral midline identity of the future forebrain. Besides the canonical SHH 
receptor patched 1 (PTCH1) several additional cell surface proteins have been identified as being essential for SHH signaling in the 
neuroepithelium. Jointly, they are referred to as the SHH receptorsome and include the receptors LRP2, CDON, BOC and GAS1. Using 
mouse models with single or combined receptor deficiencies as well as iPSC-derived neural progenitor cells (NPCs), we elucidate 
the interaction of SHH co-receptors during forebrain specification. Mice deficient for Lrp2 or Gas1 show distinct craniofacial and 
forebrain malformations reminiscent of partial Shh deficiency, but phenotypes severely aggravate in knockout mice lacking both 
receptors. In the embryo, Lrp2 deficiency delays SHH signal reception and mislocalizes SHH expression from the immediate midline 
to more lateral regions of the RDVM. By contrast, SHH expression in the RDVM of Gas1 mutants is induced normally but lost with 
further development. Finally, SHH transcript and protein are completely absent in the RDVM of mice with dual receptor deficiencies. 
In cultured NPCs, loss of LRP2 impairs SHH binding and uptake whereas GAS1 deficiency prevents induction of SHH target genes. 
Taken together, our data show that LRP2 and GAS1 perform distinct but complementary functions in SHH reception, stability, and 
signal transduction in vivo and cultured NPCs.
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SCO-SPONDIN, A MATRICELLULAR NEUROGENIC PROTEIN IN THE EMBRYONIC CEREBROSPINAL FLUID
Teresa Caprile (1), Carlos Farkas (1), Angel Gato (2), America Vera (1), Francisco Lamus (2), Hernan Montecinos (1) 
(1) Departamento de Biologia Celular, Universidad de Concepción, Chile, (2) Departamento de Anatomía y Radiología, Universidad de Valladolid, 
España

The central nervous system (CNS) develops from the neural tube, a hollow structure filled with embryonic cerebrospinal fluid (eCSF) 
and surrounded by the neuroepithelium, that will generate all the cells of the adult CNS. Several evidences suggest that eCSF 
contains diffusible factors that regulate the survival, proliferation and neurogenesis of neuroepithelial cells, although these factors 
are only beginning to be uncovered. One candidate as eCSF morphogenic molecule is SCO-spondin, a giant modular protein of more 
than 5000 amino acids, harboring many typical matricellular protein domains. 

The matricellular proteins act in different cell contexts as interlocutors between extracellular matrix and cells, interconnecting 
different molecules of the extracellular space with cell surface receptors, and modulating their response. These proteins are 
composed of several domains, each one harboring the capacity to bind different soluble factors and receptors. 

Experiments performed in our laboratory showed that SCO-spondin is crucial for proper brain development, since its inhibition in 
vivo leads to a decrease in neurodifferentiation at expenses of an increase in neuroepithelial proliferation. In the present work we 
show evidences suggesting that in order to perform these roles, SCO-spondin binds different eCSF factors and interact with several 
cellular receptor, acting as matricellular protein.

The concept that SCO-sp acts as matricellular protein in the eCSF is an innovative idea that shed some light on the interrelation 
between the different morphogens, the generation of gradients in the eCSF and the fine tuning that requires the formation of the 
CNS.
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VOLTAGE-GATED POTASSIUM CHANNEL KCNG4B FUNCTIONS IN ZEBRAFISH EAR DEVELOPMENT
Eugene Gasanov (1), Justyna Jedrychowska (2), Vladimir Korzh (1) 
(1) Laboratory of Neurodegeneration, International Institute of Molecular and Cell Biology in Warsaw, Warsaw, Poland, (2) Postgratuade School of 
Molecular Medicine, Medical University of Warsaw, Poland 

Voltage-gated potassium channels (Kv-s) are the key regulators of polarization of plasma membrane and transduction of neuroelectrical 
impulse that regulates cell activity and excitability. Dysfunction of Kv-s has been linked to hereditary disease, including epileptic 
encephalopathy, they are highly expressed in the ear of vertebrates and play a key role in the hearing and vestibular reception. Kv-s 
consist of four alpha-subunits which could be encoded by different genes. The combination of Kv alpha-subunits differs for different 
cell types, allowing to modulate channel activity and localization, and adjust to cell demands. Hence, the Kv genes display tissue- and 
time-specific expression during development, meanwhile the exact cell function and molecular mechanisms of action of Kv subunits 
and encoding genes remain largely unknown.

Previously the pivotal role of Kv6.4 and Kv2.1, encoded in zebrafish (Danio rerio) by kcng4b and kncb1 genes, respectively, was shown 
for development of brain ventricular system (Shen et al., 2016, Development). kncg4b is expressed only in developing embryo, but 
not in adult fish. Its transcripts have been detected in cells lining the brain ventricular system, ear, and eye. Using CRISPR-Cas9-
mediated mutagenesis we generated two mutants of kcng4b with different sites of intervention causing a shift of the open reading 
frame and leading, first, to truncation of the polypeptide and, second, its prolongation. While both mutants feature defects in the 
development of the ear and brain ventricular system, their phenotypes are different. Current analysis of kcng4b mutants aims to 
reveal the molecular mechanism involving the role of Kv-s in ear development.
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HOW PHYSICAL INTERACTIONS REGULATE UNDIFFERENTIATED STATE OF SUTURE CELLS
Diana Alves Afonso, Argyro Lamprou, Jacqueline Tabler
MPI-CBG, Dresden, Germany

Growth, homeostasis and repair are supported by tissue-specific progenitor and stem cell populations in many tissues, however, 
how progenitor pools resist differentiation is poorly understood. Sutures ar fibrous joints that connect the flat bones of the skull and 
serve as a progenitor pool required for continued osteoblast production during infancy and repair. While end-point genetic studies 
implicate complex signaling networks in maintaining the suture as a progenitor pool, the role of the physical microenvironment, 
such as extracellular matrix (ECM), in promoting or preventing differentiation has not been explored. Here, we transiently disrupt 
the physical arrangement of the suture mesenchyme through dissociation and assess suture fate in reconstituted aggregates. 
We find that, prior to maturation of the suture, progenitors are competent to differentiate into osteoblasts and that the physical 
microenvironment of the suture is essential to maintain these cells in a progenitor state. Our data are the first to implicate a role of 
physical interactions in the regulation of sutures.
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MICROTUBULES AND MOTOR PROTEINS SUPPORT ZEBRAFISH NEURONAL MIGRATION BY DIRECTING 
CARGO
Ulrike Theisen (1), Alexander Ernst (2), Ronja Heyne (3), Tobias Ring (4), Reinhard W. Köster (1) 
(1) Zoological Institute, TU Braunschweig, Braunschweig, Germany, (2) Institute of Anatomy, University of Bern, Switzerland, (3) Danish Stem Cell 
Center, University of Copenhagen, Denmark, (4) Institute for Vibroacoustics, TU Braunschweig, Germany

Neuronal migration during development is prerequisite to the formation of an ordered and functional brain. Postmitotic neurons rely 
on microtubules to move, but the mechanism how they act in motility is less well understood. Previous studies have implicated MTs 
in generating forces to pull the nucleus forward, but recent data have suggested other ways of how microtubules support migration. 
Using tegmental hindbrain nuclei neurons in zebrafish embryos together with subcellular imaging of centrosome and microtubule 
markers, optogenetics and optopharmacology, we show that, in vivo, the centrosome and nuclear positions are not closely linked. 
Although this makes an involvement in force generation for nucleokinesis unlikely, microtubules and their motors are required for 
efficient motility in our model. Quantitative intracellular traffic analysis confirms that the motors transport Cadherin-2 intracellularly, 
which is a known key regulator of neuronal migration. Our data lead us to propose that microtubules act as cargo carriers to control 
the spatio-temporal protein arrays which is necessary for the different parts of the cell to successfully coordinate their actions to 
move forward. This adds an important aspect to how microtubules support neuronal migration in vivo.
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RECONSTRUCTING ENTERIC NERVOUS SYSTEM LINEAGES AT SINGLE-CELL RESOLUTION
Reena Lasrado, Anna Laddach, Jens Kleinjung, Vassilis Pachnis
Development and Homeostasis of the nervous system, Francis Crick Institute, London, United Kingdom

The Enteric Nervous System (ENS) is essential for digestive function and gut homeostasis. Progenitors derived from the neural crest 
contribute to the generation of enteric neuronal and glial lineages. Despite a cellular understanding of ENS developmental biology, 
molecular mechanisms that underlie the transition of individual progenitors to pertinent neuronal/glial lineages and their contribution 
to reproducible organized activity remain obscure. Using single-cell transcriptomics, recent research from our lab has revealed the 
emergence of the neuronal and glial lineages from bipotential ENS progenitors studied at mid-gestation (E12.5) in mouse embryos. 
To understand ENS progenitor dynamics, spatio-temporal cell state progressions into specific lineages and the specification of 
these lineages into their relevant subtypes, we performed single-cell transcriptomics on FACsorted individual Sox10-labelled cells 
at different stages of ENS development (E12.5, E16.5, P0, P25) that encompass early critical periods of ENS histogenesis. Our 
analyses reveal the clear emergence of the neurogenic lineage at each time point (E12.5, E16.5, and P0). Of particular interest is the 
transcriptomic shift between early progenitors (E12.5) and late progenitors (E16.5, P0). Additionally, the gliogenic profile observed 
at early stages of gliogenesis (E16.5, P0) appears to mature around weaning (P25). Our data reconstructs the lineage landscapes 
along the developmental timeline of ENS progenitors and disentangles gene regulatory networks that contribute to the spatial and 
functional features of the ENS.
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EPH SIGNALING CONTROLS MITOTIC SPINDLE ORIENTATION AND CELL PROLIFERATION IN 
NEUROEPITHELIAL CELLS
Maribel Franco, Ana Carmena
Developmental Neurobiology, Instituto de Neurociencias/CSIC-UMH, San Juan d’Alacant, Alicante, Spain

A tight regulation of mitotic spindle orientation is crucial during development and adult tissue homeostasis. It determines cell fate 
specification and tissue architecture in the context of asymmetric and symmetric cell division, respectively. Two major mechanisms, 
autonomous and non-autonomous, have been implicated in positioning the spindle during cell division. However, while the intrinsic 
factors that control spindle orientation have been extensively studied over the past decades, our knowledge about the extrinsic 
signals that modulate this process is much more limited. Here, we uncover a novel function of the Ephrin-Eph intercellular signaling 
in controlling mitotic spindle alignment in Drosophila optic lobe neuroepithelial cells, through aPKC activity-dependent myosin II 
regulation. Core components of the mitotic spindle orientation machinery mislocalize in dividing Eph neuroepithelial cells and show 
spindle alignment defects in these cells when they are downregulated. Additionally, Eph loss leads to a Rho signaling-dependent 
activation of the PI3K/Akt1 pathway and a consequent increase of cell proliferation within this neuroepithelium. Hence, Eph 
signaling is a novel extrinsic mechanism that regulates both spindle orientation and cell proliferation in the Drosophila optic lobe 
neuroepithelium. Similar mechanisms could operate in other Drosophila and vertebrate epithelia.

P A - 61 

INVESTIGATING THE IMPORTANCE OF MITOTIC BOOKMARKING BY RBPJ/NOTCH SIGNALING IN 
VERTEBRATE NEUROGENESIS
Abeer Heskol, Vera Teixeira, Diogo S. Castro
Instituto Gulbenkian de Ciência, Lisbon, Portugal

Maintenance of cell identity must face the challenges that occur during mitosis, when DNA becomes highly condensed, nuclear 
transcription is arrested and most of transcriptional machinery disengages from chromatin. The ability of some transcription factors 
(TFs) to associate with mitotic chromosomes suggests a role in propagating cell identity across cell divisions (mitotic bookmarking), 
by promoting a quick reactivation of target genes upon mitotic exit. While many suggested bookmarking TFs are involved in defining 
cell identity in interphase (e.g. FoxA1, GATA1), progress investigating their bookmarking function has been hampered by the difficulty 
in inactivating TFs specifically during mitosis. Furthermore, the dynamics of TF binding to mitotic chromatin is still poorly understood.

The Notch pathway is a major regulator of neural stem cell maintenance and identity. Strikingly, its downstream effector RBPJ was 
shown to interact with chromatin throughout mitosis. Here we propose to investigate a possible mitotic bookmarking function of 
RBPJ/Notch in neural stem/progenitor cells. Live-imaging of cells expressing tagged versions of RBPJ and its cofactors is being 
used to study the dynamics of interaction with condensed chromosomes, while genome-wide mapping of RBPJ binding to mitotic 
chromatin is being performed using ChIP-seq in synchronized cultures of neural stem cells. To knock-down the expression of RBPJ 
protein specifically during mitosis, we are using the Auxin-inducible degron system in mitotic synchronized NS cells. We will evaluate 
how RBPJ binding impacts on accessibility and architecture of mitotic chromatin, and how this may correlate with the kinetics of 
transcriptional reactivation.
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SOXD TRANSCRIPTION FACTORS PROMOTE ACTIVATION OF QUIESCENT NEURAL STEM CELLS IN THE 
ADULT HIPPOCAMPUS
Aixa Morales (1), Cristina Medina (1), Sara Muñoz (1), María Ciorraga (1), Carmen Córdoba (1), Lingling Li (1), Elena Calleja (1), 
Silvia Nicolis (2), Véronique Lefebvre (3), Helena Mira (4) 
(1) Departamento de Neurobiología Molecular, Celular y del Desarrollo, Instituto Cajal, Madrid, Spain, (2) University of Milano-Bicocca, Milano, Italy, 
(3) Cleveland Clinic Lerner Research Institute, Cleveland, Ohio, USA, (4) Instituto de Biomedicina de Valencia, (CSIC), Spain

Adult neurogenesis constitutes a strategy to generate plasticity in the mature central nervous system. In the adult subgranular zone 
(SGZ) of the hippocampus, neural stem cells (NSCs) generate new granule cells via a well characterized cell lineage that includes 
a succession of intermediate progenitor cells (IPCs). The majority of NSCs in the SGZ niche are in a reversible state of quiescence, 
a situation that protects the cells. However, little is known, of how the transition from quiescence to an active mitotic state is 
regulated.

Genes of the Sox family of transcription factors are essential during neurogenesis. In the developing spinal cord, Sox5 controls cell 
cycle exit of neural progenitors and dorsal interneurons specification. We have characterized that both SoxD genes (Sox5 and Sox6) 
are expressed in the majority of NSCs and in IPCs in the SGZ of adult mouse hippocampus and that Sox5 levels are increased in the 
activated proliferating NSCs.

Using inducible conditional mutant mice to specifically delete Sox5 and Sox6 expression in the adult neurogenic niches, we have 
determined that both factors are required for radial glial-like NSCs proliferation/activation and for the generation of new neurons 
in the adult SGZ. Moreover, we have determined that proneural gene Ascl1 is severly downregulated in NSCs of the SGZ in Sox5 
or Sox6 adult mutant hippocampus. In summary, SoxD genes are required in NSCs for the transition from the quiescence to the 
activated mitotic state, an step essential to promote neurogenesis in a tightly regulated manner throughout adulthood.
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LINEAGE SPECIFIC REQUIREMENT FOR RNA AND DNA UNWINDING DURING LYMPHATIC ENDOTHELIAL 
CELL PROLIFERATION
Katarzyna Koltowska (1), Kazuhide Okuda (2), Maria Rondon Galeano (2), Scott Paterson (2), Anne Karine Lagendijk (2), Huijun 
Chen (2), Gregory Baillie (2), Ignaty Leshchiner (3), Wolfram Goessling (3), Kelly Smith (2), Cas Simons (2), Stefan Schulte-
Merker (4), Benjamin Hogan (2) 
(1) Immunology, Genetics and Pathology, IGP, Uppsala University, Uppsala, Sweden, (2) Institute for Molecular Bioscience, The University of 
Queensland, Brisbane QLD, Australia, (3) Brigham and Women’s Hospital, Harvard Stem Cell Institute, Boston Massachusetts, USA, (4) Institute of 
Cardiovascular Organogenesis and Regeneration, WWU Münster, Germany

Developing tissues undergo timely regulated cell divisions in order to form proportional organs. Cell division requires DNA and RNA 
synthesis, processes dependent on general cellular machinery. Yet, during development cell proliferation is highly regulated resulting 
in differently sized tissues. To date little is known about how these general factors guide these processes in a tissue specific manner. 
Here we uncovered a new role for an RNA helicase and Topoisomerase during lymphatic development.

In a forward genetic screen to identify novel factors required for lymphangiogenesis, the dead-box helicase 21 (ddx21) and 
topoisomerase 3a (top3a) have been identified, due to a loss of the thoracic duct. Phenotypic analysis of the lymphatic network using 
lymphatic transgenic marker strains, revealed decreased numbers of lymphatic progenitors. The lymphatic phenotypes resulted from 
underlying defects in cell cycle progression of endothelial cells. Interestingly, rescue experiments for ddx21 or top3a mutants with 
p53 knockdown completely restored lymphangiogenesis. Suggesting that cell cycle phenotypes induce p53-mediated cell death or 
senescence. As vegfc/vegfr3 are the key growth factors regulating lymphatic endothelial cell proliferation, we examined if ddx21 or 
top3a act in vegfc/vegfr3 dependent manner. We found that upon ectopic overexpression of Vegfc, the cell proliferation is indeed 
dependent on ddx21 or top3a identifying them as necessary downstream components of this signalling pathway.

These mutants offer unique insights into how an expansion of a new vasculature from a limited pool of progenitors is regulated. This 
study will further expand our knowledge how general factors involved in basic cell machinery act in tissue specific manner.
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THE FIRST EMT IN THE MOUSE EMBRYO DEVELOPMENT TAKES PLACE AT THE BLASTOCYST STAGE
Katarzyna Filimonow (1), Katarzyna Michniak (1), Anna Piliszek (1), Berenika Plusa (2) 
(1) Department of Experimental Biology, Institute of Genetics and Animal Breeding, Jastrzebiec, Poland, (2) Division of Developmental Biology & 
Medicine

Epithelial-mesenchymal transition (EMT) is a multi-step cell-remodelling process that takes place during gastrulation, organogenesis 
and numerous pathological processes, such as cancer metastasis. During EMT, polarised epithelial cells lose their epithelial 
properties and acquire the migratory capabilities typical of mesenchymal cells. Our data support the hypothesis that an EMT process 
does indeed occur in the peri-implantation stage mouse embryo. Primitive endoderm (PrE) is a cell lineage in the mammalian embryo, 
which at the blastocyst stage forms layer of polarised cells at the surface of the epiblast. We found that during PrE-to-PE (parietal 
endoderm) transition PrE cells lose their epithelial properties before they migrate. In PrE of peri-implantation mouse embryo (E4.5) 
we observe epithelial-to-mesenchymal transition (EMT) hallmarks: downregulation of E-cadherin, presence of Vimentin and nuclear 
localisation of Twist.
This work was funded by National Science Centre (2018/02/X/NZ3/01086).
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THE ASYMMETRIC MIGRATORY BEHAVIORS OF A NOVEL MESENDODERMAL CELL POPULATION NEAR 
THE ZEBRAFISH LEFT-RIGHT ORGANIZER
Catarina Bota (1), Moisés Mallo (2), Gabriel Martins (2), Susana S. Lopes (1) 
(1) CEDOC, Chronic Diseases Research Center, Nova Medical School, Lisboa, Portugal, (2) Instituto Gulbenkian de Ciência

Correct establishment of left-right (LR) patterning during vertebrate development is fundamental for internal organ position. In 
most vertebrates, symmetry breaking occurs in a structure called the LR organizer (LRO). In zebrafish, the LRO is called Kupffer’s 
Vesicle (KV) where dand5, the first asymmetric gene, is expressed in a flow-dependent manner. Asymmetry is consolidated with the 
expression of nodal/spaw only on the left Lateral Plate Mesoderm. This left-sided spaw expression results from the earlier Dand5-
Spaw inhibition near the KV.

We identified a novel group of migratory mesendodermal cells expressing sox17 in the vicinity of the KV. Using Tg(sox17:GFP) reporter 
line for live-imaging we observed that these cells migrate further on the left side of the KV towards the anterior. These migratory 
behaviours start during tail extension. Complemented with fixed samples, we also observed left-sided asymmetries regarding the 
number of cells and migrated distance. We hypothesize that these asymmetries are induced by the asymmetric signals from the KV 
since Spaw is known to affect cell migratory speed. Being adjacent to the KV these cells are more exposed to Spaw on the left-side, 
since Spaw is inhibited by Dand5 on the right-side. Our preliminary shows that these asymmetries are disrupted when manipulating 
pkd2 or dand5 expression. 

We are currently trying to observe the behaviour of these cells in the absence of the KV. Additionally, we are trying to assess the 
fate of this population of migratory mesendodermal cells.
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INTRA-ORGAN COMMUNICATION WITHIN THE DEVELOPING ZEBRAFISH HEART INVOLVES MECHANICAL 
COUPLING OF MYOCARDIUM AND ENDOCARDIUM
Dorothee Bornhorst (1), Peng Xia (2), Hiroyuki Nakajima (3), Chaitanya Dingare (4), Wiebke Herzog (5), Virginie Lecaudey (4), 
Naoki Mochizuki (3), Carl-Philipp Heisenberg (2), Deborah Yelon (6), Salim Abdelilah-Seyfried (7) 
(1) Institute of Molecular Biology, Hannover Medical School, Germany, (2) Institute of Science and Technology Austria, Am Campus 1, 3400 
Klosterneuburg, Austria, (3) Department of Cell Biology, National Cerebral and Cardiovascular Center Research Institute, 5-7-1 Fujishiro-dai, Suita, 
Osaka 565-8565, Japan, (4) Institute of Cell Biology and Neuroscience, Department of Developmental Biology of Vertebrates, Goethe Universität 
Frankfurt am Main, Germany, (5) Max Planck Institute for Molecular Biomedicine, Münster, Germany, (6) Division of Biological Sciences, University of 
California, San Diego, La Jolla, USA, (7) Institute of Biochemistry and Biology, Potsdam University, D-14476, Germany

Over the course of development, intra-organ communication guides morphogenetic processes that are essential for an organ to 
carry out complex physiological functions. In the heart, the growth of the myocardium is tightly coupled to that of the endocardium, 
a specialized endothelial tissue that lines the interior of the heart. Yet, it is unknown which modes of communication coordinate 
the growth of the endocardium with that of the myocardium. In zebrafish, during cardiac ballooning, endocardial chambers grow 
by proliferation with neither accretion of cells from external sources, nor from cellular intermingling over the chamber boundary. 
In contrast, the myocardium grows mostly through an accretion of cells to the chamber poles and due to cell size increases. In 
this study, we show that mechanical coupling is one means of communication between the two tissues and coordinates cardiac 
chamber growth of endocardium and myocardium. We used two different genetic conditions that cause an exaggerated expansion of 
myocardial atrial chamber dimensions. Comparing these two extreme conditions to wild type revealed that an increased expansion of 
myocardial atrial chamber dimensions is compensated by increased endocardial proliferation. We find that an increased expansion of 
the atrial chamber volume generates higher junctional forces within endocardial cell junctions. This leads to biomechanical signaling 
involving the endothelial-specific adherens junction protein Cadherin-5 (VE-cadherin), triggering nuclear localization of Yap1 and 
endocardial proliferation. Our work suggests that the growth of the endocardium is a result of cardiac chamber volume expansion 
and ends when the tension on the tissue is relaxed.
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A SPECIFIC PBX1 ISOFORM HAS A DUAL FUNCTION INDUCING DOPAMINERGIC SPECIFICATION AND 
REPRESSING ALTERNATIVE FATES
Isabel Roger (1), Laura Remesal (1), Laura Chirivella (1), Miren Maicas (1), Rebeca Brocal (1), Carme Cucarella (2), Marta Casado 
(2), Nuria Flames (1) 
(1) Developmental Neurobiology unit, (2) Unit of experimental metabolic pathology, Instituto de Biomedicina de Valencia, Valencia, Spain

Neurotransmitters and neurotransmitter biosynthesis pathways are phylogenetically conserved among all metazoans, however, it is 
unclear whether the genetic mechanisms controlling the coordinated expression of these sets of enzymes are also conserved. We 
previously identified three transcription factors (TFs) that act as a TF collective to directly activate transcription of dopaminergic 
(DA) biosynthetic pathway genes in C. elegans. Mouse orthologs for two of these TFs (Er81 and Dlx2) are also required for the 
specification of the olfactory bulb (OB) DA neurons. 

Here we show that the mouse ortholog of the third component of the C. elegans DA TF collective, the Pbx1 TF, is also required for OB 
DA terminal specification. Loss of Pbx1 in postmitotic cells of the DA lineage leads to expression defects in the rate limiting enzyme 
Tyrosine Hydroxylase (TH). Mutant cells lacking Pbx1 expression remain in the OB and de-repress genes of alternative interneuron 
cell fates such as Calretinin. 

Pbx1 codes for two main isoforms that share the DNA binding domain but differ in the Carboxy terminus. Interestingly, Pbx1 isoform 
expression is tightly regulated in the OB DA lineage. SVZ progenitors exclusively express Pbx1b, while migrating neuroblasts express 
both Pbx1a and Pbx1b isoforms and DA neurons express only Pbx1a. We find that Pbx1a but not Pbx1b is able to rescue TH expression 
defects in Pbx1 mutants. Our results indicate that the genetic program controlling DA terminal fate is deeply conserved from worms 
to mammals and assign isoform specific functions to Pbx1a in the OB DA terminal specification.
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A SPECIFIC ISOFORM OF PYD/ZO-1 MEDIATES A JUNCTIONAL REMODELLING REQUIRED FOR THE 
FORMATION AND STABILITY OF DROSOPHILA NEPHROCYTE DIAPHRAGM
Marta Carrasco-Rando, Joaquim Culi, Mar Ruiz-Gómez
Departamento de Desarrollo y Regeneración, Centro de Biología Molecular Severo Ochoa (CSIC-UAM), Madrid, Spain

The slit diaphragm (SD), is a specialized cell junction that function as a molecular sieve responsible for blood ultrafiltration in the 
vertebrate kidney. This multiprotein structure is a key target of injury in kidney diseases associated with proteinuria. Thus, it is 
accepted that the breakdown of the filtration barrier, characteristic of these nephrotic syndromes, is mainly due to podocytes 
morphological changes leading to foot process regression and loss of SDs that are replaced by occludens junctions. The SD is highly 
conserved and recent studies by our group and others validated the use of Drosophila as a powerful model to study the development, 
maintenance and repair of this specialised structure.

We used Drosophila nephrocytes to investigate the functional role of the SD component Polychaetoid (Pyd), the orthologue of 
vertebrate ZO-1. We showed that pyd mutants lack SDs and that instead, the main SD components Duf and Sns accumulate at 
ectopic septate-like junctions that appear between abnormally agglutinated nephrocytes. By temporally manipulating Pyd expression 
we find that junctional remodelling in nephrocytes is a reversible process that requires the coiled-coil domain of a specific Pyd 
isoform (Pyd-P). Furthermore, our findings let us to suggest that this process implies Pyd-P association to Duf at cell junctions and 
the formation of non-clathrin vesicles containing SD components. These vesicles traffic to the nephrocyte membrane exposed to 
haemolymph by a mechanism most probably involving acto-myosin motors, where they deliver they cargoes promoting SD assembly.
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ANALYSIS OF NON-PHOSPHORYLATABLE VARIANTS OF DUMBFOUNDED, A MAIN COMPONENT OF 
DROSOPHILA NEPHROCYTES SLIT DIAPHRAGMS
Vicente Castillo-Mancho, Joaquim Culi, Mar Ruiz-Gómez
Departamento de Desarrollo y Regeneración, Centro de Biología Molecular Severo Ochoa (CBMSO) (CSIC-UAM), Madrid, Spain

The podocyte slit diaphragm (SD) is a specialized junction required for blood filtration that sustains damage in nephrotic kidney 
diseases. A homologous structure is also found in Drosophila nephrocytes. The SD main components are two transmembrane 
proteins of the Immunoglobulin family, Dumbfounded (Duf) and Stick-and-Stones. Our group recently showed that SD stability is 
regulated by Duf phosphorylation by the Src kinase Src64B, whose constitutive activation induces Duf hyper-phosphorylation and 
diaphragm damage. We also showed that Duf-phosphorylation is both necessary for SD maintenance and for its recovery after 
damage. Duf contains eleven tyrosine residues (Tyr) in its intracellular domain that can potentially be phosphorylated. To gain 
insight into the specific roles played by each of them and to identify specific Duf phospho-isoforms that might be characteristic of 
the early stages of kidney disease, we made use of stocks carrying single mutations in five residues with high probability of being 
phosphorylated (Tyr-Ala 638, 704, 724, 810 and 814). We first examined the ability of these non-phosphorylatable variants to support 
SD formation in the absence of endogenous wild type Duf. All mutant Duf proteins were able to induce the formation of SDs, but 
they did so to different extents. We then analyzed whether the non-phosphorylatable variants could provide resistance to damage 
caused by Src64B hyperactivation. Interestingly, Duf-Y724A showed increased stability after Src64B activation, suggesting that this 
residue could be key to regulate Duf degradation and/or recycling. Experiments aimed to identify all Duf phosphorylated residues in 
vivo by MS analysis will also be presented.
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THE ROLE OF PRDM14 DURING EPIGENETIC REPROGRAMMING IN MOUSE PRIMORDIAL GERM CELLS
Mercedes Barrero (1), Anna Mallol (1), María Guirola (1), Maki Iehara (2), Hiroshi Ohta (2), Masashi Yamaji (2), Kazuki Kurimoto 
(2), Mitinori Saitou (2), Bernhard Payer (1) 
(1) Gene Regulation, Stem Cells and Cancer, Centre for Genomic Regulation (CRG), Barcelona, Spain, (2) Department of Anatomy and Cell Biology, 
Graduate School of Medicine, Kyoto University, Kyoto, Japan

During mouse embryo development, primordial germ cells (PGCs) are specified in the proximal epiblast and later migrate through 
the hindgut to reach the future gonads. Along this process, PGCs undergo genome-wide epigenetic reprogramming, which includes 
the global upregulation of the repressive H3K27me3 mark on autosomes. Additionally, in females X chromosome reactivation (XCR) 
occurs and H3K27me3 is erased from the inactive X chromosome. Previous studies have shown that PR-domain containing protein 14 
(PRDM14) is critical for mouse germ cell specification and development, as the absence of PRDM14 leads to PGC death and impaired 
global epigenetic reprogramming in female embryos (Yamaji et al. Nat Genet 2008). Our laboratory has found that H3K27me3 global 
levels in PGCs are PRDM14 dosage dependent, and that PRDM14 is important for the removal of H3K27me3 from the inactive X 
chromosome during PGC XCR (Mallol et al. Epigenetics Chromatin 2019). However, the phenotype observed could be both due to a 
defective PGC specification as well as due to a direct role of PRDM14 later during epigenetic reprogramming and XCR. To discriminate 
between those scenarios, we are now using a conditional Prdm14 knockout mouse model that allows the deletion of Prdm14 at 
specific timepoints during PGC development. By using this newly developed tool, we want to study the specific role of PRDM14 in 
late PGC development. Our results will reveal if normally specified PGCs lacking PRDM14 can survive and contribute to the progeny 
and what is the mechanism by which PRDM14 controls XCR and global epigenetic reprogramming in PGCs.

P A -71 

BIOINFORMATIC AND FUNCTIONAL ANALYSES OF MUSCLE CELL DIVERSIFICATION IN DROSOPHILA 
MELANOGASTER
Preethi Poovathumkadavil, Benjamin Bertin, Krzysztof Jagla
Diversification of muscle and heart cells in normal and pathological conditions, GReD, Clermont-Ferrand, France

Various processes involved in muscle development are conserved between the fruitfly, Drosophila melanogaster, and humans. The 
somatic or body wall muscles of the Drosophila embryo are analogous to vertebrate skeletal muscles. Muscular dystrophies like 
Myotonic Dystrophy in humans affect only specific muscle subsets. Drosophila somatic muscles present a simpler model to study 
muscle development since they consist of a single muscle fiber unlike vertebrates having multiple muscle fibers. 

This project aims to unveil the genes and processes involved in conferring identity to specific embryonic somatic muscle subsets 
in Drosophila. Each muscle’s specific morphology, attachment site and innervation defines its identity which is specified by identity 
transcription factors or iTFs, some known while others remain unknown, and their downstream realisator genes. We generated 
high throughput TRAP data to capture mRNA under translation followed by microarray hybridization for 2 specific muscle subsets 
expressing specific iTFs. 

A bioinformatic analysis for differential expression between the muscle subsets has unveiled a potential role for the Chip/LDB/Ssdp 
complex in the Lateral Transverse (LT) muscles. Since Ap is a known interactor for this complex and a known LT iTF we hypothesize 
the complex could play a role in LT muscles. Other TFs like HLF54F and D are upregulated in LT muscles. Many genes expressed in 
muscles with unknown function and genes implicated in muscle development are differentially expressed in the 2 populations.

Functional validation of these and other candidates is in progress to reveal iTF specificities and the realisators responsible for the 
identity of these muscle subsets.
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ISURE-CRE IS A GENETIC TOOL TO RELIABLY INDUCE AND REPORT CRE-DEPENDENT GENETIC 
MODIFICATIONS
Macarena Fernández-Chacón, Verónica Casquero-García, Wen Luo, Federica Francesca Lunella, Susana Ferreira Rocha, Sergio 
Del Olmo-Cabrera, Rui Benedito
Molecular Genetics of Angiogenesis, Spanish National Center for Cardiovascular Research, Madrid, Spain

Most biomedical research aimed at understanding gene function uses the Cre-Lox system, which consists of the Cre recombinase-
dependent deletion of genes containing LoxP sites. This system enables conditional genetic modifications because the expression 
and activity of the recombinase Cre/CreERT2 can be regulated in space by tissue-specific promoters and in time by the ligand 
tamoxifen. Since the precise Cre-Lox recombination event is invisible, methods were developed to report Cre activity and are widely 
used. However, numerous studies have shown that expression of a given Cre activity reporter cannot be assumed to indicate deletion 
of other LoxP-flanked genes of interest. Here, we report the generation of an inducible dual reporter-Cre mouse allele, iSuRe-Cre. 
By significantly increasing Cre activity in reporter-expressing cells, iSuRe-Cre provides certainty that these cells have completely 
recombined floxed alleles. This genetic tool increases the ease, efficiency, and reliability of conditional mutagenesis and gene 
function analysis.
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A TOOLBOX FOR RECOMBINASE-DEPENDENT MOSAIC CELLULAR BARCODING AND COMBINATORIAL 
GENE KNOCKOUT ANALYSIS
Irene García González, Verónica Casquero, Luo Wen, Macarena Fernandez-Chacón, Federica Lunella, Rui Benedito
Molecular Genetics of Angiogenesis, CNIC (Centro Nacional de Investigaciones Cardiovasculares), Madrid, Spain

For gene function to be understood, cells harboring genetic modifications need to be analysed and compared with non-mutant or 
control cells. In the biomedical field, often this comparative analysis is carried out with cells extracted from independent animals 
and tissues. Since all cells of a given animal are subjected to stochastic epigenetic and genetic changes throughout their lifetime, 
the phenotypic comparison of cells present in distinct animals often does not give accurate information about the real gene function, 
particularly if the genetic modification impacts the development and biology of the tissue over time.

Here we present a set of new research tools that enable the mosaic induction and clonal tracking of multiple independently labelled 
control and gene knockout cells. The differentially labelled cells can be profiled in situ by direct multispectral imaging or ex situ by 
scRNAseq or targeted qRT-PCR. Since with these new genetic tools control and mutant cells are reliably induced and barcoded in the 
same temporal window, imaging field or genetic background, they enable us to understand with much higher accuracy how individual 
genes or genetic mutations affect the biology of single cells, during tissue development, regeneration or disease.
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MECHANICS OF MESODERM MIGRATION IN THE EMBRYONIC AND EXTRA-EMBRYONIC PORTIONS OF 
THE MOUSE EMBRYO
Wallis Nahaboo (1), Bechara Saykali (1), Marie Versaevel (2), Sylvain Gabriele (2), Isabelle Migeotte (1) 
(1) iribhm, Ulb, Bruxelles, Belgium, (2) Umons, Mons, Belgium

In human, early pregnancy loss after implantation is common. This particular window of development is hard to study, and little is 
known about the cause of early miscarriages, in particular, the impact of defects in establishing the maternofoetal interface. After 
gastrulation, Extra-Embryonic (ExE) mesoderm cells give rise to organs responsible for communication between mother and embryo, 
while Embryonic (E) mesoderm cells form vital organs such as heart and muscles. For ethical issues, it is not possible to study human 
embryo after gastrulation. The mouse embryo is a good model. Previous study in the lab showed that E and ExE mesoderm cells have 
distinct migration phenotypes (Saykali et al., 2019). E and ExE mesoderm transcriptomes highlighted specific guidance, cytoskeleton, 
adhesion, and extracellular matrix signatures. In particular, intermediate filaments, including Keratin 8, are highly expressed in 
ExE mesoderm. In contrast, live imaging for F-actin showed abundance of actin filaments in E, but not ExE mesoderm, all of which 
suggest separate cytoskeleton regulation. We will use our expertise in mouse embryo development and live imaging, as well as 
in cytoskeleton dynamics, to gain insight into the mechanisms explaining the difference of behavior of E and ExE mesoderm cells 
despite their common origin. We will focus on the impact of the environment on mesoderm cells by combining ex vivo and in vitro 
approaches in order to decipher the requirements for adequate development of the placental structures and early circulatory system.
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VAL66MET POLYMORPHISM INFLUENCE ON BDNF ISOFORMS’ ACTION IN ZEBRAFISH LATERAL LINE 
DEVELOPMENT
Eugene Gasanov (1), Gilmara de Assis (2), Vladimir Korzh (1) 
(1) International Institute of Molecular and Cell Biology in Warsaw, (2) Applied Physiology, Mossakowski Medical Research Centre of Polish Academy 
of Science, Warsaw, Poland

Brain-derived neurotrophic factor (BDNF) is a key neurotrophic factor of vertebrate’s development maximally conserved among 
neurotrophins both in structure and expression pattern. Synthesized by cells as a pre-pro-factor, BDNF undergoes a sequential set 
of proteolytic cleavage and modifications to form a mature molecule. Additionally, the activity of pro-BDNF and the pro-domain of 
BDNF which is another product of pro-BDNF cleavage along with mature factor, have been reported in the past decades. Several 
studies have elucidated the importance of the BDNF pro-domain for the neurotrophin maturation. According to this the Val66Met 
coding polymorphism that corresponds to changes in human BDNF pro-domain looks intriguing, especially due to its absence in 
any other vertebrate species. While there is an increasing number of associative studies targeting the possible role of the BDNF 
polymorphism with a vary of specific neurological diseases, our new data have confirmed a difference between the Val66 and Met66 
alleles’ expression. From another hand, any loss-of-function approaches on BDNF lead always to embryonic death with severe 
neural system pathology. So that, in order to analyze the individual effect of the BDNF isoforms regarding the Val66Met substitution 
on zebrafish development we performed the gain-of-function experiments. Zebrafish lateral line system sharing developmental 
mechanisms, partially BDNF signaling, with human ear was analyzed on the background of different BDNF isoforms’ overexpression 
using zebrafish fluorescent transgenics.
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ARTERIAL DIFFERENTIATION IS TIGHTLY DEPENDENT ON CELL-CYCLE CESSATION
Wen Luo, Irene Garcia-Gonzalez, Macarena Fernandez-Chacon, Samuel Pontes-Quero, Nestor Alvarez, Rui Benedito
Genética Molecular de la Angiogénesis, Centro Nacional de Investigaciones Cardiovasculares Carlos III, Madrid, Spain

Arteries are thought to be formed by the induction of a highly conserved arterial genetic program in developing capillary networks 
that experience an increase in pulsatile and oxygenated blood flow. This program is defined by a set of genes that are highly 
expressed in arteries, but not in veins or capillaries. Both VEGF and Notch have been shown to be required for the initial steps of 
arterial specification. Here we have used a combination of inducible genetic mosaics and transcriptomics to modulate and understand 
the function of these signalling pathways on the regulation of cell cycle and arterial-venous differentiation. We have observed that 
artery development can fail in the absence of defects in the arterial genetic program. Importantly, endothelial cells completely 
lacking Notch signalling, a master regulator of arterial differentiation, can differentiate and form normal arteries when the cell-cycle 
and metabolic activity is supressed. These results suggest that arterial formation does not require the induction of a hard-wired 
arterial transcriptional program, but rather the timely cessation of the endothelial cell cycle.
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ORIGIN AND FUNCTION OF NON-APICAL MITOSIS IN EPITHELIAL-MESENCHYMAL TRANSITION DURING 
MOUSE GASTRULATION
Evangeline Despin-Guitard, Navrita Mathiah, Migeotte Isabelle
Institut de Recherche Interdisciplinaire en Biologie Humaine et moléculaire, Brussels, Belgium

Epithelial to Mesenchymal Transition (EMT) is a process that allows an epithelial cell to gain migratory capacities through acquisition 
of a mesenchymal phenotype. Gastrulation is an essential developmental process that gives rise to the three germs layers necessary 
for morphogenesis. In amniotes, gastrulation takes place in the primitive streak, a transient organizer where epiblast cells undergo 
an EMT to become mesoderm or endoderm. 

The aim of this project is to provide a better understanding of processes involved in mouse embryo gastrulation EMT, through the 
study of mechanisms underlying epithelial destabilization. Preliminary data suggested a role for mitotic rounding in cell delamination 
at the primitive streak. Indeed, cells undergoing EMT have a mitotic index 4 times higher than the rest of the epiblast, and 20% of 
divisions occur on the basal side in the primitive streak region, as opposed to the apical localization of mitosis classically observed 
in pseudostratified epithelia such as the epiblast. The working hypothesis is therefore that non-apical mitosis is a pre-EMT feature 
that facilitates cell delamination. By combining genetic and molecular tools with state-of-the-art microscopy, we investigate the 
implication of mechanical changes associated with cell rounding and mitosis in EMT onset and progression during mouse gastrulation. 
Based on our preliminary data and findings in other species, we will focus on polarity, cytoskeleton, and cell cycle determinants.
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STEM CELL BEHAVIOUR IN POST-EMBRYONIC NEUROMAST FORMATION
Karen Groß, Ali Seleit, Lázaro Centanin
Centre for Organismal Studies, Heidelberg University, Heidelberg, Germany

Fish grow throughout their entire life and they handle this challenge by increasing either organ size or number. Adult stem cells are 
fundamental for the process of homeostatic growth, which includes the formation of new organs during post-embryonic stages. In 
this study, we use neuromasts of the fish lateral line system to explore how stem cells in collaboration with their microenvironment 
mediate post-embryonic organogenesis. Our lab has identified neuromast stem and niche cells, which constitute two independent 
lineages. The superficial location of neuromasts allows us to follow cell behavior during embryonic and post-embryonic organogenesis 
dynamically, combining a clonal genetic approach with fluorescent transgenic lines and 4D imaging.

Previous work of the lab using lineage tracing and ablation experiments has shown that a single founder neuromast generates a 
cluster of neuromast organs on the caudal fin during post-embryonic development, called caudal neuromast cluster (CNC). In this 
study we are starting to elucidate the cellular mechanisms of post-embryonic neuromast formation in vivo. We show that new organs 
are formed by neuromast stem cells that undergo gene expression changes and escape the founder neuromast in a stereotypic 
manner. This process exhibits characteristics of epithelial to mesenchymal (EMT) and mesenchymal to epithelial transition (MET). 
Furthermore, preliminary results point towards a possible role of blood vessels in the decision when and where to form a new organ.

Taken together, our findings might contribute to understand how adult stem cells and their microenvironment control post-embryonic 
organogenesis.

P A -7 9 

YAP/WWTR1-TEAD ACTIVITY DURING PROEPICARDIAL CLUSTER FORMATION
Laia Ortiz-Lopez (1), Marina Peralta (2), Elena Remacha (2), Nadia Mercader (3), Florian Fahrbach (1), Julien Vermot (2) 
(1) Leica Microsystems GmbH, Am Friedensplatz 3, 68165 Mannheim, Germany, (2) Institut de Génétique et de Biologie Moléculaire et Cellulaire, 
67404 Illkirch, France, (3) Institute of Anatomy, University of Bern, 3000 Bern 9, Switzerland

The epicardium is the mesothelial cell layer that covers the myocardium. In zebrafish, the epicardial cell progenitors arise from the 
pericardium, forming the proepicardial (PE) cluster at around 48hpf (Peralta et al., 2013). There are major changes in cell shape during 
PE development: pericardial cells are flat and they round up to protude forming the PE cluster (Andrés-Delgado et al., 2019). Yap/
Wwtr1 plays an important role during epicardium development (Singh et al., 2016). Yet its impact during the process of PE cluster 
formation remains elusive, in particular when focusing on cellular dynamics of the process. To address this question, we characterize 
Yap/Wwtr1-Tead activation during PE formation at cellular resolution using zebrafish as a model organism. 

The optical properties of the zebrafish allow us to follow PE cluster formation in vivo. Using 4xGTIIC:d2GFP (Miesfeld and Link, 2014), 
a Yap/Wwtr1-Tead reporter line, we show that Yap/Wwtr1-Tead is activated in pericardial cells (flat) that will give rise to the PE 
cluster. Moreover, PE cells (rounded) show higher GFP level than pericardial cells. In order to understand why some pericardial cells 
have higher Yap/Wwtr1-Tead activity during PE formation, we analysed 4xGTIIC:d2GFP pattern of activation. Additionally, we found 
that after treating the embryos with dexamethasone (a drug known to increase Yap1 nuclear translocation in cultured cells), PE cell 
number is increased. Our data suggests that Yap/Wwtr1-TEAD activity may have an important role during PE cluster formation in 
zebrafish.
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SPATIAL REGULATION OF PRONEURAL GENE EXPRESSION DURING HINDBRAIN DEVELOPMENT
Justina Yeung, Monica Tambalo, David Wilkinson
The Francis Crick Institute, London, United Kingdom

The spatial and temporal regulation of neurogenesis are required for generating diverse neuronal and glial cell types. Mechanisms 
that inhibit the neurogenic process are particularly important for maintaining progenitor cells for the specification of later-born 
neuronal subtypes and gliogenesis. During the development of the zebrafish hindbrain, the expression of proneural genes become 
spatially restricted to areas flanking the hindbrain boundaries. Previous studies have shown that Fgf20a-signalling from some early-
born neurons situated at the centre of each segment is required for inhibiting proneural gene expression in the progenitors at the 
segment centre. In addition, it was suggested that the positioning of the Fgf20a-expressing neurons (Fgf20a-neurons) is critical for 
the generation of the stereotypical proneural gene expression pattern. However, the mechanism by which the signalling regulates 
the patterning remains obscure. By using fluorescent in-situ hybridisation chain reaction (HCR), we analysed the spatial relationship 
between Fgf20a-neurons, the expression of etv5b - a direct transcriptional target of FGFR-signalling - and the expression of the 
proneural gene neurog1 in both wildtype and mutant embryos with mis-positioned Fgf20-neurons. Preliminary results from analysing 
the pattern in 3D and mosaic ectopic expression of Fgf20a in Fgf20a-/- suggest that Fgf20a is acting as a short-range signal to 
define the non-neurogenic progenitor population instead of through signal gradient formation as previously hypothesised. However, 
the expression pattern in the mutants suggests a non-linear relationship between the response to the Fgf20a-signalling and the 
proneural gene expression. Ectopic overexpression of Fgf20a is being performed to further interrogate the patterning system.

P A - 81 

GGA-CLOCKOME: AN OMICS APPROACH TO UNDERSTANDING THE TEMPORAL CONTROL OF THE 
EMBRYO MOLECULAR CLOCK
Isabel Duarte, Gil Carraco, Raquel P. Andrade
CBMR - Centre for Biomedical Research, Universidade do Algarve, Faro, Portugal

BACKGROUND: An Embryo Molecular Clock (EC), evidenced by cycles of gene expression in the presomitic-mesoderm (PSM), 
underlies the temporal control of somite formation. An EC has also been described in other tissues, like the limb-bud, with different 
periodicity. Several mathematical models have been proposed to explain EC oscillations, all of which depend on a decay term. Since 
micro-RNAs can regulate mRNA stability, hence modulating its decay, we propose that miRNAS can be the molecular regulators of 
the different EC periods observed for the same organism.

METHODS: We performed miRNA-sequencing of 3 chick embryo tissues: limb-bud, undeterminedPSM, and determinedPSM. 
These data were analysed using CHIMIRA, MIRNOVO and R/Bioconductor. The target genes were annotated using TargetScan. 
Additionally, we conducted a meta-analysis of chick embryo transcriptomics data using 45 microarrays from datasets published in 
GEO and ArrayExpress.

RESULTS: We identified 927 known chicken miRNAs and found over 120 high-confidence novel miRNAs. Differential expression 
analysis showed 191 miRNAs potentially targeting 3996 distinct genes. Gene Ontology analysis of the target genes revealed 
biological processes related to primary metabolism, cell differentiation and adhesion, apoptosis, and general developmental 
processes, targeting signalling pathways related to Laminin, Integrin, NODAL, WNT, TGFβ, and GnRHR. Three candidate miRNAs 
were selected and are currently being functionally characterized.

CONCLUSION: We identified critical pathways/bioprocesses differentially regulated in early embryo development. Selected miRNAs, 
potentially modulating the EC, are being functionally studied to elucidate the molecular regulation of the EC. Our dataset represents 
a valuable resource to prioritize candidate miRNA-gene pairs involved in vertebrate embryo development.

P A - 8 2 

PARTIAL ENDOTHELIAL-TO-MESENCHYMAL TRANSITION FOLLOWED BY PARTIAL MESENCHYMAL-TO-
ENDOTHELIAL TRANSITION DURING ZEBRAFISH HEART VALVE FORMATION
Renee Wei-Yan Chow (1), Hajime Fukui (1), Anne-Laure Duchemin (1), Hiroyuki Nakajima (2), Naoki Mochizuki (2), Julien Vermot (1) 
(1) Development and Stem Cells, Institut de Génétique et de Biologie Moléculaire et Cellulaire (IGBMC), Illkirch-Graffenstaden, France, (2) 
Department of Cell Biology, National Cerebral and Cardiovascular Center Research Institute, Suita, Japan

Mechanical forces caused by heartbeat and blood flow have been hypothesized to regulate epithelial-to-mesenchymal transition 
(EMT) during heart valve formation. However, testing this hypothesis has been hampered by limitations in live-imaging and heartbeat 
manipulations in mouse and chicken. The optical clarity and amenability to blood flow manipulations make the zebrafish embryo 
an excellent model to study the impact of hemodynamic forces on heart valve formation. However, unlike mouse and chicken 
heart valve formation, the role of EMT during zebrafish heart valve formation is currently unclear. Here, we use live imaging 
and immunohistochemistry to examine the extent to which EMT occurs and to test the possibility of a partial mesenchymal-to-
endothelial transition (MET) during later stages of valve leaflet formation. We show that endocardial cells that have migrated into 
the extracellular matrix form a structure with stereotypical cell morphologies that splits apart to form a two-cell thick leaflet. We 
alter hemodynamic forces after cell migration but before leaflet formation by adding drugs that modify heartrate to the water. We 
found that leaflet formation is inhibited when heartrate is reduced via an anesthetic (tricaine) but is unaffected when heartrate is 
increased via isoprenaline. Finally, we describe the sequence by which cells change cell polarity and rearrange cell-cell junctions as 
they enter the cardiac jelly and later become re-exposed to the heart’s lumen. Together, our results establish the cellular signature 
delimitating partial EMT and MET in vivo and set up a model for further studies on the role of hemodynamic forces in both processes.

P A - 8 3 

UNRAVELING MECHANISMS UNDERLYING MESODERM INDUCTION
Anna Drozd, Niels Menezes, Luca Mariani, Xiaogang Guo, Elisabetta Ferretti
Novo Nordisk Foundation Center for Stem Cell Biology (DanStem), University of Copenhagen, Copenhagen N, Denmark

One of the most important stages during development is gastrulation and results in the specification of three germ layers: ectoderm, 
endoderm and mesoderm. During gastrulation, pluripotent epiblast cells ingress to form primitive streak (PS) and emerge as specified 
mesoderm and endoderm progenitors. These processes are driven by gradients of signaling molecules such as FGF, Nodal, Wnt and 
BMP. How these signals translate into intracellular information leading to acquisition of specific fates is elusive. We are interested 
in dissecting the mechanisms of mesoderm induction, that precede the formation of organs and tissues such as blood, blood vessels, 
heart, kidneys, bones and muscles. As a model we are using cells derived from murine epiblast of post-implantation embryos - epiblast 
stem cells (EpiSCs), that we can differentiate towards specific mesodermal lineages. Importantly, EpiSCs are primed, which means 
that they are poised to respond to differentiation-inducing cues and they do so with distinct efficiency, that might depend on their 
molecular state. What are the TFs important for these processes? And what are the mechanisms that are involved? We hypothesize 
that preexisting information in the epiblast influences mesoderm fate decisions. Specifically, that TFs in the epiblast modulate the 
response to signaling cues. To address this hypothesis, we employed unbiased CRISPR screening and candidate approach to uncover 
TFs that prime EpiSCs and influence differentiation towards mesoderm. We believe that dissecting the mechanisms underlying 
mesoderm specification will allow us to meliorate the current protocols of mesoderm differentiation that in future could be used for 
stem cell-based therapies.
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PRRX1 CONTROLS ENDODERMAL ORGAN LATERALITY IN VERTEBRATES
Oscar H Ocaña, Hakan Coskun, Noemí Castroviejo, Joan Galcerán, Ángela Nieto
Developmental Neurobiology, Instituto de Neurociencias (CSIC-UMH), Sant Joan d’Alacant, Spain

The establishment of left-right asymmetries is crucial during embryonic development for the proper positioning and morphogenesis 
of internal organs. A transient L/R asymmetric expression of Prrx1 in the lateral plate mesoderm (LMP) leads to L/R asymmetric 
cell movements that displace the posterior pole of the heart to the left, promoting its normal position (1). We have now examined 
whether a similar mechanism in also involved in the lateralization of endodermal organs. 

We show here that prrx1a “crispant” zebrafish embryos present gut looping defects together with abnormal positioning of the liver 
and pancreas all remaining at their initial position in the midline. A prrx1a expression reporter line shows that LPM cells descendants 
from prrx1a+ cells have a L/R asymmetric pattern of migration. Cells from the right LPM move ventrally as previously described (2) 
and push the gut to left. In prrx1a crispants, this migratory pathway if defective, disturbing not only the displacement of the gut from 
the midline but also affecting the cellular organisation and morphological asymmetry of the LPM. We also show that this mechanism 
is conserved in chick embryo. Thus, we propose that, similarly to the situation in the heart, a differential L/R EMT regulates the 
epithelial and migratory properties of the LPM and drives endodermal organ laterality in vertebrates.
(1) Ocaña et al., 2017.
(2) Sivakumar et al., 2018.
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MAPK SIGNALING EFFECTS BRANCHING MORPHOGENESIS THROUGH CHANGES IN BIOMECHANICAL 
PROPERTIES OF URETERIC BUD TIP CELLS
Kristen Kurtzeborn, Anneliis Ihermann-Hella, Satu Kuure
Faculty of Medicine & STEMM, University of Helsinki & HiLIFE, Helsinki, Finland

Congenital anomalies of the kidney and urinary tract are common and their consequences life threatening. Lack of knowledge about 
the causes of these conditions hampers development of diagnostics and therapeutics. Small kidney size and reduced nephron number 
are typical of congenital anomalies, and we have discovered that this is also true in mice lacking mitogen-activated protein kinase 
(MAPK) signaling in the kidney during development. Our lab studies the cellular organization and function of the MAPK signaling 
pathway in ureteric bud epithelium (UB) and nephron progenitors (NPs), where the in vivo niche and basic cellular properties are not 
well described. We identified that MAPK signaling critically regulates growth and differentiation in these tissues of the developing 
kidney. Inductive interactions between the UBs and NPs trigger extensive intracellular signaling which mediates cellular responses 
and drives UB branching morphogenesis, nephrogenesis, and progenitor self-renewal. Our examination of ureteric bud branching 
demonstrated that MAPK is a key coordinator of cellular adhesion and cell cycle progression in epithelial cells. I aim to characterize 
MAPK activity’s biophysical consequences in the UB by studying how cell morphology and adhesive forces contribute to epithelial 
patterning, essentially influencing final nephron numbers. I also aim to identify key molecular mediators of MAPK functions in renal 
progenitors and examine their functions in kidney differentiation. This will produce missing knowledge about mechanisms directing 
renal differentiation, and my findings have the potential to facilitate the generation of novel interventions for renal diseases as well 
as stem cell-based therapies.
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SINGLE CELL RNA-SEQ AND CLONAL ANALYSIS APPROACHES UNCOVERED ENDOCARDIAL CELL 
HETEROGENEITY AT THE ORIGIN OF VALVULAR SPECIFIC CELL TYPES
Batoul Farhat (1), Pooya Zakeri (1), Bernd Jagla (2), Thomas Moore-Morris (1), Anais Baudot (1), Michel Puceat (1) 
(1) Physiopathology of cardiac development, INSERM U1251, Marseille, France, (2) Bioinformatics and Biostatistics Hub, C3BI, Institut Pasteur, Paris, 
France 

Congenital heart diseases including valve malformations affect 1% of live birth. A subset of endocardial cells of the atrioventricular 
canal (AVC) undergoes endothelial to mesenchymal transition (EndoMT) at embryonic day E9.0 in mice to give rise to mitral valvular 
cell types. The identity and fate of those cells remain unknown. The aim of this study was to identify and to characterize the 
cell fate potential of specific endocardial cells capable to undergo EndoMT. AVCs were dissected from E9.5 genetically labelled 
(Tie2crexRosa26Tdtomato) mouse embryonic hearts. Mitral valves were dissected from E16.5 and P0 mouse hearts. Single cell 
sequencing of tomato+ sorted cells was then performed using 10X Genomics technology. This approach uncovered a restricted 
population of pro-EndoMT endocardial cells and further distinct populations of valve progenitors giving rise to different cell types in 
E16.5 and P0 mitral valves. A few and unique EndoMT genes were validated by IF and functional tests.

Genetic labelling of endocardial cells was performed in CAGERT2CRE+/-; Brainbow+/- embryos with CRE induced with a low dose 
of tamoxifen at E8.5, prior to EndoMT. Cell clones were first analyzed in E16.5 hearts. Labelled hearts were screened following 
a statistical analysis of colored fragments. Hearts with cell clusters in valve leaflets and probabilistically derived from a single 
labelled endocardial cell were further considered in the analysis. We observed various behavior of clones. Together, our data reveal 
endocardial cell heterogeneity at the origin of EndoMT and different valvular cells types contributing in a clonal manner to maturing 
valve leaflets.

P A - 8 8 

VESICULAR SORTING FOR HEDGEHOG RECEPTION THROUGH MORPHOGENETIC SYNAPSIS
Ana Citlali Gradilla (1), Laura Gonzalez-Mendez (1), David Sanchez-Hernandez (1), Esperanza Gonzalez (2), Adrian Aguirre-
Tamaral (1), Carlos Jimenez-Jimenez (1), German Andres (1), Gustavo Aguilar (1), Sara Colomo (1), Juan Manuel Falcon (2), 
Isabel Guerrero (1) 
(1) Depto. de Regeneración y Desarrollo, Centro de Biologia Molecular Severo Ochoa (CSIC-UAM), Madrid, Spain, (2) CIC Biogune, Derio, Spain

The Hedgehog (Hh) morphogen has a central role in the development of a wide range of organisms; implicated in tissue patterning, 
cell migration, axon guidance, as well as adult stem cell maintenance and cancer. We have previously shown that Hh can signal 
at a distance to be received by the trans-membrane receptor Patched (Ptc), through filopodia-like structures (called cytonemes) 
where Hh and Ptc co-localize at discrete contact sites. These contact sites reveal a distinctive annular structure (resembling a 
synaptic-bouton) found during Hh signal transmission. In addition, both cytoneme establishment and their associated signalling-
contact sites present a basolateral polarization in Drosophila epithelia. Now we have found that cytoneme mediated Hh reception 
requires a vesicular sorting mechanism for correct placement of the receptor Ptc, in a similar process to that needed for basolateral 
secretion and dispersion of Hh from producing cells. Snare proteins as described for other known synaptic-like processes mediate 
this polarized sorting. The process also involves Multi Vesicular Bodies (MVBs) formation regulated by the ESCRT complex, in a 
function different to that regulating Ptc lysosomal degradation. Finally, the membrane-spanning proteins Tetraspanins, might be 
involved in Ptc inclusion in extracellular-like vesicles, as we found that Ptc is present in purified exosomal fractions from Drosophila 
tissue culture cells; while Ptc co-localizes and interacts with the Drosophila Tsp96F, orthologous to the mammalian Tetraspanin CD9/
CD81, in the wing disc epithelia where over-expression of an HA-tagged form can block normal Hh reception.
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C59 IS POWERFUL TOOL TO STIMULATE CHONDROCYTE DIFFERENTIATION
Marcela Buchtova, Michael Killinger
Laboratory of Molecular Morphogenesis, Institute of Animal Physiology and Genetics, Brno, Czech Republic

Porcupine (PORC) is a membrane-bound endoplasmatic reticulum protein belonging to membrane bound O-acyl transferase 
superfamily. This molecule is necessary for the attachment of long chain fatty acids to WNT proteins. PORCN is expressed in the 
most tissues of the body and animals with loss of function in PORCN exhibits embryonal lethality at early developmental stages. 
Recently, inhibitor C59 has become commercially available and has been successfully used to inhibit WNT pathway in several cancer 
lines. C59 negatively affect WNT signalling by inhibition of WNT palmitoylation, which is necessary to acetylate WNT ligand before 
its secretion and binding to carrier protein. Here, we analysed possible effect of this inhibitor on skeletogenesis with focus on 
endochondral bone formation. 

C59 treatment of mesenchymal condensations enhanced their growth and also increased the number of cartilage nodules in primary 
micromass cultures established from the early limb bud. The effect was enhanced with increasing concentration of inhibitor. This 
enhancing trend was also confirmed by increased PNA expression visualizing early mesenchymal condensations. The amount 
of extracellular matrix produced by differentiated chondrocytes was also enhanced in cultures and gene expression of several 
chondrogenic markers was increased. Moreover, in vitro cultures of embryonic tibias treated by C59 displayed a massive increase of 
cartilaginous mass especially enlargement of the hypertrophic cartilage zone. 

In conclusion, C59 is powerful PORCN inhibitor stimulating chondrocyte differentiation However, direct effect of C59 on the signalling 
during chondrogenesis has to be determined in future.
This study was supported by the MEYS CR (CZ.02.1.01/0.0/0.0/15_003/0000460).
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CELL LINEAGE DEPENDENT CHIRAL FLOWS AT THE ACTOMYOSIN CORTEX DRIVE CELLULAR 
REARRANGEMENT IN EARLY DEVELOPMENT
Lokesh Pimpale, Teije Middelkoop, Stephan Grill 
Biophysics, MPI-CBG / TU Dresden, Dresden, Germany

Cells need to be positioned correctly during embryogenesis for achieving important processes like body axis formation and organ 
development. The mechanisms by which cells reposition in the early developing embryo are still not completely understood. Recently, 
Naganathan et al. 2014, showed that the gradient of myosin in the actomyosin cortex generates chiral flows and these flows are 
important for breaking left-right symmetry in a developing C. elegans embryo. We here show that chiral flows arise in the cells of 
AB lineage only, and that the presence of these flows correlates with cellular repositioning in the developing worm embryo. Using 
reverse genetics approach and temperature sensitive mutants we demonstrate that cellular rearrangements in the AB lineage are 
driven by chiral actomyosin flows. Thus, we conclude that chiral actomyosin flows drive cellular rearrangement in early development.

P A - 91 

DIFFERENTIAL ACTIVATION OF A NOVEL NON-CANONICAL, β-CATENIN-DEPENDENT WNT PATHWAY 
CONTROLS AXON GUIDANCE DECISIONS AT THE MIDLINE
Cruz Morenilla-Palao, María Teresa López-Cáscales, José López-Atalaya, Diana Baeza, Angel Barco, Eloísa Herrera
Instituto de Neurociencias-UMH-CSIC, San Juan de Alicante, Spain

The Wnt pathway is an essential signaling cascade that regulates many developmental processes including cell proliferation, 
differentiation and migration as well as axon extension and pathfinding. However, it is still debated which of the two Wnt pathways 
⎯ the canonical pathway that involves β-catenin-dependent transcriptional activity or the non-canonical that is independent of 
β-catenin activity during axon guidance decisions. Here, we show that Wnt5a expressed at the optic chiasm midline enhances 
the growth of contralaterally-projecting axons independently of β-catenin-mediated transcription and therefore of the canonical 
pathway. However, we also observe that Wnt5a signaling promotes the accumulation of β-catenin in the growth cone and that 
interfering with this accumulation stalls the axon of the contralateral neurons at the chiasm indicating that midline crossing 
requires β-catenin. Strikingly, this positive response of contralateral axons to Wnt5a is switched off upon ectopic expression of the 
transcription factor Zic2, the main determinant of axon midline avoidance. Transcriptome and chromatin occupancy screens verified 
that Zic2 controls this Wnt5a-response switch. Our analyses retrieve a set of genes, Fzd8, Apc2, Diversin and Lgr5, that convert the 
axonal response to Wnt5a from positive to negative. Overall we show that axon steering at the midline requires the inhibition of the 
Wnt5a-positive signaling to prevent crossing, a signal concomitant with the activation of the Eph/ephrin-repulsive signaling. Our 
findings clarify outstanding questions concerning the implication of Wnt signaling pathways in axon pathfinding and contribute to a 
better understanding of the participation of these pathways in other developmental and oncogenic scenarios.
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DEREGULATION OF THE WNT AND TGF-β SIGNALING PATHWAYS UNDERLIES ZIC2-ASSOCIATED 
HOLOPROSENCEPHALY
Aida Giner de Gracia, Cruz Morenilla-Palao, María Teresa López-Cascales, Gerald Muça, Eloísa Herrera
Instituto de Neurociencias UMH-CSIC, San Juan de Alicante, Spain

The transcription factor Zic2 is one of the genes most commonly mutated in patients with holoprosencephaly (HPE), and in mice Zic2 
mutations recapitulate the HPE phenotype. It has been shown that Zic2 transcripts are expressed during early stages of development 
including gastrulation and neurulation, two processes that imply an epithelial to mesenchymal transition (EMT) step and involve both 
the Wnt and BMP/TGFβ pathways. Despite intense research trying to unveil Zic2 functions during these early stages of development, 
little is still known about the precise function or the molecular program controlled by this transcription factor. Here, we describe for 
the first time the spatiotemporal expression of Zic2 during mouse gastrulation and neurulation. This detailed characterization of Zic2 
expression in the early embryo reveals that it is not specific of a particular germ layer (ectoderm, mesoderm and endoderm) but it is 
transiently and dynamically detected in those layers undergoing EMT. Later, Zic2 is expressed in premigratory Neural Crest (NC) cells 
and it is then downregulated as soon as these cells leave the neural tube. Then, by performing Zic2 ChIP-seq and RNA-seq assays in 
E6.0-6.5 and E8.0-8.5 embryos we unveiled the Zic2-binding regions across the genome and define the set of genes regulated by Zic2 
during these stages that include many genes related to the Wnt and the BMP/TGFβ pathways. Functional experiments in mouse and 
chicken then demonstrate that Zic2 inhibits the Wnt canonical signalling pathway in NC cells and induces delamination.
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A STUDY ON ACTOMYOSIN INFLUENCING THE FORMATION OF SPATIAL ASYMMETRIES IN EARLY 
EMBRYONIC ORGANOIDS
Krisztina Arato, Vikas Trivedi
Tissue Biology and Disease Modelling, European Molecular Biology Laboratory Barcelona, Barcelona, Spain

Biomechanical properties of actomyosin are central to understanding the process of multicellular morphogenesis as they coordinate 
local cellular activities as well as global tissue movements during embryogenesis. During gastrulation, actomyosin-dependent cell-
cortex tension directs cell sorting and germ layer organization at cellular level. Driving forces are generated by myosin contractility, 
which can tense and deform a group of cells and is modulated by the geometry of the embryo. The tissue behaviour, in turn, is highly 
dependent on the material properties of actin, on how strongly components are connected and on the influence of neighbouring 
tissues. Emergence of a coordinate system within the developing embryo can thus be construed as a coordination of actomyosin 
activities within an embryo-specific geometrical arrangement of cells. 

We have recently shown that 3D cell aggregates from different species (mouse embryonic stem cells and zebrafish blastula cells) 
generate the major body axes even in the absence of any extra-embryonic information. In these embryonic organoids, cells undergo 
actomyosin mediated sorting and movements, still germ layer organization is accomplished. Using these organoids, as a minimal 
alternate system, we aim to understand early development in embryos as an emergent phenomenon of the self-organization of cells.

Combining light-sheet imaging with germ layer-specific transgenic lines we are now gaining some insights into how the activities of 
actin and myosin are translated into these 3D structures in space and time and to which extent they influence the formation of spatial 
asymmetries within otherwise equivalent groups of cells.
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THE CELL-TYPE SPECIFIC FUNCTIONS OF AN ER MODULATING FACTOR, PECANEX IN NOTCH AND WNT 
SIGNALING PATHWAYS
Tomoko Yamakawa, Kenji Matsuno
Department of Biological Sciences, Osaka University, Osaka, Japan

Notch signaling is an evolutionarily conserved mechanism that regulates a broad spectrum of cell-specification through local cell-
cell interactions. Drosophila pecanex (pcx ) encodes an evolutionarily conserved multi-pass transmembrane protein. We previously 
suggested that pcx is required for the normal functions of endoplasmic reticulum, which is essential for Notch signaling activation 
in the development of the central nervous system in Drosophila. However, the functions of pcx in Drosophila development have not 
been studied well, except for the roles in the central nervous system. Therefore, we examined various cell-fate decisions, which are 
known to require Notch signaling, in pcx mutant embryos. We found that pcx mutant embryos showed abnormalities in the tracheal 
system, as found in Notch mutants, suggesting that pcx is essential for Notch signaling in the tracheal system. However, pcx was not 
required for Notch signaling activation in the development of the embryonic hindgut and proventriculus. These results demonstrate 
the context-dependent requirement of pcx for the activation of Notch signaling. Furthermore, the visceral mesodermal cells were 
missing in pcx mutant embryos, whereas these cells increased in Notch mutant embryos. We found that the defects in visceral 
mesodermal cells in pcx mutant embryos were associated with the loss of Wnt signaling. Based on the results, we concluded that 
pcx requirement for the Notch and Wnt signaling pathways in context-dependent manners.
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LGL PHOSPHOREGULATION COUPLES APICO-BASAL POLARIZATION WITH CELL DIVISION
Sofia Moreira (1), Mariana Osswald (2), Guilherme Ventura (3), Margarida Gonçalves (2), Claudio Sunkel (2), Eurico Morais-de-Sa (2) 
(1) Instituto de Ciências Biomédicas Abel Salazar, Porto, (2) IBMC, I3S- Institute for Research and Innovation in Health, Porto, Portugal, (3) Nordisk 
Center for Stem Cell Biology (DanStem), University of Copenhagen, Copenhagen, Denmark

Epithelial tissues have specialized functions that require directional transport of selected molecules. These functions rely on the 
asymmetric distribution of cellular components along an apical-basal axis. Apical-basal polarity depends on the establishment of 
antagonistic interactions between apical and basolateral polarity proteins for the formation of distinct subcellular domains with 
specialized functions. Cell division ensures proper tissue homeostasis and function, but imposes a challenge to the equilibrium 
established between polarity regulators during interphase. In fact, polarity is remodeled during mitosis, since activation of Aurora 
A kinase induces phosphorylation and cortical release of the polarity protein Lgl (Carvalho et al., 2015; Bell et al., 2015). However, 
it was unknown how epithelial cells coordinate mitotic exit with the recovery of cortical Lgl localization to preserve tissue polarity 
during proliferation. Combining live imaging in the Drosophila follicular epithelium with photoconversion experiments in S2 cells, we 
show that Lgl is fully reloaded from the cytoplasm to the cortex of the new daughter cells at mitotic exit. Importantly, we found that 
cortical reloading is controlled by a serine/threonine phosphatase of the PP1-family that directly dephosphorylates Lgl on the serines 
phosphorylated by aPKC/AurA kinases and uses its regulatory subunit Sds22 to boost Lgl dephosphorylation (Moreira et al., 2019). 
Additionally, we identified a PP1-interacting RVxF motif on Lgl which is essential for Lgl cortical localization. This work therefore 
shed light on how cell-cycle-dependent regulation of phosphatase function controls the localization of a key apico-basal polarity 
determinant, Lgl, ensuring the polarization of the new daughter cells during proliferation.
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MULTI-PHASE BEHAVIOUR OF PROCESSING BODIES IN EARLY DROSOPHILA DEVELOPMENT
M. Sankaranarayanan, Ben Wood, Elise Wilby, Tim Weil
Department of Zoology, University of Cambridge, United Kingdom

The establishment of axial polarity in many animals relies on the spatial-temporal regulation of mRNAs. Throughout development 
mRNAs and proteins assemble into a diverse range of biomolecular condensates. Often termed “bodies” or “granules”, these 
non-membrane bound cellular compartments function as organisational hubs and reaction crucibles. Examples of biomolecular 
condensates include stress granules, the mitochondrial cloud in Xenopus, Balbiani bodies in zebrafish and P granules in C. elegans. 
These condensates exist in different physical states which are thought to regulate function.

Conserved from yeast to humans, Processing bodies (P bodies) are cytoplasmic granules shown to be sites of mRNA metabolism. 
However, the mechanism underlying translational regulation via P bodies remains unclear.

To resolve this unknown, we use Drosophila due to its genetic tractability, imaging options and ease of manipulation. During early 
Drosophila oogenesis, some axis-determining mRNAs are translationally repressed inside P bodies. Using live imaging, genetics, 
biochemistry and in vitro reconstitution, we show that prior to egg activation, P bodies exist predominantly as stable complexes. At 
egg activation, P bodies disperse, an event that is dependent on changes in the cytoplasmic levels of ATP, hydrophobic interactions 
and the cytoskeleton. In the cellular blastoderm, P bodies reform and appear to associate with pair-rule mRNAs on the apical side. 
Overall, our work testing the function of mRNA - protein complexes suggests that the physiological changes in granules is essential 
for body axis formation, a model that we propose to be likely conserved in other species.
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DEFINING THE EARLIEST STEP OF CARDIOVASCULAR LINEAGE SEGREGATION BY SINGLE-CELL RNA-SEQ
Fabienne Lescroart (1), Xiaonan Wang (2), Xionghui Lin (3), Benjamin Swedlund (3), Souhir Gargouri (3), Adriana Sànchez-
Dànes (3), Victoria Moignard (2), Christine Dubois (3), Catherine Paulissen (3), Sarah Kinston (2), Berthold Göttgens (2), Cédric 
Blanpain (3) 
(1) Aix-Marseille Université, Marseille, France, (2) Department of Haematology, Cambridge Institute for Medical Research, University of Cambridge, 
United Kingdom, (3) Université Libre de Bruxelles, Laboratory of Stem Cells and Cancer, Brussels, Belgium

Mouse heart development arises from Mesp1-expressing cardiovascular progenitors (CPs) that are specified during gastrulation. The 
molecular processes that control early regional and lineage segregation of CPs have been unclear. We performed single-cell RNA 
sequencing of wild-type and Mesp1-null CPs in mice. We showed that populations of Mesp1 CPs are molecularly distinct and span 
the continuum between epiblast and later mesodermal cells, including hematopoietic progenitors. Single-cell transcriptome analysis 
of Mesp1-deficient CPs showed that Mesp1 is required for the exit from the pluripotent state and the induction of the cardiovascular 
gene expression program. We identified distinct populations of Mesp1 CPs that correspond to progenitors committed to different 
cell lineages and regions of the heart, identifying the molecular features associated with early lineage restriction and regional 
segregation of the heart at the early stage of mouse gastrulation.
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FUNCTION OF ERK1/2 IN PLURIPOTENT AND DIFFERENTIATING HUMAN EMBRYONIC STEM CELLS
Shota Nakanoh, Ludovic Vallier
Surgery, University of Cambridge, United Kingdom

FGF/ERK signaling is essential for a diversity of developmental processes including differentiation in mammalian early embryos. 
However, the involved molecular mechanisms remain to be fully uncovered especially in human embryogenesis. Here, we define 
the precise role of FGF/ERK signaling in maintenance of pluripotency and cell fate decision by using human embryonic stem cells 
(hESCs) as an in vitro model of development to. We first established inducible knock-down hESCs for ERK1 and ERK2 based on the 
OPTiKD system. With this approach, ERK1/2 proteins could be efficiently removed in 48 hours by simple addition of tetracycline to 
the culture medium. Interestingly, prolonged knock down of ERK1/2 resulted in a limited decrease of pluripotency marker expression. 
We also observed that the growth curve of ERK knock-down hESCs did not significantly change although chemical inhibition of MEK 
caused quick and massive cell death of hESCs. Thus, these results suggesting that ERK signaling might not be directly essential 
for maintaining the pluripotency of hESCs. On the other hand, knock down of ERK1/2 rapidly affected early cell fate decision of 
hESCs into all of the three germ layers (endoderm, mesoderm and neuroectoderm). To further understand this crucial role of ERK1/2 
in differentiation, we investigated the impact of ERK1/2 knock down on chromatin organisation and transcriptional network by 
ATAC-seq and RNA-Seq. Taken together, these results reveal the details of key functions for FGF/ERK signaling in early human 
embryogenesis and could improve methods to differentiate human pluripotent stem cells into cell types with clinical interests.
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EXPRESSION OF VARIOUS MICRORNAS ON INFLOW TRACT DURING CARDIAC LOOPING
Virginio Garcia-Martinez (1), Virginio Garcia-Lopez (1), Diego Franco (2), Amelia Aranega (2), Carlos Garcia-Padilla (1), Carmen 
Lopez-Sanchez (1) 
(1) Human Anatomy and Embryology Faculty of Medicine “Institute of Molecular Pathology Biomarkers” University of Extremadura 06006 Badajoz 
Spain, (2) Cardiovascular Development Group Department of Experimental Biology University of Jaén CU Las Lagunillas B3-362 23071 Jaén Spain 

Recently, several authors have shown that microRNAs are key regulators in diverse biological processes, including cardiovascular 
development.

Through in situ hybridization of developing chick embryos with microRNA-specific LNA probes, we analyzed the expression of miR-
15a, miR-23b, miR-130a, miR-106 and miR-100, among others.

During early cardiac looping, in particular at the level of the inflow tract, we observed the specific expression of the above microRNAs. 
Additionally, by means of TargetScan bioinformatic predictive analysis, we identified that these microRNAs putatively target several 
3´UTRs of distinct genes related to inflow tract development

Here we propose a model for microRNAs function during inflow tract differentiation, performing key functions in several signaling 
pathways involved in cardiac looping development, including MAPK/ERK signaling pathway. In this sense, miR-15a (by repressing 
its target proteins FGFR1 and RAF1), and both miR-130a and miR-106 (by repressing their target protein ERK) could modulate the 
pathway as anti-proliferative factors. Moreover, miR-23b could also act as by repressing its target protein SPROUTY2 (a RAF1 
modulator). Additionally, miR-100 could act at later stages by repressing its target protein FGFR3.

These microRNAs might function as multiple necessary modulators, in the FGF/MAPK/ERK signaling pathway, during inflow tract 
differentiation in early cardiac looping.
Funding sources: This work has been financed with research grants IB18123 (to CLS) and GR18185 (to VGM, CTS005) from the Junta de Extremadura, with 
FEDER co-financing, and CTS-446 (to DF and AA) from the Junta de Andalucía Regional Council.
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DIRECT INVOLVEMENT OF MIR-130A AND MIR-133A IN EARLY CARDIAC ATRIAL SPECIFICATION
Carmen Lopez-Sanchez (1), Virginio Garcia-Lopez (1), Diego Franco (2), Amelia Aranega (2), Carlos Garcia-Padilla (1), Virginio 
Garcia-Martinez (1) 
(1) Human Anatomy and Embryology Faculty of Medicine “Institute of Molecular Pathology Biomarkers” University of Extremadura 06006 Badajoz 
Spain, (2) Cardiovascular Development Group Department of Experimental Biology University of Jaén CU Las Lagunillas B3-362 23071 Jaén Spain

It is well known that microRNAs modulate gene expression by inhibiting mRNA translation and promoting mRNA degradation during 
heart development. We demonstrated that miR-130a and miR-133a regulate signaling pathways during primary heart field formation.

Gain- and loss-of-function experiments in chick embryos were performed by means of in vitro electroporation with miR-130a and miR-
133a, as well as anti-miRs, respectively. Embryos were subjected to whole mount in situ hybridization and/or immunohistochemistry.

Our experiments revealed that miR-130a and miR-133a suppress the expression of specific atrial markers, such as Tbx5, Tbx20 and 
AMHC-1, as well as RARB (Retinoic Acid Receptor B), and modify the specific ventricular expression of Anf, modulating thus atrial 
and ventricular chamber gene expression during early cardiac looping.

Therefore, we conclude that miR-130a and miR-133a, putative microRNAs that target Tbx5 and RARB 3´UTR, respectively, become 
key linkers in the control of Tbx5, Tbx20, AMHC-1 and Anf, giving a key role to the retinoic acid, and Bmp2, as modulators of atrial 
chamber specification.

Funding sources: This work has been financed with research grants IB18123 (to CLS) and GR18185 (to VGM, CTS005) from the Junta 
de Extremadura, with FEDER co-financing, and CTS-446 (to DF and AA) from the Junta de Andalucía Regional Council.
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PLANAR POLARIZATION OF CILIA IN THE ZEBRAFISH FLOOR-PLATE INVOLVES PAR3-MEDIATED 
POSTERIOR LOCALIZATION OF HIGHLY MOTILE BASAL BODIES
Antoine Donati, Schneider-Maunoury Sylvie, Vesque Christine
Laboratoire de Biologie du Développement, Institut de Biologie Paris Seine, Paris, France

To produce a directional flow, ciliated epithelia display a uniform orientation of ciliary beating. Oriented beating requires planar cell 
polarity (PCP), which leads to planar orientation and asymmetric positioning of the ciliary basal body (BB) along the polarity axis. We 
took advantage of the polarized mono-ciliated epithelium of the embryonic zebrafish floor plate (FP) to investigate by live-imaging the 
dynamics and mechanisms of BB polarization. We showed that BBs, although bearing a cilium, were highly motile along the polarity 
axis, contacting either the anterior or posterior membranes, exclusively at the level of apical junctions positive for Par3. Par3 was 
posteriorly enriched before BB posterior positioning and FP polarization was disrupted upon Par3 overexpression. In the PCP mutant 
Vangl2, BBs showed poorly oriented movements correlated with Par3 mislocalization. Our data lead us to propose a conserved 
function for Par3 in controlling BB asymmetric positioning downstream of the PCP pathway.
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A CONSERVED E3 UBIQUITIN LIGASE COORDINATES A TRAVELLING WAVE OF APICAL CONSTRICTION 
DURING NEURAL DIFFERENTIATION IN THE DROSOPHILA NEUROEPITHELIUM
Chloe Shard, François Schweisguth
Dpt. of Developmental & Stem Cell Biology, Institut Pasteur, Paris, France

The process of individual cells transitioning from an epithelial tissue and becoming specialized requires progressive cell shape 
and adhesion changes. In order to study this process on a tissue wide scale, we have utilized the Drosophila optic lobe as an in 
vivo model. During larval development in fruit flies a wave of differentiation termed the ‘proneural wave’ sweeps the optic lobe 
neuroepithelium converting neuroepithelial cells into neural stem cells in a region called the transition zone. This system provides 
a unique insight as rather than selected cells delaminating from the tissue there is a continuous front where all epithelial cells 
disassemble their junctions and differentiate. Curiously epithelial cells in the transition zone undergo apical constriction prior to 
differentiating, coordinated by a contractile actomyosin network. We identified that downregulation of Crumbs complex proteins is 
required for this apical constriction. We also established that these apical polarity proteins are targeted for degradation by the E3 
ubiqutin ligase Neuralized which is specifically upregulated in the transition zone cells. In most other instances apical constriction 
is necessary for delamination or invagination of the tissue, however epithelial cells at the transition zone boundary do neither. As 
such we propose that apical constriction may be necessary to ensure coordinated progression of the proneural wave and junction 
disassembly.
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LIVE-IMAGING OF DROSOPHILA OOCYTE CHROMATIN ARCHITECTURE
Bruno Marques (1), Ricardo Matos (1), Tália Feijão (1), Rui Gonçalo Martinho (2) 
(1) Center for Biomedical Research, Departamento de Ciências Biomédicas e Medicina Universidade do Algarve,Faro, Portugal, (2) Institute of 
Biomedicine - iBiMED and Department of Medical Sciences, Universidade de Aveiro, Aveiro, Portugal

Human female meiosis can take several decades to be concluded, as the oocytes enter meiosis before birth and stay arrested in 
prophase I in a dormant state until puberty. Our aim is to mechanistically understand oocyte reactivation, as this is crucial for female 
fertility and it will help to explain the way a long-term dormant cell can correctly maintain cell fate.

We and others have previously shown that histone demethylase KDM5 is required for reactivation of Drosophila and mammalian 
oocytes, being our working hypothesis that such reactivation is epigenetically regulated. In order to identify other chromatin 
remodeling proteins involved in this process, we performed a screen using endogenously GFP-tagged transcription factors. We 
identified a highly conserved protein highly enriched in the oocyte chromatin and we will present our ongoing work related to 
the function of this protein and our attempts to study oocyte chromatin architecture using live-cell imaging and super-resolution 
techniques.
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CD36 IN BONE DEVELOPMENT
Alice Ramesova, Pavla Hamouzova, Barbora Vesela, Eva Svandova, Jaroslav Doubek, Frantisek Tichy, Eva Matalova
Section of Morphology and Physiology, University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic

CD36 is an integral membrane protein with multiple roles, e. g. in fatty acid metabolism, with a broad range of implications. Recently, 
CD36 deficient mice were reported to display an altered bone phenotype. 

The aim of this investigation was to follow CD36 expression in both types of bones, intramembranous (mandible) and endochondral 
(ulna), with focus on early stages of their formation and osteoblast differentiation. Serial histological sections of prenatal/embryonic 
(E) stages E12-E18 were examined using immunohistochemistry. mRNA expression was quantified by qPCR.

The forming mandibular/alveolar bone becomes morphologically visible around the first molar tooth germ at the prenatal day 13 and 
only two days later, a complex bone tissue containing particularly osteoblasts, but also first osteocytes and osteoclasts, appears. The 
expression of CD36 between these two stages increased 3.5 times. In the long bone growth plate, clearly morphologically visible at 
the prenatal day 18, CD36 was localized particularly in hypertrophic chondrocytes, as expected, but also within the ossification zone. 
Here, CD36 positive cells were detected among osteoblasts. The results would be in agreement with the suggested explanation of 
the osteopenic appearance of CD36 deficient bones due to impaired osteoblast-mediated bone formation. Ongoing experiments are 
focused on further specification of CD36 in osteogenesis.
Acknowledgement: The research was supported by the Internal Agency (ITA) of the UVPS Brno, Czech Republic (www.vfu.cz), project FVL/Matalova/ITA2019).
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HUMAN AXIAL PROGENITORS GENERATE TRUNK NEURAL CREST CELLS IN VITRO
Tom Frith (1), Ilaria Granata (2), Matthew Wind (1), Erin Stout (1), Oliver Thompson (1), Katrin Neumann (3), Dylan Stavish (1), 
Paul Heath (4), Daniel Ortmann (5), James Hackland (1), Konstantinos Anastassiadis (3), Mina Gouti (6), James Briscoe (8), Val 
Wilson (7), Stuart Johnson (1), Marysia Placzek (1), Mario Guarracino (2), Peter Andrews (1), Anestis Tsakiridis (1) 
(1) The University of Sheffield, United Kingdom, (2) Laboratory for Genomics, Transcriptomics and Proteomics (LAB-GTP), High Performance Computing 
and Networking Institute (ICAR), National Research Council of Italy (CNR), Napoli, Italy, (3) Stem Cell Engineering, Biotechnology Center, Technische 
Universität Dresden, Germany, (4) Sheffield Institute for Translational Neuroscience, University of Sheffield, United Kingdom, (5) Anne McLaren 
Laboratory, Wellcome Trust-MRC Stem Cell Institute, University of Cambridge, United Kingdom, (6) Max Delbrück Center for Molecular Medicine, 
Berlin, Germany, (7) MRC Centre for Regenerative Medicine, Institute for Stem Cell Research, School of Biological Sciences, University of Edinburgh, 
United Kingdom, (8) The Francis Crick Institute, London, United Kingdom

The neural crest (NC) is a multipotent embryonic cell population that generates distinct cell types in an axial position-dependent 
manner. The production of NC cells from human pluripotent stem cells (hPSCs) is a valuable approach to study human NC biology. 
However, the origin of human trunk NC remains undefined and current in vitro differentiation strategies induce only a modest yield of 
trunk NC cells. Here we show that hPSC-derived axial progenitors, the posteriorly-located drivers of embryonic axis elongation, give 
rise to trunk NC cells and their derivatives. Moreover, we define the molecular signatures associated with the emergence of human 
NC cells of distinct axial identities in vitro. Collectively, our findings indicate that there are two routes toward a human post-cranial 
NC state: the birth of cardiac and vagal NC is facilitated by retinoic acid-induced posteriorisation of an anterior precursor whereas 
trunk NC arises within a pool of posterior axial progenitors.
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GENERATION OF A REPORTER CELL LINE FOR STUDYING HUMAN CORTICAL INTERNEURON FATE 
SPECIFICATION
María Cruz Santos, Lucia Cardo, Meng Li
Neuroscience and Mental Health Research Institute, Cardiff University, United Kingdom

Cortical interneurons are GABAergic neurons in the cerebral cortex where they connect with different cortical neurons to regulate 
excitatory/inhibitory input on cortical networks. Cortical interneuron dysfunction is believed to underlie neurodevelopmental 
diseases (eg. autism, schizophrenia). Human pluripotent stem cells (hPSCs) can give rise to any cell type of the body and serve 
as a powerful tool for modelling cortical interneurons development in health and disease, such application is greatly benefited by 
reporter cell lines, which allow the identification of specific cell populations by direct visualising of a reporter (eg. GFP). Here we 
report the generation and characterisation of a LHX6: mCherry reporter cell line generated via CRISPR/CAS9 mediated homologous 
recombination. To this aim, guide RNAS (gRNAs) were designed to target the last exon of LHX6 in hPSCs. Individual clones were 
screened by PCR and correct gene targeting confirmed by sequencing. The generated reporter line preserve potential to differentiate 
into MGE derivatives with mCherry expression faithfully follow that of LHX6 during interneuron differentiation. Moreover, mCherry 
expression is restricted to the MGE lineage with no expression detected in cortical differentiated cells. We are exploiting the LHX6: 
mCherry reporter cell line to unravel a novel function of TGFβ signalling in cortical interneuron development. We have found that 
inhibition of TGFβ signalling lead to a bias towards MGE progenitor proliferation over terminal neuronal differentiation, suggesting a 
regulatory role for TGFβ signalling in cortical interneuron neurogenesis.
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UNRAVELING THE LAYERS OF EMBRYONIC HEMATOPOIESIS
Laina Freyer (1), Lorea Iturri (1), Rebecca Gentek (2), Marc Bajenoff (2), Elisa Gomez Perdiguero (1) 
(1) Developmental and Stem Cell Biology, Institut Pasteur, Paris, France, (2) Aix-Marseille University, Marseille, France

Tissue resident macrophages can originate from (unipotent) primitive macrophage progenitors and (multipotent) erythromyeloid 
progenitors (EMPs) that are both produced within the yolk sac during a developmentally restricted time. In contrast to primitive 
progenitors, EMPs migrate to the fetal liver where they proliferate and cohabitate with hematopoietic stem cells (HSCs). As such, 
developmental hematopoiesis constitutes a layered system with contributions coming from primitive progenitors, EMPs and HSCs, 
although the dynamics of this are not well understood. Yolk sac-derived tissue resident macrophages persist throughout adulthood 
and represent a unique subset of the immune system capable of self-renewing without input from HSCs, thus perpetuating this 
layered system in adults. Little is known about the regulation of EMP differentiation and whether this may impart unique functional 
characteristics to their descendants later in life. 

To study the dynamics of yolk sac EMPs and their progeny on the cellular and molecular level, we use genetic pulse chase labeling 
to assess the contribution of EMPs and HSCs to intermediate progenitor pools and how this relates to lineage output. Our results 
support the notion that yolk sac-derived EMPs are the predominant source of non-lymphoid cells during gestation. EMPs are rapidly 
diversified with differential niche- and/or time-dependent outputs. Single cell sequencing of lineage traced cells is allowing us 
to uncover the heterogeneity of EMP-derived progenitor pools and explore differentiation trajectories. We are in the process of 
comparing the differentiation trajectories of EMP-derived progeny with HSC-derived counterparts to determine whether EMP-
derived myeloid cells utilize distinct differentiation pathways and/or hierarchies.
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REPROGRAMMING ACTIVATES RETROTRANSPOSONS IN MOUSE INDUCED PLURIPOTENT STEM CELLS
Patricia Gerdes (1), Sue Mei Lim (2), Dorothy Chan (1), Francisco J. Sanchez-Luque (1), Patricia E. Carreira (1), Cini James (1), 
Sandra R. Richardson (1), Jose M. Polo (2), Adam D. Ewing (1), Geoffrey J. Faulkner (1) 
(1) Genome Plasticity and Disease, Mater Research Institute - University of Queensland, Woolloongabba QLD 4102, (2) Department of Anatomy & 
Developmental Biology, Monash University; Development and Stem Cells Program, Monash Biomedicine Discovery Institute; Australian Regenerative 
Medicine Institute, Monash University, Melbourne VIC 3800, Australia

Induced pluripotent stem cells (iPSCs) are derived by reprogramming somatic cells and have the capacity to generate cells 
corresponding to all three germ layers. Because of their similarities to embryonic stem cells, iPSCs are a prospective tool to study 
developmental biology, and for biomedical applications, making characterisation of potential genomic abnormalities in these cells 
very important. 

Long interspersed element 1 (L1 or LINE-1) retrotransposons are mobile genetic elements that comprise 17% of the human genome 
and 18% of the mouse genome. ~3000 L1 copies are potentially active in mice and can act as insertional mutagens. Previous reports 
(Wissing et al., Hum Mol Genet, 2012; Klawitter et al., Nat Commun, 2016; Salvador-Palomeque et al., Mol Cell Biol, 2019) have 
demonstrated that human iPSCs support L1 retrotransposition. By contrast, an analysis (Quinlan et al., Cell Stem Cell, 2011) of 3 
mouse iPSC (miPSC) lines did not identify any reprogramming-associated L1 insertions, leading to a broad conclusion of retroelement 
stability in miPSCs.

To address this discrepancy, we performed ~41x whole genome sequencing (WGS) upon 26 miPSC lines derived from 9 bulk parental 
cell types and found 7 de novo L1 retrotransposon insertions. A further analysis of 18 miPSC lines generated from single embryonic 
fibroblasts revealed another 32 retrotransposon insertions including an intronic insertion in Brca1. Methylation analysis showed that 
mobile L1s were strongly hypomethylated in primed (serum/LIF) miPSCs and even more in naïve (2i/LIF) culture conditions.

These results demonstrate that reprogramming induces L1 mobilisation in miPSCs, potentially affecting genome stability.
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A HUMAN RETINAL ORGANOID MODEL OF MYCN-DRIVEN RETINOBLASTOMA
Minas Hellsand, Mikael Åkesson, Sonya Stenfelt, Tatsiana Tararuk, Finn Hallböök
Department of Neuroscience, Uppsala University, Sweden

Retinoblastoma caused by amplification mutations in the MYCN (MYCNA) oncogene is more aggressive and presents earlier 
than those caused by a RB-/- genotype. As a developmental disease, studies of the genesis of human retinoblastoma has been 
difficult, and its cell of origin has remained elusive; human tumor samples point towards cone photoreceptors, whilst mouse models 
implicate horizontal cells. Stem cell-derived organoids have successfully recapitulated embryonic development of several organ 
systems, including the retina. We modeled MYCNA-driven retinoblastoma by use of the piggyBac transposon system to integrate a 
constitutively active MYCN gene and a GFP reporter in developing retinal organoids. Immunohistochemistry was used to validate the 
model, as well as determine the cellular identity of MYCN-overexpressing retinal cells. We found that GFP+ cells proliferated to a 
much greater extent than the surrounding tissue, expanding to form clusters that eventually broke off from the rest of the organoid. 
Several retinal cell types were successfully transfected, including ganglion and amacrine cells, but not all persisted; with time, cells 
expressing factors associated with horizontal cells, cone photoreceptors, and their common progenitor constituted an overwhelming 
majority of MYCN-overexpressing cells. GFP+ cells stained positive for RXRϒ, but not ARR3, indicating that MYCN-overexpressing 
cells retain an immature cone photoreceptor phenotype. Taken together, in our human model of MYCNA-driven retinoblastoma, cells 
of immature photoreceptor or horizontal cell character survive and proliferate. We propose that the cell of origin for retinoblastoma 
is the common progenitor cell shared between cones and horizontal cells.
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DYNAMICS AND MOLECULAR HETEROGENEITY IN MOUSE PRIMITIVE ENDODERM INDUCTION AND 
DIFFERENTIATION
Sara Pozzi (1), Marta Perera (1), Ala Trusina (2), Joshua Mark Brickman (1) 
(1) DanStem, Novo Nordisk Foundation Center for Stem Cell Biology, Copenhagen University, (2) StemPhys, Niels Bohr Institute, University of 
Copenhagen, Denmark

The earliest lineage choices during mammalian development involve the specification of embryonic and extra-embryonic lineages. 
Just prior to implantation, progenitors of the epiblast (EPI) and primitive endoderm (PrE) are specified as a result of interactions 
within a gene regulatory network involving the transcription factors Nanog and Gata6, in addition to FGF/Erk signaling. While 
previous studies in vivo have largely focused on a limited number of factors, including these canonical regulators, our lab recently 
identified additional transcriptional and signal transduction regulators essential for this cell fate choice. We have developed in vitro 
models for both the induction of Erk/MAPK signaling and of PrE differentiation in response to stimulation of Nodal/Activin, Wnt and 
LIF. Based on single-cell dynamics and transcriptomic analysis of reporter cell lines, we have identified intermediate stages during 
PrE differentiation and are interested in how these signaling pathways interact to drive the specification of different cell types. In 
particular, we focus on the independent inductive and selective properties of these pathways, from which we have found that they 
act on a committed progenitor that appears during the early stages of differentiation. Our work implies that signaling regulates 
selective proliferation of primed populations, which then acquire competence and commitment for further differentiation. I will 
discuss how signaling pathways interact with these populations, how they are influenced by the underling gene regulatory networks, 
and how the composition of these networks influences the ability of cells to respond to signalling cues.
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KAT3 PROTEINS ARE DISPENSABLE FOR PROLIFERATION OF NEURAL PROGENITORS BUT ESSENTIAL 
FOR NEURAL DIFFERENTIATION
Rocio Gonzalez-Martinez, Beatriz Del Blanco, Angel Barco, Eloisa Herrera
Instituto de Neurociencias, Alicante, Spain

Rubinstein-Taybi syndrome (RSTS) is a genetic neurodevelopmental disorder characterized by mental impairment and a wide spectrum 
of congenital abnormalities, that is caused by hemizygous mutations in the genes encoding the KAT3 family of transcriptional co-
activator CREB binding protein (CBP) and the E1A binding protein P300 (p300). Both factors have intrinsic lysine acetyltransferase 
(KAT) activity and are critically involved in the transcriptional and epigenetic regulation of gene expression. Consistent with this 
central role, both CBP and p300 knockout (KO) mice exhibit early embryonic death and neuronal tube closure defects. However, the 
precise function of these proteins during the development of the central nervous system has not been clearly stated. Here we assess 
whether KAT3 proteins are necessary for proliferation and neuronal differentiation that could explain some of the neurological 
alterations associated with RSTS. Experiments performed with neurospheres demonstrate that cell proliferation is normal in the 
absence of CBP or P300 but it is affected in the absence of both acetyltransferases. However, neuronal differentiation is seriously 
compromised in neurospheres lacking any of the two proteins. In vivo, CBP deletion in progenitors have a negative impact in the 
number of differentiated retinal neutrons in contrast to the lack of P300 that has not an impact in the number of neurons. CBP 
and P300 deletion in differentiated retinal neurons (using Brn3b-Cre line) demonstrate that CBP and P300 are not essential for 
neuronal viability or identity but these processes are affected when both proteins are eliminated. Ongoing sequencing experiments 
should further clarify the role of KAT3 proteins in neural differentiation and reveal the redundancy between these two paralog 
transcriptional coactivators.
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PLURIPOTENCY FACTORS REGULATE THE ONSET OF HOX CLUSTER ACTIVATION IN THE EARLY EMBRYO
Maria Tiana (1), Elena Lopez-Jimenez (1), Julio Sainz de Aja (1), Jesus Victorino (1), Antonio Barral (1), Claudio Badia-Careaga 
(1), Isabel Rollan (1), Raquel Rouco (1), Elisa Santos (1), Hector Sanchez-Iranzo (2), Acemel Rafael D (3), Carlos Torroja (1), 
Javier Adan (1), Eduardo Andres-Leon (4), Jose Luis Gomez-Skarmeta (3), Giovanna Giovinazzo (1), Fatima Sanchez-Cabo (1), 
Miguel Manzanares (1) 
(1) Cell and Dev Biology, Centro Nacional de Investigaciones Cardiovasculares (CNIC), Madrid, Spain, (2) EMBL, Heidelberg, Germany, (3) Centro Andaluz 
de Biología del Desarrollo (CABD-CSIC/UPO), Seville, Spain, (4) Centro Nacional de Investigaciones Oncológicas Carlos III (CNIO),Madrid, Spain

Pluripotent cells are a transient population present in the early mammalian embryo dependent on transcription factors, such as OCT4 
and NANOG, which maintain pluripotency while simultaneously suppressing lineage specification. Interestingly, these factors are 
not exclusive to uncommitted cells, but are also expressed during early phases of differentiation. However, their role in the transition 
from pluripotency to lineage specification is largely unknown. Using genetic models for controlled Oct4 or Nanog expression during 
postimplantation stages, we found that pluripotency factors play a dual role in regulating key lineage specifiers, initially repressing 
their expression and later being required for their proper activation. We show that the HoxB cluster is coordinately regulated in this 
way by OCT4 binding sites located at the 3’ end of the cluster. Our results show that core pluripotency factors are not limited to 
maintaining the pre-committed epiblast, but are also necessary for the proper deployment of subsequent developmental programs.
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TEMPORAL CONTROL OF NEUROGENESIS BY EPH/EPHRIN SIGNALING
Anthony Kischel, Christophe Audouard, Alice Davy
Center for Integrative Biology, Toulouse, France

During mammalian cerebral cortex development, neuronal identities are produced in a precise temporal order in that, deep-layer 
cortical neurons are generated first and upper-layer cortical neurons are born thereafter. Temporality is a key process that needs 
to be tightly controlled to ensure the proper specification, and production in sufficient numbers, of each neuronal identity. The 
mechanisms regulating timely generation of neocortical neurons remain poorly understood. Here, we identified Eph/ephrin signaling, 
a local cell-cell communication pathway, as a new temporal regulator of neurogenesis. Indeed, conditional mutant embryos for 
ephrin b2 exhibit delayed neurogenesis in the neocortex and this is due to a cell autonomous function of ephrin b2 in progenitors. 
Further, ectopic stimulaton of Eph signaling by in utero injection of synthetic ligand led to an increased differentiation of neocortex 
progenitors. Unexpectedly, we observed that perinatal neuron numbers recovered following both transient loss or gain of Eph 
signaling, suggesting that neocortical neurogenesis adapts to the state of the system. Altogether, our data uncover a role for ephrin 
b2 in neurogenesis dynamics and reveal an unexpected plasticity of neuronal production in the neocortex.
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PRIMARY CILIUM REMODELLING MEDIATES A CELL SIGNALLING SWITCH IN DIFFERENTIATING NEURONS
Gabriela Toro-Tapia, Raman Das
Division of Molecular and Cellular Function, University of Manchester, United Kingdom

During differentiation, cells adopt distinct morphological variations and modify their cell signalling response to their environment. 
Differentiating neurons delaminate from the neuroepithelium via the process of apical abscission, which involves loss of apical cell 
polarity and disassembly of the primary cilium. This step is crucial and required for cell cycle exit through cessation of canonical, 
Gli transcription factor dependent Shh signalling. Following this, they undergo a switch to non-canonical, transcription factor 
independent Shh signalling, which mediates axon navigation. However, the mechanisms regulating these transitions are poorly 
understood. As primary cilia play important roles integrating and transducing extracellular signals it is conceivable that the switch 
from canonical to non-canonical Shh signalling is mediated by dynamic remodelling of the primary cilium during the early stages of 
neuronal differentiation. Using high-resolution live-cell imaging in chick neural tube, we show that differentiating neurons retain 
an Arl13b+ particle which elongates and progressively initiates intraflagellar trafficking (IFT) as it transits towards the cell body, 
indicating primary cilium remodelling. Strikingly, disruption of the cilia during and after remodelling inhibits axon extension and leads 
to dramatic axon collapse respectively. Remarkably, ciliary accumulation of the Shh transducer Smoothened is gradually restored 
during cilium remodelling in the absence of Gli transcriptional activity, indicating that newborn neurons are responding to Shh via a 
non-canonical pathway. This strongly suggests that cilium remodelling provides differentiating neurons the opportunity to configure 
a new signalling centre to facilitate a qualitatively different response to the common signalling environment.
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THE GENE REGULATORY LOGIC OF CONVERGENT CELL FATE SPECIFICATION IN THE DEVELOPING 
VERTEBRATE SKELETON
Chloé Moreau, Christian Feregrino, Ana di Pietro-Torres, Sabrina Fischer, Patrick Tschopp
DUW Zoology, University of Basel, Switzerland

Cell fate specification - that is, how distinct cell types arise from a pool of precursor cells - is one of the hallmarks of embryonic 
development. During this process, a genome common to all cells of an organism is differentially interpreted at the gene regulatory 
level, to result in distinct cellular phenotypes. So far, most studies have focused on the specification of different cell types from a 
single progenitor pool. However, notable exceptions exist to this trajectory, such as in the vertebrate skeleton that develops from 
three distinct progenitor populations (neural crest, somitic and lateral plate mesoderm). Despite this diversity in embryonic origins, 
these three progenitor populations converge phenotypically to produce functionally analogous skeletal cell types.

Using transcriptomics and chromatin profiling on FACS-purified skeletal cells, we examined the gene-regulatory dynamics associated 
with this cell fate convergence. We find that distinct transcription factor profiles are inherited from the three progenitor states 
and that lineage-specific enhancer elements integrate these differing regulatory inputs, to result in a transcriptional convergence 
towards a common skeletogenic program. Through single-cell RNA-sequencing and heterotopic xenografts, we follow the underlying 
temporal dynamics and assess the contribution of cell-intrinsic ‘transcriptional heritage’ versus niche-specific factors during this 
process. Using in vivo CRISPR/Cas9 perturbations, we then assess the functional importance of lineage-specific regulators at the 
cis- and trans-level.

We discuss how the observed gene regulatory logic defines the plasticity to produce functionally analogous cell types from distinct 
embryonic progenitor pools, as well as the developmental recruitment of these skeletogenic circuits during vertebrate evolution.
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INFLUENCE OF CELL-EXTRINSIC AND -INTRINSIC FACTORS ON THE TRANSCRIPTIONAL CONVERGENCE 
OF SKELETOGENIC CELLS
Chloé Moreau, Christian Feregrino, Patrick Tschopp
DUW Zoology, University of Basel, Switzerland

Cell fate specification is a key process in development, commonly framed in the context of a single progenitor population differentiating 
into multiple distinct cell types. As an exception, during skeletogenesis three distinct mesenchymal progenitor pools (somites, lateral 
plate mesoderm, and neural crest) give rise to functionally analogous skeletal cell types. Previous studies and preliminary results 
from our lab suggest that, already at an early stage of skeletogenesis, mesenchymal progenitors converge at the gene regulatory 
level, to generate transcriptionally similar skeletogenic cells. However, depending on the embryonic origin of these progenitors, 
transcription factor profiles and enhancer accessibility seem to differ. It has previously been shown that such cell-intrinsic factors 
can be shaped by embryonic origin. Moreover, given the tissue niches in which these cells mature, skeletogenic progenitors are 
also likely to experience profoundly different cell-extrinsic conditions. To what extent are these differences in transcription factor 
profiles and enhancer accessibility intrinsic properties of the mesenchymal progenitors (i.e. “transcriptional heritage”), or defined by 
extrinsic parameters from the surrounding tissue (e.g. local signaling, biomechanical properties) ?

Here, combining classical embryology with state-of-the-art functional genomics, we aim to disentangle cell-intrinsic and -extrinsic 
factors affecting “skeletogenic convergence”. We use a heterotopic quail-chick xenograft approach, to modify the surrounding 
environment of each mesenchymal progenitor pool, followed by single-cell RNA-sequencing and ATAC-sequencing, to assess the 
degree of transcriptional reprogramming following transplantation.

As such, we aim to define to what extent gene regulatory logic is intrinsic to each cell lineage, or influenced by the respective 
embryonic environment.
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NEUROGENIC NICHE CELLS SHARE A COMMON LINEAGE GOVERNED BY DNA REPLICATION REGULATORS
Gonzalo Ortiz Ávarez (1), Marie Daclin (1), Shihavuddin Asm (2), Pauline Lansade (1), Aurélien Fortoul (1), Marion Faucourt (1), 
Solène Clavreul (3), Maria-Eleni Lalioti (4), Stavros Taraviras (4), Simon Hippenmeyer (5), Jean Livet (3), Alice Meunier (1), 
Auguste Genovesio (1), Nathalie Spassky (1) 
(1) Institut de Biologie de l’Ecole Normale Supérieure (IBENS), Ecole Normale Supérieure, CNRS, INSERM, PSL Université Paris, France, (2) 
Department of Applied Mathematics and Computer Science, Technical University of Denmark (DTU), 2800 Kgs. Lyngby, Denmark, (3) Sorbonne 
Université, INSERM, CNRS, Institut de la Vision, 75012 Paris, France, (4) Department of Physiology, Medical School, University of Patras, Greece, (5) 
Institute of Science and Technology Austria, Klosterneuburg, Austria

The neurogenic niche in the brain lines the ventricular cavities and it contains the neural stem cells (B1 cells) in the Subventricular 
Zone (SVZ) and multiciliated ependymal cells, located in the Ventricular Zone (VZ). The coordinated beating of the ependymal 
cilia contributes to the circulation of the cerebrospinal fluid in the ventricular lumen, the regulation of adult neurogenesis and the 
maintenance of brain homeostasis. Both cell types are born during late embryonic development from Radial Glial Cells, the main type 
of stem cell of the developing forebrain. However, the precise mechanisms of their birth are poorly understood.

In our study we have profited from the large panel of colors generated by the MAGIC markers to perform a high-throughput clonal 
analysis and to assess the cell division mechanism (symmetric versus asymmetric) of VZ-SVZ progenitors. We have also used 
MADM transgenic mice to determine the pattern of cell division and cell fate choice. Interestingly, both lineage-tracing techniques 
indicate that ependymal cells are born through terminal symmetrical or asymmetrical progenitor cell divisions, the latter giving rise 
primarily to a B1 cell counterpart. We have thus shown that both cells forming the neurogenic niche share a common lineage. These 
techniques also allowed us to establish that the cell fate choice depends on DNA replication regulators, Geminin and GemC1.

We are currently characterizing the cellular and molecular processes that govern these cell fate decisions and that lead to the 
generation of very different cell types from a common progenitor.
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SEARCHING FOR THE EMBRYONIC ORIGIN OF SKELETAL MUSCLE STEM CELLS HETEROGENEITY 
BEHAVIOUR
Francisco Hernandez-Torres, Lara Rodríguez-Outeiriño, Felicitas Ramírez, Diego Franco, Amelia Eva Aránega
Department of Experimental Biology, University of Jaén, Spain

Muscle stem cells, or satellite cells, are required for skeletal muscle maintenance, growth, and repair. The muscle satellite cells 
are capable of self-renewal and differentiation to produce myoblasts, which fuse (with each other, as well as with existing fibres) 
to generate myofibres. Several evidences indicate that satellite cells in postnatal muscle exhibit notable molecular and phenotypic 
heterogeneity that can influence the fate and function of individual cells within the satellite cell pool in the context of muscle repair. 
It is widely accepted that most satellite cells originate from a population of embryonic precursors that express Pax3 (and later 
Myf5 ⁄Mrf4⁄ [Myod]) arising primarily from the dorsal and ventral lips of the dermomyotome. However, some cell line studies carried 
out during development are opening the possibility that satellite cell heterogeneity in the adult muscle could be linked to different 
embryonic origin. Here we show that miR106b defines a satellite cell subpopulation with a strong quiescent stemness status while 
miR106b down-regulation lead to increase satellite cell activation and proliferation. In addition, miR106b inhibition facilities proper 
myogenic differentiation in vitro and enhance muscle regeneration in vivo ; pointing out the importance of this miRNA modulating 
satellite cell behaviour. Interestingly, we have also observed that miR106b is expressed in subset of cell population into the early 
myotome during embryonic development. We are currently further analysing the role of this miRNA in defining the embryonic origin 
of different satellite cell precursors during development.
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CONTRIBUTIONS OF THE PRONEURAL FACTORS ASCL1A AND ASCL1B TO DOPAMINERGIC 
NEUROGENESIS IN ZEBRAFISH
Christian Altbuerger, Meta Rath, Wolfgang Driever
Department for Developmental Biology, Institute for Biology I, University of Freiburg, Germany

Neurogenesis designates the formation of neurons from neural stem and precursor cells. Proneural transcription factors contribute 
to all phases of neurogenesis in metazoans, but their differential contributions to the distinct phases of neurogenesis are not 
fully understood. The proneural factor Ascl1 is an important regulator of neurogenesis that contributes both to precursor pool 
characteristics and to neuronal type selection and differentiation. Specifically, its activity promotes proliferation of neural progenitor 
cells, but also their differentiation into e.g. gabaergic neurons. Zebrafish have two homologs of the Ascl1 gene, ascl1a and ascl1b. We 
found that both genes are required for catecholaminergic neuron development, suggesting functional redundancy, as cell numbers of 
dopaminergic neurons in the telencephalon, diencephalon and hypothalamus, as well as of noradrenergic neurons in the hindbrain are 
reduced in ascl1a/ascl1b double mutants. However, none of these catecholaminergic cell clusters were lost completely, suggesting 
that Ascl1 function may only be required for a subset of these cells, and that there may be several lineages contributing to distinct 
clusters. Alternatively, progenitor pool expansion may be impaired. All dopaminergic cell clusters which are affected by the complete 
loss of Ascl1 function are known to use GABA as a second transmitter, while clusters with glutamate as co-transmitter are not 
affected. Overexpression of ascl1a led to supernumerary noradrenergic neurons in the hindbrain and in the peripheral nervous system. 
Our data suggest differential contributions of Ascl1 activity to catecholaminergic progenitor pool expansion and differentiation. 
Currently we investigate which Ascl1-dependent mechanisms contribute to dopaminergic cell clusters development.
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PRONEURAL ROLE OF ASENSE IN THE DROSOPHILA NEUROEPITHELIAL TO NEUROBLAST TRANSITION
Mercedes Martin, Mirja Shaikh, Francisco Gutierrez-Avino, Francisco Tejedor
Developmental Biology, Instituto de Neurociencias CSIC-UMH, Sant Joan d’Alacant, Spain

The regulation of the switch from proliferating (symmetrically dividing) to neurogenic (asymmetrically dividing) neural progenitors is 
crucial in the brain development to achieve the correct size and the correct cell types for a proper function. Vertebrate neural stem 
cells have similar properties than Drosophila Neuroblasts (NB). During Drosophila Optic Lobe (OL) neurogenesis, neuroepithelial (NE) 
cells differentiate into NB. This transition occurs synchronously in a row of cells performing a proneural wave. The synchrony and the 
order of this process make the OL a perfect model to better understand the regulation of this key transition. 

It has been described that the NE-NB transition is triggered by the expression of lethal of scute (l’sc), a proneural factor of the 
achaete-scute gene complex. This expression depends on the integration of EGFR, Notch and JAK/STAT signaling pathways.

Interestingly, we have observed that asense (ase) , another achaete-scute complex gene, is transiently upregulated in the transition 
from NE to NB. Given the known proneural function of the mammalian ase orthologue Ascl1/Mash1 we have analyze the possible 
functions of Ase in the regulation of the OL proneural wave. We describe by first time a proneural role of Ase in the CNS and examine 
the consequences of its transitory expression. We find that Ase is required for a correct NE-NB transition and, moreover, is sufficient 
to induce this transition in a L’sc non-mediated manner. 
This work has been supported by grants from the AEI/FEDER-EU.
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RADIAL GLIAL CELLS FROM MAMMALIAN DEVELOPING NEOCORTEX CAN DIVIDE SYMMETRICALLY IN 
VITRO
Mario Ledesma, David Míguez
Física de la Materia Condensada, Universidad Autónoma de Madrid, Spain

The neocortex constitutes the main part of the mammalian brain, and the location where the processing of all higher-order brain 
functions resides. Progenitors in the mammalian developing brain have been shown to follow a deterministic fate: neuroephitelial 
progenitors can divide only symmetrically (pp), while Radial Glia only divide asymmetrically. This contrast with many other 
developmental systems, such as differentiation in the developing chick spinal cord, the zebrafish retina, epidermis, airway 
epithelium, germline, and the intestine of mice, where the fate of a given cell is unpredictable, and differentiation takes place based 
on probabilities that can change overtime.

We have developed an experimental, computational and theoretical approach to show that Radial Glia cultured in vitro exhibit a 
probabilistic differentiation dynamics, and that the balance between the different modes of division can be modulated by external 
signals, such as fibroblast growth factor. Our results suggest that the constraint of deterministic and asymmetric mode of division 
of Radial Glia is not an inherent feature of this particular cell type, but a property induce by the complex structural organization of 
the developing mammalian neocortex.
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RECONSTRUCTING AND VISUALISING CELL LINEAGES
Irepan Salvador-Martinez (1), Marco Grillo (2), Jessica Svedlund (3), Mats Nilsson (3), Michalis Averof (2), Max Telford (1) 
(1) Genetics, Evolution and Environment, University College London, London, United Kingdom, (2) IGFL/CNRS Lyon, France, (3) SciLife Lab, Stockholm, 
Sweden

Cell lineages provide the framework for understanding how multicellular organisms are built and how cell fates are decided during 
development. Describing cell lineages in most organisms is challenging, given the number of cells involved; even a fruit fly larva has 
approximately 50,000 cells. Recently, the idea of using CRISPR to induce mutations during development as heritable markers for 
lineage reconstruction has been proposed by several groups. While an attractive idea, its practical value depends on the accuracy 
of the cell lineages that can be generated by this method.

First, I will show results based on computer simulations that incorporate empirical data on CRISPR-induced mutation frequencies in 
Drosophila. These results show significant impacts from multiple biological and technical parameters - e.g. variable cell division rates, 
skewed mutational outcomes and target dropouts. Our approach reveals the limitations of recently published CRISPR recorders, and 
indicates how future implementations can be optimised to produce accurate cell lineages.

Then, I will present an interactive web-tool for visualising both cell lineage and cell distribution in 3D space. This could be applicable 
to visualise cell lineages reconstructed by different means, e.g. in situ sequencing of lineage recorders, cell lineage tracking via live 
imaging, etc. As a proof of concept, I will present an interactive visualisation of different available data, including the cell lineages 
of the nematode C. elegans and from the limb of a crustacean.
Reference: Salvador-Martinez, I, Grillo, M, Averof, M, & Telford, M. J. (2019). Is it possible to reconstruct an accurate cell lineage using CRISPR recorders? 
eLife. https://doi.org/10.7554/eLife.40292
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A CONSERVED ROLE OF NANOG IN VERTEBRATE EMBRYOGENESIS
Luke Simpson, Darren Crowley, Jodie Chatfield, Matthew Loose, Andrew Johnson
School of Life Sciences, University of Nottingham, United Kingdom

Nanog is a core component of the transcription factor network that governs pluripotency in mammals. In embryonic stem cells 
(ESC) Nanog inhibits differentiation; however its role in embryogenesis is less clear. Nanog-/- mice fail to complete development 
of the epiblast, instead diverting towards extraembryonic (EE) tissues, this obscures how Nanog functions during the programming 
of pluripotency in vivo. One way to clarify this would be to study its function in lower vertebrate embryos, which lack EE tissues. 
However, this has not been possible in Xenopus, due to deletion of the Nanog gene, or in zebrafish, because Nanog governs 
development of the yolk syncytial layer, which is unique to teleosts. Here we investigated the role of Nanog in axolotl embryos. 
We show that Nanog, SMAD2/3 and DPY30 are required to establish the same transcription-activating marks in the chromatin of 
pluripotent animal cap cells. Knockdown of Nanog therefore arrests development in a transcriptionally active state. Remarkably, 
the biochemical mechanism that axolotl Nanog regulates is conserved in human ESC, strongly suggesting that this reflects the role 
of Nanog in mammalian embryos and that the mechanisms that regulate pluripotency are conserved between urodele amphibians 
(salamanders) and mammals.

P B - 21 

CXCR4 SIGNALING IN B CELL COLONIZATION OF DEVELOPING BURSA OF FABRICIUS
Viktória Halasy (1), Nóra Fejszák (1), Tamás Kovács (1), Lili Orbán (1), Sonja Härtle (2), Nándor Nagy (1) 
(1) Department of Anatomy, Histology and Embryology, Semmelweis University, Faculty of Medicine, Budapest, Hungary, (2) Department of Veterinary 
Sciences, Institute for Animal Physiology, Ludwig-Maximilians-Universität München, Munich, Germany

The bursa of Fabricius (BF) is a central lymphoid organ of the birds responsible for the B cell maturation. In the developing embryo 
B cell precursors migrate to the epithelio-mesenchymal rudiment of the BF where they proliferate and diversify their B cell receptor 
repertoire. In mammals the presence of CXCR4, a receptor for the chemokine stromal cell-derived factor-1 (SDF1, also named CXCL12) 
mediates migration of leukocytes and hematopoietic progenitors. The first aim of this work was to analyze the normal expression 
pattern of CXCR4 and CXCL12 during development of the BF and B cells. To determine whether the CXCR4/CXCL12 signaling mediates 
migration of avian B cell precursors we have investigated the effect of inhibiting endogenous CXCR4 signaling with AMD3100. 
CXCR4 receptor is first expressed by B cell progenitors in the BF at embryonic day 10 (E10) and show an increasing expression of the 
receptor from the B cell immigration until hatch. After hatching CXCR4 expression is slowly downregulating from chB6+ medullary B 
cells. CXCL12 mRNA expression is detected in the BF mesenchyme during all stages of B cell colonization. As lymphoid cells colonize 
the surface epithelium and induce follicle bud formation CXCL12 expression decrease from the mesenchyme and becomes more 
pronounced inside the developing follicles. The AMD3100 treatment showed considerable reduction of B cells in follicle buds. Our 
results demonstrate that the CXCR4/CXCL12 pathway represent a significant signal for the migration of the B cell precursors into the 
BF primordium and the colonization of the bursal follicles.
Grant NFKI: 124740.
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P75 NEUROTROPHIN RECEPTOR REGULATES CORTICAL INTERMEDIATE PROGENITOR FATE
Sonja Meier (1), Fabienne Alfonsi (1), Nyoman D Kurniawan (2), Michael Piper (3), Elizabeth J Coulson (3) 
(1) Queensland Brain Institute, (2) Centre for Advanced Imaging, (3) School of Biomedical Sciences, The University of Queensland, Brisbane, Australia

During development, the p75 neurotrophin receptor (p75NTR) is widely expressed in the nervous system where it regulates neuronal 
differentiation, migration and axonal outgrowth, and/or mediates the survival and death of newly born neurons, with functional 
outcomes being dependent on both timing and cellular context. The role of p75NTR in the developing central nervous system is 
largely unexplored. Here we show that knockout of p75NTR from E10 in neural progenitors in a conditional Nestin-Cre; p75NTR 
floxed mouse causes increased apoptosis of telencephalic progenitor cells between E11 and E15, particularly in the neocortex, 
ganglionic eminences and preoptic area of embryonic mice. The depletion of the progenitor pool in the neocortex leads to generation 
of fewer late-born neurons resulting in a reduction in the number of upper layer pyramidal neurons in adult mice. Furthermore, 
knockout of p75NTR by both Nestin-Cre and Nkx2.1-Cre, which specifically targets the medial ganglionic eminences (the birthplace 
of the majority of cortical GABAergic interneurons), resulted in a significant reduction of parvalbumin-expressing interneurons in vivo 
and an impaired ability of MGE progenitors to differentiate into interneurons in vitro. Our data suggests that p75NTR regulates the 
fate of intermediate progenitors in both the ventral and dorsal progenitor zones during early neurogenesis, with ramifications for the 
cellular makeup of the mature cortex.
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THE TRANSITION FROM LOCAL TO GLOBAL PATTERNS GOVERNS THE DIFFERENTIATION OF MOUSE 
BLASTOCYSTS
Sabine Fischer (1), Elena Corujo-Simon (2), Joaquin Lilao (3), Ernst Stelzer (4), Silvia Munoz-Descalzo (3) 
(1) Center for Computational and Theoretical Biology (CCTB), Department of Biology, Universität Würzburg, Germany, (2) Dept. of Biology and 
Biochemistry, University of Bath, United Kingdom, (3) Instituto Universitario de Investigaciones Biomédicas y Sanitarias (IUIBS), Universidad Las 
Palmas de Gran Canaria (ULPGC), Spain, (4) Physikalische Biologie (IZN, FB15), Buchmann Institute for Molecular Life Sciences (BMLS), Goethe-
Universität Frankfurt am Main, Germany

During mammalian blastocyst development, inner cell mass (ICM) cells differentiate into epiblast (Epi) or primitive endoderm 
(PrE). These two fates are characterized by the expression of the transcription factors NANOG and GATA6, respectively. Here, 
we investigate the spatio-temporal distribution of NANOG and GATA6 expressing cells with quantitative three-dimensional single 
cell-based neighbourhood analyses in ICM organoids, a novel 3D in vitro stem cell system to model fate decisions in the ICM. We 
also extend our 3D analysis to the ICM of the mouse blastocysts. We define the cell neighbourhood by local features, which include 
the expression levels of both fate markers expressed in each cell and its neighbours, and the number of neighbouring cells. We 
further include the position of a cell relative to the centre of the ICM as a global positional feature. Our analyses reveal a local 
three-dimensional pattern that is already present in early blastocysts. This local pattern evolves into a global pattern in the ICM 
that starts to emerge in mid blastocysts. The pattern identified by our analysis is distinct from the current view of a salt-and-pepper 
pattern. We show that FGF/MAPK signalling is involved in the 3D distribution and, using a mutant background, we further show that 
the GATA6 neighbourhood is regulated by NANOG. Our quantitative study indicates that 3D cell neighbourhood influences Epi and 
PrE precursor specification. Our results highlight the importance of analysing the 3D cell neighbourhood while investigating cell fate 
decisions during early mouse development.
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PITX2 AND MYOGENIC PROGRESSION DURING DEVELOPMENT
Felícitas Ramírez (1), Francisco Hernandez-Torres (2), Lara Rodriguez-Outeiriño (2), Jorge Dominguez-Macías (1), Diego Franco (1), 
Amelia Aránega (1) 
(1) Biología Experimental, Universidad de Jaén, Spain, (2) Fundación Medina. Granada

During embryonic development, transitory structures called somites give rise to an epithelial dermomyotome, the source of dermal 
and endothelial precursors, as well as all the skeletal muscles of the trunk. Multipotent muscle progenitor cells (MPCs) that express 
Pax3 arise from the dermomyotome and acquire their definitive identity via the myogenic regulatory factors (MRFs) Myf5, Mrf4, 
and Myod. Moreover, the muscle stem cells (satellite cells) of the body and limbs also arise from somites, in common with the 
muscle that they are associated with. Several previous evidences have revealed that the transcription factor Pitx2 might be a player 
within the molecular pathways controlling somite-derived muscle progenitors’ fate. However, the hierarchical position occupied by 
Pitx2 within the genetic cascade that control somite-derived myogenesis remain unsolved. To get insight into this issue, we have 
differentially generated two conditional Pitx2 mutant mice to specifically inactivate Pitx2 in multipotent Pax3+ muscle progenitors 
(Pax3Cre+/Pitxloxp/loxp mice) and in myogenic committed progenitors (Myf5Cre+/Pitx2loxp/loxp). Our analyses revealed that Pitx2 
inactivation in Pax3+ precursors lead to impaired myogenesis while the loss of Pitx2 in Myf5+ myogenic cells have an impact in the 
number of muscle satellite stem cells that reach their niche in the adult muscle with severe consequences in muscle regeneration.
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THE ROLE OF ZIC2 IN THE ADULT MOUSE NEUROGENESIS
Iván Guzmán, Eloísa Herrera
Neurobiology of development, Instituto de Neurociencias, San Juan d´Alacant, Spain

Neurogenesis is the process by which new neurons are produced. This occurs mostly during the embryonic stages. After this stage, 
neurogenesis stops and practically disappears from the entire brain, remaining only in regions known as neurogenic niche. In mice, 
regions are the subventricular zone (SVZ), located in the walls of the lateral ventricles, or/and the subgranular zone (SGZ) of the 
dentate gyrus (DG) at the hippocampus.

In the mouse brain, a considerable number of new neurons are generated every day, being essential for learning and memory, causing 
a great interest in understanding this complex process. However, little is known today about the cellular and molecular mechanisms 
that regulate adult neurogenesis. Numerous studies have revealed some of the factors and signaling pathways involved, Wnt being 
one more important.

Several experiments based on RNA-seq or ChIP-seq carried out in our laboratory have shown that the transcription factor Zic2 plays 
an essential role in the modulation of the Wnt signaling pathway and therefore we wonder if this factor could play a role in the adult 
neurogenesis, although to date there were no data about it.

Our results have demonstrated that Zic2 is present in the Stem Cells and Progenitor Cells of the DG in the hippocampus. Furthermore 
the overexpression of Zic2 in the Stem Cells produces a decrease in the number of BrdU+ cells suggesting an implication of this TF 
in cell cycle exit. Although we cannot rule out if Zic2 is affecting the processes of quiescence or maturation.
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SCULPTING OF FOREBRAIN DEVELOPMENT BY MEIS HOMEOBOX PROTEINS IN THE PATHOGENESIS OF 
RESTLESS LEGS SYNDROME
Volker Kittke (1), Daniel Lam (1), Chen Zhao (1), David Lohse (1), Wojciech Krezel (2), Miguel Torres (3), Juliane Winkelmann (1) 
(1) Institute of Neurogenomics, Helmholtz-Zentrum München, Neuherberg, Germany, (2) Institute of Genetics and Molecular and Cellular Biology, 
University of Strasbourg, France, (3) Cardiovascular Development and Repair Department, Centro Nacional de Investigaciones Cardiovasculares 
(CNIC), Madrid, Spain

The highly homologous homeobox transcription factors MEIS1 and MEIS2 are transiently expressed in the neurogenic zones adjacent 
to the lateral ventricles of the developing forebrain. While their functional role in this area remains unclear, they have previously been 
shown to regulate neural differentiation in the mouse cerebellum and olfactory bulb.

MEIS1 is the strongest genetic risk factor for the common neurological disorder Restless Legs Syndrome (RLS), suggesting a 
neurodevelopmental origin of still unknown pathophysiological mechanism.

We analyzed and characterized MEIS1+ and MEIS2+ cell populations in the ganglionic eminences of the developing mouse brain. 
Through live imaging and genetic fate mapping we show that MEIS1+ progenitors differentiate to cortical and striatal inhibitory 
neurons.

Using cultured human neural progenitor cells, we identified downstream targets of MEIS proteins by chromatin immunoprecipitation. 
miRNA-mediated knockdown facilitated assignment of targets of MEIS1 and MEIS2 as well as gene networks regulated by both 
proteins. Thus, we delineate the mechanisms by which MEIS proteins regulate neurogenesis in the developing forebrain and implicate 
these mechanisms in the pathogenesis of RLS.
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INTRON RETENTION AS A MECHANISM TO TIGHTLY CONTROL THE TIMING OF NEURONAL 
DIFFERENTIATION
Ainara González-Iglesias (1), Ana Domingo-Muelas (2), Aida Arcas (1), Estefania Mancini (3), Juan Valcárcel (3), Isabel Fariñas (2), 
M. Ángela Nieto (1) 
(1) Instituto de Neurociencias (CSIC-UMH), Sant Joan d’Alacant, Spain, (2) Departamento de Biología Celular, Biología Funcional y Antropología Física 
and ERI BiotecMed (UVEG), Valencia, Spain, (3) Centre for Genomic Regulation (CRG), The Barcelona Institute of Science and Technology, Barcelona, 
Spain

In mammals, adult neurogenesis is restricted to few niches in the central nervous system, being the subependymal zone (SEZ) 
the largest germinal region of the adult mammalian brain. In rodents, the neural stem cells (NSCs) that reside in this region give 
rise to neuroblasts that migrate and integrate in the olfactory bulb (OB), where they contribute to the neural plasticity of olfactory 
information processing. A group of transcription factors that might regulate this process is the Scratch family, which belongs to the 
Snail superfamily and has been shown to promote neuronal differentiation in different species. We show that Scratch1 is expressed 
in the SEZ both in NSCs and in neuroblasts, although its transcripts present different subcellular localizations in these two cell types. 
In NSCs, Scratch1 mRNA accumulates in the nucleus, due to intron retention, which in turn affects mRNA export to the cytoplasm. 
During differentiation, RNA methylation promotes the splicing and export of Scratch1 mRNA. In addition, we have found that the 
expression of other genes implicated in NSCs differentiation might be also regulated by mRNA nuclear retention. Therefore, we 
propose that intron retention can operate as a mechanism to tightly control the timing on neural differentiation specifically in the 
adult SEZ.

P B - 2 8 

MITOTIC CHROMOSOME BINDING DISTINGUISHES THE NEURAL TRANSCRIPTION FACTORS BRN2 AND 
ASCL1: POSSIBLE IMPACT ON M-G1 TRANSITION
Mário Soares, Diogo Sampaio-Soares, Vera Teixeira, Raquel Oliveira, Diogo S. Castro
Instituto Gulbenkian de Ciência, Oeiras, Portugal

Recent work indicates that many transcriptional proteins, including sequence-specific transcription factors (TFs) can associate with 
mitotic chromosomes, occupying a fraction of their genomic targets when binding to mitotic chromatin. This process is referred to 
as “mitotic bookmarking” and has been proposed to convey gene regulatory information across cell divisions, playing an important 
role in cell identity maintenance. Using live-imaging of cultured NS cells we found Brn2, an important regulator of neural stem (NS) 
identity, to associate with condensed chromosomes during proliferative divisions. While ChIP-seq experiments suggest Brn2 does 
not establish sequence-specific interactions with mitotic chromatin, live imaging reveals this association ensures an early presence 
of Brn2 inside the newly reformed nuclear envelope of daughter cells. By contrast, the neuronal determination factor Ascl1 remains 
excluded from mitotic chromatin in proliferating NS cells, and its presence in the G1 nucleus relies on the nuclear import machinery. 
We propose the observed differences between both TFs may impact on the timing of reactivation of each transcriptional program. 
This is supported by preliminary results using RNA-FISH for immature transcripts, aimed at characterizing the timing of reactivation 
of well-established Brn2 and Ascl1 target genes during mitotic exit. Moreover, by mutating residues that define its electrostatic 
properties, we engineered an Ascl1 derivative that associates with condensed chromosomes during mitosis. This is being used to 
further test the impact of mitotic chromosome binding in the temporal patterning of transcriptional reactivation.

P B - 2 9 

SPATIOTEMPORAL DISSECTION OF CELL-FATE DECISIONS DURING GASTRULATION, AT SINGLE CELL 
RESOLUTION
Yonatan Stelzer
Department of Molecular Cell Biology, Weizmann Institute of Science, Rehovot, Israel

In mammals, implantation marks the initiation of cellular differentiation and robust acquisition of specialized cellular properties by 
individual cells, that specify the basic embryonic lineages. Cell specification is shaped by complex layers of epigenetic modifications 
that specify, memorize and modulate functional embryonic programs. New technologies now offer unprecedented view into cell 
specification at the molecular level. One aspect of these technologies involves transcriptional analysis at single cell resolution, which 
has recently enabled charting the mouse post-implantation development at unparalleled resolution. Yet, it remains a challenge to 
dissect the relative roles of intrinsic cellular processes from extrinsic effects of the localized environment upon cell-fate choices. In 
additions, disentangling the Gordian knot of epigenetic cause and effect still remains a formidable task. 

To address these challenges, we developed a novel method that uses fluorescent dyes to index spatial information in the early embryo. 
Analyzing multiple individual embryos at different time points, established highly comprehensive spatiotemporal characterization 
of post-implantation development. To study how epigenetics may be involved in regulating cell-fate and function, we generated 
isogenic pairs of mouse embryonic stem cell, harboring knockouts of key factors involved in writing, maintaining and erasing of 
DNA methylation. Analyzing chimeric embryos derived from isogenic clones, enables critically evaluating and substantiating casual 
relationships between DNA methylation changes and gene-expression. Taken together, by synthesizing ideas from developmental 
biology, epigenetics, computational biology, microscopy and single cell genomics, our study allows separating extrinsic signaling 
from intrinsic cellular commitment around some of the most fundamental lineage decision choices in mammals.
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SOX5 CONTROLS THE ESTABLISHMENT OF QUIESCENCE DURING THE DEVELOPMENT OF THE 
HIPPOCAMPAL NEUROGENIC NICHE
Lingling Li (1), Maria Ciorraga (1), Pilar Jurado (1), Cristina Medina (1), Véronique Lefebvre (2), Aixa Morales (1) 
(1) Departement of Cellular, Molecular and Developmental Neurobiology, Cajal Institute, Madrid, Spain, (2) Cleveland Clinic Lerner Research Institute, 
Cleveland, Ohio, USA

During the development of the dentate gyrus (DG), neural progenitors (NPs) proliferate rapidly and generate mature granule neurons. 
In adulthood, a subpopulation of NPs are retained in a quiescent state as adult neural stem cells (NSCs) in the subgranular zone (SGZ) 
of the DG and continue to produce new granule neurons throughout adult life. However, the mechanisms by which embryonic NPs 
expand and transform into adult NSCs remain unclear.

We have previously characterized that the transcription factors Sox5/Sox6 control the activation of quiescent NSCs (qNSCs) 
during adult neurogenesis. Interestingly, both Sox5/Sox6 are expressed in neural progenitors along the embryonic and postnatal 
development of the DG. 

Using conditional knockout of Sox5, we have determined that the absence of Sox5 results in a reduction of NPs proliferation during 
postnatal stages in part due to the prematurely differentiation of intermediate progenitors and increased cell death. However, at 
P30, when neurogenesis is mostly maintained by adult NSCs proliferation, a significantly increased proliferation in adult NSCs was 
observed in mutants. Moreover, we found a reduced number of qNSCs in mutants, and cultured mutant neurospheres exhibited 
resistance to enter into quiescence when exposed to BMP4, which consequently leads to a progressive reduction of the neurogenic 
pool detected by P90. Taken together, our data suggest that Sox5 controls the balance between proliferation and differentiation of 
NPs during early postnatal development and it is required for the correct transition from proliferation to qNSCs, essential for the 
establishment of the adult neurogenic niche of the DG.

P B - 31 

AXON GUIDANCE CUES SECRETED BY THE CORTEX GLIAL NICHE REGULATE ASYMMETRIC STEM CELL 
DIVISION IN DROSOPHILA LARVAL BRAIN NEUROBLAST LINEAGES
Ana de Torres Jurado, Ana Carmena
Developmental Neurobiology, Instituto de Neurociencias/CSIC-UMH, San Juan d’Alacant, Alicante, Spain

Asymmetric stem cell division (ASCD) regulation is crucial to balance stem and differentiated cells during development, adult tissue 
homeostasis and tumorigenesis. Two main types of mechanisms, extrinsic and intrinsic, modulate ASCD. Extrinsic mechanisms 
include the secreted cues provided by the niche, a complex extracellular microenvironment surrounding stem cells that is essential 
for their maintenance. Intriguingly, ASCD in neuroblasts (NBs), the neural stem cells of Drosophila CNS and a paradigm for ASCD 
analysis, seems to depend exclusively on intrinsic cues, the so-called cell-fate determinants. Larval brain NB lineages are in close 
contact with the cortex glia, which enwraps each lineage individually providing neuroprotective and trophic functions. Thus, the 
cortex glia niche stands as an excellent candidate to be a source of secreted signals for regulating the larval NB ASCD, but these 
potential signals remain elusive. Here we unravel a novel function for Slit and Netrin axon guidance cues as secreted signals 
by the cortex glial niche regulating larval brain NB ASCD through Robo and Frazzled, a DCC-like receptor, respectively. Slit and 
Netrins are present in the cortex glia while Robo and Frazzled are detected within NB lineages. Compromising Slit/Robo or Netrin/
Frazzled signaling leads to ectopic NBs within the mutant clones suggesting a reversion of the daughter cell normally committed to 
differentiate to an NB, stem-like fate. Moreover, Slit/Robo signaling downregulation disrupts ASCD, reflected in defects in ASCD 
regulator and cell-fate determinant localization in mitotic NBs. We are currently investigating the mechanism/s by which these 
signaling cues impinge on NB ASCD. 
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CELL LINEAGE DIFFERENTIATION IN THE MOUSE BLASTOCYST: THE EMERGENCE OF THE PLURIPOTENT 
EPIBLAST
Claire Chazaud, Nicolas Allègre, Sabine Chauveau, Yoan Renaud, Cynthia Dennis
CNRS, GReD, Clermont-Ferrand, France

During the first 4 days of development, three cell lineages are differentiating in the mouse embryo: the trophectoderm, the epiblast 
(Epi) that is the source of embryonic stem cells (ES), and the primitive endoderm (PrE). The Epi and PrE cells are specified from common 
Inner Cell Mass (ICM) precursor cells in an apparently random pattern, illustrated by the mixed and complementary expression of 
the transcription factors Nanog and Gata6 (1). Moreover, FGF signalling balances cell fate toward either an Epi or PrE identity (2). 
Individual ablation of Nanog and Gata6 genes revealed their role in Epi and PrE specification respectively(3,4,5). Thus ICM cell 
differentiation depends on a gene regulatory network (GRN) composed by the interactions between Nanog, Gata6 and the FGF 
pathway that we have mathematically modelled (4). However how the GRN is initiated remains unknown. We will present our novel 
data on Nanog/Gata6 double mutants. This analysis, using single cell transcriptomics (RTqPCR and RNA-seq), enables to decipher 
the initiation of Epi specification. Moreover, in absence of Nanog, Gata6 and FGF signalling there is still heterogeneity among ICM 
cells suggesting a stochastic mechanism for driving the emergence of Epi cells.
(1) Chazaud et al., 2006 Dev. Cell 10:615-24.
(2) Yamanaka et al., 2010 Development 137:715-24.
(3) Frankenberg et al., 2011 Dev. Cell 21:1005-13.
(4) Bessonnard et al., 2014 Development 141:3637-48.
(5) Schrode et al., 2014 Dev. Cell 29:454-467.
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DIVERSITY OF PROGENITOR CELL TYPES IN THE DEVELOPING FERRET CEREBRAL CORTEX
Lucia del-Valle-Anton (1), Salma Amin (1), Marta Florio (2), Steve McCarroll (3), Víctor Borrell (1) 
(1) Department of Developmental Neurobiology, Instituto de Neurociencias, Consejo Superior de Investigaciones Científicas & Universidad Miguel 
Hernández, Alicante, Spain, (2) Department of Genetics, Harvard Medical School, Boston, MA, USA, (3) Department of Genetics, Harvard Medical 
School, Boston, MA, USA; Stanley Center for Psychiatric Research, Broad Institute of MIT and Harvard, Cambridge, MA, USA

Folding is a critical aspect of cerebral cortex development in higher mammals, essential to contain a massively increased surface 
area within a limited cranial volume. Our previous research reveals the existence of a critical period of cortex development in ferret, 
between gestation days 34 and 36, when there is a burst in the generation of basal Radial Glia Cells (bRGCs) from apical Radial Glia 
Cells (aRGCs). bRGCs produced during this brief period contribute to the Inner Subventricular Zone (ISVZ) and, most importantly, 
become essential founders of the Outer SVZ (OSVZ). At the genetic level, this time window is delimited by low expression levels 
of Trnp1, a DNA-associated factor required for the self-renewal of aRGCs. Experimental increase in Trnp1 levels at E34 reduces 
bRGC production, concomitant with an expansion of aRGCs. Intriguingly, this only affects bRGCs destined to the OSVZ, not to 
ISVZ, suggesting the existence of various types of aRGCs. Moreover, Trnp1 is expressed at different levels in the germinal layers of 
prospective sulcus and gyrus, further supporting the existence of a diversity of aRGC subpopulations with different transcriptomic 
fingerprints and potentially key for cortex folding. To address this hypothesis we are using single-cell RNA sequencing from individual 
germinal layers, distinct developmental stages and from prospective sulcus and gyrus of the ferret visual cortex. Our results reveal a 
diversity of progenitor cell classes or states linked to developmental time and cortical region. An understanding of this diversity will 
illuminate the dynamic cell lineage relationships during cortical development relevant for folding.
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STUDY OF MECP2 DIMERS IN THE DIFFERENTIATION OF HUMAN NEURONS
María Luisa Molina Gallego (1), Emilio Geijo Barrientos (2), Salvador Martínez Pérez (3) 
(1) Dept. Histología y Anatomía, (2) Dept. Fisiología, (3) Dept. Histología y Anatomía y CIBERSAM. Universidad Miguel Hernández de Elche, Spain

Rett syndrome (RTT; Rett, A. 1966) is a serious, incurable neurological disease that affects mostly girls with a frequency of 1 in 
10,000 births and is considered the most frequent cause of mental retardation after Down syndrome. 95% of RTT cases are due to 
“de novo” mutations of the MeCP2 gene of parental germ cells. MeCP2 is a nuclear protein involved in neuronal maturation. It is 
involved in the overall organization of chromatin by favoring transcriptional repression or activation by binding to methylated (5mC) 
or hydroxymethylated (5hmC) cytosines, respectively. But the molecular mechanisms by which protein dysfunction provokes RTT 
symptomatology are still unknown. 

We think that this mechanism could be related with the oligomerization capacity of MeCP2. In fact, the expression of MeCP2 
increases during differentiation and induces the clustering of heterochromatin in vivo (Brero et al., 2005). In addition, it is known 
that MeCP2 forms dimers and associates with other proteins such as MBD2. These interactions could cross-link the chromatin 
fibers stabilizing their aggregation, and provided a novelty in the molecular mechanism of the global architecture of heterochromatin 
(Becker et al., 2013). 

In this work, differences in the MeCP2 protein bands between proliferating cells and differentiated cells in neuron are being studied. 
For this purpose, human (SH-SY5Y) neuroblastoma cell line and human periodontal ligament-derived cells (stem cells from the neural 
crest) have been differentiated into neural-like cells. We verified that the cells are differentiated in mature neurons and we found 
that neuronal differentiation changes the oligomeric state of MeCP2.
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MOLECULAR INVERSE STOCHASTIC RESONANCE IMPEDES DECODING OF THE HER6 OSCILLATOR IN 
ZEBRAFISH NEUROGENESIS
Ximena Soto, Veronica Biga, Jochen Kursawe, Robert Lea, Parnian Doostdar, Nancy Papalopulu
School of Medical Sciences, Faculty of Biology Medicine and Health, University of Manchester, United Kingdom

Ultradian oscillations of key transcription factors, such as members of the Hes family, are thought to be important in Neural Progenitor 
Cell (NPC) maintenance and miR-9 acts as a tuner of these oscillations by buffering fluctuations/noise on the gene expression. 
However, most of the effect of miRNAs in controlling noise has been based on artificial synthetic systems or analysis of static 
measurements.

Biological noise has been inferred from static snapshot measurements but the dynamic properties of protein expression noise are 
unknown. Furthermore, how noise may affect inherently dynamic systems such as protein expression oscillations has not been 
experimentally tested. We have recently uncovered how noise may affect inherently dynamic systems such as protein expression 
oscillations. Using a CRISPR/Cas9 Zebrafish Her6-Venus fusion reporter, live imaging and absolute quantitation we show that 
Her6, a helix-loop-helix transcription factor undergoes a transition from irregular, noisy, fluctuations to oscillations as neurogenesis 
commences. In the absence of miR-9 input, the Her6 oscillator is subject to Inverse Stochastic Resonance due to a new type of protein 
expression noise characterized by an increase in frequency. Theory and experimentation show that such noise prevents molecular 
decoding of the oscillator and locks cells into a normally transitory state where they co-express progenitor and early differentiation 
markers. Thus, we characterise for the first time the dynamic properties of noise longitudinally and we reveal mechanistically the 
importance of constraining noise in decoding an oscillatory signal. 
This work has been recently submitted to Nature (Soto et al., 2019. https://doi.org/10.1101/608604).

P B - 3 6 

A TRANSITORY SIGNALING CENTER PROMOTES TIMELY PRIMORDIAL GERM CELL DIFFERENTIATION
Torsten Banisch (1), Maija Slaidina (1), Lilach Gilboa (2), Ruth Lehmann (1) 
(1) Developmental Genetics, New York University - Skirball Institute, New York, United States, (2) Biological Regulation, Weizmann Institute of 
Science, Rehovot, Israel

During gonadogenesis cellular movements, proliferation and the onset of differentiation of multiple cell types requires spatio-
temporal regulation. This is in particular critical, since gonads harbor primordial germ cells (PGCs), which need to be maintained 
even before their functional niches are established. Such temporal coordination underlies systemic cues, e.g. hormones that elicit 
specific cellular responses.

We study the orchestration of cell type specific morphogenesis programs and the coordination of somatic gonad formation and PGC 
development in the developing Drosophila ovary.

Here, we utilized a single-cell RNA sequencing data-set of larval ovaries generated in our lab, which provides transcriptomes of all 
gonadal cell types. We identified the yet uncharacterized somatic swarm cells (SWs) as a major driver of gonad morphogenesis and 
as a transient signaling center for PGCs. Employing cell type specific tools, we show that SWs undergo morphogenetic anterior to 
posterior movements, a process regulated by an early expression peak of the steroid hormone ecdysone. 

After completing their migration, which establishes the posterior compartment of the gonad, SWs produce and secrete the perforin-
like molecule Torso-like in response to a second ecdysone peak. PGCs perceive Torso-like as a temporal cue via the receptor 
tyrosine kinase Torso. Receptor activation culminates in PGC differentiation by alleviating transcriptional repression of the major 
differentiation gene bag of marbles. 

Together, this work identifies a mechanism coupling the completion of gonad morphogenesis with the initiation of germline 
differentiation. This tight temporal coordination is a critical event in many organisms and ensures for proper organ development and 
function.
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TO DIVIDE OR TO DIFFERENTIATE - THE FATE OF DROSOPHILA NEURAL STEM CELLS
Catarina Homem
Nova Medical School, CEDOC, Lisboa, Portugal

Tissue growth and organ morphogenesis must be coordinated to ensure that animal development proceeds correctly. Hormonal 
signalling is essential for this coordination, ensuring developmental transitions occur at the appropriate time. The regulation of stem 
cell proliferation is particularly important to ensure the correct number and fate of differentiated cells are formed at the right time. 
Thus, the proliferation and fate of these cells must be modulated in response to physiological changes to keep pace with changing 
demands of development. Although it has been described for some time that stem cells respond to hormonal signals, the extent to 
which this regulation occurs and how is integrated with the organism development remains to be understood.

To understand the role of hormonal signalling in stem cell proliferation and differentiation we are using Drosophila neural stem 
cells and brain development as a model. Drosophila’s brain originates from a small pool of neural stem cells, thus being an excellent 
model to study how stem cells are hormonally regulated during organ formation. We are investigating how different hormonal 
signals regulate stem cell proliferation and how this regulation is integrated at the physiological level during development. Our 
studies have revealed that Drosophila’s neural stem cells are regulated by hormonal signals, which are actively required to stop 
their proliferation. We further show that stem cells are responsive to hormonal signalling within specific temporal windows in 
development. Interestingly, we find that hormonal regulation of neural stem cells is achieved by coordinating the development of the 
brain and other organs.
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MICROGLIAL REGULATION OF ADULT NEURAL STEM CELLS IN THE SUBEPENDYMAL ZONE
Pere Duart-Abadia, Ana Pérez-Villalba, Mª Salomé Sirerol-Piquer, Ana Domingo-Muelas, Isabel Fariñas
Departamento de Biología Celular and ERI BiotecMed, Universitat de València, Burjasot, Spain. Centro de Investigaciones Biomédicas en Red sobre 
Enfermedades Neurodegenerativas (CIBERNED). Red de Terapia Celular (TerCel)

Neural stem cells (NSC) are present in two specific neurogenic niches and continuously generate neurons that integrate into pre-
existing circuits. Neurogenic niches appear to dynamically regulate the activity of NSC both in homeostasis and injury situations by 
extrinsic signals that modulate their state of quiescence-activation, self-renewal and progeny production. Microglia are the resident 
immune cells in the central nervous system (CNS) and have critical roles in tissue homeostasis. Recent experiments indicate that 
microglial properties differ considerably across distinct brain regions influenced by environmental cues. Indeed, microglial cells 
are unique cellular components of these neurogenic niches. These morphological and functional differences could play a key role 
modulating stem cell biology. Single-cell transcriptomics have also revealed the presence of different microglia populations across 
the lifespan including postnatal proliferative-region associated microglia (PAM). This microglial subset upregulates disease-related 
genes such as Clec7a whose expression is maintained in the adult neurogenic niches. 

Here we have analyzed microglia in their native state in the subependymal zone (SEZ) and their interactions with different 
elements from the niche. We report a quantitative analysis of different microglia populations that reveals heterogeneity in their 
spatial distribution. We have also checked the role of microglia in the neurogenic niche. Our results support that microglia promote 
quiescence of the adult NSC.

P B - 4 0 

VASCULAR REGULATION OF NEURAL STEM CELL MAINTENANCE IN ADULT NEUROGENIC NICHES
Laura Blasco-Chamarro, Salomé Sirerol-Piquer, Germán Belenguer, Pere Duart-Abadia, Isabel Fariñas
Departamento de Biología Celular and ERI BiotecMed, Universidad de Valencia, 46100 Spain. Centro de Investigaciones Biomédicas en Red sobre 
Enfermedades Neurodegenerativas (CIBERNED). Red de Terapia Celular (TerCel) 

Neural stem cells (NSCs) reside in the subependymal zone (SEZ) of the brain and co-exist with multiple cellular components that 
regulate their maintenance and neurogenic potential. This “neurogenic niche” is irrigated by a dense vascular plexus, with a modified 
blood-brain-barrier (BBB) that causes an increased permeability to blood-derived substances. NSCs have a unique disposition around 
blood vessels that makes them susceptible to both soluble and adhesion-related cues. They emit long projections that directly contact 
blood vessels, being NSC linage progression conditioned by this process: While quiescent NSCs (qNSCs) make stable contacts with 
the vasculature, dividing progenitors interact more transiently and at smaller sites. Specific cell-cell signaling molecules have been 
recently described to be essential for quiescence maintenance, as Ephnb2 and Jag1. However, due to a lack of well-defined markers 
for qNSC identification, a quantitative analysis of its physical interaction with the vascular niche has not yet been done. In addition, 
maintaining qNSCs in culture, which will constitute an important tool for stem cell linage studies, has been challenging. In this 
work, we aim to give new insights regarding vascular regulation of NSC maintenance. To do so, we have developed primary brain 
cortex and SEZ endothelial cell (EC) cultures using a magnetic CD31+ sorting strategy. Interestingly, we observed that qNSCs are 
co-isolated with CD31+ cells, revealing its strong and stable contacts with the endothelium. To elucidate the role of EC soluble or 
juxtracrine signals in qNSC maintenance, sorting of qNSCs and different EC co-culture methods have been tested.
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ENGINEERING NEURAL TUBE PATTERNING IN VITRO WITH SHH SIGNALLING
Jorge Lazaro Farre, Manuela Melchionda, James Briscoe
The Francis Crick Institute, London, United Kingdom

During vertebrate neural tube development, the ventrally secreted molecule sonic hedgehog (Shh) acts as a morphogen that directs 
the pattern of neurogenesis by conferring positional information to neural progenitors. As a result, discrete domains of progenitors 
expressing specific sets of transcription factors, and arrayed along the dorsal-ventral axis, give rise to distinct neuronal subtypes. 
We have developed an in vitro differentiation protocol that converts mouse ESCs to neural progenitors on confined micropatterned 
colonies that recapitulate ventral neural tube patterning. In these colonies, spontaneous clusters of Shh expressing cells arise and 
initiate a patterning process that results in concentric rings of gene expression domains similar to the in vivo pattern. In order to 
understand the rules that govern this morphogen-driven patterning in vitro, we are developing methods to control Shh-expressing 
cells with temporal and spatial precision. Ultimately, by controlling the location, size and timing of the Shh source in colonies, we 
plan to study the length- and time- scales of Shh signalling and neural tube patterning.
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PAVING THE WAY TOWARDS HUMAN THYROID FOLLICLES IN VITRO : WHAT CAN WE LEARN?
Valeria Fernandez Vallone, Robert Opitz, Manfred Gossen, Kostja Renko, Harald Stachelschied
Charité- Einstein Center for Regenerative Therapy. Germany

Organoid in vitro models have been introduced as powerful models to study different biological and pathological aspects of the tissue 
they typify. In the thyroid field, few groups have developed in vitro thyroid follicles from mouse pluripotent stem cells relying, mostly, 
on genetic tools. However, neither an efficient nor a reproducible human model has yet been set up. 

Our aim is to develop a system where hiPSC can be differentiated first into a competitive thyroid-generating endoderm, which in turn 
enhances in vitro efficiency to obtain thyroid follicular cells with the potential to self-organize into functional follicles. 

We developed a step-wise protocol to generate thyroid competent definitive endoderm (DE) and anterior foregut endoderm (AFE) 
followed by a thyroid specification (TS) phase based on principles of in vivo development. FACS analysis showed that between 30-
40% of the cells generated DE (SOX17+/FOXA2+/CXCR4+/SOX2-). Bulk culture was differentiated and using high content image 
analysis we observed that after 14 days of culture 15-30% cells (n=4) expressed PAX8 and NKX2.1. In order to increase efficiency, 
we isolated and differentiated CXCR4+ cells (mostly DE). Results suggested that enriched endoderm alone is not capable to generate 
PAX8/NKX2.1+ cells. Therefore, identification of adjacent cells and definition of their paracrine signals is crucial to better control the 
differentiation into thyrocytes. 

A human model that can recapitulate thyroid function in vitro useful for disease modelling is of major interest and it may also 
enlighten unknown issues regarding thyroid development as well as follicle emergence, organisation and maintenance of their 
functional integrity.
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ESTABLISHMENT OF IN VITRO CELLULAR SYSTEMS TO MODEL MESODERM DIFFERENTIATION
Elisabetta Ferretti
The Novo Nordisk Foundation Center for Stem Cell Biology (DanStem), University of Copenhagen, Denmark

In vitro protocols of cell differentiation are still imprecise and inefficient processes. Improving their accuracy and efficacy is of great 
interest of regenerative medicine, stem cell-based therapy and disease modeling approaches. To understand how cells acquire a 
specific fate, it is important to identify the key genes and molecular pathways generating the early progenitors and cell intermediates 
arising during differentiation.

The molecular analysis has been hampered by limited cell numbers and rarity of cellular markers, but recently the implementation of 
in vitro cell systems and high through put single cell approaches allowed to capture these transition states, map the pairwise lineage 
choices, and identify the underlying signaling cues requirement.

We analyzed at the single-cell level the transcriptome of the progenitors arising during mouse gastrulation. We developed protocols 
to differentiate mEpiSCs towards different mesodermal types and investigated the temporal dynamics by which these progenitors 
arise. We assigned cell identity to these progenitors by comparing them to the in vivo counterpart and reconstruct their developmental 
spatiotemporal trajectories. 

Specifically, exploiting single cell analyses we improved murine paraxial mesoderm differentiation and provided new protocols 
to generate sclerotome and myotome. We employed these protocols to dissect the role of the Pbx proteins in paraxial mesoderm 
differentiation.

These data demonstrate that congenital malformations and diseases could be linked to early events occurring at time of mesoderm 
specification. Thus, the proposed protocols could be important for pin pointing these unappreciated aspects.
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REGULATION OF YAP FUNCTION BY ALTERNATIVE SPLICING DURING EARLY EMBRYO DEVELOPMENT
Barbara Pernaute, Christopher Wyatt, Marta Miret, Lucia Goyeneche, Manuel Irimia
Systems Biology, Centre for Genomic Regulation, Barcelona, Spain

Embryo development is a tightly regulated process that requires a precise coordination between cell growth, death and differentiation. 
Much work has been done in order to identify the signaling pathways, transcriptional and post-transcriptional regulators that allow 
for correct embryo development. However, the impact that alternative splicing has on the generation of protein diversity amongst 
those regulators remains understudied. Using RNA-sequencing, we have identified hundreds of RNA splice variants that change 
dynamically during early mouse embryo development, and that impact genes known to be crucial for correct embryogenesis. 
Amongst those are a number of regulators of the Hippo pathway, a signaling cascade essential for embryo lineage specification and 
cell growth control during development and in the adult. We have found two different isoforms of the Hippo effector Yap present in 
mouse embryonic stem cells and early embryos. By finely modulating the levels of each variant in mouse embryonic stem cells, we 
have found that a tight regulation of the balance between both isoforms is required to ensure a precise control over Yap activity, and 
we show this is essential for pluripotency maintenance.
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ONSET AND PATTERNING RULES OF MESENDODERM AND DEFINITIVE ENDODERM IN EMBRYOID BODIES
Naor Sagy, Maayan Pour, Shaked Slovin, Gaya Savyon, Maya Allalouf, Jonathan Boxman, Iftach Nachman
Neurobiology, Biochemistry and Biophysics, Tel Aviv University, Israel

In vitro models of early mammalian development, such as embryoid bodies (EBs) and gastruloids, provide accessible systems for the 
study of basic rules shaping cell fate and patterning during embryogenesis. Using high-throughput live 3D imaging, we study two 
early differentiation decisions in mESC-derived EBs and tetraploid-complementation embryos: the formation of primitive streak and 
mesendoderm progenitors (using Bra-GFP), and the downstream emergence of definitive endoderm (DE), using Sox17-RFP. 

We find that mechanical, biochemical and neighboring cell cues predict or affect the positioning of a primitive streak-like locus, 
determining the AP axis. Bra onset is biased by EB contact points with surfaces, can be maneuvered to a specific locus, two loci, or 
to an isotropic peripheral pattern. The EB can integrate separate mechanical and biochemical signal sources, resulting in a single 
locus. Interestingly, Foxa2 onset provides a predictive earlier symmetry-breaking event, explained by a local Wnt gradient.

In contrast, DE cells arise from within the mesendoderm population in a temporally-synchronized, yet spatially stochastic “salt-and-
pepper” pattern. This is followed by a self-sorting phase of the Sox17+ cells, leading to aggregation or lumenogenesis as the in-vitro 
counterpart to intercalation in the embryo. Self-sorting correlates with up-regulation of E-cadherin, and is not essential for DE 
differentiation or proliferation. We find that a small subpopulation of Bra-high cells are committed to their Sox17+ fate independent 
of external Wnt signal. 

The remarkably different strategies demonstrated in these two fate decisions may be explained in the context of embryo dynamics.
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THE DYNAMIC INTERPLAY OF IMMUNE CELLS AND RETINAL STEM CELLS
Clara Becker (1), Katharina Lust (1), Fanny Eggeler (1), Omnia El Said (1), Baubak Bajoghli (2), Narges Aghaallaei (2), Jochen 
Wittbrodt (1) 
(1) Centre for Organismal Studies, University Heidelberg, Germany, (2) Translational Oncology, University Hospital Tübingen, Germany

Teleost fish have an adaptive and a more distinct innate immunity, humoral and cellular immune responses as well as specific organs 
which play a key role in the immune system. One key component of the immune system of mammals and teleosts are chemokines, 
which are acute mediators of inflammation and essential components for adaptive and humoral immune responses. As secreted 
signaling molecules they bind to G-protein-coupled receptors on target cells and are important for guiding thymocytes toward 
different microenvironments. 

Moreover, teleosts display the remarkable feature that they grow life-long, which makes them particularly suitable to study stem cells. 
Throughout life, their retina maintains proliferating, multipotent stem cells in a niche at the retinal periphery. Constant proliferation 
and stemness signaling networks are common features of both stem and cancer cells. However, the teleost retina rarely displays 
aberrant growth or develops cancer. One possible explanation for this could be that the retinal stem cell niche is safeguarded by a 
control system.

In this project, we are investigating whether immune cells play a key function in guarding the retinal stem cell niche. We find that 
retinal stem cells express the chemokine ccl25b. Mononuclear phagocytic cells, which are located in close proximity to retinal stem 
cells, express the chemokine receptor ccr9a. Using time-lapse in vivo imaging we show that ccr9a+ cells maintain a stable position 
relative to retinal stem cells and phagocytose retinal stem cell-derived material. I will present our findings and current approaches 
on understanding the interaction between immune cells and retinal stem cells.



15 915 8 EDBC2019EDBC2019A B S T R A C T S A B S T R A C T S

P B - 4 7 

A FUNCTIONAL GENOMICS APPROACH TO DISSECT THE PATHWAYS INVOLVED IN THE MESODERMAL 
SPECIFICATION OF ENDOTHELIAL AND BLOOD PROGENITOR CELLS AND ITS LINEAGE BY USING CRISPR 
CAS9
Mayank Bansal, Rui Benedito 
Cell & Developmental Biology, Centro Nacional de Investigaciones Cardiovasculares, Madrid, Spain

The differentiation of blood and endothelial progenitors is tightly dependent on the FLK1-VEGF signalling axis. However, little is 
known about the function of other genes that may cooperate or execute the function of Flk1 during this process. 

Attempts to understand in more detail how these and other genes regulate this differentiation process were made by using various 
cell lines or mutant mice with single genetic modifications, that do not allow us to accurately establish functional gene networks, 
since only individual and selected gene phenotypes are compared. To obtain a more comprehensive and non-biased overview of 
this early and important developmental process we decided to perform a large-scale genetic perturbation test combined with high-
throughput phenotypic analysis. Our main hypothesis is that many other yet unidentified genes should functionally interact with these 
two key regulators of blood and endothelial differentiation. To address our hypothesis, we performed a genome wide loss of function 
genetic screen using CRISPR/Cas9 lentiviral libraries in mouse ES cells with the loss of Flk1 function. The goal is to identify new 
genes or pathways that can control the normal endothelial differentiation process and can rescue Flk1 loss of function phenotype.

The use of large genome-scale genetic screens, combined with downstream computational analysis have given us unparalleled and 
unbiased molecular resolution into the complexity of the early gene regulatory networks involved in early vasculogenesis and may 
allow us to identify genes that when mutated may release endothelial progenitor cells from their Flk1 dependency.
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CHARACTERIZATION OF THE HUMAN GNRH NEURON DEVELOPMENTAL TRANSCRIPTOME USING A 
GNRH1-TDTOMATO REPORTER LINE IN HUMAN PLURIPOTENT STEM CELLS
Carina Lund (1), Venkatram Yellapragada (1), Sanna Vuoristo (2), Diego Balboa (3), Sara Trova (4), Cecile Allet (4), Kristiina Pulli (1), 
Paolo Giacobini (4), Timo Tuuri (2) 
(1) Stem cell and metabolism research program (STEMM), Research programs unit, Department of Physiology, University of Helsinki, Finland, (2) 
Department of Obstetrics and Gynaecology, University of Helsinki, Finland, (3) Centre for Genomic regulation, Barcelona, Spain, (4) Inserm, Laboratory 
of Development and Plasticity of the Neuroendocrine Brain, Jean-Pierre Aubert Research Center, U1172 Lille, France

Gonadotropin-releasing hormone (GnRH) from the GnRH neurons in the hypothalamus marks the onset of mammalian puberty and 
is crucial for the activation of gonads. Our lab has recently published a protocol to generate GnRH-secreting neurons from human 
pluripotent stem cells (hPSCs) which is based on dual SMAD inhibition and FGF8 treatment. In our current project, we utilized CRISPR/
Cas9 methodology to generate a GNRH1-Tdtomato reporter hPSC line which serves as a valuable tool to study the development and 
function of GnRH neurons. By employing our CRISPR/Cas9 based reporter hPSC line and the GnRH-neuron differentiation protocol, 
we have now characterized the transcriptome and GnRH-secreting neurons and their progenitors. Our RNA-Seq data is novel and 
offers insights into the mechanistic players involved in development of these neurons. This data also sheds light on the role of FGF8 
signaling during GnRH neuron development. In conclusion, our data highlights the potential of hPSC-derived human GnRH neuron 
transcriptomic analysis in dissecting the molecular pathways and regulatory genes involved in GnRH neuron ontogeny.
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CELL CYCLE DYNAMICS IN PLANARIAN STEM CELLS
Markus A. Grohme, Olga Frank, Jochen C. Rink
Max Planck Institute for Molecular Cell Biology and Genetics, Dresden, Germany

Planarians can regenerate whole bodies from tiny tissue fragments. This ability is fueled by a large pool of pluripotent stem cells 
that continuously divide and show a rapid proliferation increase upon wounding or feeding. However, cell cycle dynamics and its 
control mechanisms are not well understood in planarians. How is proliferation coupled to cell fate choices in different contexts and 
requirements such as homeostasis or tissue repair?

To capture proliferation dynamics and differentiation trajectories, we are establishing a monoclonal antibody toolbox against key 
cell cycle markers in combination with single cell in situ hybridization. We focused on the anaphase promoting complex/cyclosome 
(APC/C), a conserved multi-subunit ubiquitin ligase complex to study the mechanisms of planarian cell cycle control. The APC/C is 
responsible for ubiquitination and proteasomal degradation of various cell cycle proteins. Its substrate specificity is determined by 
the association with one of its two co-activators, CDC20 or CDH1 and changes during cell cycle progression. RNA interference (RNAi) 
of cdc20 and cdh1 in Schmidtea mediterranea shows distinct effects on the stem cell compartment and its progeny. Knockdown of 
cdc20 depletes stem cells via metaphase arrest. In contrast, cdh1(RNAi) leads to dramatic over-proliferation and expansion of the 
stem cell pool accompanied by a loss of progenitor cells. This block in differentiation suggests an important function of APC/CCDH1 
in cell cycle exit in planarians. Eventually, this work will provide novel mechanistic insights into the molecular processes of the 
pluripotent stem cell system of planarians and their powerful regenerative abilities.
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UNDERSTANDING THE MECHANISMS INVOLVEDI IN THE MIGRATION AND CIRCUIT INTEGRATION OF 
GABAERGIC THALAMIC INTERNEURONS
Irene Huerga Gomez, Guillermina López Bendito
Developmental Neurobiology, Instituto de Neurociencias de Alicante, Sant Joan d’Alacant, Spain

Interneurons (INs) are inhibitory GABAergic cells necessary for the maintenance of the stability between excitation and inhibition 
in the brain. These inhibitory cells are broadly dispersed through the cortex. However, their thalamic distribution varies among 
species. In rodents, INs are mainly found in the dorsal latero geniculate (dLG) nucleus. Although it has been extensively investigated 
how cortical INs migrate to populate the cortex, it is still not well known how thalamic INs get into the dLG. In addition, it has been 
suggested that IN migration into the dLG and its integration depends on retinal activity. In this project our aims are to investigated 
the molecular mechanisms directing IN migration and integration into the dLG, and how these inhibitory cells would be affecting V1 
Development. We have seen that there are differences in the number of dLG INs in sensory deprived models compare to the controls. 
These results suggest that thalamic spontaneous activity, and not the retinal waves, might be mediating IN integration into the visual 
thalamic nucleus.
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RABBIT INNER CELL MASS RETAINS ABILITY TO DIFFERENTIATE INTO TROPHECTODERM LINEAGE
Anna Piliszek (1), Katarzyna Filimonow (1), Anna Chołoniewska (1), Jan Chołoniewski (2) 
(1) Department of Experimental Embryology, Institute of Genetics and Animal Breeding, Polish Academy of Sciences, Jastrzebiec, Poland, (2) Faculty 
of Physics, Center of Excellence for Complex Systems Research, Warsaw University of Technology, Warsaw, Poland

Early stages of mammalian development are devoted to differentiation of the first cell lineages. The first differentiation event of 
eutherian embryogenesis specifies extraembryonic trophectoderm from the inner cell mass (ICM). However, embryos of different 
mammalian species may vary in timing of lineage commitment. Here we present detailed analysis of developmental potential of 
immunosurgically isolated rabbit ICMs, to determine timing of lineage commitment. We analysed their development in vitro using 
time-lapse microscopy and immunocolocalisation of lineage-specific transcription factors. Rabbit blastocysts were obtained ex vivo 
between 3.0-3.75 days post coitum, and stage-matched based on morphology, which corresponds to cell number. Isolated ICMs from 
stages V-VII (i.e. up to two cell cycles after initiation of blastocyst cavitation) were able to re-create a blastocyst-like structures, with 
expanded cavity and an ICM-like inner group of cells. Additionally, lineage-specific markers were found in correct localization - CDX2 
in outer cells only, and SOX2 (marker of epiblast) and SOX17 (marker of primitive endoderm) in inner cells only. Although a large 
proportion of cells did not express any of the lineage markers, this resembles the incomplete lineage specification of in vitro cultured 
whole rabbit embryos. Further analysis revealed a correlation between CDX2 expression and potential to cavitate in isolated ICMs, 
as non-cavitated ICMs displayed no - or low number CDX2 positive cells. Our study reveals that rabbit ICMs retain plasticity and 
ability to differentiate into three preimplantation cell lineages at least two cell cycles after morphological ICM formation.
This work was supported by National Science Centre (NCN) grant 2017/26/E/NZ3/01205.
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ENCAPSULATION PROMOTES ISLET-CELL SIGNATURE IN DIFFERENTIATING HUMAN INDUCED 
PLURIPOTENT STEM CELLS
Simona Chera, Thomas Legoy, Andreas Mathisen, Luiza Ghila
Clinical Science, University of Bergen, Norway

Cell replacement therapies hold great therapeutic potential. Nevertheless, our knowledge of the mechanisms governing the 
developmental processes is limited, impeding the quality of differentiation protocols. Generating insulin-expressing cells in vitro is no 
exception, with the guided series of differentiation events producing heterogeneous cell populations that display mixed pancreatic 
islet phenotypes and immaturity. The achievement of terminal differentiation ultimately requires the in vivo transplantation of, 
usually, encapsulated cells.

We comprehensively analyzed the impact of cell confinement on the hiPSC differentiation potential during guided in vitro 
differentiation towards pancreatic islet cells fate. By using state of the art 11-plex TMT proteomics and large-scale imaging 
techniques we show that encapsulation significantly improves the differentiation outcome, both at quantitative and qualitative level. 
In a stage-dependent manner, cell confinement increases the proportion of hormone-positive cells as well as substantially reshapes 
their proteome landscape towards an islet-like signature. The pathway analysis of the different models, pinpointed integrins as hub 
for transducing the encapsulation effect into intracellular signaling cascades, thus promoting differentiation. Our results suggest that 
cell confinement is beneficial for differentiation, especially during its last stages. These analyses provide a molecular framework for 
understanding the confinement effects on hiPSCs differentiation while confirming its importance for this process.
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ANALYSING THE ROLE OF HNF4A IN HIPSC-DERIVED DIFFERENTIATING TO INSULIN PRODUCING CELLS
Luiza Ghila, Heidrun Vethe, Yngvild Bjørlykke, Hanne Scholz, Simona Chera, Helge Ræder
Clinical Science, Universitetet i Bergen, Norway

The postnatal pancreatic islet contains several endocrine cell populations, each one secreting a single hormone type: β-cells 
(insulin), α-cells (glucagon), δ-cells (somatostatin), PP-cells (pancreatic polypeptide). Insulin is involved in regulating the blood 
glucose levels by promoting its absorption to the skeletal muscle and adipose tissues. Consequently, β-cell or insulin dysfunction 
triggers hyperglycaemia and diabetes. Unfortunately, the pancreatic cells showed limited regenerative capacity. Ex vivo directed 
reprogramming methods have an undeniable potential as a study model. Modulating molecular targets involved in β-cell fate 
maintenance or in general differentiation mechanisms can further potentiate the pancreatic islet cell plasticity, which might lead to 
insulin production reconstitution. 

We derived several independent hiPSC lines from HNF4a-defective fibroblasts and further differentiated those to insulin-producing 
cells. HNF4α controls function of HNF1α and perhaps HNF1β as well. This transcription network plays a role in the early development 
of the pancreas, liver, and intestines. In the pancreas, these genes influence expression of the insulin, the glucose transporter 
(GLUT2), and several proteins involved in glucose and mitochondrial metabolism. We collected samples during the differentiation 
timeline and generated a full transcriptome and proteome profile. By comparing the omics landscape of normal versus HNF4a-
mutated insulin-producing cells we study the role of HNFs transcription factors in determining and maintaining the islet cell fate.
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SENSORY NEUROGENESIS DEPENDS ON VASCULAR-NEURONAL FILOPODIA CONTACTS AND BLOOD FLOW
Laura Taberner, Aitor Bañon, Berta Alsina
Dept Ciencies Experimentals i de la Salut, Universitat Pompeu Fabra-PRBB, BARCELONA, Spain

In the adult brain, neural stem cells (NSC) reside in specialized microenvironments, referred as “niches”. A key component in adult 
brain neurogenic niches is vasculature, which regulates several aspects of NSC behaviour. Everything we know on NSCs niches has 
been studied in the central nervous system, while we know nothing about the NSCs niche in the peripheral nervous system (PNS). 
Cranial sensory neurons also develop in close proximity to blood vessels, however neurovascular interactions in the peripheral 
nervous system and their underlying signals are yet unknown. 

We have generated an anatomical map of the cranial vasculature in relation to the cranial ganglia in zebrafish and investigated 
the functional relationship between both systems. Here, we uncover two separate, novel roles for cranial vasculature in cranial 
sensory neurogenesis in zebrafish. The first involves precise spatiotemporal endothelial-neuroblast filopodial contacts and Dll4-
Notch signaling to restrain neuroblast proliferation. Secondly, we find a role for signaling triggered by blood flow in promoting 
sensory neuron differentiation. Thus, we demonstrate that the cranial vasculature constitutes a hitherto unrecognized signaling 
component of the sensory ganglia niche and controls the pace of their growth and differentiation dynamics. Our work also uncovers 
for the first time the role of filopodia as signaling bridges between endothelial cells and sensory neuroblasts.
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AN APPROACH TO QUANTIFY THE ARCHITECTURE OF THE INNER CELLULAR MASS OF 
PREIMPLANTATION MAMMALIAN EMBRYOS
Jessica Forsyth (1), Berenika Plusa (1), Simon Cotter (2) 
(1) Faculty of Biology, Medicine and Health, University of Manchester, United Kingdom, (2) School of Mathematics, University of Manchester, United 
Kingdom

The mammalian embryo develops prior to implantation without any known maternal pre-determinants and is a excellent example of a 
self-organising system. During the preimplantation period the first three embryonic lineages; trophectoderm, primitive endoderm and 
epiblast are specified and organised. Genetic cues as well as interpretation and generation of physical forces influence early lineage 
formation. Physical forces can be conceptualised through the idea of cellular ‘microenvironments’ or ‘neighbourhoods’. 

In order to assess microenvironments within the embryo in a quantitative manner, we have developed a method to classify cells as 
inside or outside and subsequently calculate the number of neighbours of the inside cells. We use a combination of inbuilt boundary 
functions and Voronoi diagrams to infer cell classification (inside versus outside), and neighbourhood characteristics (number of 
neighbours). Our method currently utilises extracted cell centres from Imaris image analyses and can therefore be adapted to 
any cell segmentation data. In addition, through minor adaptation of a parameter set, this approach could be used in a variety of 
three dimensional systems, such as three dimensional cell culture. Our computational approach allows us to interrogate the three 
dimensional environment of the early mammalian embryo and quantify the architectural changes during the preimplantation period. 
Linking such quantifications with protein expression will help improve our understanding of cell fate specification within the inner 
cellular mass.
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NICHE RECRUITMENT BY INDIVIDUAL NEURAL STEM CELLS IN DROSOPHILA
Agata Banach-Latapy, Maria Rujano, Pauline Spéder
Developmental and Stem Cell Biology, Pasteur Insitut, Paris, France

Neural stem cells (NSCs) are in charge of neurogenesis, i.e, the production of neuronal and glial progeny, throughout life. They are 
found in a specialised cellular microenvironment, the niche. The niche has a complex composition, including glial cells, vasculature 
and immune cells. It has been shown to be crucial for the regulation of NSC proliferation, maintenance and differentiation. How the 
niche recognises and forms around NSCs remain unkown.

In the developing Drosophila brain, a glial subpopulation, the cortex glia, form membranous chambers encasing individual NSC 
lineages, providing a powerful model, amenable to extensive genetic manipulations, for interactions between NSC and their niche. 
We have previously shown that NSCs direct cortex glia to remodel their architecture, ultimately instructing them to build a membrane 
niche around them. We are employing this model to identify the cellular cues integrated by cortex glia to decide whether to encase 
one particular cell. We have uncovered that building appropriate niche structure relies on the sensing and integration by the cortex 
glia of a combination of parameters coming from the stem cell lineages: growth, lineage and potency. We are now investigating the 
mechanisms supporting these properties.
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CHARACTERIZING THE ROBO SIGNALLING CASCADE THAT DRIVES DIRECT NEUROGENESIS
Salma Amin (1), Alexandra Schambony (2), Marc Gentzel (3), Víctor Borrell (1) 
(1) Developmental Neurobiology, Instituto de Neurociencias, Alicante, Spain, (2) Biology Department, Developmental Biology, Friedrich-Alexander 
University Erlangen- Nuremberg, Erlangen, Germany, (3) Center for Molecular and Cellular Bioengineering, Facility Molecular Analysis/Mass 
Spectrometry, TU Dresden, Germany

The Genetic and molecular mechanisms that control development and increased size of the cerebral cortex along amniote evolution 
are largely unknown. Cortex size depends on neurons produced during embryonic development. Neurons are produced directly from 
Radial Glia Cells (RGCs), or indirectly from RGCs via generating Intermediate Progenitor Cells (IPCs). The balance between aRGC self-
renewal, production of IPCs or consumption toward neurogenesis, is under a complex set of regulatory mechanisms. Our previous 
studies in the mouse neocortex showed that very low levels of membrane receptors Robo1 and Robo2 are essential in controlling the 
balance between RGC self-renewal and production of IPCs. This is controlled partly by Robo driving Hes1 transcription, a component 
of Notch pathway. Recently, our lab showed high levels of Robo signalling in RGCs, concomitant with low Dll1 levels (ligand of 
Notch), promote direct neurogenesis with aRGC self-consumption, whereas inversion of these levels lead to indirect neurogenesis 
via production of IPCs. We further showed attenuation of Robo signalling was responsible for increasing neuron production and 
cortical expansion in vertebrate evolution. Here we investigate the intracellular interactome of Robo to characterize the molecular 
signalling pathway downstream of Robo activation that leads to direct neurogenesis. To this aim we are performing structure-
function analyses of the intracellular domain of Robo to identify the functional domains, and predicted interacting proteins, that are 
key in promoting direct neurogenesis upon Robo activation. Our findings should illuminate the mode of interaction between Robo and 
Notch signalling, two extensively studied signalling pathways not previously related.
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ROLE OF MEIS1 IN MOUSE BRAIN DEVELOPMENT
Lucile Cathiard (1), Valerie Fraulob (1), Brigitte Schuhbaur (1), Miguel Torres (2), Juliane Winkelmann (3), Wojciech Krezel (1) 
(1) Developmental biology and stem cells, Institute of Genetics and Molecular and Cellular Biology (IGBMC), Strasbourg, France, (2) Cardiovascular 
Development and Repair Department, Centro Nacional de Investigaciones Cardiovasculares (CNIC), Madrid, Spain, (3) Institute of Neurogenomics, 
Helmholtz-Zentrum München, Neuherberg, Germany

Restless legs syndrome (RLS) is a frequent neurologic sensorimotor disorder affecting 6 to 11% of the occidental population. Although 
originally thought to be caused by neurodegeneration, recent and present studies suggest also neurodevelopmental origin of this 
disorder. Human genetic studies identified Meis1 as the major genetic risk factor for this disorder, however, the exact mechanisms of 
how Meis1 may contribute to RLS pathophysiology remains unknown. Analyses of Meis1 functions during brain development using 
conventional loss-of-function approach in Meis1 null mice is impeded by early lethality of those mice due to compromised development 
of hematopoietic system. To circumvent this shortcoming, we have now generated somatic mice mutants in which floxed Meis1 was 
deleted by means of transgenic Nestin-Cre. Whereas Meis1Nest-/- female mice present high rate of post-natal lethality, most of male 
mice survive and display severe, ataxic locomotor deficits at 7, 21 and 42 post-natal days. Severely compromised brain development, 
especially strong hydrocephaly and cerebellar defects may directly underlie this behavioral phenotype. Furthermore, such data are 
consistent with role of Meis1 in control of granule cell differentiation, but also reveal important role of Meis1 in proliferation and 
migration of Purkinje cells and cerebellar foliation. We also observed a cortical phenotype, probably due to development and/or 
migration of inhibitory GABAergic neurons. Together, these data point out developmental abnormalities in key regions involved in the 
motor control loop and may suggest future directions in studies of RLS physiopathology.
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ENDOCARDIAL APELIN SIGNALING REGULATES ENDOCARDIUM-MYOCARDIUM INTERACTION
Jialing Qi, Didier Stainier, Christian Helker
Dept. III, Developmental Genetics, Max Planck for Heart and Lung Research, Bad Nauheim, Germany

During the development of the ventricular chamber, the heart muscle increases its mass by a process called trabeculation. Trabeculae 
are ventricular ridges, sponge-like muscular structures which are critical for cardiac contraction and conduction. Recently, it has been 
shown that the dynamic interaction between the myocardium and the endocardium is required for the initiation of trabeculation. 
However, only a limited number of signaling pathways have been shown to play a role during this interaction. Here, we found that the 
Apelin receptor, a GPCR, and its ligand Apelin are expressed in the ventricular endocardium and myocardium respectively. Genetic 
inactivation of the ligand or receptor causes defects in endocardial sprout formation and results in impaired trabeculation. My aim is 
to study the dynamic interaction between the endocardium and myocardium and to reveal the function of Apelin signaling pathway 
in this process.
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OSKAR MRNA DRIVES P-BODY ASSEMBLY IN DROSOPHILA GERMLINE
Branislava Rankovic, Anne Ephrussi
EMBL Laboratories, Heidelberg, Germany

During evolution, organisms have developed efficient mechanisms to respond to environmental stresses. One of the mechanisms is 
the formation of specific cytoplasmic RNP complexes such as P-bodies and stress granules. These complexes are shown to be the 
sites of translational silencing and/or mRNA degradation. Recent studies indicate that not only RBPs but RNA itself could have a role 
in RNP granule formation. However, the exact role of RNAs in this process is unknown. In Drosophila germline, P-body formation is 
promoted upon nutritional stress. One of the components of Drosophila P-bodies is the maternally deposited oskar mRNA. Besides 
the crucial biological function of Oskar protein, several non-coding functions of oskar mRNA are positioned within its 3’UTR, which 
are required for proper oogenesis. Furthermore, oskar mRNAs form dimers via a conserved stem-loop structure in the 3’UTR that 
mediates RNA-RNA interaction. We observed that in oskar mRNA non-dimerizing mutants, P-body formation is impaired. This gave 
us a great tool to study the role of RNAs in P-body formation and stress response. Thus, we analyzed P-body formation in different 
oskar mRNA mutants. Our work indicates that the oskar3’UTR is sufficient to drive P-body assembly and that oskar mRNA could 
be an important player in the formation of these RNP granules. To investigate further whether the mutation in the loop affects 
the recruitment of other trans-acting factors necessary for P-body assembly, we performed oskar specific RNA affinity pull down 
assays. At the moment, the mechanism by which oskar mRNA promotes P-body formation is still an open question. We hypothesize 
that oskar mRNA could act as a scaffold, promoting RNA-RNA and RNA-protein interactions necessary to drive P-body assembly in 
Drosophila germline.
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REGULATION OF THE ADULT MUSCLE QUIESCENT STEM NICHE BY NOTCH SIGNALING
Meryem Baghdadi
Developmental and Stem Cell Biology, Pasteur Institute, Paris, France

Adult skeletal muscles can regenerate after repeated trauma, yet our understanding of how adult muscle stem cells (MuSCs) restore 
muscle integrity and homeostasis after regeneration is limited. In the adult mouse, MuSCs are quiescent and located between the 
basal lamina, and the myofibre. After injury, they re-enter the cell cycle, proliferate, differentiate and fuse to restore the damaged 
fibre. A subpopulation of myogenic cells then self-renews for future repair. The paired/homeo-domain transcription factor Pax7 
regulates marks perinatal and postnatal MuSCs. When MuSCs are removed from their niche, they rapidly express the commitment 
marker Myod and proliferate. The basal lamina is rich in collagens, non-collagenous glycoproteins and proteoglycans. How these 
extracellular matrix (ECM) proteins regulate the satellite cell quiescent niche remains unknown. Moreover, although signalling 
pathways that maintain MuSCs quiescence have been identified, how these regulate stem cell properties and niche composition 
remains largely unclear. Importantly, sustained high activity of the NOTCH signalling pathway is critical for the maintenance of 
MuSCs in a quiescence state. Using chromatin immunoprecipitation followed by sequencing, we identified NOTCH/RBPJ-bound 
regulatory elements adjacent to specific microRNAs and specific collagen genes the expression of which is deregulated in Notch- 
mutant mice. The disruption of Collagen V or miR-708 leads to anomalous cell cycle entry and gradual diminution of the stem cell 
pool. In summary, our two studies showed that Collagen V and miR708 can contribute cell-autonomously to the generation of the 
MuSC niche via a Notch signalling-regulated mechanism.
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STUDYING THE DIVISION MODES OF ZEBRAFISH PALLIAL NEURAL PROGENITORS
Isabelle Foucher, Frédéric Rosa, Emmanuel Than-Trong, Nicolas Dray, Alessandro Alunni, Laure Bally-Cuif
Dept Developmental and Stem Cell Biology, Institut Pasteur, CNRS UMR3738, Paris, France

Stem cells play a fundamental role in the growth and homeostasis of tissues. In the dorsal telencephalon (pallium), neural stem 
cells (NSCs) are radial glial cells that express markers such as her4 or gfap and display neurogenic and self-renewing properties (1). 
They are predominantly quiescent, activating once in a while to enter division and generate activated neural progenitors that display 
moderate amplification properties before differentiating into neurons.

Using lineage tracing, we observed that adult NSCs can take several fates at division: symmetric amplifying (NSC/NSC fate, in 
39% of cases), asymmetric (NSC/n, in 35% of cases) and symmetric neurogenic (n/n, in 26% of cases). The latter division mode 
leads to stem cells loss. Within a traced her4 or gfap lineage, however, the total number of NSCs remains constant. Thus, given that 
symmetric amplifying divisions outnumber symmetric neurogenic divisions, NSC loss involving direct differentiation or death must 
also take place. 

We found no evidence for NSCs apoptotic events (using the ubi:SecA5-YFP reporter line (2), activated caspase 3 antibody, and our 
new caspase reporter line). On the contrary, combining lineage tracing with live imaging, we report direct neuronal differentiation 
events (n).

Using short term lineage tracing at different embryonic, larval and juvenile stages, we now want to know if NSC fate choices vary 
over time and in space. Establishing such spatio-temporal map of NSC fates will be a first descriptive step before studying their 
molecular control.
(1) Than-Trong E et al. Glia. 2015, 63(8):1406-28.
(2) Van Ham TJ et al. FASEB J. 2010, 24(11):4336-42.
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INHIBITION OF MITOTIC KINASES IN SKIN AND ORAL EPITHELIA TRIGGERS A SQUAMOUS 
DIFFERENTIATION RESPONSE ENSURING GENOME INTEGRITY
Alberto Gandarillas (1), Natalia Sanz-Gómez (1), Isabel De Pedro (1), David Santamaría (2), Marcos Malumbres (2), Guillermo De 
Cárcer (2) 
(1) IDIVAL, Santander, (2) CNIO, Madrid, Spain

Self-renewal epithelia require tight coordination between cell division and differentiation. The mechanisms ensuring this control 
are still intriguing although their alteration leads to a great body of neoplasia. Stratified epithelia of the skin or the oral cavity 
are continuously exposed to genotoxic agents and replication stress and they need to suppress genetically damaged cells that 
would transfer genomic instability on the progeny. We previously have demonstrated that human keratinocytes in vitro respond 
to oncogenic cell cycle deregulation by initiating squamous differentiation, hence suppressing cell division. This process seems to 
depend on mitosis control. We aimed to investigate whether this DNA damage response (DDR) has a physiological role in ensuring 
that only cells with correct ploidy control can divide. We have studied the response of squamous epithelia to conditional depletion 
of key molecules for mitosis progression and chromosome segregation, in knock-out mice.
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SQUAMOUS EPITHELIAL CELLS COMMONLY RESPOND TO A DNA DAMAGE-DIFFERENTIATION 
CHECKPOINT INVOLVING POLYPLOIDISATION
Ana Freije (1), Lizbeth Contreras (1), Lucía San Juan (1), Natalia Sanz-Gómez (1), Isabel De Pedro (1), Guillermo De Carcer (2,3), 
Marcos Malumbres (2), Alberto Gandarillas (1,4) 
(1) Cell Cycle, Stem Cell Fate and Cancer Laboratory. Fundación Instituto de Investigación Marqués de Valdecilla  (IDIVAL), Santander, Spain, (2) Cell 
Division and Cancer. Centro Nacional de Investigaciones Oncológicas (CNIO), Madrid, Spain, (3) Cell Cycle and Cancer Biomarkers Group, Instituto de 
Investigaciones Biomédicas “Alberto Sols” (IIBm) CSIC-UAM, 28029 Madrid, Spain. 4, INSERM; Languedoc-Roussillon; Montpellier, France

Squamous epithelia undergo continuous cell renewal and are continuously exposed to mutagenic hazard, the main cause of cancer. 
How they maintain homeostasis upon cell cycle deregulation is unclear. To elucidate how they respond to cell cycle stress, we have 
studied human keratinocytes from various locations (skin, oral mucosa, tonsil, pharynx, larynx, trachea and oesophagus). We have 
made use of genotoxic or mitotic drugs (Doxorubicin, Paclitaxel and Nocodazole), UV irradiation, or chemical inhibitors of the mitotic 
checkpoint kinases Aurora B and Polo-like-1. We further have tested the response to inactivation of p53, ectopic Cyclin E or to the 
chemical carcinogen DMBA. In vivo, we inactivated Plk1 in the skin and oral epithelia. All treatments provoked DNA damage and 
mitosis impairment and strikingly triggered squamous differentiation and polyploidisation, resulting in irreversible loss of clonogenic 
capacity. Therefore, keratinocytes from squamous epithelia share a cell-autonomous squamous DNA damage-differentiation 
response that might automatically maintain homeostasis.
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MOLECULAR MECHANISMS BEHIND DIFFERENTIATION OF EPENDYMAL CELLS
Ayush Srivastava
Institute de Biologie de l’Ecole Normale Superieure, Paris, France

During brain development radial glial cells(RGCs) differentiate into various cell types such as neurons and astrocytes. One of the 
lesser known cell types to arise from RGCs are ependymal cells, which line the inner walls of fluid filled cavities of the brain, called 
ventricles. These specialized multiciliated cells are essential for neurological functions and any defect in their development can 
lead to pathologies such as hydrocephalus, a fairly common congenital brain development disorder. While trying to study the largely 
unknown molecular mechanisms behind ependymal cell differentiation, we found that mTOR, a key metabolic pathway is active 
during the process of ependymal cell differentiation. By blocking the mTOR pathway, the differentiation of ependymal cell was 
arrested, confirming its essential role in ependymal cell differentiation. Considering how extensively mTOR is linked to senescence, 
we were curious to look for senescent features in ependymal cells. To our surprise we found that ependymal cells indeed express 
markers of cellular senescence, albeit only during the process of differentiation, completely disappearing once differentiation is 
complete. This transient appearance of senescence-like state, which is paradoxical to the known permanence of senescence is 
enigmatic. Additional studies on the transcriptome of differentiating ependymal cells revealed replicative stress pathways to be 
active during differentiation process, pointing towards a possible inducer of the observed senescence-like state. With the help 
of various genetic models of mice, and pharmacological techniques, we are trying to understand the aspects of this peculiar, 
transiently expressed senescence-like state during brain development.
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RETENTION OF PATERNAL DNA METHYLOME IN THE DEVELOPING ZEBRAFISH GERMLINE
Ksenia Skvortsova (1), Katsiaryna Tarbashevich (2), Ryan Lister (3), Manuel Irimia (4), Erez Raz (3), Ozren Bogdanovic (1) 
(1) Garvan Institute of Medical Research, Sydney, Australia, (2) Center for Molecular Biology of Inflammation (ZMBE), Munster, Germany, (3) ARC CoE 
PEB, University of Western Australia, Perth, Australia, (4) Centre for Genomic Regulation, Barcelona, Spain

Two waves of DNA methylation (5mC) reprogramming occur during mammalian embryogenesis; during preimplantation development 
and during primordial germ cell (PGC) formation. However, it is currently unclear how evolutionarily conserved these processes 
are. Here we characterise the DNA methylomes of zebrafish PGCs at four developmental stages and identify retention of paternal 
epigenetic memory, in stark contrast to the findings in mammals. Gene expression profiling of zebrafish PGCs at the same developmental 
stages revealed that the embryonic germline is defined by a small number of markers that display strong developmental stage-
specificity and that are independent of DNA methylation-mediated regulation. We identified promoters that are specifically targeted 
by DNA methylation in somatic and germline tissues during vertebrate embryogenesis and that are frequently misregulated in human 
cancers. Together, these detailed methylome and transcriptome maps of the zebrafish germline provide insight into vertebrate 5mC 
reprogramming and enhance our understanding of the relationships between germline fate acquisition and oncogenesis.



1 6 91 6 8 EDBC2019EDBC2019A B S T R A C T S A B S T R A C T S

P C - 2 

TRANSCRIPTOMIC AND GENOMIC SIGNATURES OF AXON GUIDANCE DECISIONS
Marta Fernández-Nogales, María Teresa López-Cascales, Jordi Fernández-Albert, Verónica Murcia-Belmonte, Ángel Barco, 
Eloísa Herrera
Developmental Neurobiology, Instituto de Neurociencias Alicante, San Juan de Alicante, Spain

The binary decision of crossing or avoiding the midline that retinal ganglion cells (RGCs) axons take at the optic chiasm during 
embryonic development is essential for binocular vision and the perception of depth and space. This simple axonal choice represents 
an ideal model to identify the mechanisms that control axon guidance during neural circuits formation. Although numerous membrane 
proteins involved in axonal pathfinding have been identified in the last decades, the regulatory genomic mechanisms that orchestrate 
their expression remain poorly understood. In an attempt to identify novel mechanisms controlling axon guidance decisions, we 
have compared chromatin accessibility (ATAC-seq) and transcription (RNA-seq) in ipsilateral and contralateral RGCs using a novel 
genetic strategy. Cre-driver lines specific for these two RGC populations enabled the fluorescent tagging of the nuclear envelope or 
polysomes for subsequent cell sorting or ribosomal profiling, respectively. These differential screens exposed important differences 
in the status of the chromatin, transcription factor occupancy and transcriptional profiles of different genes between the two 
neuronal populations, revealing unknown genomic mechanisms underlying axon guidance decisions.
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ON THE TRAIL OF NEW MARKERS OF PACEMAKER CELLS
Tomasz Obrębski (1), Aleksandra Paterek (1), Angelika Brzozowska (1), Rashid Minhas (1), Cecilia Lanny Winata (2) 
(1) Laboratory of Zebrafish Developmental Genomics, International Institute of Molecular and Cell Biology in Warsaw, Warszawa, Poland, (2) Max-
Planck Institute for Heart and Lung Research, Bad Nauheim, Germany

Nearly 1% of newborn children suffer from congenital heart disease (CHD). Conditions associated with the disorder of the heartbeat 
rate are called arrhythmia. Knowledge about the molecular basis of these diseases remains limited and requires research on the 
factors that regulate heart development and function. The cardiac conduction system (CCS) is responsible for generating and proper 
spreading of the electrical impulse at the heart. The signal produced by the pacemaker cells located in the sinoatrial node (SAN) is 
propagated over the entire heart, causing the contraction of the atria first, followed the ventricles. Abnormalities in SAN development 
may lead to cardiac arrhythmia and sudden death. Although some of the genes responsible for the development of SAN were known, 
including transcription factors like Shox2, Tbx18, Tbx3 or Isl1, many other underlying genetic causes of various forms of arrhythmia 
remain unknown. The zebrafish (Danio rerio) is a good model for studying heart biology due to its rapid external embryogenesis and 
conserved cardiac electrophysiology to that of humans. In a previous analyses, potential candidate genes implicated in pacemaker 
development were identified through RNA-seq carried out on cells isolated from ET33mi59b transgenic line which expresses EGFP 
in the sinoatrial junction containing pacemaker activity. In order to functionally validate these candidate genes, we first studied 
their expression pattern in the developing heart via in situ hybridization. We will then perform further functional analysis using 
Morpholino and generate mutant lines of these genes using the CRISPR-Cas9 system.
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3D GENOME FOLDING IN MAMMALIAN GERM CELLS
Covadonga Vara (1), Paytuví-Gallart Andreu (1), Cuartero Yasmina (2), François François (2), Garcia Francisca (1), Marti-Renom 
Marc (2), Aurora Ruiz-Herrera (1) 
(1) Departament de Biologia Cel•lular, Fisiologia i Immunologia, Universitat Autònoma de Barcelona, Barcelona, Spain, (2) CNAG-CRG, Centre for 
Genomic Regulation, The Barcelona Institute of Science and Technology, Barcelona, Spain

Mammalian genomes are packaged into a specifically tailored chromatin structure; the regulation of which depends on several 
superimposed layers of organization that includes the chemical modifications of the DNA, epigenetic modifications of the nucleosomes 
and the high-order organisation of chromatin compartments inside the nucleus. How these different levels of chromatin organization 
interact during meiosis remains largely unexplored. Here we present a comprehensive high-resolution structural and functional 
atlas of mouse spermatogenesis, which addresses outstanding questions in the field of genome organisation during meiosis. In 
particular, we explore mouse spermatogenesis by combining in situ Hi-C, RNA-seq and ChIP-seq of CTCF and meiotic cohesins. 
These data permitted unprecedented detailed study of the close interplay between chromatin high-order organisation dynamics and 
function during mammalian spermatogenesis. This allowed us to distinguish previously undescribed stages of compartmentalisation 
for chromosomes in pre-meiotic (spermatogonia), meiotic (leptonema, zygonema, pachynema and diplonema) and post-meiotic cells 
(round spermatids and sperm). And this is reflected at different levels of genome organisation: (i) intra-/inter-chromosomal interaction 
ratios, (ii) distance-dependent interaction frequencies, (iii) genomic compartments, (iv) topological domains, and (v) occupancy of 
insulator proteins. Overall, our results provide new insights into how genome reshuffling influences chromatin folding and nuclear 
architecture, especially in the context of the dramatic chromatin changes that take place during the formation of the germ line.
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SUBFUNCTIONALIZATION OF COHESIN STAG1/2 IN ZEBRAFISH DEVELOPMENT AND DISEASE
Sarada Ketharnathan, Anastasia Labudina, Stephanie Lee, Jisha Antony, Ian Morison, Julia Horsfield
Department of Pathology, University of Otago, Dunedin, New Zealand

Cohesin is a multimeric protein made up of three core subunits in somatic cells: RAD21, SMC3, SMC1A and additionally, either STAG1 
or STAG2. Cohesin-STAG1 and cohesin-STAG2 have both redundant and unique functions in key processes such as cell division 
and transcriptional regulation via genome organization. STAG2 is the most frequently mutated cohesin complex member and is one 
among only 12 genes that are significantly mutated in at least four cancer types, including acute myeloid leukaemia. 

Zebrafish represent a well-established model to study haematopoiesis. Using CRISPR-Cas9 we have generated germline zebrafish 
mutants for three of four stag paralogs, namely stag1a, stag1b and stag2b. We observed disruption of both primitive and definitive 
embryonic haematopoiesis in our stag1a mutants, with primitive myeloid skewing and a decrease in the number of definitive 
haematopoietic stem cells. Our stag1b and stag2b mutants showed a reduction in primitive erythropoiesis and in addition exhibited 
striking defects in tail development, such as mis-localization of certain cell types and the development of ectopic secondary 
structures. stag2a transcript is maternally inherited and expressed in the ovary, therefore mutants may not have been recovered 
owing to a critical role for stag2a in germ cell development. 

Our results raise the possibility of unique cell type-specific requirements for the different stag paralogs in zebrafish while confirming 
their importance in haematopoiesis.
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NOGGIN EXPRESSION IN THE NOTOCHORD IS REQUIRED FOR PROPER PANCREAS DEVELOPMENT IN 
VERTEBRATES
João Pedro Amorim (1), Ana Gali-Macedo (1), Hugo Marcelino (1), Renata Carriço (1), Silvia Naranjo (2), Solangel Rivero-Gil (2), 
Joana Teixeira (1), Mafalda Galhardo (3), Joana Marques (1), Jose Luis Gomez-Skarmeta (2), José Bessa (1) 
(1) VDR Group - Vertebrate Development and Regeneration, i3S - Instituto de Investigação e Inovação em Saúde, Porto, Portugal, Porto, Portugal, (2) 
Centro Andaluz de Biologia del Desarrollo, Universidad Pablo de Olavide, Spain, (3) CIBIO - Centro de Investigação em Biodiversidade e Recursos 
Genéticos, Vairão, Portugal

The notochord is an evolutionary novelty that appeared at the basis of vertebrate evolution, acquiring an important function as 
a signaling center in vertebrate development. Early experiments of notochord ablation in chicken have demonstrated that this 
signaling center is crucial for proper pancreas development, however which molecules are involved in this process are yet to be 
fully described. Here, we show that the loss-of-function of the notochord expression of noggin2 (nog2) in the zebrafish impairs 
beta-cell differentiation, suggesting that Nog2, a known Bmp inhibitor, might counteract the antagonistic role of Bmp in beta-cell 
differentiation. We also show that nog2 expression in the notochord is induced by at least one notochord enhancer and its loss 
of function, either by an insulator integration, genomic deletion or enhancer-mediated suppression of transcription, is sufficient 
to impair beta-cell differentiation. Tracing Nog2 diffusion, we show that this protein emanates from the notochord and is found 
co-localized with pancreas progenitor cells. Finally, we have searched for enhancers in the landscape of the human and mice Nog 
gene, having found one notochord enhancer for each of these species, as well as evidences for a common upstream transcriptional 
regulator. In summary, our work shows that the disruption of a nog2 notochord enhancer might impact in the proper development of 
the endocrine pancreas, resulting in a pancreatic disease associated phenotype.
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DYNAMIC REGULATION OF ALTERNATIVE SPLICING MODULATES DNA DAMAGE RESPONSE DURING 
ZYGOTIC GENOME ACTIVATION
Christopher Wyatt, Pernaute Barbara, Quirze Rovira, Manuel Irimia
Systems Biology, Centre for Genomic Regulation (CRG), Barcelona, Spain

The transition from maternal to embryonic control is a crucial time in an organism’s life cycle, with an overhaul of the epigenetic marks, 
targeted mRNA degradation and the initiation of transcription. However, how alternative splicing is regulated during this process and 
how it contributes to early embryogenesis is unknown. Using RNA-seq data from human, mouse and cow from multiple time points 
representing the transition from the oocyte to blastocyst, we identified thousands of exon skipping events with dynamic temporal 
regulation. Most of these exons change at the stage of genome activation, which shows the highest level of exon skipping diversity 
so far reported for any cell or tissue type. Interestingly, many events led to disruptive or non-canonical isoforms, generally through 
temporary skipping of constitutive exons, and were in genes enriched for DNA damage responses in the three species, consistent 
with the low levels of DNA damage response reported at these stages. Using various computational approaches, we identified two 
core spliceosomal components, Snrpb and Snrpd2, as potential regulators of these patterns. Consistently, microinjection of Snrpb/d2 
mRNA into mouse zygotes reduced the levels of temporary exon skipping at genome activation, and lead to an increase in the levels 
of etoposide-induced DNA damage response. Beyond genome activation, we also identified multiple cassette exons with conserved 
regulation among human, cow and mouse early embryogenesis in genes enriched in core developmental pathways, such as Wnt and 
Hippo, and a set of “pan-pluripotent” exons whose regulation is shared among all toti- and pluripotent cell types.
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IMPACT OF SIGNALING PATHWAYS IN THE CIS-REGULATION DURING EMBRYONIC DEVELOPMENT
Marta Moreno-Oñate, Sandra Jiménez-Gancedo, José Luis Gómez-Skarmeta
Centro Andaluz de Biología del Desarrollo (CABD), Sevilla, Spain

The animal body plan formation takes place during the embryonic development and it results from the precise spatio-temporal 
regulation of the gene expression. The animal form evolves largely by altering the expression of functionally conserved developmental 
genes and the vast networks they control. Most of the genomic signatures underlying key evolutionary processes can be found in the 
cis-regulatory elements (CREs) that control when, where and how much the genes are transcribed.

We have started to identify genome-wide CREs acting during early development in zebrafish at different embryonic stages. To do 
that, we performed both ATAC-seq and RNA-seq, which allowed us to link the identified CREs to their target developmental genes 
and determine how their activity change in the different developmental stages. These enhancer-promoter physical interactions occur 
in a highly regulated manner, showing the importance of a precise regulation of the gene expression along development and animal 
evolution.

To identify activated or repressed enhancers upon modulation of the genetic pathways, embryos have been treated with different 
drugs during the gastrulation period, when body plan basic layout is generated. At this point the open chromatin profiling have been 
done at three different stages: 80% of epiboly (gastrulation), 12 somites (neurulation) and 24hpf (organogenesis) stages. Altogether, 
the goal of this project is to understand how signaling pathways control CREs activity and regulate gene expression over different 
stages during the embryonic development.
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IDENTIFICATION OF SOX2 CIS-REGULATORY REGION SPECIFIC FOR COCHLEAR EPITHELIUM
Karl Kam Hei So (1), Bernice King Wing Leung (1), Yuchen Liu (1), Tianli Qin (1), Chi Chung Hui (2), Mai Har Sham (1) 
(1) School of Biomedical Sciences, The University of Hong Kong, Hong Kong, Hong Kong, (2) Program in Developmental & Stem Cell Biology, The 
Hospital for Sick Children, Toronto, Canada

Sox2 is one of the most important transcription factors in neurosensory fate determination in the otic epithelium. Irx3 and Irx5 genes 
are TALE homeodomain transcription factors that express in the developing otocyst. Interestingly, Sox2 is ectopically expressed in 
Irx3-/-Irx5-/- mutant, suggesting a negative regulatory role of Irx3 and Irx5 on Sox2 expression. The cis-acting regulatory regions of Sox2 
are complex and their functions vary in a tissue specific manner. To identify cochlear epithelium specific cis-regulatory region of Sox2, 
we perform bioinformatics analysis and in vitro assays. Analysis of Hi-C data in multiple tissues reveals a Sox2 downstream distal 
region, which has a strong interaction with Sox2 promoter within the same topologically associating domain (TAD). Cis-regulatory 
elements are enriched within the same TAD. The identity of these cis-regulatory elements is further characterized by ChIP-seq 
of active histone marks H3K27ac and H3K4me1. Analysis of FANTOM5 (Functional Annotation of the Mammalian Genome) data 
reveals these cis-regulatory elements are enriched with transcriptional and enhancer activity. We perform chromatin conformation 
capture (3C) assay in developing cochlea, which shows the interaction between these cis-regulatory regions and Sox2 promoter. The 
cochlear epithelium specific Sox2 cis-regulatory regions are also enriched with Irx3 and Irx5 binding. The identification of cochlear 
epithelium specific cis-regulatory regions provides insights into the regulation of Sox2.



17 317 2 EDBC2019EDBC2019A B S T R A C T S A B S T R A C T S

P C -10 

UNDERSTANDING THE BIFURCATION OF THE NEURAL RETINA AND PIGMENTED EPITHELIUM 
DEVELOPMENTAL PROGRAMS
Lorena Buono (1), Tania Morero (2), Berta de la Cerda (3), Rocio Polvillo (1), Paola Bovolenta (2), Juan Ramon Martinez-Morales (1) 
(1) CABD, CSIC, Sevilla, Spain, (2) CBM, CSIC, Madrid, Spain, (3) CABIMER, CSIC, Sevilla, Spain

Sight depends on the intimate relation and combined function of photoreceptors and pigmented cells. In all metazoans these two cell 
types rise from a pool of common precursors. Unravelling how the gene regulatory networks (GRNs) of these tissues bifurcate into 
two mutually exclusive developmental programs is an essential step to better understand the molecular basis of retinal degenerative 
diseases and the branching dynamics of differentiation programs. Here we use the development of the optic cup in zebrafish as a 
model to explore this biological question, combining RNAseq and ATACseq experiments of different pools of FACS sorted cells. 
This approach allowed us not only to unveil the key specifiers and effector genes operating directly on the morphological and 
differentiation properties of the eye cells, but also to identify the active cis-regulatory modules orchestrating the specification 
of its distinct domains. Our results confirm previously known TFs as central nodes of the eye GRNs and uncover pioneer factors 
playing an unexpected early role in retinal pigmented epithelium (RPE) specification. Finally, we tested our findings in human iPSCs 
differentiating towards RPE cells. This comparison revealed a conserved consecutio of TF recruitment along the RPE differentiation 
program, opening new opportunities for the improvement of therapies based on cell replacement for retinal degenerative diseases. 
Our work is a further step towards the identification of the molecular links between tissue specifiers and effector molecules involved 
in eye development, many of which will be causative genes for the most common hereditary malformations of the eye.
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ROLE OF TRANSCRIPTION FACTORS IN GENE EXPRESSION REGULATION DURING EMBRYONIC 
DEVELOPMENT
Lourdes Gallardo Fuentes, José Luis Gómez Skarmeta
Genetic regulation and morphogenesis, Centro Andaluz de Biología del Desarrollo (CABD), Seville, Spain

One important function of non-coding DNA is the regulation of gene transcription by cis-regulatory sequences containing cis-
regulatory elements, such as transcription factor binding sites. The information contained in these sites is essential to correctly 
regulate the genetic expression, especially during embryonic development. Modifications in genome regulatory elements can lead to 
alterations related to either evolutionary or disease processes.

We have used chromatin immunoprecipitation followed by sequencing (ChIP-seq) in zebrafish embryos with antibodies against 
several transcription factors and in different developmental stages. With these data we can identify transcription factors binding 
sites in the zebrafish genome, and we are going to look for essential cis-regulatory elements of important developmental genes. After 
that, some of these cis-regulatory elements will be eliminated or modified from the zebrafish genome by novel CRISPR technologies 
to evaluate the consequences that it would have in gene expression during embryonic development. Moreover, with ChIP-seq data 
and bioinformatics analysis we will be able to create a kind of global map of genome regions where several transcription factors 
work, with an important role for a correct embryo development.
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IMPACT OF THE EXPRESSION OF HUMAN CTCF PROTEIN ON THE SACCHAROMYCES CEREVISIAE 
GENOME
Inmaculada Vazquez-Gutierrez, Panos Firbas, Juan J. Tena, José M. Santos-Pereira, Ignacio Maeso
Centro Andaluz de Biología del Desarrollo (CABD), CSIC-Universidad Pablo de Olavide-Junta de Andalucía, Seville, Spain

In contrast to other eukaryotes, transcriptional regulation is particularly complex in animals, where it depends on long-range 
interactions between multiple distal enhancers and their target promoters. This is specially so in developmental genes, which usually 
have very complex expression patterns that require the control of many cis-regulatory elements. Thus, 3D chromatin organization is 
critical to guarantee proper cis-regulatory interactions and to avoid spurious ones. In different groups of animals, such as humans 
and other vertebrates, the protein CTCF works as an essential factor to control the 3D structure of the genome, regulating cohesin-
mediated chromatin interactions and the formation of loops between distal enhancers and their target promoters. In contrast, this 
type of long-range cis-regulation and its associated 3D chromatin organization have not been observed in other eukaryotic lineages 
such as plants and fungi. Interestingly, CTCF is also absent from the genome of these non-animal species. To investigate how CTCF 
can contribute to the establishment of long-range chromatin interactions in animals, we use the model organism Saccharomyces 
cerevisiae to study the effects that CTCF expression may have on the 3D organization of a fungal genome that does not have distal 
cis-regulation. We have successfully generated a yeast strain expressing human CTCF in which we have also introduced several 
transgenes of human-derived boundary elements containing CTCF binding sites. Using this model we are studying the ability of CTCF 
to establish 3D structures on the yeast chromatin, and its potential impact on the transcriptional regulation of this unicellular species.
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DYNAMICS OF DNA METHYLOMES UNDERLIE OYSTER DEVELOPMENT
Rivière Guillaume (1), He Yan (2), Tecchio Samuele (1), Crowell Elizabeth (1), Wu Guan-Chung (3), Saint-Carlier Emma (1), 
Sourdaine Pascal (1), Guo Ximing (4), Favrel Pascal (1) 
(1) BOREA -MNHN-CNRS FRE2030-SU-UCN-IRD207-UA, Université de Caen-Normandie, CAEN, France, Metropolitan, (2) Key Laboratory for Marine 
Sciences, Ocean University of China, (3) National Taiwan Ocean University, (4) Rutgers University

DNA methylation is a critical epigenetic regulator of development in mammals and social insects, but its significance outside these 
groups is not understood despite DNA was found methylated in distant models such as the oyster Crassostrea gigas. Therefore, we 
investigated the role of DNA methylation in the development of the oyster. We found that DNA methylation level is variable during 
C. gigas embryogenesis, together with the expression level of the putative oyster DNA methylation machinery. In addition, inhibition 
of DNA methylation severely impairs development. Furthermore, the methylation of development gene promoters can influence 
their transcription both in vitro and in vivo. Genome-wide investigations from the egg to the completion of organogenesis reveal 
that embryolarval DNA methylation patterns are mosaïc and dynamic, especially in gene bodies and transposable elements, and 
mostly regulated at cleavage and metamorphosis. During oyster development, DNA methylation marks genes with stable and high 
expression levels. Kinetics in both the level and pattern of gene-body methylation correspond to the transcriptional and functional 
gene clusters specific to development stages. The embryolarval methylomes resemble those from oocytes, indicating the inheritance 
of parental epigenomes. However, large differentially methylated regions are regulated at cleavage and metamorphosis and bear 
the gene clusters functionally relevant to these steps. These results show that methylome dynamics underlie oyster development. 
To our knowledge, this is the first demonstration of such epigenetic regulation outside vertebrates and ecdysozoan models, bringing 
new insights into the evolution and the epigenetic regulation of developmental processes.
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THE GROUND ZERO OF GENE REGULATORY EVOLUTION: UNVEILING GENERAL PRINCIPLES OF FIRST-TIME 
CIS-REGULATORY INTERACTIONS BETWEEN MAMMALIAN-SPECIFIC TFS AND THE ZEBRAFISH GENOME
María José López, Panos Firbas, Ignacio Maeso
Biología celular y Biotecnología. Centro Andaluz de Biología del Desarrollo (CABD), Sevilla, Spain

Biological entities, whether proteins, blue whales, sensory organs or cis-regulatory elements are continuously interacting with other 
structures, establishing complex networks through which biological information is exchanged. These interaction networks, such 
as the complex gene regulatory networks that control animal development, are assembled and maintained during the course of 
evolution. But what happens when new elements are incorporated for the first time into these systems, when different biological 
structures meet for the first time? To answer this, we have artificially put in contact molecular structures that never overlapped 
before, to generate first time gene regulatory encounters. We have expressed highly divergent mammalian-specific homedomain 
transcription factors (TFs), such as ARGFX and LEUTX, in the completely foreign chromatin environment of zebrafish embryos. We 
perform ChIP-seq experiments for these mammalian TFs and show that their ectopic binding sites in zebrafish are preferentially 
found in chromatin regions that are open and accessible during zebrafish development, such as active promoters and enhancers. 
Surprisingly, despite the highly divergent recognition motifs of these mammalian TFs, some of their ectopic zebrafish binding sites 
are found in the zebrafish orthologs of ARGFX endogenous target genes in mammals. Our results suggest that, in evolution, first time 
molecular encounters can exhibit identifiable and coherent interaction patterns. Thus, biological molecular structures, such as TFs, 
have inherent capacities to interpret and read the information contained in other biological systems, even when these systems have 
not co-evolved with and are foreign to these biological structures
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EMBRYONIC NEURODEVELOPMENT IS AFFECTED IN HUNTINGTON’S DISEASE
Cristina Vila Torondel (1), Anna Esteve-Codina (2), Giovani Iacono (2), Daniel Tornero (1), Andrés Míguez (1), Josep Maria Canals (1) 
(1) Laboratory of stem cells and regenerative medicine, Department of biomedical sciences, and Production and Validation Center of Advanced 
Therapies (Creatio), Faculty of Medicine and Health Sciences, University of Barcelona; Neuroscience Institute, University of Barcelona; August 
Pi i Sunyer Biomedical Research Institute (IDIBAPS), Barcelona; and Networked Biomedical Research Centre for Neurodegenerative Disorders 
(CIBERNED), (2) Centro Nacional de Análisis Genómico (CNAG-CRG) - Centre for Genomic Regulation (CRG), Barcelona Institute of Science and 
Technology (BIST); and Universitat Pompeu Fabra (UPF), Barcelona, Cataluña, Spain

Huntington’s Disease (HD) is a fatal neurodegenerative disorder that manifests itself through motor and cognitive symptoms due to a 
predominant loss of Medium Spiny Neurons (MSNs) in the striatum. HD research has classically focused on the adulthood. However, 
growing evidences show that developmental alterations could be a key factor in the disease, determining the future vulnerability 
of certain cell types, such as striatal MSNs. This work aims to study the striatal developmental alterations in HD mice (Q175). We 
have isolated both mantle and germinal striatal zones of E16.5 WT and HD embryos by laser micro-dissection and we then compared 
its gene expression by bulk RNA-seq. The results show significant differences in gene expression pattern in the mantle zone of 
HD embryos compared to controls. Genetic alterations suggest defects in neuronal generation, growth and maturation, as well as 
alterations in HD-related intracellular pathways such as mitochondrial metabolism, vesicular transport and calcium homeostasis. 
Isolation of specific subpopulations of striatal neurons (e.g. D1 and D2 MSNs) by single-cell analysis should help identifying the 
primary mechanisms behind the developmental defects and augmented sensitivity of HD MSNs. Indeed, our preliminary results show 
differences between genotypes. All together, these results indicate that HD pathogenesis starts early in neurodevelopment, thus 
opening new promising therapeutic target for preventing HD. 
This work has been supported by Ministerio de Ciencia, Innovación y Universidades, Spain; ISCIII-Subdirección General de Evaluación and European Regional 
Development Fund (ERDF) [RETICS and CIBERNED]; and Catalonia Trade and Investment, Generalitat de Catalunya and ERDF [ADVANCE(CAT) ], Spain.
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EVALUATING THE SWITCH IN CELLULAR COMPETENCE DURING HEAD TO TRUNK TRANSITION
Patrícia Duarte, André Dias, Ana Nóvoa, Moisés Mallo
Patterning and Morphogenesis, Instituto Gulbenkian Ciência, Oeiras, Portugal

Development of vertebrate embryos is characterized by early formation of the anterior tissues and sequential axial extension at 
their posterior end, first by the activity of the primitive streak and then of the tail bud. Head and trunk development are significantly 
different and this transition involves a change in the capacity of cells to respond to particular gene networks when entering the 
trunk formation stage. Genetic experiments indicate that retinoic acid is crucial during this transition phase, becoming dispensable 
once trunk formation has started. Herein, we aim to understand the mechanisms behind the switch in cell competence during head 
to trunk transition and the role that retinoic acid plays in this process. For this, we will take a genome wide approach to identify 
regulatory regions involved in this transition, followed by their functional assessment using transgenic and genome editing strategies 
in mouse embryos.
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UNDERSTANDING SPECIES-SPECIFIC TIMESCALES DURING MOTOR NEURON DEVELOPMENT
Teresa Rayon (1), Despina Stamataki (1), Ruben Perez-Carrasco (2), Lorena Garcia- Perez (1), Manuela Melchionda (1), James 
Briscoe (1) 
(1) The Francis Crick Institute, London (2) Department of Mathematics and CoMPLEX, University College, London, United Kingdom

Time is an indispensable, but poorly understood, aspect of embryonic development. Although cellular and molecular mechanisms 
controlling developmental processes are often evolutionarily conserved, the speed at which these operate can vary substantially 
between species. To gain an understanding of the temporal control of embryonic development, we use motor neuron formation as 
a model. By performing quantitative and comparative analysis of the human and mouse embryonic spinal cord we demonstrate that 
it is a highly conserved process that has distinct temporal scales between species. By differentiating human and mouse stem cells, 
we show that the timing mechanisms operating during spinal cord development in two mammals are recapitulated in vitro. We find 
that species-specific dynamics of gene expression temporally scale from one species to the other. We provide evidence that this 
is not due to differences in signalling, nor the sequence of genes or their regulatory elements. Instead, we find an approximately 
two-fold increase in biochemical reactions in human cells compared to mouse and this can account for the slower pace of human 
development. Together these results indicate that global changes in mRNA and protein kinetics play a major role in interspecies 
differences in developmental tempo.
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EPIGENETIC AND NON-EPIGENETIC ACTION OF SIRTUIN 1 DURING OOCYTE MEIOSIS
Jan Nevoral (1), Lukas Landsmann (1), Miriam Stiavnicka (1), Sarka Prokesova (2), Hedvika Rimnacova (1), Tereza Fenclova (1), 
Jiri Moravec (1), Tereza Zalmanova (2), Milena Kralickova (1) 
(1) Biomedical Center, Faculty of Medicine in Pilsen, Charles University, Pilsen, Czech Republic, (2) Institute of Animal Science, Prague

Sirtuin 1, belongs to class III (NAD+-dependent) histone deacetylases, targets many epigenetic and non-epigenetic substrates. It is 
thought that several sirtuin 1 substrates are involved in oocyte meiotic maturation and, hence, we hypothesized sirtuin 1 plays the 
role of a signaling molecule in oocytes through epigenetic and non-epigenetic regulation. Therefore, mouse oocytes were isolated and 
in vitro matured in M16 medium, supplemented with BML-278, sirtuin 1 selective activator (Abcam, UK). In situ immunolabeling with 
specific antibodies (anti-sirtuin 1, anti-H3K4me2, anti-H3K9me3, anti-acetylated α-tubulin) was performed. Thereafter, sirtuin 1 re-
localization was observed, with respect to the stage of oocyte maturation. Sirtuin 1 exclusively occupied nucleus in immature oocyte 
and achieved spindle-like pattern in matured metaphase II oocyte. With respect to sirtuin 1 localization, sirtuin 1 epigenetic and non-
epigenetic targets were modified after BML-278 treatment: methylation of histone H3 on lysine K4 decreased, whereas H3K9me3 
increased, leading to chromatin silencing and stability. Belong to the non-epigenetic target, spindle α-tubulin was deacetylated in 
metaphase II oocyte. Taken together, selected non-epigenetic and epigenetic targets of sirtuin 1 shown to be involved in oocyte 
maturation, through histone code establishment and spindle modification. Hence, the dynamic relocation of sirtuin 1 during oocyte 
meiosis is suggested to intentionally contribute to early postfertilization events.
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GENE REGULATION DURING TRUNK-TO-TAIL TRANSITION IN THE VERTEBRATE EMBRYO
Anastasiia Lozovska, Patrícia Duarte, Moisés Mallo
Instituto Gulbenkian de Ciência, Oeiras, Portugal

During embryogenesis the vertebrate embryo extends posteriorly and forms the trunk and tail regions by sequentially adding new 
tissue differentiated from the progenitors located in a caudal growth zone, first in the epiblast and at later stages in the tail bud. 
How the same pool of progenitors gives rise to the different body compartments and how the transition between body regions is 
orchestrated is not fully understood. According to the previous findings of our lab, Gdf11, a signalling molecule of the TGF-b family, 
and the transcription factor Oct4 play opposite roles in the trunk-to-tail transition. While Gdf11 is important to initiate formation 
of tail structures, Oct4 activity is associated with trunk development. By combining transcriptomics and genomics data we aim to 
elucidate how these major regulators control formation of the trunk and tail regions and what kind of interaction is behind the trunk-
to-tail transition.
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MODULATION OF PITX1 LIMB REGULATION BY 3D GENOME STRUCTURE DYNAMICS
Guillaume Andrey (1), Kragesteen Bjørt (2), Spielmann Malte (2), Paliou Christina (2), Rouco Raquel (1), Heinrich Verena (2), 
Schöpflin Robert (1), Esposito Andrea (3), Annunziatella Carlo (3), Bianco Simona (3), Chiariello5 Andrea (3), Jerković Ivana (2), 
Harabula Izabela (2), Guckelberger Philine (2), Pechstein Michael (2), Wittler Lars (2), Chan Wing-Lee (4), Franke1 Martin (2), 
Lupiáñez Darío (5), Kraft Katerina (2), Timmermann Bernd (2), Vingron Martin (2), Visel Axel (6), Nicodemi Mario (3), Mundlos 
Stefan (2) 
(1) Genetic Medicine and Development, University of Geneva, Medical School, Switzerland, (2) Max Planck Institute for Molecular Genetics, Berlin, 
Germany, (3) Dipartimento di Fisica, Università di Napoli Federico II, and INFN Napoli, Complesso Universitario di Monte Sant’Angelo, Naples, Italy, 
(4) Institute for Medical and Human Genetics, Charité Universitätsmedizin Berlin, Germany, (5) Berlin Institute for Medical Systems Biology, Max-
Delbrück Center for Molecular Medicine, Berlin-Buch, Germany, (6) Lawrence Berkeley National Laboratory, Berkeley, CA, USA

The regulatory specificity of enhancers and their interaction with gene promoters is thought to be controlled by their sequence 
and the binding of transcription factors. By studying Pitx1, a regulator of hindlimb development, we show that dynamic changes in 
chromatin conformation can restrict the activity of enhancers. Inconsistent with its hindlimb-restricted expression, Pitx1 is controlled 
by an enhancer (Pen) that shows activity in both fore- and hindlimb. By capture HiC and 3D-modeling of the locus, we demonstrate 
that fore- and hindlimbs have fundamentally different chromatin configurations, whereby Pen and Pitx1 interact in hindlimbs and are 
physically separated in forelimbs. Structural variants are able to convert the inactive into the active conformation, thereby inducing 
Pitx1 misexpression in the forelimb, causing partial arm-to-leg transformation in mice and humans. Using scRNA-seq, we further 
show that Pitx1 is misexpressed in forelimb cell-types that correspond to its normal hindlimb expression specificity. In conclusion, 
tissue-specific 3D chromatin conformation can contribute to enhancer activity and specificity in vivo and its disturbance can result 
in gene misexpression and disease.
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IMPACT OF PROMOTER SEQUENCES ON TRANSCRIPTIONAL DYNAMICS DURING ZYGOTIC GENOME 
ACTIVATION
Carola Fernandez (1), Antonio Trullo (1), Matthieu Dejean (1), Edouard Bertrand (1), Ovidiu Radulescu (2), Mounia Lagha (1) 
(1) IGMM_University of Montpellier, CNRS, France, (2) DIMNP, UMR CNRS 5235, University of Montpellier, France

During the course of development, patterns of gene expression are progressively established. The spatio-temporal precision of 
these patterns is often attributed to enhancers. While the effect of enhancer location and sequences has been extensively studied, 
promoter sequences have so far received little attention in the context of multicellular developing organisms. In particular the impact 
of core promoter motifs on particular step of transcriptional initiation remains elusive. 

To investigate the role of minimal promoter sequences on transcriptional dynamics, we employed quantitative live imaging (MS2/
MCP RNA labeling combined with high speed confocal microscopy) and single molecule labeling to extract transcriptional bursting 
properties of various Drosophila developmental promoters. We have developed an image analysis pipeline, for nuclei tracking and 
3D detection of the associated mRNA molecules. Using an innovative machine-learning approach, we are able to deconvolve MS2/
MCP fluorescent traces to position each individual polymerase initiation event for each nucleus from a living developing embryo. By 
combining data from hundreds of transcribing nuclei located in a defined spatial domain within an embryo, we can infer promoter-
switching rates for each promoter sequence, distinguishing Pol II firing rates from burst sizes. We will present these unpublished 
results and discuss a few unexpected findings regarding the role of minimal promoter sequences in general and that of the TATA box 
and INR in particular for the control of promoter kinetics.
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COMPARATIVE FUNCTIONAL ANALYSIS OF THE ATYPICAL NOTCH LIGANDS DLK1 AND DLK2 IN THE 
REGULATION OF VERTEBRATE NEUROGENESIS
Stephanie Telerman (1), Russell Hamilton (1), Ben Shaw (1), Alexandra Ashcroft (1), Peter Arthur-Farraj (2), Ben Steventon (1), 
Anne Ferguson-Smith (1) 
(1) Department of Genetics, (2) Department of Clinical Neurosciences, University of Cambridge, United Kingdom

Mammalian Dlk1 (Delta-like homologue 1) is an atypical Notch ligand encoding two isoforms, either membrane-bound and 
proteolytically cleaved and secreted. Dlk1 is secreted by niche astrocytes, while neural stem cells express the membrane-bound 
isoform. Mammalian Dlk1 is part of a cluster of imprinted genes and is expressed from the paternally inherited chromosome. Selective 
absence of imprinting in niche astrocytes as well as in neural stem cells, results in biallelic dosage of Dlk1 and is required for normal 
neurogenesis. Interestingly, Dlk2, the paralogue of Dlk1, is structurally very similar but is not imprinted. As deciphering the specific 
roles of each isoforms of Dlk1 in mammals is a challenge, we are using here zebrafish as model, as it lacks the cleavage domain and 
contains one isoform. We are investigating the specific function and regulation of these atypical Notch Ligands during vertebrate 
development, more specifically during neurogenesis. By performing behavioural analysis, we observe differences in the ability to 
respond to specific stimuli between Dlk2 mutants and controls in larval stages, which combined with expression analysis, suggests 
a role for the protein in the regulation of neurogenesis.

P C - 2 4 

DISSECTING THE PANCREATIC AND DUODENAL HOMEOBOX 1 (PDX1) CIS-REGULATORY LANDSCAPE BY 
HUMANIZING THE ZEBRAFISH GENOME
Inês Maria Costa, Ana Gali-Macedo, Chiara Perrod, José Bessa
Instituto de Investigação e Inovação em Saúde (i3S), Instituto de Biologia Celular e Molecular (IBMC), Universidade do Porto, Porto, Portugal

The transcription factor PDX1 plays a crucial role in early pancreas development, differentiation of endocrine lineages and beta cell 
function. Heterozygous mutations are associated with Maturity-Onset Diabetes of the Young (MODY4), an early-onset monogenic 
form of diabetes, while reduced PDX1 expression levels are often observed in type 2 diabetes (T2D).

In this work we aim to introduce the human PDX1 locus into the zebrafish genome, therefore providing a humanized animal model 
to perform in vivo studies. We reasoned that a Bacterial Artificial Chromosome (BAC) spanning 200 kilobases containing the PDX1 
gene will represent its transcriptional regulatory landscape. The PDX1-BAC has been engineered by inserting Tol2 transposase 
recognition sites to enhance transgenesis efficiency and a GFP reporter to generate a fusion PDX1 protein to trace its expression 
in vivo. The PDX1-BAC transposable element will be injected in one-cell stage zebrafish to generate transgenic lines, which can be 
easily manipulated by CRISPR-Cas9 genome editing to characterize in vivo the role of known polymorphisms and novel identified cis-
regulatory elements (CREs). Additionally, by screening the PDX1 locus for epigenetic marks, chromatin accessibility and conformation, 
we selected six putative PDX1 CREs. We are currently validating these human isolated sequences for enhancer or insulator function 
in vivo in zebrafish.

This approach will provide a powerful in vivo model to investigate non-coding elements regulating PDX1 expression levels, elucidating 
the molecular mechanisms contributing to T2D susceptibility. Assessing the impact of human mutations for the development of 
diabetes-associated traits in vivo could refine T2D diagnostic strategies and therapeutic interventions. 
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THE GLUCOCORTICOID RECEPTOR COUPLES ENDOCRINE SIGNALLING TO SYNAPTIC ACTIVITY-
DEPENDENT GENE TRANSCRIPTION VIA A METABOTROPIC GLUTAMATE RECEPTOR-REGULATED 
PATHWAY IN ZEBRAFISH
Helen Eachus (1), Dheemanth Subramanya (1), Harriet Jackson (1), Guannyu Wang (1), Kieran Berntsen (1), John-Paul Ashton 
(1), Umberto Esposito (2), Fayaz Seifuddin (3), Mehdi Pirooznia (2), Eran Elhaik (2), Nils Krone (4), Richard Baines (5), Marysia 
Placzek (1), Vincent Cunliffe (1) 
(1) Biomedical Science, University of Sheffield, United Kingdom, (2) Animal and Plant Sciences, University of Sheffield, UK, (3) Bioinformatics 
and Computational Biology, National Heart, Lung and Blood Institute, National Institutes of Health, Bethesda, USA, (4) Oncology and Metabolism, 
University of Sheffield Medical School, Sheffield, UK, (5) Neuroscience and Experimental Psychology, University of Manchester, UK

The Glucocorticoid Receptor (GR) co-ordinates metabolic and behavioural responses to stressors. We hypothesised that GR influences 
the development and functioning of circuits that regulate behaviour by modulating epigenetic and transcriptional processes in the 
brain. Using the zebrafish as a model organism, the brain methylomes of wild-type and GR mutant adults were analysed and GR-
sensitive, differentially methylated regions (GR-DMRs) were identified. Two genes with GR-DMRs exhibited distinct methylation 
and transcriptional sensitivities to GR: the direct GR target fkbp5 and neuron-specific aplp1. In larvae, neural activity is required for 
GR-mediated transcription of aplp1, but not for that of fkbp5. GR also regulates metabotropic glutamate receptor gene expression, 
the activities of which modulated aplp1 expression, further implicating synaptic neurotransmission as an effector of GR function 
upstream of aplp1. Our results identify two distinct routes of GR-regulated transcription in the developing brain, including a novel 
mechanism through which GR couples endocrine signalling to neural activity-regulated transcription, via modulation of metabotropic 
glutamate receptor expression.
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RECONSTRUCTION OF THE GLOBAL NEURAL CREST GENE REGULATORY NETWORK IN VIVO
Tatjana Sauka-Spengler, Ruth M Williams, I Candido-Ferreira, Emmaouella Repapi, Daria Gavriouchkina, Upeka Senanayake, 
Ling Irving TC, Jelena Telenius, Stephen Taylor, Jim Hughes
University of Oxford, MRC Weatherall Institute of Molecular Medicine, Radcliffe Department of Medicine, Oxford, United Kingdom

Precise control of developmental processes is embedded in the genome in the form of gene regulatory networks (GRNs). Such 
multi-factorial systems are difficult to decode in vertebrates owing to their complex gene hierarchies and the dynamic rate at 
which molecular interactions change during development. Here we present a global in vivo reconstruction of the GRN underlying 
development of the vertebrate neural crest (NC), a multipotent stem cell-like population characterised by its migratory ability and 
a plethora of diverse derivatives. We have defined an integrated approach that couples NC-specific genome-wide profiling of NC 
chromatin and transcriptional dynamics at population and single-cell levels with genome/epigenome engineering in vivo to identify 
and test multiple regulatory layers governing NC ontogeny. We discover a full complement of NC-specific enhancers and super-
enhancers, novel trans-factors and combinatorial cis-signatures allowing us to reverse engineer the NC-GRN at unprecedented 
resolution. By functionally dissecting the Sox10 super-enhancer cluster, we highlight additive or sub-additive combinatorial action of 
enhancers and cis-regulatory hierarchies as primary determinants of transcriptional robustness in the NC. Furthermore, identification, 
dissection and perturbation of divergent upstream combinatorial regulatory codes has afforded us new insights into opposing gene 
circuits that define and establish the split between mesenchymal and neural cranial NC fates much earlier during NC ontogeny 
than previously proposed. The ability of our approach to define and interrogate the GRN underlying a system as complex as the NC 
demonstrates its unique power to dissect gene regulatory circuits in vivo, with broad implications for vertebrate GRN discovery and 
study.
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THE FIRST ASSOCIATION OF HB KNOSSOS: (HBB:C.82G>T) WITH (HBB: C.118C>T) MUTATION CAUSS 
THALASSEMIA HOMOZYGOUS IN ALGERIAN CHILDREN
Kamilia Belhadi (1), Moez Gribaa (2), Afaf Benhouda (1), Hayet Djaara (1), Ilhem Benchafeddine (3) 
(1) Department of Biology of Organisms, university of Batna 2, BATNA, Algeria, (2) Laboratory of Human Cytogenetics, Molecular Genetics and 
Reproductive Biology, Farhat Hached University. Hospital, Sousse, Tunisia, (3) Laboratory of Human Cytogenetics, Molecular Genetics and 
Reproductive Biology, Farhat Hached University. Hospital, Sousse, Tunisia

Beta-thalassemia is the most common disease among hemoglobinopathies in Algeria. Mutations found in Algerian beta-thalassemia 
patients constitute a heterogeneous group, consisting mostly of point mutations. Only in very rare cases did deletions or insertions 
cause affected or carrier phenotypes. Hb Knossos is a rare variant. In this study, we aimed to investigate the effect of compound 
heterozygosis for Hb Knossos (HBB: c.82G> T) and (HBB: c.118C>T). To our knowledge, this is the first report of such a combination 
related with beta-thalassemia major phenotype in a Algerian family, we used the minisequencing assay as a rapid screening procedure 
to identify most common HBB genetic variants and direct DNA sequencing to detect the rare mutations of HBB gene. Heterozygous 
inheritance of the mutation results in severe beta-thalassemia phenotype. The proband was a 13-year-old boy when first studied. He 
was referred because of severe anemia. Hematological analysis of the reveals Hb 7.2 g / dl; with microcytosis of 71.1 fl, hypochromia 
25 pg and the number of red blood cells is 2.9 106 / mm³. In addition, a significantly secondary thrombocytosis and leukocytosis were 
reported in patient. Electrophoresis of hemoglobin in an alkaline medium shows Hb A2 = 4% HbF = 65% and blood smear confirms 
microcytosis hypochromia, and showing the presence of many dacryocyte with hyper eosinophilia. 

The combination of these mutations Hb Knossos (HBB: c.82G> T) and (HBB: c.118C>T) causes the beta-thalassemia major phenotype, 
and this is important for genetic counseling.
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THE PIONEER ACTIVITY OF HOX13 IS REQUIRED FOR PROPER DIGIT PATTERNING
Ines Desanlis (1), Yacine Kherdjemil (2), Alexandre Mayran (3), Claudia Gentile (4), Jacques Drouin (5), Marie Kmita (1) 
(1) Génétique et développement, Institut de recherches cliniques de Montreal, Canada, (2) Furlong Group, EMBL Heidelberg, Germany, (3) Laboratory 
of Developmental Genomics, Ecole polytechnique fédérale de Lausanne, Switzerland, (4) Cancer Biology and Child Oncology Laboratory, Dana-Farber 
Cancer Institut, Boston, USA, (5) Génétique moléculaire, Institut de Recherches Cliniques de Montréal, Canada

Pioneer factors are transcription factors that are able to recognize their target sites even when concealed in “closed” chromatin, 
eventually eliciting the switch to an accessible chromatin state, permissive to other transcription factors (TFs) and the transcriptional 
machinery. As such, pioneer factors play a key role in switching cell fate. 

In mouse, the combined inactivation of HoxA13 and HoxD13 (Hox13) transcription factors (TFs) results in complete digit agenesis, 
indicating that Hox13 TFs are required to trigger the digit developmental program. How HOX13 proteins confer the digit identity to the 
distal‐most limb cells remains unclear. We previously showed that the proper termination of the early/proximal limb transcriptional 
program and activation of the distal digit program are coordinated by HOX13. 

Here we show that HOX13 TFs have the ability to elicit the switch of target enhancers from a “closed” to an “accessible” chromatin 
state, allowing binding of other transcription factors and transcriptional activity of these target enhancers. We further show that 
this pioneer activity of HOX13 is required for proper digit patterning. The relevance of these findings will be discussed in the context 
of Hox biology and evolution.
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TRANSCRIPTION REGULATION OF GLIOGENESIS: A PLAY BETWEEN TRANSCRIPTION FACTORS AND 
CHROMATIN REMODELERS
Corentine Marie, Carlos Parras
Sorbonne Université, UPMC University Paris 06, Inserm U1127, CNRS UMR 7225, Gh Pitié-Salpêtrière, Institut du Cerveau et de La Moelle Épinière, 
ICM, 75013 Paris, France 

Oligodendrocytes (OL) are myelin-forming cells of the central nervous system wrapping axons and allowing the saltatory conduction 
of action potentials. In Multiple sclerosis (MS), myelin sheath is destroyed and effective remyelination by oligodendrocyte precursor 
cells (OPCs) diminishes with disease progression. OPC differentiation requires significant genetic reprogramming implicating 
transcription factors but also chromatin remodelers. We have demonstrated previously that two of those, Chd7 and Chd8, control 
OPC differentiation through chromatin-opening and transcriptional activation of key regulators such as Sox10, Nkx2.2 and Gpr17. 
Moreover, Chd7 protects non-proliferative OPCs from apoptosis by chromatin-closing and transcriptional repression of p53. 
Interestingly, integrating chromatin-binding profiles of key transcription factors and chromatin remodelers revealed that Chd7/Chd8 
and Olig2/Sox10 bind to regulatory elements of active stage-specific genes in oligodendroglia. To better understand of how these 
factors work together, we are investigating protein-protein interactions occurring during OL generation. To that purpose, we have 
conducted a RIME (Rapid Immunoprecipitation Mass spectrometry of Endogenous proteins) experiment in wild-type and Chd7KO 
progenitor cells using Chd7 protein as a bait. Both Sox10 and Olig2 were found among the candidates, suggesting an interaction 
between Chd7 and these key transcription factors. Further investigation has to be done to determine the nature of these interactions. 
This study will allow a better understanding of the molecular mechanisms controlling OPC differentiation, which is essential to 
develop efficient remyelinating therapies.
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EX-UTERO DEVELOPMENT OF THE MOUSE EMBRYO - FROM ZYGOTE TO ORGANOGENESIS
Alejandro Aguilera Castrejon, Jacob Hanna
Dept. Molecular Genetics, Weizmann Institute of Science, Rehovot, Israel

The intimate association of the mammalian embryo in-vivo with the maternal uterus has been the most limiting constraint for 
investigating embryonic development in mammals. To date, pre-implantation embryos are routinely grown in-vitro, and protocols 
have been devised to model implantation in a dish, where cultured blastocyst implant and reach the egg-cylinder stage, equivalent 
to the E6.5 embryo. Nevertheless, previous attempts to culture post-implantation mouse embryos have been limited, and a number 
of physical and genetic manipulations applied in animal models with external development are still impossible to apply in mammals. 
To overcome these limitations, we developed an efficient ex-utero post-implantation mouse embryo culture protocol, supporting 
appropriate development of embryos at the onset of gastrulation (E6.5) until the hind limb formation stage (E11), which are equal to 
those developing in-utero. Furthermore, we generated ex-utero chimeras by microinjecting mouse primed ESCs into E7.5 embryos 
grown in-vitro until E11, creating a platform for assessing long-term integration of pluripotent stem cells in the post-implanted embryo. 
In addition, we established a whole-embryo electroporation protocol followed by long-term ex-utero culture, opening the possibility to 
manipulate gene function from gastrulation to organogenesis in mouse embryos. Based on this work, we are encouraged to develop 
an in-vitro culture system to bridge between pre-implantation to post-implantation development, allowing proper and efficient culture 
from the zygote through implantation, gastrulation and organogenesis. The ability to grow mouse embryos ex-utero in a controlled 
environment provides a unique opportunity to study mammalian development through direct experimental manipulation and imaging.
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EPITHELIAL MORPHOGENESIS WITH SCUTOIDS, A NOVEL BIOPHYSICAL PRINCIPLE LINKS CELL 
CONNECTIVITY AND TISSUE CURVATURE
Pedro Gomez-Galvez (1), Pablo Vicente-Munuera (1), Samira Anbari (2), Antonio Tagua (1), Carmen Gordillo (1), Ana M. Palacios 
(1), Antonio Velasco (1), Carlos Capitan-Agudo (1), Clara Grima (3), Valentina Annese (1), Rafael Robles (3), Alberto Marquez (3), 
Javier Buceta (2), Luis M. Escudero (1) 
(1) Cell Biology, Universidad de Sevilla, Seville, Spain, (2) Chemical and Biomolecular Engineering Department, Lehigh University. Bethlehem, USA, (3) 
Departamento de Matemática Aplicada I, Universidad de Sevilla, Seville, Spain

During animal development, the epithelial tissue has to bend multiple times. This process requires the coordination of biophysical 
forces, inducing cell shape changes, to complete the morphogenesis of the organ. For example, cells adopt the shape of scutoids, 
stabilizing the epithelial architecture and favoring tissue curvature. However, how biophysical forces drive the changes in organization 
of the whole tissue remains unknown. Here, we address this problem by implementing a novel epithelia segmentation method and 
by computational and biophysical modeling. Our results reveal that scutoids lead to a new principle in epithelia morphogenesis 
that links cell connectivity and tissue curvature: the Flintstones law. This logarithmic behavior is a consequence of the energetic 
cost associated with the cells adopting the scutoidal shape. We will explain how the geometrical and physical restrictions inherent 
to living matter affect the cell-cell connectivity and the three-dimensional organization of the epithelium. Our results establish a 
unifying and realistic model of epithelial architecture that can be used as a reference for the correct development of organoids in 
physiological and pathological conditions.
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DEVELOPMENT OF DISTINCT DENDRITIC ORIENTATIONS BETWEEN DIRECTION-SELECTIVE T4/T5 
NEURON SUBTYPES
Jesús Pujol-Martí, Nikolai Hoermann, Tabea Schilling, Aicha Haji Ali, Alexander Borst
Dept of ´Circuits - Computation - Models´, Max-Planck-Institute of Neurobiology, Martinsried, Germany

How neurons acquire a diverse repertoire of structural and physiological properties in order to establish functional neural circuits 
remains unclear. To address this question, we study the development of motion-sensitive T4/T5 neurons of the fly visual system. 
T4/T5 neurons exist in four subtypes, each responding to motion in one of the four cardinal directions. Differences between T4/
T5 neuron subtypes in directional tuning are thought to result from differences in the spatial organization of synapses they receive 
from an identical set of input neurons. How do these differences emerge during development? Since the orientation of each T4 and 
T5 dendritic arbor aligns with the neuron ś preferred direction of motion, our working hypothesis is that the direction in which a 
T4 or a T5 dendrite grows during development determines the arrangement of its synaptic inputs and thus its direction selectivity. 
Our current work attempts to understand the cellular rules and underlying molecular mechanisms by which the four T4/T5 neuron 
subtypes acquire their distinctly oriented dendritic arbors. For this, we perform time-lapse imaging experiments of single T4 and T5 
dendrites during development to characterize their growth patterns. In parallel, we are transcriptionally profiling the distinct T4/
T5 neuron subtypes in order to find molecular candidates that account for their different growth patterns. Understanding how T4/
T5 neurons acquire their structural attributes during development will further help to link morphology, function and development 
in a single neuronal population, as well as to manipulate specific neuronal structural properties to reveal their role in neuronal 
computation.
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INDUCED IMBALANCE AT GASTRULATION BETWEEN ANTERIOR AND POSTERIOR ONTOGENETIC 
PROGRAMS CAUSES SEVERE HEAD DYSGENESIS IN MICE
Emmanuelle Grall (1), Victor Gourain (2), Asmaa Nair (1), Elisabeth Martin (1), Marie-Christine Birling (3), Jean-Noel Freund (1), 
Isabelle Duluc (1) 
(1) INSERM U1113, Strasbourg, France, (2) Karlsruhe Institute of Technology, Institute of Toxicology and Genetics, 76021 Karlsruhe, Germany, (3) 
Institut Clinique de la Souris, 67404 Illkirch, France

Background & Aim. During embryonic development, head and trunk follow different ontogenetic programs based on discrete regulatory 
factors. Head dysgenesis is a major cause of fetal demise or craniofacial malformations in infants, and evidence has been provided for 
a causative role of mutations in genes of the head ontogenetic program. However, many cases still remain unexplained. Interestingly, 
head dysgenesis linked to the Patau syndrome is associated with genomic amplification overlapping the chromosome 13 locus of the 
homeobox gene CDX2 encoding a major transcription factor for trunk patterning and elongation. Here, the aim was to investigate the 
impact on head development of the induction of CDX2 ectopic expression in the anterior epiblast intended to form the head. 

Material & Methods. Inducible floxed-CDX2 knockin mice into the Rosa26 locus were generated and crossed with Sox2CreERT2 
mice. Pregnant females received an injection of Tamoxifen at gastrulation (6.5 dpc). 

Results. Rostral ectopic expression of CDX2 caused brain malformations, missing or rudimentary eyes and craniofacial defects 
associated with deficient neural crest cells migration. This mimics human cases of holoprosencephaly or craniofacial malformation. 
RNAseq and immunohistochemistry revealed i) dowregulation of important transcription factors of the head ontogenetic program 
and ii) ectopic onset of transcription factors of the trunk program, including several Hox genes. 

Conclusion. Ectopic expression of CDX2 in the anterior epiblast of gastrulating murine embryos triggers imbalance between the 
anterior and posterior ontogenetic programs, ultimately resulting in severe head dysgenesis. This represents a novel possible basis 
of head malformations also in human.
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IN VIVO FUNCTIONAL ANALYSIS OF C-TERMINAL DOMAIN OF MSX1 GENE IN MICE FOR CRANIOFACIAL 
DEVELOPMENT
Arai Daishi (1), Yasue Akihiro (1), Mitsui Naomi (1), Oyadomari Seiichi (2), Tanaka Eiji (1) 
(1) Orthodontics, Tokushima University Graduated School, Japan, (2) Mol Biol, Institute of Adv. Enzyme Res, Tokushima University, Japan

[Introduction] Msx1 is well-investigated gene and the knockout mice disrupted homeodomain exhibit the arrest of tooth development 
and palatal fusion. MSX1 is consist of highly 7 conserved domains known as Msx homology domain (MH), however, those in vivo 
function has not been investigated in detail. [Objectives] To clarify the importance of conserved domains of MSX1 in craniofacial 
development in vivo, CRISPR/Cas9 system was first applied for C-terminal region in mice. [Materials & methods] Homeodomain 
(MH4) and MH6 located downstream of MH4 was targeted using CRISPR/Cas9 system in mice. Histological sections and µCT were 
analyzed to study the phenotypes. The expression levels of several significant genes for tooth development were evaluated by RT-
qPCR analysis at E13 to E14 tooth bud. [Results] MH4 deficient mice showed the same phenotypes to traditional Msx1 deficient mice 
showing cleft palate and disruption of tooth development. Msx1‐MH6/‐MH6 mice exhibited the absence of upper third molar, lower 
second and third molars and lower incisor at 3-week-old. Msx1-/‐MH6 mice caused more severe phenotypes, that is, the absence of 
upper second and third molars, all lower molars and lower incisor at 3-week-old. The failure of palatal fusion was also observed 40% 
and 70% in Msx1‐MH6/‐MH6 and Msx1-/‐MH6 mice at E18.5 or Day 0. The expression of Shh was decreased, on the other hand, 
Wnt signaling was upregulated in both mutant embryos. [Conclusion] C-terminal region of Msx1 has important roles in craniofacial 
development through the regulation of downstream genes.



1 8 51 8 4 EDBC2019EDBC2019A B S T R A C T S A B S T R A C T S

P D - 8 

A NEUROMESODERMAL COMPETENT DOMAIN IS A CONSERVED SOURCE OF SPINAL CORD WITH 
DIVERGENT GROWTH DYNAMICS
Tim Fulton (1), Andrea Attardi (2), Martin Lenz (3), Leila Muresan (3), Benjamin Steventon (1) 
(1) Department of Genetics, University of Cambridge, United Kingdom, (2) Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, 
Germany, (3) Cambridge Advanced Imaging Centre, Department of Physiology, Development and Neuroscience, University of Cambridge. UK

Neuromesodermal Progenitors (NMps) are a population of progenitor cells that are fated to become both spinal cord and paraxial 
mesoderm. In mice, retrospective clonal analysis studies have shown that a proportion of these cells act as a pool of bipotent 
stem cells. However, the degree to which this population is conserved across vertebrates is not clear. Here, we have applied a 
combination of light-sheet imaging and photo-labelling to lineage trace the spinal cord and paraxial mesoderm from head to tail of 
the zebrafish embryo. We identify a region at early gastrulation which gives rise both posterior neural and paraxial mesoderm. To 
follow the lineages of these cells at single cell resolution, we made use of a published multi-view light sheet imaging dataset of 
zebrafish gastrulation. We find that cells within this region are mixed in their neural and mesodermal fates, a subset of which are 
NMps. An additional domain moves into the tailbud and continues to express Sox2 and Ntl until late stages, and has been shown to 
be competent to make neural and mesoderm. We utilised a bespoke light sheet microscope to follow these cells and find that they 
contribute little to the developing axis, with little or no cell division. Given this, only very few cells can be truly bipotent within the 
time frame of zebrafish embryogenesis. We propose that by altering the degree of posterior growth occurring concomitantly with 
axial elongation, evolution has altered the proportions of NMPs that exist within a conserved NM competent domain.
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NEW ROLES OF MYF5 IN DORSAL SOMITIC PROGENITORS
Macarena López-Mayorga (1), Natalia Moncaut (2), Cristina Vicente-García (1), Lydia Teboul (3), Peter W. J. Rigby (2), Jaime J. 
Carvajal (1) 
(1) Gene Function and Morphogenesis, Centro Andaluz de Biología del Desarrollo, Sevilla, Spain, (2) Division of Cancer Biology, The Institute of Cancer 
Research, UK, (3) MRC Harwell, Harwell Science and Innovation Campus, Oxfordshire, UK

Skeletal muscles originate from different mesoderms: presomitic (limb and trunk muscles), head (extraocular muscles) and pharyngeal 
mesoderm (facial muscles). Independently from their origin, all muscles develop under the control of the four Myogenic Regulatory 
Factors: Myf5, Mrf4, MyoD and MyoG.

Myf5 is the first to be expressed, and controls myogenic specification. MyoD function overlaps with that of Myf5, and rescues 
the Myf5-KO phenotype. Myf5/MyoD double mutants have a general lack of skeletal muscles as myogenic precursors are not 
specified. MyoG drives terminal differentiation and in its absence adult muscles are not formed. Mrf4 plays roles in specification and 
differentiation, although its function remains poorly understood.

The Early Epaxial Enhancer (EEE) directs the earliest Myf5 expression, starting in the somitic dorsomedial lip. We have generated a new 
mouse allele in which the EEE has been removed. This new mutant only loses Myf5 expression in the dorsal part of the first 5-6 somites.

RNA-seq reveals differences in myogenic, innervation and limb, neurogenesis and chondrogenesis gene-networks. We have now 
validated several of the identified genes by qPCR and/or ISH.

Because EEE-KO animals lack an overt phenotype, we generated EEE/MyoD double mutants, thus abolishing MyoD rescue in dorsal 
somitic progenitors.

In these animals, we observe severe defects in diaphragm, ribcage and posture (kyphosis), which lead us to study the epaxial 
musculature more in detail to see if there is a particular group of muscles affected. Also, we are trying to elucidate how absence of 
Myf5 impacts upon Pax1 expression, presumably causing the ribcage defects.
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FROM HOXB6 GENE TO PROTEIN: A COMPARISON OF MRNA AND PROTEIN EXPRESSION PATTERNS
Ana Casaca, Ana Nóvoa, Moisés Mallo
Patterning and Morphogenesis, Instituto Gulbenkian de Ciência, Oeiras, Portugal

During embryonic development, Hox proteins are well known to be involved in diverse processes with impact on skeletal morphology. 
In particular, Hox proteins of the paralog group 6 play a role in the specification of the thoracic region by promoting rib formation. 
Previously, we have demonstrated that a precise spatiotemporal expression of Hoxb6 is critical for proper segmentation of the 
paraxial mesoderm, as its overexpression originates alterations in the areas of the axial skeleton anterior and posterior to the rib 
cage.

Contrary to mRNA, the expression pattern of the Hoxb6 protein during embryonic development is mostly unknown, essentially due to 
the lack of a specific and efficient antibody. As a consequence, it is assumed that expression of the Hoxb6 protein follows the same 
pattern as its mRNA. However, a close analysis of published data shows that the expression patterns of Hox proteins do not always 
correlate with the expression of the corresponding mRNAs. To examine Hoxb6 protein expression we generated mouse strains 
carrying V5-tagged alleles of Hoxb6 (Hoxb6-V5 and V5-Hoxb6). We then performed immunocytochemistry analyses using anti-V5 
antibodies to localize the Hoxb6 protein at different time points of embryonic development. We are also evaluating the existence 
of a Hoxb6 alternative isoform during the specification of the axial skeleton, as truncated Hox proteins have been described both in 
mouse and human tissues associated with diverse developmental processes.

Interestingly, our results show unexpected patterns of expression of Hoxb6 protein during embryonic development, suggesting that 
Hoxb6 gene undergoes major posttranscriptional and translational regulatory processes.
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A QUANTITATIVE MORPHOMETRIC TOOL DESCRIBING EARLY CHICK EMBRYO ELONGATION
Ana Maia-Fernandes (1), Tomas Pais de Azevedo (1), Gabriel Martins (2), Isabel Palmeirim (1), Ana Marreiros (1), Raquel P. 
Andrade (1) 
(1) Centre for Biomedical Research (CBMR), University of Algarve, Faro, Portugal, (2) Department of Animal Biology, University of Lisbon, Portugal

Vertebrate embryo body elongation along the anterior-posterior (A-P) axis involves strict spatial and temporal control. With the 
advent of live-imaging, visualization of embryo morphogenesis with high temporal and spatial resolution is now attainable, allowing 
for new experimental approaches to unveil how these processes are regulated. We performed time-lapse imaging of chicken 
embryos from HH4 to HH10 and measured the distances between multiple morphological landmarks over time. Elongation rates were 
assessed, as well as the relative contribution of each tissue for overall A-P growth. We found that there is direct, linear correlation 
between total embryo length and developmental time. This is also true for the head-fold length, which elongates independently of 
the embryo A-P body axis. Hence, when the embryonic trunk tissues are experimentally manipulated with consequent loss of stage-
dependent morphological characteristics, the length of the head-fold can reliably be used to assign the proper developmental stage. 
Importantly, using statistical modelling it was possible to unveil quantitative relationships between different embryonic portions. 
This is particularly useful to identify which portion of the embryo is most affected by an experimental treatment that alters total 
embryo A-P length, and to quantify the deviation from wild-type behavior. In conclusion, we present a novel morphometric tool which 
provides detailed information regarding early chick embryo elongation over time and can be used to detect and quantify deviation of 
tissue length upon experimental manipulation.
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GENETIC CONTROL OF SKELETAL MUSCLE HYPERTROPHY
Cristina Vicente-Garcia (1), Macarena Lopez-Mayorga (1), Luis María Escudero Cuadrado (2), Jaime J Carvajal (1) 
(1) Gene function and morphogenesis, Centro Andaluz de Biologia del Desarrollo CABD-CSIC-UPO, Sevilla, Spain, (2). Universidad de Sevilla

The myogenic regulatory factors (MRFs) Myf5, Mrf4, MyoD and MyoG are transcription factors that control the determination, 
specification and differentiation of skeletal muscle during development. Mrf4 specific functions remain elusive to date in spite of the 
three knock-out (KO) models available for over two decades. This can be explained by the disparity in their phenotypes, which ranges 
from complete lethality at birth to full viability into the adult. By studying the long-range interactions established in the locus, we 
show that the selectable marker cassette introduced upon generation of the mutants completely sequesters the neighbouring Myf5 
promoter, only 8.7 Kb apart. Thus, these models behave phenotypically as partial or full compound Mrf4/Myf5 mutants, obscuring 
Mrf4 function. Using CRISPR/Cas9 technology, we created two novel KO alleles that do not affect Myf5 expression in cis. Preliminary 
analyses reveal that the expression patterns of the other MRFs are not affected during development and that, unlike previous KO 
models, no skeletal defects are observed unless Myf5 is additionally inactivated. Mrf4 KO animals show fibre hypertrophy and, 
surprisingly, cardiac hypertrophy even if none of the MRFs is ever expressed in the heart. Deep morphologic and transcriptomic 
characterization of the novel KOs under the paradigms of muscle regeneration, natural hypertrophy and denervation-induced atrophy 
will shed some light into how Mrf4 controls muscle growth and homeostasis.
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TEMPORAL CONTROL IN EARLY CHICK EMBRYO SOMITE SEGMENTATION
Ana Patrícia Martins-Jesus, Ana Cristina Maia-Fernandes, Ramiro Magno, Isabel Duarte, Raquel P. Andrade
CBMR - Centre for Biomedical Research, Faro, Portugal

Segmentation is a key process in vertebrate embryo development. An embryo segmentation clock (EC) was first described as gene 
expression oscillations in the presomitic mesoderm (PSM) of chick embryos with 15-20 somites. Here, the EC displays the same 
periodicity as somite formation: 90 min. Both somitogenesis and EC oscillations are significantly delayed during the formation of the 
last somites, further supporting a role for the EC in temporal control of somite segmentation. Early somites are formed as gastrulation 
takes place in the caudal portion of the early embryo. However, pressing questions remain unanswered: i) Is there a clear periodicity 
in early somite formation? ii) What is their formation time? and iii) Are EC oscillations coupled to early somite formation?

Time-lapse imaging of chick embryos was performed from stages HH4-HH10. Measurements of the segmented region were made 
over time and the morphometric data was mathematically modelled to infer somite formation time. We found that the early somite 
formation is highly variable and does not display a 90 min periodicity. The expression pattern of the EC gene hairy1 was characterized 
in early embryos and was found to be highly dynamic along the primitive streak and PSM. Using half-embryo explant cultures, we 
found that hairy1 expression oscillates in the early embryo, but not with a 90 min periodicity, similarly to somite formation. Our 
data seem to suggest that, although early somite segmentation does not occur with a clear periodicity, it is already coupled to EC 
oscillations.
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ARE MIRNAS IMPORTANT FOR DIFFERENT PACES OF THE EMBRYO CLOCK?
Gil Carraco, Isabel Duarte, Raquel Andrade
CBMR - Centre for Biomedical Research

The importance of embryo clock (EC) gene expression oscillations during vertebrate somitogenesis is well established. EC oscillation 
periodicity varies among species and, strikingly, among tissues within the same animal model: EC hairy2 cycles every 90 min in the 
chick embryo presomitic mesoderm (PSM) and 6 hours in the distal limb bud. This is even more intriguing since the expression of 
the EC gene hairy2 is regulated in both tissues by the same signaling pathways. The functional relevance of different periods of EC 
oscillations within the same organism and how these are determined remains elusive. 

Robust EC gene expression oscillations require a tight regulation of mRNA stability. Since miRNAs are well described regulators 
of mRNA decay, we hypothesized that miRNAs in the different tissues could account for tissue-specific mRNA half-lives and 
consequently, different EC paces. To address this hypothesis, we performed high throughput miRNA sequencing (miR-Seq) in three 
chick embryo tissues: determined PSM, undetermined PSM and distal forelimb. Upon data analysis we identified miRNAs that are 
differentially expressed among the tissues and uncovered multiple novel miRNA species in each tissue. Three candidate miRNAs 
have been selected for experimental validation in order to uncover their role on the EC pace in vivo.
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A LOCAL SOURCE OF RETINOIC ACID SHAPES THE EXTRAOCULAR MUSCLE FUNCTIONAL UNIT
Glenda Comai (1), Marketa Tesarova (2), Neus Martinez (3), Alexandre Robert Moreno (3), Valerie Dupé (4), Muriel Rhinn (5), 
Norbert Ghyselinck (5), James Sharpe (3), Shahragim Tajbakhsh (1) 
(1) Stem Cells and Development, Pasteur Institut, Paris, France, (2) Central European Institute of Technology, Brno University of Technology, Brno, 
Czech Republic, (3) EMBL Barcelona, Spain, (4) Institut de Génétique et Développement de Rennes IGDR, Rennes, France, (5) IGBMC, Illkirch-
Graffenstaden, France

Vertebrates have evolved a remarkable diversity of body muscle shapes to accommodate their distinct modes of feeding, locomotion 
and strength. During development, muscle progenitors and myofibres segregate and split into individual muscles with stereotypical 
morphology. As such, this process is essential for the acquisition of defined muscle identities with precise biomechanical roles in 
the adult.

We have investigated the patterning of extraocular muscles (EOM), an evolutionary conserved cranial muscle unit. EOM are crucial 
for the coordinated movement of the eyeballs and vision. However, how the stereotyped arrangement of six EOM is established 
during development remains to be resolved.

Using micro-CT, OPT and confocal microscopy we built a 3D spatiotemporal map of muscle and tendon development. Our studies 
show that the ‘EOM-target tissue’, the eyeball itself, is a source of critical diffusible signals for EOM patterning. Genetic invalidation 
of the retinoic acid (RA) signaling pathway, or selective inhibition of the nuclear retinoic acid receptors resulted in a dramatic 
impairment of muscle splitting. Moreover, the recognition of the final attachment points in the periocular mesenchyme by tendon 
progenitors was impaired upon RA deficiency. Finally, using a genetic reporter of retinoic acid signal transduction, we demonstrate 
that a subpopulation of cranial mesenchymal cells, but not the myogenic progenitors themselves, is the cell type responsive to RA. 
Taken together, we propose a model in which RA secretion from the target organ instructs periocular tissue organization and muscle 
patterning.
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FROM 3D VOLUMETRIC IMAGES TO THE IDEAL GROWING MOUSE LIMB
Giovanni Dalmasso, Marco Musy, James Sharpe
Multicellular Systems Biology, EMBL Barcelona, Spain

The continuous progress in imaging and computer modelling have increased our understanding of morphogenetic processes at 
different scales. However, in the case of complex animal models (e.g. mouse embryogenesis), is not yet entirely possible to observe 
in real time the full growth of a developing embryo. Consequently, the current 3D-data availability in these cases, provides only 
a characterisation of development at discrete moments in time, through single snapshots. To fill this gap, we set up a computer-
based approach to describe the evolution in time and space of developmental stages from 3D-volumetric images. Specifically, we 
(1) represent the scalar intensity of each voxel of the images using the Fourier-transform, (2) expand the Fourier coefficients using 
spherical harmonics and then (3) interpolate the spherical harmonics coefficients in time (over the developmental stages). As a 
result, (4) the reconstruction describes a continuous and smooth changing shape over space and time. We tested this approach using 
~100 optical projection tomography (OPT) of mouse limb buds previously staged using the embryonic-Mouse-Ontogenetic-Staging-
System (eMOSS). The result represents the 4D-growth of an ideal limb which take into account the common characteristics and 
features of all the limbs in the data set. In particular, we are recreating the growing process starting from when the limb bud is just 
a small bump of tissue and finishing when the limb bud already shows a distinctive “paddle” shape. This approach increases our 
understanding of morphogenetic processes from a purely geometrical point of view and provides a quantitative basis for validating 
predictive models.

P D -17 

HYDRODYNAMIC ASPECTS OF OOGENESIS OR HOW TO CHOOSE BETWEEN LIFE AND DEATH
Nicolas Chartier (1), Arghyadip Mukherjee (2), Julia Pfanzelter (1), Ben Larson (3), Frank Jülicher (4), Stephan Grill (1) 
(1) Biotechnology Center of the TU Dresden, Germany, (2) Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany, (3) Life 
Sciences Addition, University of California, Berkeley, USA, (4) Max Planck Institute for the Physics of Complex Systems, Dresden, Germany

Production of viable oocytes is an essential process during sexual reproduction. The C. elegans gonad is composed of roughly 1000 
germ cells, half of which develop into oocytes while the rest undergo apoptosis. These dying cells are thought to act as nurse cells 
donating material to their growing neighbours. Long-range cytoplasmic flows through the connecting tube of this syncytial tissue 
promote the growth of oocytes, however it remains unknown what causes cell shrinkage and subsequent cell death. 

As described by the law of Laplace, if two bubbles with equal surface tension become connected, the smaller one will shrink and 
vanish for the benefit of the larger bubble expanding further. To test whether a similar instability applies to a syncytial tissue and 
causes germ cell apoptosis in C. elegans we determined the mechanical and hydrodynamical properties of the gonad. Using that 
information, we developed a theoretical model that couples active fluid dynamics with cell mechanics. 

Our data show that cell shrinkage occurs upstream of the conserved apoptosis machinery implying that cell size is a critical parameter 
in the decision between life and death in C. elegans germ cells. However, it remains unclear how cell size is sensed, especially in a 
syncytium. 

The notion that tissues could exploit physical instabilities to drive cell fate decision, in this case ensuring growth of the bigger germ 
cells and shrinkage of smaller ones, is thus far an underappreciated concept that could apply to many other processes.
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DECIPHERING TEMPORAL REGULATION OF EPITHELIAL TISSUE MORPHOGENESIS
Aude Maugarny-Calès (1), Floris Bosveld (1), Eric van Leen (1), Elodie Girard (2), Yohanns Bellaïche (1) 
(1) Unité de Génétique et Biologie du développement, Institut Curie, Paris, France, (2) Unité cancer et génome, Institut Curie, Paris, France

The formation of a multicellular organism requires spatial and temporal control of cellular events such as cell division, cell migration, 
apoptosis and cell shape changes. Although spatial patterning of cellular events has been intensively studied, less is known about 
temporal regulation and how spatial and temporal patternings interact. Here, we use the morphogenesis of the Drosophila dorsal 
pupal epithelium during metamorphosis as a model to study this question. This tissue is particularly suited for this study as it 
presents spatial and temporal patterning of cellular events that can be observed and quantified over more than 24 hours (1). 

Analysis of a time-series RNA-seq performed at high temporal resolution shows that coordinated transcriptional changes occur 
at specific time points corresponding to morphogenetic changes. DNA binding motif enrichment analysis allowed identifying a 
set of candidate transcription factors that could control the coordinated transcriptional changes, and thus trigger cellular events. 
Interestingly, ecdysone-related transcription factors are overrepresented among these candidates. We have further quantitatively 
characterized the spatio-temporal expression of a number of ecdysone-related transcription factors and we uncovered that some 
of them are spatially patterned. Moreover, genetic analyses have shown that these transcription factors contribute to the spatio-
temporal control of cellular events. Overall, these results highlight that spatial and temporal patterning are intimately entangled and 
allow tissue morphogenesis to happen in a coordinated manner. 
(1) Guirao, B. et al. Unified quantitative characterization of epithelial tissue development. Elife 4, e08519 (2015).
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A CONTROL MECHANISM LINKING DIFFERENTIATION RATE TO PRECURSOR CELL SURVIVAL MINIMIZES 
ORGAN SIZE VARIABILITY
Antonella Iannini (1), Tomas Navarro (1), Maximo Sanchez-Aragon (1), Luciano Marcon (1), Javier Muñoz-Garcia (2), Saul Ares (3), 
Fernando Casares (1) 
(1) DMC2 Unit, CABD (Andalusian Centre for Developmental Biology), CSIC-UPO-JA, Seville, (2) Dept. Mathematics, Carlos III University, Spain, (3) 
CNB (CSIC), Madrid, Spain

Usually organs start little. During their development, growth depends on the exponential proliferation of progenitor cells. Exponential 
growth is particularly sensitive to noise, such as variations in progenitor cell number. Since biological processes are subject to 
both intrinsic and extrinsic noise, final organ size should exhibit a great variability. However, this is not the case: a given organ is 
characterized by a species-specific size and shape. Therefore, organ development must be under some mechanism of feedback 
control -in the engineering sense- that regulates its growth rates according to some output. In this work, using the Drosophila eye 
as model, we first verify experimentally the existence of such a control mechanism. Then we show that the BMP2 molecule Dpp 
provides feedback information about the rate at which the retina differentiates by controlling the survival of undifferentiated cells, 
and explain how this feedback works using mathematical modeling. Finally, we discover that, at a cellular level, Dpp is required to 
overcome a mitotic stress that surveys the cellular nutritional status and to continue the cell’s differentiation path. At a single cell 
level, this might represent a “quality control” mechanism ensuring that only nutritionally fit cells are used to construct the quasi-
crystalline array of ommatidia of the fly retina. However, when this cell mechanism is integrated at the systems level, it additionally 
provides a feedback control that ensures not only that the eyes are built optimally, but also minimizes fluctuations in eye size.
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ENDOGENOUS CRISPR ARRAYS FOR SCALABLE WHOLE ORGANISM LINEAGE TRACING
James Cotterell, James Sharpe
Tissue Engineering and Disease Biology, EMBL Barcelona, Spain

The last decade has seen a renewed appreciation of the central importance of cellular lineages to many questions in biology 
(especially organogenesis, stem cells and tumor biology). This has been driven in part by a renaissance in genetic clonal-labeling 
techniques. Recent approaches are based on accelerated mutation of DNA sequences, which can then be sequenced from individual 
cells to re-create a “phylogenetic” tree of cell lineage. However, current approaches depend on making transgenic alterations to 
the genome in question, which limit their application. Here, we introduce a new method which completely avoids the need for prior 
genetic engineering, by identifying endogenous CRISPR target arrays suitable for lineage analysis. In both mouse and zebrafish we 
identify the highest quality compact arrays as judged by equal base composition, 5’ G sequence, minimal likelihood of residing in 
the functional genome, minimal off targets and ease of amplification. We validate multiple high quality endogenous CRISPR arrays, 
demonstrating their utility for lineage tracing.
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BMP SIGNALING IS UNDER CONTROL OF RX GENES DURING OPTIC CUP FORMATION
Natalia Sokolova, Tinatini Tavhelidse, Thomas Thumberger, Joachim Wittbrodt
Centre for Organismal Studies Heidelberg, Germany

The eye is one of the major sensory systems in the animal kingdom. In higher vertebrates eyes are formed from two primordia on the 
lateral sides of the forebrain, which then transform into optic vesicles. These vesicles invaginate into optic cups, which grow into 
mature eyes. Previously we showed in medaka, as well as in zebrafish, that the optic vesicle-optic cup transition involves gastrulation-
like rearrangements of retinal progenitor cells, a process referred to as neuroepithelial flow. It results in the establishment of two 
major cell types of the optic cup - neural retina and retinal pigmented epithelium.

This process is likely to be controlled by many genes. One of the most prominent candidates for that are rx genes, which are crucial 
for eye development across vertebrates. Immunohistochemistry data indicates that the neuroepithelial flow is disturbed in rx1/rx2 
mutants. This was further confirmed by live imaging.

Furthermore, upon overexpression of BMP4 in the eye anlage we were able to obtain phenotypes, reminiscent of the rx1/rx2 mutants. 
Moreover, BMP signaling was previously shown to interrupt the neuroepithelial flow in zebrafish. We hypothesize that rx genes may 
control the activity of the BMP signaling pathway by regulating the expression of its antagonists.
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MECHANISMS OF ZIKV TERATOGENESIS: IN VIVO APPROACH USING CHICKEN EMBRYOS AS 
EXPERIMENTAL MODEL
Gabriela Elis Wachholz (1), Ana Paula Muterle (2), Thais Fumaco Teixeira (2), Sophia Martins Simon de Matos (3), Fernanda 
Sales Luiz Vianna (1), Paulo Michel Roehe (2), Lavínia Schuler Faccini (1), Lucas Rosa Fraga (4) 
(1) Postgraduate Program in Genetics and Molecular Biology, (2) Department of Microbiology - Institute of Health Sciences, (3) Bioscience Institute, 
(4) Department of Morphological Science - Institute of Health Sciences- Universidade Federal do Rio Grande do Sul, Brazil

ZIKV is a pathogen with no major effects on adult humans, however is extremely damaging to developing embryo, causing several 
degrees of congenital abnormalities, microcephaly, and even abortion. Although many studies address to understand its mechanisms 
of teratogenesis, several questions remain unanswered. 

Therefore, this work aims to establish an animal model of ZIKV teratogenesis using chicken embryos and to analyze molecular 
changes following the infection. To this, an initial screening with the effects of different viral titrations on chicken embryo was 
performed, when phenotypic and morphological aspects were analyzed. A control group with no virus (cell culture media only) was 
used to comparison. In addition, determination of the viral load present in each embryo was also performed using quantitative Real 
Time PCR. Tests were performed to determine the viral curve and to analyze the mortality of the embryos. The infected embryos 
were compared to controls in the evaluation of morphological changes. 

We found that ZIKV infected embryos presented defects such as reduced developing encephalon (markedly mesencephalon 
reduction) and face anomalies. Moreover, we found that some ZIKV infected embryos presented reduced size and developmental 
delay. Once the phenotypes found in chicken embryos exposed to ZIKV recapitulate some found in humans we can use this model to 
investigate the pathways that, when disrupted, lead to embryonic damages observed in children. Therefore, as perspective, we will 
analyse molecular changes caused by ZIKV on the developing embryos.
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THE INFLUENCE OF TWO SPLICE VARIANTS OF PAX7 ON MIDBRAIN SIZE AND WNT-SIGNALLING IN 
CHICKEN
Andrea Wizenmann, Annette Richter, Clemens Lumper, Max Neukum, Ulrike Kohler, Kiona Lim
Department of Anatomy, Eberhard-Karls University, Tübingen, Germany 

The formation of regional diversity in the vertebrate CNS is one of the most central questions in developmental neurobiology. 
PAX7, a highly conserved transcription factor and member of the paired-box gene family plays an important role for the growth 
regulation of dorsal midbrain. Our data suggest that PAX7 interacts with the Wnt/β-catenin pathway to influence cell proliferation. 
We have shown in previous studies that two splice variants of PAX7 exist in chicken brain: a shorter variant that lacks 66bp in the 
transactivation domain compared to a longer splice variant.

The two splice variants suggest a potentially different range of activity. For our studies, we used in ovo electroporation on chick 
embryos. Overexpression of the short variant of PAX7 resulted in enlarged midbrains, whereas knockdowns of both variants through 
siRNA lead to a decrease in midbrain size. We investigated the influence of the different splice variants on the cell cycle and Wnt 
signalling in vivo.
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ORIENTED BASEMENT MEMBRANE FIBRILS PROVIDE A MEMORY FOR F-ACTIN PLANAR POLARIZATION 
VIA THE DYSTROPHIN-DYSTROGLYCAN COMPLEX DURING TISSUE ELONGATION
Vincent Mirouse (1), Fabiana Cerqueira Campos (1), Hervé Alegot (1), Pierre Pouchin (1), Cornelia Fritsch (1), Cynthia Dennis (1), 
Isabella Adam (2), Horne-Badovinac Sally (2) 
(1) CNRS, GReD, Clermont-Ferrand, France, (2) University of Chicago 

How extracellular matrix participates to tissue morphogenesis is still an open question. In the Drosophila ovarian follicle, it has been 
proposed that after Fat2-dependent planar polarization of the follicle cell basal domain, oriented basement membrane (BM) fibrils 
and F-actin stress fibers constrain follicle growth, promoting its axial elongation. However, the relationship between BM fibrils 
and stress fibers and their respective impact on elongation are unclear. We found that Dystroglycan (Dg) and Dystrophin (Dys) are 
involved in BM fibril deposition, a new function for this conserved complex. Moreover, Dys and Dg also orient stress fibers, by acting 
locally and in parallel to Fat2. Nonetheless, Dg-Dys complex-mediated cell autonomous control of F-actin planar polarity relies on 
the previous BM fibril deposition, indicating two distinct but interdependent functions. Thus, the Dg-Dys complex works as a critical 
organizer of the epithelial basal domain, regulating both F-actin and BM. Furthermore, BM fibrils act as a persistent cue for the 
orientation of stress fibers that are the main mechnical effector of elongation.
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CELL AND TISSUE DYNAMICS DURING VERTEBRATE EMBRYO AXIS ELONGATION
Bertrand Benazeraf
Cbi/cbd Umr5547, CNRS, Toulouse, France

Embryonic axis elongation is a complex multi-tissue morphogenetic process responsible for the formation of the posterior part of 
the body. How movements, specification and growth are coordinated between the different posterior tissues (e.g. neural tube, axial 
and paraxial mesoderm, lateral plate, ectoderm, endoderm) to drive axis morphogenesis remain largely unknown. We use quail 
embryos to quantify cell behavior and tissue movements during elongation. We quantify the tissue-specific contribution to axis 
elongation using 3D volumetric techniques, then quantify tissue-specific parameters such as cell density and proliferation. To study 
cell behavior at a multi-tissue scale, we used high-resolution 4D imaging of transgenic quail embryos expressing fluorescent proteins. 
We developed specific tracking and image analysis techniques to analyze cell motion and compute tissue deformations in 4D. This 
analysis reveals extensive sliding between tissues during axis extension. Finally, we explored how these pattern of cell movements 
are coordianted with specification events in the progenitor region located in the most posterior region of the embryo. Altogether our 
data led us to propose a model in which cell migration, proliferation and tissue maturation synergize to allow posterior extension

P D - 2 7 

TOWARDS A 4D ATLAS OF HEART TUBE DEVELOPMENT AND MORPHOMETRIC STAGING SYSTEM FOR 
EARLY STAGE MOUSE EMBRYOS
Isaac Esteban, Miguel Torres
Centro Nacional de Investigaciones Cardiovasculares, Madrid, Spain

Morphogenesis is crucial in developmental biology. While in recent years quick progress has been made in our understanding of the 
gene regulatory logic that controls early heart development, approaches towards a comprehensive morphomechanic framework at 
tissue-scale level are still missing for the early mouse model.

We are performing a detailed geometrical description of the movements and deformations of the tissues involved in the formation 
of the heart tube. We are reconstructing in 3D the shape of the cardiac celomic mesoderm and cavity and the differentiating cardiac 
muscle (myocardium).

For generation of the source data, we are using a large collection of whole-embryo 3D images captured with confocal microscopy at 
single-cell resolution. We are creating a reference collection of 3D images from stages sufficiently apart that they can be subjectively 
ordered in developmental time. In our lab we have successfully implemented a pipeline to perform three-dimensional modeling, 
numerical characterization, and algorithm-based comparison. All the computation is GPU-based, providing very high efficiency.

In addition, we are characterizing the morphological evolution of the volume defined by the lumen of the foregut invagination. We 
speculate that the numerical characterization of these shapes could serve for morphometric embryo staging.

Our 4D description system will provide a tool for understanding at tissue scale the complex processes of growth and folding that the 
cardiac mesoderm undergoes. Other ongoing projects on the lab aim to complete this description by adding single-cell behavior using 
an extensive collection of in-vivo data.

P D - 2 8 

MATHEMATICAL AND COMPUTATIONAL MODELLING OF CHICK HYPOTHALAMUS DEVELOPMENT
Ian Groves (1), Kavitha Chinnaiya (2), Sarah Burbridge (2), Marysia Placzek (2), Alexander Fletcher (1) 
(1) School of Mathematics and Statistics, The University of Sheffield, United Kingdom, (2) Department of Biomedical Sciences, The University of 
Sheffield, United Kingdom

Recent studies in the developing chick have characterised a progenitor cell population that gives rise to the basal hypothalamus 
(Fu et al., 2017; Fu et al., 2019). These progenitor cells co-express FGF10 and Sonic hedgehog (Shh), then resolve into FGf10 and 
Shh-expressing populations that give rise to other basal hypothalamic progenitors through anisotropic sequential growth. First a 
subset are displaced anteriorly and give rise to anterior/tuberal progenitors, then a subset are displaced posteriorly and give rise to 
mammillary progenitors. The mechanism behind this process remains unknown. We aim to address how symmetry is broken in the 
initial cell population and aim to define regulatory and interactive elements between these cell populations.

We are employing mathematical and computational modelling approaches in order to interrogate the non-linear growth of the 
developing hypothalamus. Here we present ongoing work, utilising 3D imaging and surface reconstruction of isolated chick forebrain 
tissue to extract quantitative molecular and morphometrical data to inform mathematical models. Preliminary data suggests novel 
morphological features that may correlate with molecular patterns of gene expression. 
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IN VITRO STUDY OF REACTION-DIFFUSION AND ACTIVE CELL FORCES COUPLINGS IN SKELETAL 
PATTERING AND SELF-ORGANIZATION
Andrea Malandrino (1), Xavier Diego (1), Heura Cardona Blaya (1), Xavier Trepat (2), James Sharpe (1) 
(1) Sharpe Lab, EMBL Barcelona, Barcelona, Spain, (2) Institute for Bioengineering of Catalonia, Barcelona. Spain

During the development of the limb, skeletal patterning requires mesenchymal cells to form some of the most intricate structures 
observed during development. For the digits, it has been proposed that a reaction-diffusion mechanism triggers the breaking of 
symmetry that precedes the formation of skeletal condensations. However, as in other developmental processes, active cell forces 
and cell movement could also be a key mechanism to trigger symmetry-breaking.

To assess the relative contributions of these two mechanisms, we have studied the patterns formed by cells from limbs of mouse 
embryos in micromass cultures on substrates of different stiffness. This experimental setup has allowed us to identify the symmetry 
breaking moment by analyzing the dynamic expression of Sox9 and the local changes in cell density and velocity, confirming that 
stiffness changes the timing and features of the patterns in a consistent way. We have used Traction Force Microscopy to quantify 
the evolution cell forces during the formation of the patterns and their variation with stiffness. In addition, we have analysed the 
transcriptome of the different cell populations performing RNA-seq at different time-points and studied the effects of stiffness on 
gene expression. These observations point to a possible coupling of mechanics and reaction-diffusion as the mechanism of cellular 
self-organization in skeletal patterning.

P D - 31 

TISSUE MORPHOGENESIS AT CRITICALITY
Nicoletta Petridou, Bernat Corominas-Murtra, Edouard Hannezo, Carl-Philipp Heisenberg
Institute of Science and Technology Austria, Klosterneuburg, Austria

The fitness of embryonic development requires the embryo to find the optimal balance between robustness and adaptability. Such 
balance is achieved in nature when a system is poised to criticality, meaning that with small changes in its parameters, a transition 
between the different phase states can occur. Order-disorder phase transitions have been described in macromolecules and gene 
expression networks, however if they occur in living tissues and what is their role in development is unknown. We have previously 
described that the onset of morphogenesis in zebrafish relies on an abrupt blastoderm fluidization upon a progressive loss of cell-
cell adhesion. By applying tools from statistical physics, we unravel that the blastoderm resides close to a critical value of cell 
connectivity. Specifically, we map the connectivity of the blastoderm and identify the size of the largest rigid cluster (LRC) through 
rigidity percolation. Interestingly, at the time point of fluidization we detect a sharp drop in the size of the LRC that takes place 
upon small changes in cell connectivity, with the latter reaching a critical value where a phase transition occurs. By performing 
rigidity percolation analysis in different cell types and regions of the embryo we found that the mesodermal germ layer displays a 
remarkably ordered structure and resides further away from the transition point, ensuring morphogenetic robustness. Intriguingly, 
altering the non-canonical Wnt signaling pathway, brings the mesodermal tissue to criticality, where the order-disorder transition 
occurs, compromising its morphogenesis. Overall, we highlight how criticality ensures the fitness of tissue morphogenesis.
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HIPPO PATHWAY EFFECTORS, YAP AND TAZ, IN CRANIOFACIAL DEVELOPMENT
Hannah Vanyai, Fabrice Prin, Stefan Boeing, Thomas Snoeks, Tim Mohun, Barry Thompson
The Francis Crick Institute, London, United Kingdom

The Hippo pathway effector proteins YAP1 (Yes-Associated Protein 1) and TAZ (Transcriptional coActivator with PDZ-binding motif) 
are key regulators of a range of developmental processes in many developing tissues. Haploinsufficiency of the transcriptional 
co-regulator YAP1 in humans can lead to a rare congenital condition presenting with eye and craniofacial phenotypes, including 
cleft palate and/or lip. The developmental and molecular mechanisms underlying the cleft palate/lip phenotypes are unknown. 
We investigated the pathogenesis of the craniofacial abnormalities associated with the human disorder by deleting both Yap and 
Taz in the developing cartilage, a primary component of craniofacial structures, of mice. Yap/Taz chondrocyte-specific conditional 
knockout animals present with a range of palate defects and we investigated the morphogenesis and molecular changes underlying 
these defects, including changes in the expression of important cartilage extracellular matrix components, such as Aggrecan and 
collagens, in the developing face. Altogether, our work suggests that loss of YAP1 specifically in the cartilage component of the 
developing craniofacial structures contributes to the cleft palate phenotype observed in human YAP1 haploinsufficiency disease.

P D - 3 3 

3D X-RAY COMPUTED MICROTOMOGRAPHY ANALYSIS OF CALLOSAL AND COMMISSURAL DEFECTS IN 
MOUSE MODEL OF DEFECTIVE AXONAL TRACTS
Michaela Kavkova (1), Maria Elena Kastriti (2), Aikaterini Stratigi (3), Marina Theodosiou (3), Maria Savvaki (3), Dimitris Mariatos 
(3), Kostas Theodorakis (3), Marina Vidaki (3), Tomas Zikmund (1), Domna Karagogeos (3), Igor Adameyko (4), Jozef Kaiser (1) 
(1) CEITEC, Brno University of Technology, Brno, Czech Republic, (2) Department of Molecular Neurosciences, Center for Brain Research, Medical 
University of Vienna, Austria, (3) Department of Basic Science, Faculty of Medicine, University of Crete, Heraklion, Greece, (4) Department of 
Physiology and Pharmacology, Karolinska Institutet, Stockholm, Sweden

X-ray computed tomography is an imaging method widely used in medical diagnostics and for nondestructive imaging in industry. 
Lately, the industrial X-ray computed microtomography systems (microCT), which are able to scan the sample with high resolution, 
has been introduced into the field of developmental biology and primary biomedical research. 

Modern biological research requires both qualitative and quantitative 3D information about studied objects. Analysis of 3D microCT 
data allows precise description of shape, volumes and other dimensions of selected structures and it is often able to describe 
complex alterations in shape which would be impossible to detect by conventional 2D imaging methods.

The mouse model of defective axonal tracts analysed by microCT imaging in this study is the novel transgenic mouse strain Emx1-
Cre;Tag1loxP-EGFP-loxP-DTA, in which upon crossing the strain with any Cre-expressing strain, Cre-mediated excision of the GFP-
coding sequence results in Diptheria Toxin subunit A (DTA) expression by TAG-1 positive pyramidal neurons leading to their cell death.

The utilization of microCT imaging enabled description of complex changes of phenotype in corpus callosum and anterior commissure 
which were severely altered by targeted ablation of TAG-1+ neocortical neurons.
Acknowledegment: This research was carried out under the project CEITEC 2020 (LQ1601) with financial support from the Ministry of Education, Youth and 
Sports of the Czech Republic under the National Sustainability Programme II and CEITEC Nano Research Infrastructure (MEYS CR, 2016-2019).
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THE SEGMENTATION CLOCK IN TEMPORAL CONTROL OF HOXB GENE EXPRESSION
Raquel Andrade (1), Ramiro Magno (1), Catarina Fernandes (1), Caroline Sheeba (2), Filipe Pinto (2), Ana Gonçalves (1), Tatiana 
Resende (2), Joana Amaro (2), Athanasius Marée (3), Isabel Palmeirim (1) 
(1) CBMR - Centre for Biomedical Research, Faro, Portugal, (2) ICVS/3B’s - PT Government Associate Laboratory, Braga/Guimarães, Portugal, (3) 
Computational & Systems Biology, John Innes Centre, Norwich Research Park, Norwich, NR4 7UH, United Kingdom

Gastrulation is a fundamental process in early development, when the three embryonic germ layers from which all adult tissues arise 
are formed. For mesoderm formation, epiblast cells positioned along the anterior-posterior embryo axis migrate sequentially in time 
through the primitive streak. Sequential activation of HoxB genes orchestrates this process and ultimately determines the anterior-
posterior identity of the vertebrate body segments (Iimura et al., Nature 2006). Hox genes are distributed along genomic clusters 
and are progressively activated respecting that same order. The molecular mechanism driving Hox temporal collinearity, however, 
remains unclear. 

A paradigmatic mechanism operating in temporal control of development is the embryo segmentation clock (EC), first reported as 
cycles of hairy-enhancer-of-split (HES) hairy1 gene expression underlying timely chick embryo segmentation (Palmeirim et al., Cell 
1997). To assess if the EC participates in timely Hox gene activation, hairy1 was misexpressed in gastrulating chick embryos and 
expression of HoxB cluster genes was evaluated. We found that either over-expression or down-regulation of hairy1 delayed both 
somite segmentation and HoxB activation. This was evidenced by STAGER - a novel embryo staging tool developed from a quantitative 
systems approach to HoxB expression. Dynamic protein interactions were observed between Hairy1 and the mesodermal marker 
Brachyury (T) and ChIP-qPCR revealed that Hairy1 and T bind to HoxB promoters in a time-dependent manner. Our work suggests 
that the EC is regulating timely HoxB expression through Hairy1-T interaction, thus coupling temporal and positional information in 
the early embryo.
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THE ROLES OF CALCIUM SIGNALING AND ANOCTAMIN-10 IN NOTOCHORD FORMATION
Marios Chatzigeorgiou, Jorgen Hoyer, Zonglai Liang
Sars International Centre for Marine Molecular Biology, University of Bergen, Norway

Tubular structures in animals play critical roles in the transport and exchange of fluids and gasses. Tube morphogenesis is a complex 
phenomenon that involves dynamic signaling mechanisms as well as changes in cell state and cell behavior. Using the embryo of the 
ascidian C. intestinalis, we investigated the role of calcium signaling in the formation of the notochord, an evolutionarily conserved 
tubular structure that provides structural support and patterning signals to the embryo. We show that complex calcium activity 
generated both from intracellular stores and extracellular calcium influx underlies notochord cell elongation and tubulogenesis. 
In addition, using transgenic reporters and pharmacology we demonstrate that perturbing calcium signaling affects actin and 
microtubule networks in the developing notochord.

Searching for putative molecular regulators of notochord tubulogenesis, we identified a member of the evolutionarily conserved 
Anoctamin family, namely Anoctamin-10. Anoctamins have been show to act either as Ca2+-activated Cl- channels, or phospholipid 
scramblases, while they may contribute to the assembly of calcium signaling complexes at the ER/PM compartment. Here, we show 
that Anoctamin-10 is specifically expressed throughout development in the ER of notochord cells. By combining transgenesis with 
genetic perturbations and calcium imaging, we demonstrate that Anoctamin-10 is required for proper notochord cell intercalation 
and extension, possibly through a calcium dependent mechanism. Finally, in order to better understand the interplay between 
Anoctamin-10 and calcium signaling, we are characterizing the biophysical properties of Anoctamin-10 using heterologous expression 
systems combined with functional imaging and electrophysiology.
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MECHANISMS OF ORGAN SIZE VARIATION THROUGH THE EYES OF FLIES
Tomás Navarro Álvarez, Isabel Almudi, Fernando Casares
Control del crecimiento e identidad de los órganos durante el desarrollo y la evolución, CABD, Sevilla, Spain

The size of organs is constant within a species, and yet organ size varies, sometimes strikingly, in different species. To understand 
the evolutionary mechanisms that generate organ size variation, we are focusing on the eyes of flies as model. In flies, the eye 
primordium is a monostratified epithelium. During development, for the eye to reach its species-specific size, a dynamic coupling 
between progenitor cell proliferation, differentiation and tissue geometry has to be established. It is the joint variation of these 
three parameters (growth, differentiation and shape) that may result in variations in size. To identify these variations and their 
genetic causes, we are comparing the developing eyes of two fly species: the vinegar fly (Drosophila melanogaster) and the flowerfly 
Episyrphus balteatus : Episyrphus’ eyes are five times larger than those of Drosophila. To this aim we have designed a comparative 
transcriptomics approach, comparing Episyrphus and Drosophila eye primordia (and using the wing primordia as baseline). Our 
preliminary results identify a list of eye-specific differentially expressed transcripts. These include a number of uncharacterized gene 
transcripts plus a number of genes previously implicated in eye development in Drosophila. We will follow up these transcriptomic 
results by confirming these changes in situ (using in situ hybridization) first. Then, the ultimate test will be to enforce the major gene 
expression changes in Drosophila, in which precise spatial and temporal gene expression manipulations are doable, and ask whether 
these changes lead to larger eyes.
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INDUCTION OF SYNTHETIC TISSUE DEFORMATION THROUGH APICAL CONSTRICTION
Guillermo Martínez Ara (1), Nuria Taberner Carretero (1), Mami Takayama (2), Ebisuya Miki (1) 
(1) Synthetic Developmental Biology, EMBL Barcelona, Spain, (2) Riken, Kobe, Japan

Traditionally biologists have studied development in vivo, identifying essential genes, characterizing their spatial and temporal 
expression patterns, and interrogating their interactions with other components. Thanks to all these efforts identifying parts, now 
we can use synthetic biology to study how these parts come together to produce different developmental processes. In our group, we 
focus on understanding how the epithelial tissue deformations that can be observed in early embryonic stages such as invagination 
or tube formation occur. These changes in tissue shape will condition the following stages of the embryo and eventually give rise to 
different organs and tissues. Therefore, to learn how these changes in shape happen in mammalian tissue, we aim to reconstitute 
them on in vitro minimal systems. 

In our latest work, we induced apical constriction in a sheet of MDCK (Madin-Darby Canine Kidney) cells to provoke tissue deformation. 
Upon artificial apical constriction, these mammalian epithelial cells change shape from cuboidal to trapezoid, and epithelial colonies 
set on soft substrates change morphology through curvature and folding. In this setting in which unknown forces and interactions 
with other tissues are minimized, we can analyze which are the conditions necessary to achieve these changes in tissue shape. Our 
objective is to investigate how the size and initial shape of a cell colony can affect these deformations.
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BMPER IS REQUIRED FOR SEMICIRCULAR CANAL DUCT MORPHOGENESIS IN THE ZEBRAFISH INNER EAR
Sarah Baxendale (1), Esther Maier (1), Nikolaus Obholzer (2), Sarah Burbridge (1), Nicholas van Hateren (1), Montserrat Garcia 
Romero (1), Francesca Tuazon (3), Joseph Zinski (3), Mar Marzo (1), Robert Knight (4), Sean Megason (2), Mary Mullins (3), 
Tanya Whitfield (1) 
(1) Biomedical Science, University of Sheffield, United Kingdom, (2) Department of Systems Biology, Harvard Medical School, Boston, USA, (3) Dept. 
of Cell and Developmental Biology, University of Pennsylvania Perelman School of Medicine, Philadelphia, USA, (4) Department of Craniofacial 
Development and Stem Cell Biology, King’s College London, UK

The inner ear is a remarkable organ with a complex labyrinthine structure that is able to detect sound, gravity, linear acceleration 
and rotational movement. During development, the otic epithelia are remodelled to generate the mature structures of the ear from a 
simple ball of epithelial cells. This process requires a highly orchestrated integration of different signalling pathways to specify the 
many different cell types and structures in the mature ear. BMP signalling is known to have an important role in development of the 
semicircular canal ducts in all species. We have analysed a mutant, bmper, that has a premature stop mutation in the gene coding 
for Bmper (BMP-binding endothelial regulator), which is known to both promote and inhibit BMP function in different contexts. 
bmper mutants have a specific defect in the dorsal region of the inner ear resulting in truncation of the anterior and posterior canals 
ducts. In bmper mutants, bmper expression is strongly down-regulated, and we also find subtle changes in the expression of dlx5a, 
hmx3a and some BMP pathway genes in the dorsal otic epithelium and periotic mesenchyme. We are using light-sheet imaging 
of a Tg(smad6b:GFP) transgenic line which expresses GFP strongly in the otic epithelium to characterize cell numbers, shapes and 
movements in both wild-type and mutant zebrafish. Analysis of adult homozygous bmper mutants has also identified a behavioural 
signature consistent with the structural defects observed in the semicircular canals.
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THE USE OF MACHINE LEARNING AND PATTERN RECOGNITION FOR EMBRYO SELECTION DURING EARLY 
DEVELOPMENT
Camilla Mapstone (1), Berenika Plusa (2), Handl Julia (3) 
(1) Faculty of Medical Sciences, (2) Faculty of Life Sciences, (3) Alliance Manchester Business School. University of Manchester, Manchester, United 
Kingdom

IVF treatment is growing in popularity, possibly due to rises in infertility, however success rates remain low. The selection of an 
embryo suitable for transfer is currently carried out by visual assessment of time-lapse videos. This is subjective and can lead to 
different results between embryologists. Techniques from pattern recognition and machine learning may provide suitable tools to 
help support this task, leading to more reliable and consistent predictions and the ultimate selection of embryos with a higher chance 
of a successful pregnancy and healthy birth. We will use both supervised and unsupervised learning methods to examine Bright 
Field images of pre-implantation mammalian embryos and attempt to identify features associated with chromosomal abnormalities.
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SIGNALING DYNAMICS IN THE CONTROL OF VERTEBRATE MESODERM SEGMENTATION
Katharina Sonnen
Hubrecht Institute, Utrecht, Netherlands

How information is transmitted between cells to govern development and tissue homeostasis in time and space remains a central 
question in biology. In particular, the role of signaling dynamics in this control is still largely unknown. During embryonic development 
timing of mesoderm segmentation is coordinated by a molecular clock, which is composed of signaling oscillations of the Notch, 
Wnt and FGF pathways in mice. While gain- and loss-of-function experiments have traditionally been applied to study the function 
of signaling pathways in developing organisms, manipulation of the dynamics per se has been difficult to achieve. To be able to 
functionally investigate signaling oscillations, we established a microfluidic system, which allows entrainment of endogenous 
signaling oscillations in the developing PSM to periodic application of pathway modulators. Combined with real-time imaging of 
dynamic signaling reporters this approach enables the functional dissection of complex dynamic signaling networks in a multicellular 
context. Here, I will present our findings on the control of mouse segmentation by the interaction between multiple dynamic signalling 
pathways.
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THE ROLE OF TBX18 IN AXIAL MESODERM DEVELOPMENT
Sarah Burbridge, Pam Ellis, Marysia Placzek
Biomedical Science, University of Sheffield, United Kingdom

The axial mesoderm is a specialised population of cells lying at the midline of the embryo. It is composed of two cell populations: the 
anterior prechordal mesoderm (PM), bounded posteriorly by the notochord (NC). A wealth of studies have shown that both PM and 
NC are key organising centers that pattern and regionalise the overlying neuroectoderm into fore-, mid-, hindbrain and spinal cord. 
However, it is unclear how the axial mesoderm becomes regionalised into PM and NC with a sharp boundary established between 
the two domains. 

One of the reasons that studies into the development of axial mesoderm have been hampered is due to the lack of an exclusive 
marker of the PM. We show that Tbx18 is a novel and exclusive marker of the PM and is expressed once the axial mesoderm has 
fully extended. 

Much emphasis has been placed in the literature upon the importance of Nodal signalling in axial mesoderm formation. Here, we 
show that Nodal initiates Tbx18 expression in the fully extended axial mesoderm, i.e. acting to further specify PM. Further, Nodal 
signalling is inhibited by the paraxial mesoderm and retinoic acid. Together, the antagonistic signals appear to establish the posterior 
limit of the PM and the anterior limit of the NC.

Finally, we find that Tbx18 sharpens the PM-NC boundary by downregulating the NC marker 3B9 and establishing a third subpopulation 
of Shh- axial mesoderm that lies at the PM-NC interface. We discuss the potential significance of this third axial mesoderm population.
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IN VIVO ANALYSIS OF THE EVOLUTIONARY CONSERVED BTD-BOX DOMAIN OF THE SP TRANSCRIPTION 
FACTORS IN DROSOPHILA
David Blom-Dahl, Sergio Cordoba, Hugo Gabilondo, Pablo Miguel Carr, Carlos Estella
Desarrollo y Regeneración, Centro de Biología Molecular “Severo Ochoa”. Universidad Autónoma de Madrid, Spain

The appendages of arthropods and vertebrates are not homologous structures, although the underlying genetic mechanisms that 
pattern them are highly conserved. Members of the evolutionarily conserved Sp family of transcription factors control appendage 
development from flies to humans. In Drosophila, the two Sp family members Sp1 and Btd act redundantly in the specification of 
leg fates and Distalless (Dll) activation. We have previously shown that Sp1 also controls the growth of the leg, in part, though the 
regulation of Notch activity. This family of Sp transcription factors is characterized by the presence of the BTD-box, a conserved 10 
aa long domain next to the tripled-C2H2 zinc finger which function is unknown. We have analyzed in vivo the role of this conserved 
domain during appendage development by generating specific Sp1 and btd mutant alleles. In addition, we have studied a new role for 
Sp1 in the specification of leg vs antennal fates. Although the leg and the antenna are morphologically distinct appendages they have 
been considered serial homologous structures that share a similar developmental program. Thus, variations in this developmental 
program are responsible for the morphological differences between these two appendages. Our results suggest an important role of 
Sp1 in the specification of leg vs antennal fates.
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EXPLORING THE MECHANISMS UNDERLYING ROBUST PATTERN FORMATION IN THE MEDAKA MODEL
Carina Vibe (1), Kristina Stapornwongkul (1), Thomas Thumberger (2), Joachim Wittbrodt (2), Alexander Aulehla (1) 
(1) Developmental Biology Unit, EMBL, Heidelberg, Germany, (2) Center for Organismal Studies, University of Heidelberg, Germany

Developmental patterning shows remarkable robustness in the face of changing environmental conditions. One particular challenge 
faced by externally fertilized embryos is how to maintain proper growth and patterning despite temperature variation. In order 
to address the mechanism behind temperature-invariant patterning, I study segmentation of the body axis in Japanese medaka 
(Oryzias Latipes), a teleost fish which is reported to tolerate a wide range of temperatures. Specifically, we want to understand how 
the signalling pathways known to play a role in somitogenesis respond to temperature perturbations in order to maintain robust 
patterning. To this end, we are generating endogenous knock-in reporters to visualize the Notch, Wnt and FGF pathways and quantify 
their activities during somitogenesis using real time imaging. I will present recent progress in the development and imaging of these 
dynamic reporters, and discuss ongoing quantification of signalling dynamics during temperature perturbations.
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THE DEVELOPING CHICK HYPOTHALAMUS: SINGLE CELL RNA SEQUENCING ANALYSIS
Kavitha Chinnaiya (1), Thomas Kim (2), Sarah Burbridge (1), Changyu Sun (2), Seth Blackshaw (2), Marysia Placzek (1) 
(1) Firth Court, University of Sheffield, United Kingdom, (2) The Solomon H. Snyder Department of Neuroscience Johns Hopkins University School of 
Medicine. Baltimore, MD. USA

The hypothalamus governs homeostasis of core body function throughout life but its development remains enigmatic. A small set 
of Fgf10+ive progenitors, situated around the ventral midline of the embryonic neural tube, develops into the three classically 
defined domains along the rostro-caudal axis: anterior, tuberal and mammillary hypothalamus. Fgf10+ive progenitors undergo 
sequential anisotropic growth: progenitors are first displaced rostrally and differentiate into anterior cells, then those displaced 
caudally differentiate into mammillary cells (Fu et al., 2017). To identify the molecular characteristics of hypothalamic progenitors, 
and mechanisms controlling anisotropic growth, we have used single cell RNA sequencing (scRNA-Seq) to profile chick hypothalamic 
gene expression across 6 developmental time points between HH stage 8 and HH stage 26, time points that encompass hypothalamic 
induction, early pattern, anisotropic growth and neurogenesis. Our scRNA-Seq data will serve as a springboard for future functional 
studies of hypothalamic development and adaptation.
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A SINGLE-CELL TRANSCRIPTOME ATLAS OF THE DEVELOPING ZEBRAFISH HINDBRAIN
Monica Tambalo (1), Richard Mitter (2), Aengus Stewart (2), David Wilkinson (1) 
(1) Neural Development Laboratory, (2) Bioinformatics & Biostatistics team, The Francis Crick Institute, London, United Kingdom

How cells are precisely specified in space and time is a crucial question in developmental biology. In the vertebrate central nervous 
system, progenitor cells from the neural epithelium will differentiate into a wide range of neurons and glial cells, which need to form 
at precise locations. The zebrafish hindbrain is a great model to investigate spatial patterning of neurogenesis since progenitors are 
stereotypically arranged in neurogenic and non-neurogenic zones within each hindbrain segment. Previous work has shown that 
hindbrain boundaries and Fgf20-expressing neurons are signaling centers that contribute to such precise patterning. However, only 
a few molecular markers have been identified and it is not known if these are homogeneous or heterogeneous cell populations. The 
temporal progression of neurogenesis also remains elusive. 

To investigate the hindbrain complexity, we are taking advantage of the powerful technology of single-cell RNA-sequencing. We 
profiled around 8,000 single cells from micro-dissected zebrafish tissues of 16hpf, 24hpf and 44hpf embryos. Principal component 
maps enabled us to segregate hindbrain progenitors from differentiating cells and neurons. As expected the number of neurons 
increases with time while the progenitor pool has been depleted. In situ hybridization expression data strongly correlates with 
our single-cell RNA-sequencing analysis, pointing to the presence of different anterior-posterior and dorso-ventral progenitor 
populations. Additionally, pseudotime analysis and gene network inference have highlighted the scratch (scrt1a/1b/2) genes as 
potential temporal regulators of neurogenesis.

Overall this data will constitute a valuable resource to understand the molecular mechanisms used during hindbrain development to 
spatially and temporally regulate neurogenesis. 
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AN ALK5/SNAI1-DEPENDENT METASTATIC TYPE OF EPITHELIAL TO MESENCHYMAL TRANSITION AT 
THE CORE OF VERTEBRATE AXIAL ELONGATION
André Dias (1), Luisa Lemos (1), Anastasiia Lozovska (1), Filip Wymeersch (2), Ana Nóvoa (1), Gabriel Martins (3), Valerie Wilson 
(2), Moisés Mallo (1) 
(1) Patterning and Morphogenesis, Instituto Gulbenkian de Ciência, Oeiras, Portugal, (2) Early Embryo Development, MRC Centre for Regenerative 
Medicine, Edinburgh, Scotland (UK), (3) Advanced Imaging, Instituto Gulbenkian de Ciência, Oeiras, Portugal

The vertebrate body is laid down progressively in a head to tail sequence by dedicated axial progenitors with stem cell-like properties. 
Initially, these cells populate the caudal epiblast and require the activity of the primitive streak to form what is known as the primary 
body (post-occipital region of the head, neck and trunk). At later developmental stages, axial progenitors are relocated to the tail 
bud, from where they organize secondary body (tail) formation. Although the idea that trunk and tail formation follow different 
developmental strategies was proposed almost 100 years ago, the molecular mechanisms involved in the transition from primary to 
secondary body development are still mostly unknown. Here, we will present mouse single-cell and two-photon live-imaging data 
indicating that, during this transition, axial progenitors undergo a particular type of Epithelial to Mesenchymal Transition (EMT), 
normally associated with metastatic processes. Interestingly, we found that this particular EMT required for tail bud formation 
is functionally different from the “classical” EMT occurring during gastrulation. In particular, instead of promoting mesodermal 
differentiation, tail bud EMT maintains the stem cell potential of the axial progenitors. In addition, we found that both types of EMT 
are under the control of distinct regulatory mechanisms. Through a series of gain and loss of function experiments, we will show that 
tail bud EMT is orchestrated by the combined activities of Alk5 (TGFbeta-R1) signalling and the Snai1 transcription factor.
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EOMES-DEPENDENT ANTERIOR CELL LINEAGES ARE SPECIFIED IN A TEMPORALLY AND SPATIALLY 
DEFINED PATTERN DURING EARLY MOUSE GASTRULATION
Simone Probst (1), S. Sagar (2), Jelena Tosic (1), Carsten Schwan (1), Dominic Grün (2), Sebastian Arnold (1) 
(1) Institute of Experimental and Clinical Pharmacology and Toxicology, University of Freiburg, Germany, (2) Max Planck Institute of Immunobiology and 
Epigenetics, Freiburg, Germany

Complex morphogenesis leads to the formation of the germ layers ectoderm, mesoderm, and endoderm during gastrulation in the 
mouse embryo. Cells of the pluripotent epiblast undergo an epithelial-to-mesenchymal transition (EMT) and migrate through the 
primitive streak (PS) to generate mesoderm and definitive endoderm (DE). The transcription factor Eomes is crucially required for the 
specification of both DE and anterior mesoderm progenitors.

We investigate when and where Eomes-dependent cell lineages are generated and when they become lineage-separated. We 
generated two fluorescent alleles to visualize Eomes-dependent progenitors. An EomesmTnG allele labels all Eomes-positive cells 
and a Mesp1mVenus reporter identifies the anterior mesoderm cells within the Eomes population. To analyse the transcriptional 
identities and lineage dynamics of Eomes-dependent lineages, we performed single cell RNA-sequencing at early gastrulation stages. 
We find that during the first day of gastrulation all cells moving through the PS are positive for Eomes. Mesp1+ mesoderm progenitors 
constitute a subpopulation and are the first to leave the PS. Analysis of the Mesp1+ cells in combination with DE lineage markers 
shows that anterior mesoderm and DE are exclusive populations and are generated at distinct time points and locations. Anterior 
mesoderm progenitors start to leave the PS earlier and close to the extraembryonic border. DE progenitors are specified slightly later 
and in a more distal position within the PS. Cell lineages are specified within the PS. We find no evidence for the existence of a co-
expressing progenitor cell suggesting an early and complete lineage separation of mesoderm and endoderm at the PS.
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CELL SHAPE CHANGES CAUSED BY BMP SIGNALLING LEAD TO REFINEMENT OF SIGNALLING RANGE IN 
DROSOPHILA WING VEINS
Daniel Toddie-Moore, Martin Montanari, Osamu Shimmi
Institute of Biotechnology, University of Helsinki, Finland

Developmental patterning is widely thought to initially be dictated by developmental signalling pathways; however the mechanisms 
that further refine patterns leading to final cell fate decisions remain to be addressed. In Drosophila pupal wing development, BMP 
signalling directs posterior crossvein (PCV) formation, showing an initially broad then refined signalling range. We investigated 
the interplay between cellular morphogenesis and refinement of BMP signalling using the PCV as a model. Prospective vein cells 
apically constrict and basally expand. BMP signalling regulates cell shape changes by promoting apical myosin accumulation. 
Flanking regions among BMP positive cells show less dynamic cell shape changes, resulting in loss of BMP signalling. Disrupting the 
actomyosin machinery throughout the tissue disrupts refinement of BMP signalling, however smaller clones cause local signalling 
loss. We propose that the cell shape changes caused by BMP signalling facilitate refinement of the signalling range by allowing cells 
to compete for basally transported, cell-fate-determining, signalling components.
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NEUROMESODERMAL PROGENITORS SEPARATE THE AXIAL STEM ZONES WHILE PRODUCING FEW 
SINGLE- AND DUAL-FATED DESCENDANTS
Octavian Voiculescu (1), Tim Wood (1), Anders Kyrsting (1), Johannes Stegmaier (2), Iwo Kucinksi (1), Clemens Kaminski (3), Ralf 
Milut (2) 
(1) Physiology, Development & Neuroscience, University of Cambridge, United Kingdom, (2) Institute for Automation and Applied Informatics, 
Karlsruhe Institute of Technology, Eggenstein-Leopoldshafen, Germany, (3) Department of Chemical Engineering and Biotechnology, University of 
Cambridge, UK

Most embryos and regenerating tissues grow by the action of stem zones. Two epithelial stem zones drive axial elongation in 
amniotes: the mature organizer generates mesoderm, the neuralised ectoderm around it extends the neuraxis. Bipotential progenitors 
were also shown to exist, indirectly in vivo, and at population level in vitro. How are these stem cell populations organised in the 
embryo and what controls the cell fate of bipotential is not known. We use direct, in vivo imaging of these stem cells in the chick, 
together with molecular profiling clearly to distinguish them. We find that progenitors of single and dual fates are mingled in a small 
region between the specialised stem zones. Divergent tissue movements surround this region. When transplanted downstream of 
these flows, cells from the region of mixed fates adopt the molecular identity and behaviour of the target stem zone, irrespective of 
their normal fate. Thus, multipotent cells serve to separate the specialized stem zones, instead of a classical boundary. We propose 
their fate is determined extrinsically by morphogenetic shearing.
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PATTERNING AND GROWTH CONTROL BY A GFP GRADIENT ENGINEERED IN VIVO
Kristina Stapornwongkul, Marc de Gennes, Guillaume Salbreux, Jean-Paul Vincent
Francis Crick Institute, London, United Kingdom

Morphogens are secreted signalling molecules that diffuse from their region of production to induce concentration-dependent cellular 
responses in target tissues. The Drosophila BMP2/4 homolog Decapentaplegic (Dpp) has been suggested to act as a long-range 
morphogen that organises patterning and growth in wing imaginal discs, epithelial pouches that give rise to adult wings. Here, we 
use a forward-engineering approach to assess whether diffusion suffices for gradient formation. Specifically, we aim to transform 
an otherwise inert protein, GFP, into a signalling molecule that forms a long-range concentration gradient in vivo. We found that, 
on its own, GFP cannot form a stable gradient. However, GFP does form a gradient in the presence of “receptors” engineered from 
anti-GFP nanobodies. We are currently investigating how the affinity and abundance of such receptors modulate the length scale 
and amplitude of this gradient. Our long-term ambition is to reconstitute a signalling gradient and we have therefore rewired the Dpp 
pathway to make it responsive to GFP. Strikingly, GFP expressed from the endogenous dpp locus in the presence of the chimeric Dpp 
receptors can partially rescue growth and patterning. Currently, we are testing if the rescue can be improved by combining high-
affinity signalling receptors with low-affinity binding partners mimicking ECM binding interactions. In the future, we will assess how 
the relative abundance and affinities of the various receptors allow graded long-range signalling. This bottom-up approach to study 
gradient formation will help us uncover the key gradient-forming features of morphogens.
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RECONSTRUCTING CELL LINEAGES USING SOMATIC MUTATIONS: DESIGN, OPTIMIZATION AND IN SITU 
READING OF CRISPR RECORDERS
Marco Grillo (1), Irepan Salvador-Martinez (2), Svedlund Jessica (3), Nilsson Mats (3), Telford Maximilian (2), Averof Michalis (1) 
(1) Institut de Genomique Fonctionelle de Lyon, Centre National de la Recherche Scientifique, Ecole Normale de Lyon, Lyon, France, (2) Centre for Life 
Origins and Evolution, Department of Genetics Evolution and Environment, University College London, London, United Kingdom, (3) Science for Life 
Laboratory, Stockholm University, Stockholm, Sweden

Cell lineages provide the framework for understanding how multicellular organisms are built and how cell fates are decided during 
development. Describing cell lineages in most organisms is challenging, given the number of cells involved; even a fruit fly larva has 
~50,000 cells and a small mammal has more than 1 billion cells. The idea of using spontaneous somatic mutations as markers for 
cell lineage reconstruction has been proposed, but the challenge of detecting these rare mutations across the genome of individual 
cells is daunting. Targeting mutations to specific loci using CRISPR has solved this challenge, leading to the development of ‘CRISPR 
recorders’. We have focused on optimising the design and improving the accuracy of CRISPR recorders, using Drosophila as our 
model system. We have generated transgenic lines harbouring CRISPR recorders containing 32 targets loci, and lines expressing 
the cognate gRNA and Cas9 under constitutive promoters. Mutation rates were tuned experimentally to match the optimal rates 
determined by simulations for lineage reconstruction of embryonic, larval and adult cell lineages. Our second aim is to develop a 
method for reading the recorders in intact tissues, allowing us to lineage cells in their native environment. Our work and validation in 
flies will eventually allow to deploy optimised CRISPR recorders for a wide range of questions and model organisms.
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COUPLING OF CELL SEGREGATION AND CELL FATE THROUGH TENSION IN THE VERTEBRATE HINDBRAIN
David Wilkinson, Jordi Cayuso, Qiling Xu
Neural Development, The Francis Crick Institute, London, United Kingdom

A key concept from studies of compartment borders is that formation of a sharp and straight border enables correct organisation 
of boundary signaling centres. However, it remains unclear whether or how border sharpening and boundary cell induction are 
coordinated. We have studied this in the vertebrate hindbrain, in which sharp borders form between segments that each have 
a distinct regional identity. Specialised boundary cells form at the interface of segments, which we have shown act as signaling 
centres to generate the stereotyped patterning of neurogenesis within each segment. Our previous work has shown that Eph 
receptors and ephrins mediate heterotypic signaling at segment borders which is required both for border sharpening and for 
induction of boundary cells. Cell repulsion and mechanical tension have been implicated in border sharpening, but how boundary 
cells are induced remains unknown. We have generated a series of mutants to map roles of Eph-ephrin signaling pathways in cell 
segregation and boundary cell induction. Surprisingly, we find that boundary cells are induced by mechanical tension at segment 
borders. Increased tension is regulated by Eph-ephrin signaling, and we have identified the mechanotransduction pathway that 
links this to boundary gene expression. These findings reveal direct coupling between cell segregation and boundary cell formation 
that ensures the correct organisation of a signaling centre.
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PATTERNING WITH WAVES: A ROBUST AND EVOLVABLE EMBRYONIC PATTERNING MECHANISM
Heike Rudolf, Christine Zellner, Alena Boos, Ezzat El-Sherif
Division of Developmental Biology; Department of Biology, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany

Oscillatory and sequential gene activity has been implicated in the spatial patterning of many embryonic structures. For example, 
a molecular clock mediates stripes of gene expression that delimit vertebrate somites, segments in short-germ arthropods, and 
lateral roots in plants. Aperiodic sequential activation of genes regulates the spatial patterning of limb bud and the neural tube in 
vertebrates. Interestingly, these oscillatory and sequential gene activities have been observed to be organized into spatial waves 
that propagate away from a signaling center. How these waves are generated and why they are, as it seems, a common mode of 
gene regulation is so far not understood. Here we present a model: ‘Speed Regulation’ model, which explains how these waves are 
generated. We also show that the model is robust and evolvable, hence its common employment during development. We show 
experimentally (using various genetic perturbations) that both periodic and aperiodic waves mediate the patterning of the anterior-
posterior axis of short-germ insects (in particular, the beetle Tribolium castaneum) according to the Speed Regulation model. We also 
suggest a molecular realization of the model, in which a gradient regulates the switching between two groups of enhancers: one 
group is responsible for sequential gene activation, and the other for freezing temporal rhythms into spatial patterns. This model is 
supported by imaging enhancer activities in Drosophila in live embryos using the MS2-MCP system.
Related publications by the authors: Dev Bio 2019, eLife 2018, Development 2018, PNAS 2017, Current Biology 2016, PloS Genetics 2014, Development 2012.
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AXIAL/PARAXIAL MESODERM FORMATION: THE ROLE OF CNOT2
Tomás Pais de Azevedo, Isabel Palmeirim
CBMR, University of Algarve, Faro, Portugal

During gastrulation, the three embryonic germ layers, are formed and cells acquire their developmental fate. The decision between 
neural and mesodermal paths has gained special interest with the discovery of neuromesodermal progenitors. These cells, usually 
located in niches near or inside the organizer can originate mesoderm and/or spinal cord. Several studies show that underlying this 
is the expression of key transcription factors, with their corresponding mutations often leading to conversion of cells from one germ 
layer to other. While several studies focus the neural/mesodermal fate decision, much is still unknown about what drives cells to 
originate axial (notochord and floor plate) or paraxial (somites) mesoderm. In zebrafish embryos, two transcription factors flh and 
spt are shown to be important for axial/paraxial mesoderm cell fate decision. flh mutant embryos have no notochord and somites 
expand to fill its territory, while, spt mutants show enlarged tail notochords and no somites are formed. What could be the roles of 
these two genes in axial/paraxial mesoderm cell fate decision? In order to answer this question, we used chick embryos and started 
by studying the expression patterns of the orthologues of fll and spt, CNOT2 and TBX6L respectively. We found that both genes have 
complementary expression patterns, with a small overlap area in the axial/paraxial mesoderm progenitor cell niche. To test if CNOT2 
and TBX6L determine the axial and paraxial mesoderm cell fate respectively, we produced expression constructs of these genes and 
electroporated the progenitor region. CNOT2 electroporation results are shown.
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MEIS TRANSCRIPTION FACTORS INTERPRET FGF SIGNALING GRADIENT TO CONVEY POSITIONAL 
INFORMATION ALONG THE LIMB BUD PROXIMO-DISTAL AXIS
Irene Delgado (1), Alejandra López (1), Alberto Roselló (2), Giovanna Giovinazzo (1), Vanessa Cadenas (1), Matthew J. Anderson (3), 
Mark Lewandoski (3), Miguel Torres (1) 
(1) Control Genético del Desarrollo y Regeneración de Órganos, Centro Nacional de Investigaciones Cardiovasculares (CNIC), Madrid, Spain, (2) 
Australian Regenerative Medicine Institute, Clayton, Australia, (3) Cancer and Developmental Biology Laboratory, National Cancer Institute, Frederick, 
MD 21702, USA

The Positional Information theory proposes that a coordinate system provides information to embryonic cells about their position 
and orientation along a patterning axis. Cells interpret this information to produce the appropriate pattern during differentiation. 
In developing embryos, diffusible signals -or morphogens- have been identified and shown to generate gradients that instruct cells 
on their positions along patterning axes. At the molecular level, morphogen concentration generally translates into gradients of 
transcription factor activity that interpret the morphogen gradient. Coupling between morphogens and interpreter transcription 
factors has been defined for most embryonic signalling pathways, but is lacking for the fibroblast growth factor (FGF) family, despite 
their well characterized role as morphogens. Here, we investigate this question in developing mouse limbs, where FGFs have an 
instructive role in establishing proximo-distal (PD) identities. We report a gradient of Meis homeodomain transcription factors along 
the mouse limb bud PD axis. This gradient is antiparallel to and shaped by the inhibitory action of distal FGF on Meis expression. 
Elimination of Meis results in premature limb distalization, proximalization of PD segmental borders, and phocomelia, a congenital 
condition in which all limb segments are severely hypoplastic except for the hand/foot. Our results show that Meis transcription 
factors interpret the FGF signalling gradient to convey positional information along the limb bud PD axis. These findings establish a 
new model for the generation of PD identities in the vertebrate limb and provide a molecular basis for the interpretation of FGF signal 
gradients during axial patterning.
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A BI-STABLE REACTION-DIFFUSION MECHANISM FOR SIZE-INDEPENDENT SYMMETRY BREAKING OF 
MOUSE EMBRYOID BODIES
Luciano Marcon (1), Jelena Raspopovic (1), Maria Langegger (2), Patrick Mueller (2) 
(1) Gene Expression and Morphogenesis, Centro Andaluz de Biología del Desarrollo UPO-CSIC, Seville, Spain, (2) Friedrich Miescher Laboratory of the 
Max Planck Society, Max-Planck-Ring 9, 7207 Tübingen, Germany

Mouse embryoid bodies can break their initial symmetry to form a localized expression of germ layer markers that resembles the 
formation of the anterior-posterior axis in the embryo. Here, we analyze this self-organization in three dimensions by using lightsheet 
microscopy. Our data shows that the formation of the anterior-posterior axis is characterized by a moving gene expression front of 
mesendodermal fates that propagates from the boundary on one side of the embryoid body. By developing a three-dimensional 
computational model of embryoid body self-organization, we show that this spatiotemporal dynamics can be recapitulated by 
a bi-stable reaction-diffusion mechanism under the influence of signals coming from the boundary. To test this hypothesis we 
analyze anterior-posterior axis self-organization in embrioid bodies of different size and upon pharmacological inhibition of signaling 
pathways. In agreement with the model, our data show that the formation of the axis is size-independent and that the velocity of the 
front is mediated by Wnt and Nodal signaling.
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BIOPHYSICAL MODEL OF CYTONEME GUIDANCE IN HEDGEHOG SIGNALING
Adrián Aguirre-Tamaral (1), Manuel Cambón (2), David Poyato (2), Juan Soler (2), Isabel Guerrero (1) 
(1) Development, CBMSO, Madrid, Spain, (2) Matemática Aplicada, UGR, Granada, Spain

Cell-cell communication by morphogens is crucial during the development of multicellular organisms. These signaling molecules are 
distributed in a morphogenetic field activating different target genes in a concentration-dependent manner. Classical models assumed 
that the gradient distribution occurred through a diffusion mechanism. However, new experimental results challenge this idea since 
most of the morphogens cannot diffuse freely through the extracellular matrix (ECM) due to their biochemical properties. A new 
mechanism for morphogen transport has been proposed based on the idea of distribution of signal molecules through actin-based 
filopodia-like structures, also called signaling filopodia or cytonemes. Cytonemes protrude from both producing and receiving cells 
to deliver and collect the signaling molecules in several developmental systems. Therefore, studying their dynamics and orientation 
is key to understand a correct signaling. We are studying those cytonemes implicated in the Hedgehog (Hh) signaling pathway in 
Drosophila wing disc epithelia. We have analyzed in this system the possible role of Ihog and glypicans proteins (Dally and Dlp) in the 
cytoneme guiding process. We have modified the wild type distribution of these proteins to see the effect on orientation and length 
of cytonemes. The quantification of these parameters allows us to develop a mathematical model of cytoneme guidance. Based on 
electrostatic potential theory of physics we established a framework where cytoneme guiding can be explained as an emergent 
biophysical property of short-range potentials. Where these potentials are generated by the relative level distribution of Ihog, Dally 
and Dlp proteins in the wing disc.
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ESTABLISHING FUNCTIONAL POLARITY ALONG THE LENGTH OF FLY MALPIGHIAN/RENAL TUBULES
Robin Beaven, Barry Denholm
Deanery of Biomedical Sciences, University of Edinburgh, United Kingdom

Epithelial tubules transport and modify fluids and gasses in many organs e.g. the kidney and lung. We use Drosophila Malpighian 
tubules as a relatively simple model to understand epithelial tubule development and the emergence of functionally distinct cell 
types required for renal function. Malpighian tubules are composed of principal and stellate cells, providing one source of functional 
specialisation. Importantly they also establish physiologically distinct domains along their proximo-distal axis. Currently our 
understanding of how proximo-distal axes are patterned during organogenesis is limited to a few isolated examples such as limb 
development, and little is known in the context of epithelial tubules.

We found that Wingless/Wnt, emanating from the gut at the proximal tubule end, is required to activate expression of a proximally 
expressed transcription factor (odd skipped), and ultimately for correct proximal tubule morphogenesis. This function requires 
dispersal of Wingless from producing cells, which is interesting as the requirement for Wingless dispersal to pattern tissues is a 
contested issue. 

At the distal tubule end, specialised tip and sibling cells produce an EGF ligand, which might pattern the opposite end of the 
tubule. However our findings indicate a distinct means of conferring distal tubule identity. Proneural genes specify a pool of cells, 
one of which becomes the tip mother cell. Proliferation of the proneural gene expressing cells generates the distal identity tubule 
domain. Although relatively simple, Malpighian tubules therefore appear to utilise distinct developmental mechanisms to pattern 
their proximo-distal axis.
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TO WHAT EXTENT IS DIGIT PATTERNING A TURING SYSTEM?
Ju Yeon Han
EMBL Barcelona, Spain

Digit patterning is a representative example of a periodic structure in development. Previous studies have shown that reaction-
diffusion(Turing) system, in which diffusible activator and inhibitor interact, is responsible for generating such spatial information. 
The model identifies Bmp, Sox9, and Wnt as components of reaction-diffusion model.

This research focuses on the dynamics of the digit pattern shape changes, upon perturbation of the mouse embryonic limb culture 
and micromass culture. The goal of the research is to find out to which extent digit patterning is a pure reaction-diffusion system. If 
the digit patterning consists of a pure chemical reaction-diffusion system such as in Bmp-Sox9-Wnt(BSW) model, dynamics will be 
easily perturbed and reorganised. On the other hand, if tissue level mechanics play greater role, perturbations would allow minimal 
dynamical changes, as it is challenging to reverse a cellular condensation process. 

Both cultures were perturbed by inserting bead containing Bmp, Wnt, Bmp/Wnt inhibitors, and ECM component inhibitors at desired 
locus, at different time points. Results show that Reaction-diffusion mechanism of BSW model explains highly dynamic reorganization 
of digits, even after the cell started expressing Sox9. The dynamicity is proportional to the plasticity of the cell, as the degree of 
pattern reorganisation decreases in the older limbs.
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SYNCHRONIZING MOUSE PRESOMITIC MESODERM CELLS: WHAT ARE THE COUPLING RULES?
Christine Ho, Gregor Monke, Alexander Aulehla
Developmental Biology, EMBL, Heidelberg, Germany

Somitogenesis is a time and space periodic process of the vertebrate body axis segmentation which requires coordinated genetic 
oscillations. Numerous studies show that the Notch signaling pathway is involved in synchronizing the oscillations on a tissue level. 
However the coupling rules remain unclear. To describe how the coupling is achieved, theoretical physics propose two distinct classes 
of models: phase-difference coupling models and pulse coupling models. To explain synchronization in PSM cells, main studies in our 
field used the phase difference coupling framework and indeed these models can recapitulate several aspects of PSM oscillations. 
However, a central prediction of phase-difference framework per se is still unclear. In addition, numerical simulations performed 
in the lab show that phase-difference and pulsed coupled synchronization models make distinct predictions regarding collective 
phase determination. This highlights the importance to find a new experimental study, we have established a new experimental 
setup which allows us to quantitatively test the predictions made in phase-difference and pulsed coupling models. Our results are 
not in agreement with the current segmentation clock synchronization models. In contrast, our findings are compatible with the 
synchronization mechanism based on pulsed coupled oscillators. We are currently further challenging these conclusions using both 
theoretical and experimental strategies. In summary, this study is questioning our fundamental understanding of coupling rules 
governing the cell synchronization during segmentation clock.
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ADDRESSING THE ROLE OF GENE OSCILLATION DYNAMICS IN SCALING OF SOMITE SIZE USING SIZE-
REDUCED MEDAKA EMBRYOS
Silvija Svambaryte, Carina Vibe, Alexander Aulehla
Developmental Biology Unit, EMBL, Heidelberg, Germany

Scaling - the ability of differently sized embryos of the same species to pattern their tissues with invariant proportions - is a 
fundamental property of embryonic development. Somite size has been shown to scale with overall embryo size in several vertebrate 
species, ensuring that a fixed number of somites is formed in a species-specific manner. During somitogenesis, periodic formation 
of somites is facilitated by oscillatory gene activity in the unsegmented tissue, the presomitic mesoderm. Scaling of gene oscillation 
dynamics across the presomitic mesoderm has been implicated in somite scaling in an ex vivo cell culture assay that recapitulates 
mouse segmentation. If these findings apply to in vivo systems is not known. Here we present an experimentally size-reduced 
medaka fish (Oryzias latipes) embryo that forms proportionally smaller somites. Combined with real-time imaging of oscillatory gene 
activity, this will enable us to quantify and compare oscillation dynamics across the presomitic mesoderm of size-reduced and control 
embryos. This gives us a platform to complement findings from ex vivo studies and will ultimately allow us to better understand 
dynamic signal encoding and processing during embryonic segmentation and somite scaling.
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EXPLORING THE EFFECTS OF SIGNALING GRADIENTS ON THE DYNAMICS OF THE SEGMENTATION CLOCK 
OSCILLATIONS
Takehito Tomita (1), Volker Lauschke (2), Alexander Aulehla (1) 
(1) Developmental Biology Unit, European Molecular Biology Laboratory, Heidelberg, Germany, (2) Department of Physiology and Pharmacology, 
Karolinska Institutet, Stockholm, Sweden

In mouse somitogenesis, signaling gradients and genetic oscillations have been functionally linked to this patterning process. In 
current models, signaling gradients are proposed to provide spatial information while the genetic oscillations provide temporal 
cues for segmentation. The precise patterning of somites requires correct integration of positional and temporal information, as 
patterning seems to be hampered when either the gradient or oscillations are experimentally challenged. However, it is not known 
how cells integrate such information to decide when and where to segment. 

By using highly dynamic fluorescent reporters of segmentation clock genes, we can reliably quantify its oscillations in the mouse 
presomitic mesoderm. Combined with our ex vivo culture methods, which allow flexible control of culture conditions, we observe 
that a signaling gradient molecule FGF8b directly affects oscillations. Specifically, we observe that cells respond dynamically to 
surrounding FGF8b concentrations to change the frequency of oscillations. This matches the observation that a frequency gradient 
of oscillating genes exists parallel to the FGF8b gradient in the presomitic mesoderm. 

We hypothesize that signaling gradients act on segmentation clock oscillations, which are then interpreted by the cells to determine 
when to differentiate from unsegmented mesoderm to somite. In light of recent findings, we discuss how the integration of such 
information could occur in each cell to allow precise patterning in the context of segmentation.
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THE ROLE OF THE FORKHEAD TRANSCRIPTION FACTORS FD4 AND FD5 DURING DEVELOPMENT
Mireya Ruiz-Losada, Carlos Estella
Development and Regeneration, Centro de Biología Molecular Severo Ochoa, Madrid, Spain

Members of the Forkhead family of transcription factors have been conserved during evolution from yeast to humans and regulate a 
variety of developmental processes. In this work we characterize the expression and function of two members of this family during 
Drosophila development. The FD4 and FD5 (FOXB1 y FOXB2 in vertebrates) expression is similar and it is restricted to the ventro-
lateral domain of the leg and antenna imaginal discs, as well as in the central nervous system of the larva. Through the identification 
and characterization of a dedicated enhancer we demonstrated that the Dpp (BMP) pathway, through its transcriptional repressor 
Shn, regulates the expression of FD4/FD5 genes in the imaginal discs. 

To analyze the function of the Fd4 and Fd5 genes during development, we have generated, by the CRISPR-Cas9 technique, mutants 
for each gene, as well as a double mutant. Homozygous FD4/FD5 double mutant flies are viable, however we found strong defects 
in the formation of a specialized ventro-lateral structure of the leg, called the sexcomb. In addition, we found that FD4/FD5 double 
mutant flies have severe locomotion defects as tested in climbing assays. Using tissue specific knockdown for these genes we are 
currently analyzing their function controlling locomotion in the nervous system.
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ANALYSIS OF THE TBX3 CONTROLLED GENE REGULATORY NETWORKS DURING THE ONSET OF LIMB BUD 
DEVELOPMENT
Aušra Girdžiušaitė, Sheth Rushikesh, Shalu Jhanwar, Aimee Zuniga, Rolf Zeller
Department of Biomedicine, University of Basel, Switzerland

We have previously shown that transcription factor HAND2 controls a network of transcriptional regulators that establish antero-
posterior limb bud (LB) identity upstream of activating SHH signaling (Osterwalder et al., 2014). This study provided genetic and 
molecular evidence that the Tbx3 transcriptional regulator is a direct target of HAND2 and is required with HAND2 for correct 
establishment of the posterior Gli3 expression boundary. The precise Gli3 expression boundary hallmarks the establishment of an 
anterior and posterior mesenchymal territory during the onset of LB development. To gain insight into the underlying molecular 
interactions and to identify the gene regulatory networks (GRNs) controlled by TBX3 during LB development, we inserted 3xFLAG-
tag into endogenous Tbx3 ORF using CRISPR/Cas9 to produce Tbx3 3XFLAG mice strain. Homozygous Tbx3 3XFLAG mouse embryos express 
normal levels of nuclear TBX3 protein and develop normally. Therefore, Tbx3 3XFLAG allele was used for ChIP-seq analysis to identify the 
genomic regions enriched in TBX3 chromatin complexes isolated from early forelimb buds. Furthermore, RNA-seq analysis of wild-
type and Tbx3-deficient forelimb buds identified the range of differently expressed genes (DEGs). The direct transcriptional targets 
of TBX3 were evidenced by identifying the DEGs associated with candidate cis-regulatory regions enriched in TBX3 chromatin 
complexes. This analysis showed that TBX3 controls the expression of genes that function in establishment of antero-posterior and 
proximo-distal limb axis polarity. The ongoing molecular and genetic analysis is expected to provide functional insights into the TBX3 
(and HAND2) controlled GRNs that are required for forelimb axes polarization during LB formation and/or initiation of outgrowth.
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UNDERSTANDING NORMAL AND ABNORMAL LIMB DEVELOPMENT THROUGH IN-VIVO SINGLE CELL 
TRANSCRIPTIONAL PROFILING
Raquel Rouco Garcia, Olimpia Bompadre, Antonella Rauseo, Guillaume Andrey
Department of Genetic Medicine and Development, University of Geneva Medical School, Geneve, Switzerland

During development, precise transcriptional activation and repression of genes in time and space are required to achieve normal 
body patterning and morphogenesis. Any alteration of these tight regulations can lead to complex developmental defects and 
malformations. Here we are using Pitx1, a hindlimb developmental regulator, as a model to understand how gene misexpression in 
a developing tissue can produce complex phenotypes. Pitx1 gain-of-function variants cause Liebenberg syndrome, a partial arm-to-
leg transformation, both in humans and in mouse models. Meanwhile, its loss-of-function causes leg phenotypes such as clubfoot 
and bone aplasia. Therefore, we aim at characterizing the normal and pathologic Pitx1 gene expression at the single cell level 
to understand the cellular and ontological origins of these complex malformations. To do so, we took advantage of single cell 
transcriptome profiling approaches to characterize the cellular composition and identities of wildtype and mutant fore- and hindlimb 
buds. In summary, we aim at revealing the cell-specific transcriptional effects caused by these mutations and from which complex 
phenotypes arise.
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VASCULAR REPAIR AFTER SPINAL CORD INJURY IN ZEBRAFISH
Ana Ribeiro, Mariana Costa, Tiago Maçarico, Leonor Saúde
LSaúde Lab, Instituto de Medicina Molecular, Lisboa, Portugal

Spinal cord injuries have dramatic and irreversible effects on motor and sensory functions in mammals. By contrast, zebrafish are 
able to repair the spinal cord and restore motility and are increasingly used to study successful strategies of regeneration. In this 
study we investigate if the vascular system is reestablished after spinal cord injury in zebrafish and whether the vasculature is 
important for the efficient recovery of spinal cord function. 

We show that the zebrafish spinal cord has a similar organization and specialised blood-spinal cord barrier modifications as observed 
in mammals. We followed the vascular response over the course of spinal cord regeneration and confirmed that zebrafish, unlike 
mammals, are able to restore the vascular network. The repair of the damaged blood vessels occurs through the activation of 
angiogenesis. The new blood vessels are also able to rapidly recruit pericytes, thus contributing to the reestablishment of the blood-
spinal cord barrier. 

To address the role of the vasculature during spinal cord regeneration we are inhibiting the formation of new blood vessels using a 
genetic approach. Our preliminary results show that interfering with the spinal cord re-vascularisation results in impaired functional 
recovery.

This work reveals the enhanced capacity of zebrafish to repair the spinal cord vasculature when compared to mammals and highlights 
the importance of tissue re-vascularisation during regeneration.
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MOLECULAR AND CELLULAR EVENTS UNDERLYING POSTERIOR REGENERATION IN THE ANNELID 
PLATYNEREIS DUMERILII
Eve Gazave (1), Anabelle Planques (1), Hsien-chao Chou (2), Loïc Bideau (1), Luis Carlos Carreira (1), Stephan Q. Schneider (3), 
Michel Vervoort (1) 
(1) CNRS - Institut Jacques Monod, “Stem cells, development and Evolution”, Paris, France, (2) Department of Genetics, Development and Cell 
Biology, Iowa State University, 503 Science Hall II, Ames, IA 50011, USA, (3) Institute of Cellular and Organismic Biology, Academia Sinica, No. 128, 
Section 2, Academia Rd, Nangang District, Taipei City, 11529, Taiwan

Regeneration is a widespread phenomenon in animals. Nevertheless, we still lack a general view of the evolution of animal 
regeneration’ general principles and genetic programs. We study regeneration in the annelid Platynereis dumerilii that shows 
amazing capacities to regrow, notably, its posterior part within few days after amputation. We have recently carefully described at 
morphological, cellular and molecular levels this regeneration, providing the foundation for more mechanistic studies. We showed 
that posterior regeneration is a rapid process going through specific stages. Wound healing is achieved in one day post-amputation 
(dpa) and a regeneration blastema forms a day later. At this time point, some tissue specification already occurs, and a functional 
posterior growth zone is re-established at 3dpa. We found that blastema cells express a collection of genes whose orthologs in other 
species are expressed in pluripotent/multipotent somatic stem cells and primordial germ cells, suggesting that blastema may contain 
stem cells. We evidenced that intense cell proliferation occurs and is required during regeneration. EdU pulse and chase experiments 
suggest a mainly local origin of the blastema cells would mostly derive from dedifferentiation of cells of the segment immediately 
abutting the amputation plane. To get further insight in the regeneration process, we are also conducting RNA-seq experiments to 
study the transcriptome of the cells at different stages of regeneration. We found a lot of differentially expressed genes between 
0 and 2dpa including members of the Wnt and Notch pathways. We are currently investigating in details those pathway’s members 
and functions during regeneration.
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LESSONS FROM THE ZEBRAFISH: HOW TO REGENERATE A HEART
Dennis de Bakker (1), Colquhoun Daniel (2), Hessel Honkoop (1), Ingeborg Hooijkaas (3), Phong Nguyen (1), Vincent Christoffels 
(3), Jan Kaslin (2), Jeroen Bakkers (1) 
(1) Hubrecht Institute, UTRECHT, Netherlands, (2) Australian Regenerative Medicine Institute, (3) Amsterdam Medical Center

The mammalian heart is unable to replace lost cardiomyocytes after ischemic injury. In contrast, zebrafish can regenerate lost 
myocardium by re-entry into the cell cycle of adult cardiomyocytes located at the interface between the injury and healthy 
myocardium which we term border zone (BZ). Understanding why zebrafish BZ cardiomyocytes divide upon injury while mammalian 
BZ cardiomyocytes do not might lead to novel targets for the stimulation of mammalian heart regeneration. 

As a first step to identify similarities and differences in the molecular response of the BZs in injured zebrafish and mouse hearts, we 
performed transcriptome analysis. Since the BZ is spatially restricted, Tomo-sequencing was conducted as it allowed the generation 
of RNAseq data in a spatially resolved manner. Bioinformatical analysis was performed to reveal a transcriptionally defined injury 
area, BZ and remote myocardium in both the injured mouse and zebrafish heart. 

Differentially expressed genes between the regenerative zebrafish BZ and non-regenerative mouse BZ include Wnt-, TGF- and 
HIPPO-pathway members and various transcription factors and chromatin remodelling factors. Further investigation of candidate 
genes which are specifically upregulated in the zebrafish BZ, but not the mouse BZ, resulted in the identification of novel targets that 
are necessary for zebrafish heart regeneration and can stimulate mammalian cardiomyocyte proliferation. 

These findings may shed light on the limited regenerative capacity of the mammalian heart and help identify novel pro-regenerative 
factors.
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MITOCHONDRIAL ACTIVITY IN HIPPO-RELATED OVERGROWTHS
Maria Rosselló, Emili Saló, Teresa Adell
Department of Genetics, Microbiology and Statistics, Universitat de Barcelona, Spain

Understanding how tissue homeostasis is maintained is an essential question in developmental biology, since its malfunction leads 
to common diseases as cancer. The Hippo pathway is an evolutionary conserved cell-cell communication mechanism that controls 
the cell renewal underlying homeostasis. The Hippo pathway senses the contacts of the cellular membrane with the surrounding 
cells or extracellular matrix components and, according to it, regulates cell proliferation, cell death and cell differentiation. Planarians 
are flatworms that continuously and completely renew all their tissues, since they do not only regenerate any missing body part but 
also continuously change their size according to nutrients. This ability relies on a population of adult pluripotent stem cells located 
through their body. Inhibition of hippo in planarians leads to the formation of overgrowths, which is the same phenotype observed 
after hippo inhibition in all animals studied. Importantly, we recently demonstrated that the formation of this overgrowths is not 
caused by the over proliferation of the stem cells but by the dedifferentiation of committed cells. The transcriptomic analysis of 
those hippo knockdown animals revealed that changes in the mitochondrial activity could be directly linked to the formation of the 
overgrowths. The RNAi inhibition of candidate genes of the transcriptomic analysis with mitochondrial function caused a similar 
phenotype to the one observed after hippo inhibition. We are currently investigating the specific effect that hippo inhibition could 
have in the mitochondrial activity in different planarian cell types and its impact in the formation of the overgrowths.
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IDENTIFICATION OF HIPPO DOWNSTREAM EARLY EFFECTOR GENES DURING PLANARIAN HOMEOSTATIC 
TISSUE RENEWAL
Daniel Font, Nídia de Sousa, Teresa Adell, Emili Saló
Department of Genetics, Microbiology and Statistics, University of Barcelona, Faculty of Biology, Barcelona, Spain

Regeneration and tissue renewal are key tightly controlled processes in adult homeostasis which dysfunction may lead to neoplasia. 
The Hippo signaling pathway acts as a key hub in the control of cellular renewal found systematically deregulated in tumoral 
processes controlling cell proliferation, cell death and cell differentiation in different animal models. However, its specific cellular 
functions and molecular targets remain poorly understood. Our team has observed that hippo inhibition produces tumoral overgrowths 
in planarians, flatworms that endow a continuous tissue renewal while changing their size according to nutrients availability. In this 
in vivo context, overgrowths are caused by the inability of hippo knockdown cells to maintain the differentiated fate, to properly 
cycle and to die when required. In the present study we characterize the function of putative hippo target genes found deregulated 
in a transcriptomic analysis of hippo RNAi animals. These candidates correspond to poorly characterized genes, related to different 
biological processes and cellular components ranging from transcription to the cytoskeletal architecture. RNAi inhibition of these 
candidate genes produces overgrowths coupled in most of the cases with alterations in the cell cycle and disruption of the nervous 
system, which phenocopies the hippo RNAi. We are analyzing further the RNAi phenotype of those elements to demonstrate their 
functional connection with the Hippo pathway and to ascertain whether this role could be evolutionary conserved.
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COORDINATION BETWEEN CELL PROLIFERATION AND APOPTOSIS AFTER DNA DAMAGE
Carlos Estella, Mireya Ruiz-Losada, Raul Gonzalez, Antonio Baonza
Desarrollo y Regeneración, Centro de Biología Molecular “Severo Ochoa”. Universidad Autónoma de Madrid, Spain

During development and adulthood, genomes are exposed to numerous insults such as mutagens and DNA replication errors, which 
elicit a specific response named DNA damage response (DDR) pathway. The damaged DNA is sensed by the cell cycle checkpoints 
that cause a cell cycle arrest and trigger the DNA repair pathways. However, if the DNA damage is too severe, the cells activate the 
apoptosis pathway to get rid of defective cells. In response to DNA damage such as irradiation (IR), the checkpoint kinases ATM/
ATR phosphorylate a number of substrates including the tumor suppressor gene p53, implicated in DNA repair, cell cycle arrest 
and apoptosis. Therefore, cell proliferation and apoptosis must be intimately coordinated to maintain tissue homeostasis. Defects 
in control of cell proliferation and apoptosis are both hallmarks of cancer progression. Although the molecular mechanisms that 
regulate apoptosis and cell cycle arrest in response to DNA damage are extensively studied separately, much less is known about 
how these two processes are coordinated.

Here we use the wing imaginal disc of Drosophila melanogaster, a highly proliferating tissue, to study the relationship between cell 
proliferation and cell death under stress conditions. We found that the apoptotic response after IR is highly reduced in cells in which 
their cell cycle has been altered. In addition, we explore at what level of the DDR pathway this response is blocked. The results 
obtained from these studies could have important implications in our understanding of tumor formation and cancer treatment.
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CELLULAR MECHANISMS OF CORNEAL WOUND HEALING IN ZEBRAFISH
Kaisa Ikkala, Vassilis Stratoulias, Frederic Michon
Institute of Biotechnology, University of Helsinki, Finland

The cornea, transparent tissue on eye surface, provides protection and refractive power to the ocular machinery. Corneal transparency 
requires constant renewal of its epithelial compartment. Injuries, aging and chronic disorders challenge this homeostasis and may 
lead to corneal opaqueness. In order to prevent and treat corneal vision loss, it is crucial to understand the mechanisms of corneal 
maintenance and repair.

Zebrafish cornea is structurally similar to mouse and human cornea. Despite this comparability and many benefits of zebrafish as a 
model organism, very few studies on the molecular and cellular details of zebrafish cornea exist.

We use mechanical abrasion combined with imaging and transcriptomic studies to reveal both molecular and cellular dynamics in fish 
corneal epithelium during wound healing.

Our preliminary results indicate that a central cornea wound is closed within 3 hours, involving a dynamic pattern of proliferation. The 
amount of phospho-Histone3+ cells on central cornea increases rapidly after corneal insult, getting more localized around the wound 
as the healing proceeds. Edu labeling shows upregulated peripheral proliferation, continued several hours after wound closure, to 
support epithelial restratification. Reinnervation takes place simultaneous to wound closure. 

This study provides novel knowledge on zebrafish cornea physiology. Together with studies on terrestrial vertebrates, our results 
help to understand how the adaptation to aquatic versus terrestrial environments affects cornea maintenance and repair.
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ATACSEQ AND RNASEQ ANALYSIS REVEAL NEW ELEMENTS OF PLANARIAN POSTERIOR ORGANIZER
Eudald Pascual-Carreras (1), Marta Marín (1), Sergio Castillo-Lara (1), Pablo Coronel-Córdoba (1), Marta Silvia Magri (2), Josep 
Francesc Abril (1), Jose Luis Gomez-Skarmeta (2), Emili Saló (1), Teresa Adell (1) 
(1) Genetics, Microbiology and Stadistics, University of Barcelona, Spain, (2) Centro Andaluz de Biología del Desarollo (CABD), Universidad Pablo de 
Olavide, Sevilla, Spain

Organizers or signaling centers are a group of cells with the ability to specify the fate of adjacent cells, allowing a patterned 
growth. Although organizers are mainly studied during embryogenesis, their function is also required in adults, for instance during 
regeneration. To better understand the formation and function of adult organizers, we study planarians, flatworms that are able to 
regenerate any missing body part. In planarians the anterior and posterior tips of the body behave as organizers, being defined by 
the expression of notum (a secreted Wnt inhibitor) and wnt1, respectively. The inhibition of any of those elements leads to a shift 
in polarity. Interestingly, during the first hours of regeneration both notum and wnt1 are expressed in both poles, and it’s around 
36 hours that their expression becomes restricted to their respective tip. To decipher the molecular interactions that restrict the 
expression of wnt1 to the posterior tip and confer the organizing activity we used genome wide approaches. ATACseq and RNAseq 
analysis of regenerating wild-type and wnt1 (RNAi) planarians allowed the identification of specific Cis-Regulatory Elements (CREs) 
of posterior regeneration. We found that already at 12 hours of regeneration the accessible CREs in posterior and anterior blastemas 
have essentially changed, indicating that specific posterior chromatin changes induced by amputation occur much earlier than the 
formation of the organizers. Furthermore, we have identified specific transcription factors of the Otx and Fox families, which are 
enriched in posterior CREs and are essential for the specification of the posterior wnt1+ cells.
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REGENERATING PURKINJE NEURONS IN THE ZEBRAFISH
Sol Pose Mendez, Barbara Winter, Michel Rehbock, Kazuhiko Namikawa, Reinhard W Köster
Cellular and Molecular Neurobiology, Technical University Braunschweig, Germany

Purkinje cells (PCs) are of special interest for regeneration studies, as they integrate all cerebellar information. With the help of a PC 
specific regulatory element we have established a cell ablation system mediated by tamoxifen-inducible apoptosis (PC-ATTACTM). 
This approach, different from regeneration studies relying on acute lesions affecting several cell types, is not affected by synaptic 
plasticity of remaining cells.

After inducing the PC ablation in larvae, the cleaning of the apoptotic PC debris by the microglia takes around 5 days. As a consequence 
of the PC loss, the efferent neurons of PCs did not appear to suffer adverse effects. However, the zebrafish larvae show impairment 
in the performance of the visuomotor optokinetic response. Subsequently, first new PCs start to reappear, and around 10 days post-
treatment half of the PC population is recovered. Tracing the reappearing PCs in the transgenic gfap:GFP and ptf1a:GFP background 
revealed that ventricular zone progenitors of cerebellar GABAergic neurons rather than radial glia contribute to the PC regeneration 
program. To distinguish whether the reappearance of PCs is due to a continuation of the remaining developmental program of the 
cerebellum or true regeneration, we quantified the recovery of PC population until adulthood and revealed that indeed it is restored 
to its full extent.

In vivo tracking of the PC regeneration process is of special relevance to figure out how a single neuronal type can be restored, and 
reestablishes the circuitry of a whole brain compartment, not possible by in vitro studies.
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MYC AND MYCN-MEDIATED CELL COMPETITION IN HEART DEVELOPMENT AND REGENERATION
Cristina Villa del Campo, Noelia Muñoz-Martín, Rocío Sierra Muñoz, Miguel Torres
CNIC, Madrid, Spain

Cell competition ins a mechanism by which fitter cells in a given context eliminate neighbouring cells that are less fit. We have 
previously demonstrated that Myc is able to induce cell competition in the developing heart in homeostatic conditions by generating 
genetic mosaics with differences in Myc levels. Myc is considered an essential transcription factor for heart development, but cardiac 
defects have only been studied in global Myc loss of function models. We eliminated Myc and observed no anatomical, cellular or 
functional alterations in either fetuses or adult cardiac Myc-deficient mice. We re-examined Myc expression during development and 
found no expression in developing cardiomyocytes. In contrast, we confirmed that Mycn is essential for cardiomyocyte proliferation 
and cardiogenesis. Mosaic Myc overexpression in a Mycn-deficient background shows that Myc can replace Mycn function, recovering 
heart development. We further show that this recovery involves the elimination of Mycn-deficient cells by Cell Competition. Our 
results indicate that Myc is dispensable during cardiogenesis and adult heart homeostasis and Mycn is exclusively responsible for 
cardiomyocyte proliferation during heart development. Nonetheless, our results show that Myc can functionally replace Mycn and 
that cardiomyocytes compete according to their overall Myc+Mycn levels. In the developing heart, Cell Competition eliminates 
flawed cardiomyocytes, suggesting its relevance as a quality control mechanism in cardiac development. We now seek to explore 
the role of Cell Competition in neonatal heart regeneration, by LAD ligation in Myc mosaic hearts and testing the effect of Cell 
competition in promoting a regenerative response
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ROLE OF AUTOPHAGY DURING CELL COMPETITION IN HEART DEVELOPMENT AND CARDIAC 
REGENERATION
Lorena Esteban Martínez, Rocío Sierra, Miguel Torres
Cell and Developmental Biology, Spanish National Center for Cardiovascular Research, Madrid, Spain

Cell Competition (CC) is the process by which viable cells are eliminated from tissues by comparison with neighboring cells. Myc 
overexpression in a mosaic fashion induces CC in heart, a mechanism by which Myc-high cardiomyocytes actively eliminate 
neighboring cardiomyocytes with lower Myc levels. Our current interest focuses on understanding the relationship between 
metabolism and autophagy during Myc-dependent CC at both embryonic development and postnatal maduration of cardiomyocytes 
(CMs) in mice. Our results show that autophagy is reduced in wildtype embryonic CMs when Myc is overexpressed in neighboring 
CMs (iMOS-Myc). More interestingly, hypoxia, which induces autophagy in wildtype hearts, completely abolishes this lysosomal 
degradative process and CC in Myc-overexpressed hearts. In addition, blocking the monocarboxylate transporters (MCTs) prevents 
the reduction of wildtype CMs in iMOS-Myc hearts. Together, these results could suggest that some metabolites that are released 
through MCTs and whose levels can vary upon hypoxic conditions are implicated in CC. 

On the other hand, we are studying the autophagy pathway during the neonatal maduration of the heart by analyzing its role in 
the binucleation and polyploidization, both processes associated with cell cycle arrest in cardiomyocytes. We have observed that 
autophagy is inhibited at postnatal stages, specially from P7, when the majority of CMs are binucleated. More importantly, this 
process increases in both antioxidant and hypoxic conditions, two stimuli that promote cardiomyocyte proliferation in the postnatal 
heart. In summary, our main goal is to determine if autophagy and Myc-dependent CC are both relevant for heart regeneration.
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IDENTIFICATION OF A MACROPHAGE SUBTYPES REQUIRED FOR ORGAN REGENERATION IN THE 
ZEBRAFISH
Nadia Mercader
Development and Regeneration, Institute of Anatomy, Bern, Switzerland

Organ regeneration is preceded by the recruitment of innate immune cells, which play an active role during repair and regrowth. 
Here we studied macrophage subtypes during organ regeneration in the zebrafish, an animal model with high regenerative capacity. 
We identified a macrophage subpopulation expressing wilms tumor 1b (wt1b) that accumulates within regenerating tissues. This 
wt1b-positive macrophage population exhibited an overall pro-regenerative gene expression profile and different migratory behavior 
compared to the remainder of macrophages. Functional studies showed that wt1b regulates macrophage migration and retention at 
the injury area. Further, wt1b null mutant zebrafish presented signs of impaired macrophage differentiation, delayed fin growth upon 
caudal fin amputation and reduced cardiomyocyte proliferation following cardiac injury that correlated with altered macrophage 
recruitment to the regenerating areas. Altogether, we describe a pro-regenerative macrophage subtype in the zebrafish and a role 
for wt1b in organ regeneration.
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LOCAL MECHANICAL FEEDBACKS ON EGFR/ERK MAINTAIN EPITHELIAL INTEGRITY DURING CELL 
ELIMINATION
Romain Levayer, Léo Valon
Department of Developmental and Stem Cell Bioloy, Institut Pasteur, PARIS, France

While the signals regulating apoptosis during development are rather well known, what regulates the precise spatio-temporal 
distribution of cell death and the adjustement of cell elimination to local perturbations is not well known. 

Using the Drosophila pupal notum (a single layer epithelium), we previously showed that cell extrusion and cell death can be 
modulated by cell deformations. We recently showed that this is mediated by the activation of the pro-survival signal EGFR/
ERK by cell stretching. However, the exact contribution of the mechanical modulation of EGFR/ERK to normal development and 
morphogenesis was not known.

By combining a live sensor of ERK, segmentation and tracking, we show that ERK is systematically activated for 1 hour in the first 
row of cells surrounding each extruding cell. This transient activation correlates with the transient stretching of the neighbouring 
cells and can be simulated by local ablation of a single cell. The pulse of ERK is also sufficient to downregulate transiently caspase 
activation in the neighbouring cells. Using statistical analysis and simulations, we show that this feedback modulates the spatio-
temporal distribution of cell death and alter the total number of dying cells in the tissue. By preventing simultaneous elimination of 
neighbours, it also maintains tissue integrity. Finally, those feedbacks also generate compensatory death in the cells neighbouring 
clones resistant for apoptosis. Altogether, our results suggest that local and transient mechanical feedbacks are important features 
of epithelial homeostasis and are essential for the robustness and plasticity of the tissue.
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REGULATION OF SPINAL CORD REGENERATION IN ZEBRAFISH
Valentina Cigliola, Nutishia Lee, Adam Shoffner, Clay Becker, Kenneth D. Poss
Department of Cell Biology, Regeneration Next, Duke University Medical Center, Durham, NC 27710, USA

Spinal cord injury is a devastating condition in which massive cell death and disruption of neural circuitry lead to long-term 
chronic functional impairment and paralysis. Developing strategies to treat and reverse spinal cord injury is one of the main goals 
in regenerative medicine. The mammalian spinal cord shows a poor spontaneous regenerative response after damage. In stark 
contrast, after spinal cord transection in adult zebrafish, a striking glial cell response occurs, leading to the formation of a tissue 
bridge between the two spinal cord ends and facilitating functional recovery. Spinal cord regeneration is accompanied by complex 
transcriptomic changes, yet the regulatory sequences mediating them are still unknown. Here, employing techniques allowing 
identifying changes in chromatin accessibility upon spinal cord injury, we define atlases of sequences controlling gene expression 
changes occurring during regeneration. Combining chromatin dynamic with transcriptomic analyses, we identify several factors 
induced in and around glial cells, possibly participating to glial bridge formation and, therefore, to regeneration. These findings 
advance our understanding of the transcriptional events underlying zebrafish spinal cord regeneration and provide a comprehensive 
picture of how they are regulated. Altogether, this is relevant to approaches for understanding and manipulating mammalian spinal 
cord regeneration.
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THE NON-CODING LANDSCAPE OF DROSOPHILA REGENERATION
Carlos Camilleri (1), Raziel Amador-Ríos (1), Cecilia C. Klein (2), Elena Vizcaya-Molina (1), Florenci Serras (1), Roderic Guigó (2), 
Montserrat Corominas (1) 
(1) Departament de Genètica, Microbiologia i Estadística, Facultat de Biologia and Institut de Biomedicina (IBUB), Universitat de Barcelona, Catalonia, 
Spain, (2) Centre for Genomic Regulation (CRG), Universitat Pompeu Fabra, Barcelona, Catalonia, Spain

During the process of regeneration a switch in the transcription program occurs in the cells that contribute to the reconstruction of 
the missing tissue. Using genome-wide approaches to interrogate chromatin dynamics, we have recently identified the regulatory 
elements governing tissue recovery in Drosophila imaginal discs, which show a high regenerative capacity after genetically induced 
cell death (1). Our results indicate that the transcriptome of regeneration is best described as the modulation of transcript levels 
of genes already expressed, rather than the initiation of gene transcription de novo. Among these transcripts, a subset of damage-
responsive long non-coding RNAs (lncRNAs) is not only activated but also required for proper regeneration. Comparison of sequence 
conservation, sequence alignment and synteny among different Drosophila species indicates a higher conservation of the lncRNAs 
that are activated upon damage. Moreover, lncRNAs overlapping other genes in the genome are conserved in more insect species 
than intergenic lncRNAs. Furthermore, more than 39% of differentially expressed lncRNAs are syntenic in other Drosophila species. 
Our findings also show a global co-regulation of gene expression and the existence of genomic regions that present higher accessibility 
in regeneration compared to control (Damage-Responsive Regulatory Elements or DRREs). These regions could act as enhancers to 
drive the expression of damage-responsive genes.
(1) E. Vizcaya-Molina, C.C. Klein, F. Serras, R.K. Mishra, R. Guigó, M. Corominas. Damage-responsive elements in Drosophila regeneration, Genome Res. 28 
(2018) 1852-1866. doi:10.1101/gr.233098.117.

P F -18 

LOSS OF NORMAL PHOSPHOLIPASE Cδ1 AND Cδ3 ACTIVITY CAUSES CARDIAC FIBROSIS IN JUVENILE 
MICE DUE TO ABERRANT EPICARDIAL CELL REACTIVATION
Maik Hintze, Thomas Franz
Institute for Anatomy, Department of Neuroanatomy, University Hospital Bonn (UKB), Bonn, Germany

Cardiac fibrosis and adverse cardiac remodelling represent major complications after myocardial infarction. Post-infarction fibrotic 
scarring is mainly caused by re-activated proliferating epicardium-derived cells which undergo epithelial-to-mesenchymal transition 
and migrate into the infarction area to replace lost myocardial tissue. Various signalling mechanisms in cardiomyocytes have been 
implicated in adverse cardiac remodelling, but how the (re-) activation of epicardial cells is triggered and regulated remains poorly 
understood.

Here we describe a heart defect in a viable mouse model that completely lacks PLCδ1 enzyme and expresses a novel truncated 
isoform of PLCδ3. Juvenile Plcd1/Plcd3 double-mutant mice develop severe cardiac fibrosis leading to early death due to heart failure. 
We show that the fibrotic lesions mainly originate from the epicardium, where aberrant proliferation is detectable in double-mutant 
mice starting around postnatal day 19. The epicardium-derived cells forming the lesions develop a myofibroblast-like identity without 
detectable mature cardiomyocyte marker expression. We also show that immortalised epicardium-derived cells from Plcd1/Plcd3 
double-mutant mice exhibit enhanced calcineurin/NFAT signalling, increased cathepsin K and concomitantly reduced E-cadherin 
levels, compared to wild-type cells. These in vitro data suggest that the absence of normal PLCD1/PLCD3 signalling might lead to 
dysregulation of NFAT signalling causing loss of epithelial integrity and enhanced invasive potential of epicardial cells in vivo. Similar 
molecular mechanisms might be involved in the initiation and regulation of post-infarction cardiac fibrotic remodelling and scarring.
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TNFR2 AS A NEGATIVE REGULATOR OF CELL REPROGRAMMING
Pablo Martí-Rodrigo (1), Anna Lozano-Ureña (2), Germán Belenguer (1), José Manuel Morante-Redolat (1), Sacri R Ferrón (2), 
Isabel Fariñas (1) 
(1) Departamento de Biología Celular and ERI BiotecMed, Universidad de Valencia; Centro de Investigaciones Biomédicas en Red sobre Enfermedades 
Neurodegenerativas (CIBERNED); Red de Terapia Celular (TerCel), (2) Departamento de Biología Celular and ERI BiotecMed, Universidad de Valencia, 
Spain

Tissue damage is followed by an inflammatory response that is key to promote repair. Regeneration usually involves cell reprogramming, 
and this process is known to be boosted by proinflammatory cytokines such as IL-6. Moreover, in vivo cell reprogramming also 
triggers tissue damage. Therefore, a positive forward loop is established to facilitate reprogramming. However, negative forward 
loops halt every non-pathological activation of the innate immune system, and therefore inflammation and its related processes, 
after its goal has been achieved. Then, as IL-6 promotes reprogramming, we hypothesized that other inflammation-related cytokines 
should be doing the opposite.

We had a characterized model of reprogramming of neural stem cells (NSCs) to iPSCs by the viral transduction of Sox2, Oct4 and 
Klf4. For that reason, we first did RNA-Seq of NSCs and NSC-derived iPSCs to look for differentially expressed cytokine receptors. 
Tnfrsf1b gene, which encodes for TNFR2, emerged as a good candidate, as it was much more expressed in iPSCs than in NSCs. 
To explore its role we used the same system to reprogram NSCs from TNFR2 wild-type and knock-out mice and compared iPSC 
formation. Interestingly, we were able to generate more alkaline phosphatase-positive colonies, more SSEA-1-positive cells, and 
more Nanog gene expression in absence of TNFR2. This suggests that this receptor could be part of a negative forward loop that 
stops reprogramming after a damaged tissue has been restored.
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ROS ACTIVATED AKT AND ASK1 ACT SYNERGISTICALLY TO PROMOTE REGENERATION IN DROSOPHILA 
IMAGINAL DISCS
José Esteban Collado (1), Paula Santabárbara Ruiz (2), Montserrat Corominas Guiu (1), Florenci Serras Rigalt (1) 
(1) Department of Genetics, Microbiology and Statistics, University of Barcelona, Spain, (2) Institut Curie, PSL Research University, CNRS UMR3215, 
INSERM U934, UPMC Paris-Sorbonne, Paris, France

Recent work has strengthened Drosophila imaginal discs as a model system for regeneration studies. Evidence is accumulating that 
oxidative stress drives the cellular responses for repair and regeneration. Apoptotic cells result in a burst of reactive oxygen species 
(ROS) that can propagate to neighboring cells. These ROS are known to activate JNK and p38 kinases for regenerative growth. A 
key issues arise from these observations: What is the link between ROS and the stress activated protein kinases p38 and JNK. 
We present here the Apoptosis Signal-regulating Kinase 1 (ASK1), a serine/threonine kinase belonging to the MAPKKK family as 
an intracellular sensor that responds to various stresses by phosphorylation of the JNK and p38 MAK pathways during Drosophila 
imaginal disc regeneration. 

We show that Drosophila Ask1 senses reactive oxygen species (ROS) differently in damaged and undamaged cells and is required 
for regeneration. Stressed apoptotic cells produce high levels of ROS and promote high Ask1 activity. Neighboring undamaged cells 
shown low levels of ROS and activate Ask1, but such activity is attenuated by Pi3K dependent Akt1 phosphorylation. This attenuated 
activity of Ask1 in undamaged cells is necessary to drive regeneration.

We demonstrate here that the oxidative stress produced by ROS in apoptotic cells is sensed in neighboring cells by Ask1 and Akt1. 
This indicates that ROS act as a true signaling mechanism for regeneration. These findings contribute to our understanding of the 
molecular mechanism of communication between dying and living cells to trigger regeneration.
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CELL CORPSE REMOVAL IS DEPENDENT ON NON-CANONICAL AUTOPHAGY DURING RETINAL 
NEUROGENESIS
Beatriz Villarejo-Zori, Lorena Esteban-Martinez, Patricia Boya
CIB-CSIC, Madrid, Spain

The retina provides an excellent model system to study autophagy in the context of neural development, and to establish its 
relationship with proliferation, differentiation and cell death. Autophagy is a lysosomal degradative pathway that allows the recycling 
of cell constituents, and plays important roles during neurodevelopment. We have demonstrated that the elimination of mitochondria 
by autophagy is essential for retinal ganglion cell differentiation by regulating a metabolic change towards glycolisis. At earlier 
embryonic stages we also have shown that autophagy contributes to retinal neurogenesis providing energy for cell corpse removal 
after physiological cell death, a process associated with retinal neurogenesis. We now extend these findings to mouse models with 
autophagy deficiency, and demonstrate that autophagy-deficient microglia engulf dead cells but they are not capable of degrading 
them and thus the apoptotic bodies accumulate inside activated microglia. In addition, we show that autophagy proteins regulate 
a LC3-associated phagocytosis, a non-canonical autophagy pathway that recruits LC3 to single membranes during phagocytosis, 
know as LAP (LC3-associated phagocytosis). A mouse model that shows just deficiency in LAP, but not in general autophagy displays 
accumulation of apoptotic bodies inside microglial cells and defects in their degradation. Thus, a non-canonical autophagy pathway 
is essential for cell corpse removal during physiological cell death associated with retinal neurogenesis.
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MODELLING ALVEOLAR DEVELOPMENT AND REGENERATION USING HUMAN LUNG ORGANOIDS
Vishal Menon (1), Joo-Hyeon Lee (2), Emma Rawlins (1) 
(1) Wellcome Trust/Cancer Research UK Gurdon Institute, University of Cambridge, United Kingdom, (2) Wellcome - MRC Cambridge Stem Cell 
Institute, University of Cambridge

Ex vivo 3D organoid models have revolutionized developmental and regenerative biology research over the past decade. These 
epithelial organoid cultures can self-renew as multicellular structures and differentiate into defined cell types in the presence 
of supporting signals. Lung epithelial stem cell niches are often characterized by high WNT and FGF signalling activity, with the 
supporting mesenchymal population identified as the primary secretory source for these associated ligands. Epithelial-mesenchymal 
signalling interactions not only control embryonic lung development but also impact adult homeostasis and repair. In severely injured 
adult lungs normal signalling mechanisms are either not activated or are ineffective due to changes in cell-state, leading to inefficient 
repair. We aim to identify regulatory networks which control the development and regeneration of human alveolar epithelium. 
We will use multipotent 3D human lung organoids derived from primary human tissue for broad-spectrum small molecule library 
screening, targeting a multitude of cell signalling networks. Our ultimate goal is to develop strategies for therapeutic human lung 
regeneration. The ability to use gene manipulation tools to influence signalling pathways in organoids has further facilitated our 
ability to investigate underlying mechanisms at a molecular level. Additionally, coculture assays with primary lung mesenchyme cells 
will be exploited to identify associated paracrine signalling mechanisms. This study will therefore help us gain further insights into 
human lung epithelial stem cell maintenance and differentiation.
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IDENTIFYING ECM GENE EXPRESSION DYNAMICS REQUIRED FOR FIBROTIC TISSUE REMODELING IN THE 
INJURED ZEBRAFISH HEART
Juliane Münch, Salim Seyfried 
Department of Biochemistry & Biology, University of Potsdam, Germany

Upon myocardial infarction, fibrotic tissue deposition compensates for cardiac muscle loss to assure cardiac beating and to prevent 
ventricular rupture. However, cardiac fibrotic tissue persists in mammals and leads to arrythmia and heart failure. In contrast, 
zebrafish regenerate their hearts completely after 

cardiac damage, which involves cardiac muscle restoration and fibrotic tissue degradation. Understanding the response mechanisms 
on cardiac damage in fish, which are lacking in mammals may help to identify therapeutic approaches towards cardiac tissue 
remodeling upon myocardial infarction. We seek to identify extracellular matrix molecules and mechanical properties of the 
regenerating zebrafish heart, that permits immediate fibrotic tissue deposition but also its degradation. We performed deep RNA-
sequencing of injured adult zebrafish hearts from different stages during regeneration, including the inflammatory (1.5, 3 days post 
injury, dpi), reparative (7 dpi) and regenerative phase (14 dpi). We examined the dynamic expression of genes encoding proteins 
involved in extracellular matrix remodeling and compared those expression profiles with published mouse and human transcriptome 
data. Many genes show similar expression dynamics upon cardiac insult in fish and mouse, such as the metalloproteinases adam8 
and adam9. However, we identified a few genes with a different temporal gene expression behavior. adam12 was upregulated only 
early upon cardiac injury in zebrafish, whereas in mice Adam12 is strongly expressed until very late at 14 days upon cardiac insult. 
Currently, we are examining the function of selected genes from our comparative studies, to contribute to a better understanding of 
fibrotic tissue remodeling upon heart failure in human.
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THE WNT-TARGET GENE PRDM1A IS A KEY MODULATOR OF OSTEOBLAST DIFFERENTIATION DURING 
ZEBRAFISH CAUDAL FIN REGENERATION
Felix Klenner (1), Daniel Wehner (2), Gilbert Weidinger (1) 
(1) Biochemistry and Molecular Biology, University of Ulm, Germany, (2) Max-Planck-Institut für die Physik des Lichts, Erlangen, Germany

The transcriptional regulator Prdm1a has been described to have crucial functions during early vertebrate development. In the 
zebrafish (Danio rerio) it has been reported, among others, to be involved in neural crest cell specification and slow versus fast-
twitch muscle cell differentiation. Zebrafish are capable to regenerate their caudal fin throughout life. We have previously found 
that Wnt/β-catenin signaling orchestrates caudal fin regeneration by setting up signaling centers. One function of Wnt/β-catenin 
signaling is to control osteoblast differentiation. Transcriptomic analyses to identify Wnt-target genes during caudal fin regeneration 
showed prdm1a to be transcriptionally regulated be Wnt/β-catenin signaling. prdm1a is expressed in the domain of osteoblast 
differentiation, making it a candidate as modulator of this domain. Prdm1a is often described to act as a transcriptional repressor. 
Thus, we attempted to interfere with its function via overexpression of a construct fusing the Prdm1a DNA-binding domain with the 
VP16 transcriptional activation domain (VP16-Prdm1a) from a heat-shock inducible transgene. While this resulted in a significantly 
reduced regenerative outgrowth, it intriguingly also caused severe ectopic bone formation, including excess osteoblast presence in 
the interray tissue, while segmentation of the bone remained intact. We also found runx2 and members of the Hedgehog-signaling 
pathway, both associated with osteoblast differentiation, to be regulated by the construct. We therefore suggest prdm1a to play a 
major role in mediating the orchestrating role of Wnt/β-catenin signaling in generation of signaling centers, in particular a modulating 
role in osteoblast differentiation during zebrafish caudal fin regeneration.
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GENETIC REGULATION OF AMPHIOXUS SOMITOGENESIS INFORMS THE EVOLUTION OF THE VERTEBRATE 
HEAD MESODERM
Hector Escriva (1), Daniel Aldea (1), Lucie Subirana (1), Celine Keime (2), Lydvina Meister (1), Ignacio Maeso (3), Sylvain 
Marcellini (4), Jose Luis Gomez-Skarmeta (3), Stephanie Bertrand (1) 
(1) Biologie Integrative des Organismes Marins, BIOM, Observatoire Oceanologique de Banyuls sur Mer, CNRS-Sorbonne Université, Banyuls sur 
Mer, France, (2) IGBMC (Institut de Génétique et de Biologie Moléculaire et Cellulaire), INSERM, U1258, CNRS, UMR7104, Université de Strasbourg, 
67404 Illkirch, France, (3) Centro Andaluz de Biología del Desarrollo (CABD), Consejo Superior de Investigaciones Científicas-Universidad Pablo de 
Olavide-Junta de Andalucía, Seville, Spain, (4) Laboratory of Development and Evolution, Department of Cell Biology, Faculty of Biological Sciences, 
University of Concepcion, Concepción, Chile

The evolution of vertebrates from an ancestral chordate was accompanied by the acquisition of a predatory lifestyle closely associated 
to the origin of a novel anterior structure, the highly specialized head. While the vertebrate head mesoderm is unsegmented, the 
paraxial mesoderm of the earliest divergent chordate clade, the cephalochordates (amphioxus), is fully segmented in somites. We 
have previously shown that FGF signalling controls the formation of the most anterior somites in amphioxus and, therefore, unravelling 
the FGF-signalling downstream effectors is of crucial importance to shed light on the evolutionary origin of vertebrate head muscles. 
Here we show, by using a comparative RNA-seq approach and genetic functional analyses, that several transcription factors, such as 
Six1/2, Pax3/7, and Zic, act in combination to ensure the formation of three different somite populations. Interestingly, these proteins 
are orthologous to key regulators of trunk, and not head, muscle formation in vertebrates. Contrary to prevailing thinking, our results 
suggest that the vertebrate head mesoderm is of visceral and not paraxial origin and support a multi-step evolutionary scenario for 
the appearance of the unsegmented mesoderm of the vertebrates “new head”
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DISSECTING THE CIS-REGULATORY ROBUSTNESS OF PTCH1 IN LIMB DEVELOPMENT AND EVOLUTION
Virginie Tissières (1), Ismael Sospedra (1), Ana Alcaina (1), Marco Osterwalder (2), Axel Visel (2), Javier Lopez-Rios (1) 
(1) Centro Andaluz de Biologia del Desarrollo, CSIC, Seville, Spain, (2) Environmental Genomics and Systems Biology Division, Lawrence Berkeley 
National Laboratory, Berkeley, California, USA

The precise control of gene expression during embryonic development is a dynamic and tightly regulated process that typically 
involves the cooperation between several cis-regulatory elements (CREs). Furthermore, the presence of several enhancers with 
overlapping activities is a common feature of the cis-regulatory landscapes of key developmental genes. This apparent regulatory 
redundancy constitutes a buffering mechanism that confers robustness against genetic and/or environmental perturbations. At the 
same time, functional divergence of CREs is commonly accepted as one of the main mechanisms driving morphological evolution. 
Using genetic analysis and functional genomics in the mouse, we have dissected the large cis-regulatory landscape of Ptch1, which 
encodes the main HH receptor. Failure to upregulate Ptch1 is linked to the loss of asymmetry and digit reductions in artiodactyls such 
as cattle and pig, therefore providing a paradigmatic example to study the interplay between regulatory robustness and evolutionary 
divergence of developmental gene expression. Our studies reveal that the mouse Ptch1 cis-regulatory landscape harbors several 
distant GLI-binding limb enhancers and that this regulatory control is very robust after genetic perturbation of single/multiple 
enhancers. Furthermore, some, but not all, of these regulatory elements have functionally degenerated in both cattle and pig, which 
suggests that Ptch1 transcriptional robustness was already compromised in the last common ancestor of these two artiodactyl 
lineages, which lived >50 Myr ago. These studies exemplify how morphological evolution of the limb can operate via interfering with 
the high level of transcriptional robustness built into developmental cis-regulatory landscapes.
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THE MAYFLY CLOEON DIPTERUM : A NEW PLATFORM TO STUDY INSECT EVOLUTION AND 
MORPHOLOGICAL NOVELTIES
Isabel Almudi (1), Joel Vizueta (2), Ferdinand Marletaz (3), Chris Wyatt (4), Panos Firbas (1), Ignacio Maeso (1), Roberto 
Feuda (5), Alexandre de Mendoza (6), Stein Aerts (7), Jordi Paps (5), Julio Rozas (2), Alejandro Sanchez (2), Manuel Irimia (4), 
Fernando Casares (1) 
(1) GEM-DMC2 MdM Unit, Centro Andaluz Biologia del Desarrollo (CABD), Seville, Spain, (2) Universitat de Barcelona, Spain, (3) OIST, Okinawa, 
Japan, (4) Centre for Genomic Regulation (CRG), Barcelona, Spain, (5) University of Bristol, UK, (6) University of Western Australia, Perth, Australia, 
(7) ViB & University of Leuven, School of Medicine. Leuven, Belgium

The great capability of insects to adapt to new environments promoted their extraordinary diversification. The key phylogenetic 
position of mayflies within Paleoptera, as the sister group of the rest of winged insects together with their life history traits make 
them an essential order to understand insect evolution. Moreover, the mayfly species Cloeon dipterum is a privileged model to study 
evolutionary innovations as Cloeon males develop, in addition to the compound eyes, an extra pair of dorsal, turban-shaped eyes. 

To answer these questions, we have successfully established C. dipterum as a model species with a continuous culture in the 
lab. We have sequenced and assembled a high quality reference genome and we provide the first analyses of the genomic bases 
underlying the evolution of the turbanate eyes and the origin of insect wings, paving the way for a better understanding of how 
insects colonized the sky and explored a huge variety of new ecological niches.
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STAPES DEVELOPMENT AND EMBRYONIC ORIGIN
Nadhrah Ali, Abigail Tucker
Centre for Craniofacial and Regenerative Biology, Kings College London, United Kingdom

The stapes is the last bone of the middle ear ossicular chain and plays a crucial role in transferring sounds to the cochlea. All of 
the ossicles (malleus, incus, and stapes) develop from a cartilaginous template, however the stapes is unique in that the tissues 
contributing towards it come from two origins. Where the malleus and incus are formed from neural crest tissue only, the stapes has 
a dual origin with a small portion of its footplate derived from cells of the mesoderm. 

Chondrocyte hypertrophy is an early indicator of the cartilaginous template becoming ready to ossify and occurs in the ossicles 
post-natally. We show that in the stapes, chondrocyte hypertrophy begins in the footplate before spreading to the other parts of the 
ossicle. We further investigate whether this pattern of ossification reflects the difference in developmental origin, with the neural 
crest and mesoderm potentially having different rates of development.

We achieve this using transgenic reporter mice for neural crest (Wnt1cre) and mesoderm (Mesp1cre) derived tissues. The reporter 
proteins are combined with immunofluorescence against matrix proteins defining different cartilage maturation states (e.g. ColX).
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THE PERIODIC COLORATION IN BIRDS FORMS THROUGH A PREPATTERN OF SOMITE ORIGIN
Nicolas Haupaix (1), Camille Curantz (1), Richard Bailleul (1), Samantha Beck (1), Annie Robic (2), Marie Manceau (1) 
(1) CIRB, Collège de France, Paris, France, (2) Genphyse, Inra, Toulouse, France

Spots, stripes… These periodic patterns often seen in animals have been largely viewed as self-organizing. Do they also depend on 
preexisting positional information? In juvenile galliform birds, we show that signaling from the somite sets the position of stripes in 
the plumage, while their width is controlled by the expression of agouti. These results reveal that early developmental landmarks 
can shape periodic patterns upstream of late local dynamics, and thus constrain their evolution.
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MORPHOGENETIC PROCESSES OF VERTEBRATE HEAD AND NECK MUSCULOSKELETAL SYSTEMS
Eglantine Heude (1), Shahragim Tajbakhsh (2), Giovanni Levi (1) 
(1) Adaptation du Vivant, Muséum national d’Histoire naturelle, Paris, France, (2) Department of Developmental & Stem Cell Biology, Institut Pasteur, 
Paris, France

In vertebrates, head and trunk musculoskeletal systems develop from distinct embryonic populations and are regulated by different 
genetic networks. At the trunk level, the muscular and skeletal structures derive from the somitic mesoderm that is patterned 
anteroposteriorly by the Hox code. In contrast, within the Hox-free first pharyngeal arch, the cephalic neural crest cells (CNCCs) 
give rise to jaw skeletal elements, while associated masticatory muscles originate from the cardiopharyngeal mesoderm (CPM). 
Expression of Dlx5/6 genes in CNCCs defines the mandibular identity and is necessary for the formation of CPM-derived masticatory 
muscles, giving a key role for Dlx genes in the genesis of the masticatory musculoskeletal apparatus. 

The neck, specific of tetrapods, constitutes a transition zone at the head-trunk interface and originates from both posterior 
pharyngeal arches and somites. While head and trunk development have been extensively studied, the morphogenetic basis of the 
neck musculoskeletal system remains poorly defined.

Using a combinatorial genetic analysis in the mouse, we have mapped the origin of neck muscles and associated connective tissues, 
defining new limits for mesodermal and neural crest contributions. Furthermore, lineage and functional analyses reveal a unique 
developmental program for somitic neck muscles, distinct from that of somitic trunk muscles. We are now investigating key regulators 
involved in the formation of the neck musculoskeletal system, which is compromised in some human congenital disorders. The 
complementary analysis of other vertebrate organisms might shed new light on the evolutionary origin of the neck, which emerged 
congruent with limbs during the vertebrate water-to-land transition.
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ADAPTATION OF PRE-EXISTING DEVELOPMENTAL MECHANISMS DURING THE MORPHOLOGICAL 
EVOLUTION OF AN ORGAN
James C.-G. Hombria, Sara Molina Gil, Jose Manuel Espinosa Vazquez, Isabel Almudi
Centro Andaluz de Biología del Desarrollo, CABD (CSIC/JA/UPO), Seville, Spain

Organs tend to be remarkably homogeneous among individuals of the same species due to the robust mechanisms controlling 
organogenesis. In contrast, shape differences can be frequently observed when comparing organs among related species, reflecting 
the adaptation to life in diverse environments. Although such differences imply that the selective pressure can modify the mechanisms 
controlling organogenesis, we know little about how developmental modifications drive organ evolution. Here we study the genetic 
and developmental mechanisms controlling the formation of the posterior spiracles, the external respiratory organ of the larva, 
whose shape varies among diptera. We find that the protruding shape of the Drosophila posterior spiracle was acquired by the 
independent recruitment to the spiracle gene-network of two main developmental transcription factor regulators, the spalt and 
engrailed genes, through the evolution of organ specific enhancers. Engrailed recruitment to the anterior compartment cells resulted 
in spiracle elongation by the specific redeployment of cell behaviours normally used for embryonic dorsal closure. Comparative 
analysis of the genes required for spiracle formation in three diptera species shows a morphological correlation between organ 
shape and En anterior recruitment. Our work provides an example of how natural selection may control organ evolution by selecting 
novel cis-regulatory elements that recruit key transcription factors to a previously existing organogenetic gene-network redeploying 
pre-existing cellular behaviours into new functions.
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EVOLUTIONARY EPITHELIAL REORGANIZATION WITHOUT GENETIC CHANGES DURING DORSAL CLOSURE 
IN FLY EMBRYOS
Juan J. Fraire-Zamora (1), Yogi Jaeger (2), Jerome Solon (1) 
(1) Cell and Developmental Biology, Centre for Genomic Regulation (CRG), Barcelona, Spain, (2) Complexity Science Hub (CSH), Vienna, Austria

The evolution of morphogenesis is generally associated with changes in the spatial reorganization of tissues and changes in genetic 
patterns. Here, I will present a case study where rearrangements of epithelial organization occur without major changes in genetic 
patterning. During fly embryonic development, the process of dorsal closure involves the fusion of opposing epidermal sheets through 
the JNK/Dpp signaling pathway. In two distant dipteran species, Drosophila melanogaster and Megaselia abdita, we have found 
fundamental differences in the epithelial rearrangement process with a conserved JNK/Dpp signaling pathway. In D. melanogaster, 
a two-tissue system is in place, where a contractile extraembryonic amnioserosa together with a JNK/Dpp-dependent epidermal 
actomyosin cable result in microtubule-dependent seaming of the epidermis. In the scuttle fly M. abdita, dorsal closure is more 
complex and involves three tissues: serosa, amnion and epidermis. Using high-resolution time-lapse imaging, immunostaining and 
molecular tools, we show that dorsal closure in M. abdita is driven by the rupture and contraction of the serosa, an epidermal 
actomyosin cable and the consecutive microtubule-dependent seaming of both the amnion and epidermis. This morphogenetic 
process occurs through a conserved JNK/Dpp pathway. Our results uncover novel morphogenetic events during embryonic dorsal 
closure in the emerging model organism Megaselia abdita, and indicate that the evolutionary transition to the reduced system used 
in Drosophila involves developmental simplification and optimization without consequent changes in signaling pathways.
Fraire-Zamora JJ, Jaeger J and Solon J. (2018) Two consecutive microtubule-based epithelial seaming events mediate dorsal closure in the scuttle fly Megaselia 
abdita. eLife. DOI: 10.7554/eLife.33807
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GENE LOSSES IN OIKOPLEURA DIOICA, AN EVODEVO CHORDATE SYSTEM TO STUDY HEART 
DEVELOPMENT AND WHETHER MARINE EMBRYOS ARE READY FOR CLIMATE CHANGE
Alfonso Ferrández-Roldán (1), Vittoria Roncalli (1), Marc Fabregà-Torrus (1), Enya Duran-Bello (1), Gaspar Sànchez-Serna (1), 
Connie Whiting (1), Paula Costa-Domech (1), Nuria P. Torres-Águila (1), Salvatore D’Aniello (2), Giovanna Romano (2), Anna 
Palumbo (2), Ricard Albalat (1), Cristian Cañestro (1) 
(1) Departament de Genètica, Microbiologia i Estadística. IRBio, Universitat de Barcelona, Spain, (2) Department of Biology and Evolution of Marine 
Organisms, Stazione Zoologica Anton Dohrn, Villa Comunale 80121, Napoli, Italy

Gene loss is an important source of genetic variation during the evolution of developmental mechanisms, and among chordates, 
appendicularians such as Oikopleura dioica are probably the most successful losers. Our group aims to reveal the minimal cardiogenetic 
toolkit in chordates, using the dismantling of developmental gene networks in O. dioica (i.e. RA, Wnt and Fgf) as a model system. 
The heart of O. dioica is likely the simplest of all chordates with a bi-dimensional chamber-less structure. Our work provides the 
first developmental atlas of the heart of O. dioica and describes the cell lineage fate map of cardiac progenitors. Despite the cardio-
ontogenic similarities between O. dioica and other chordates, our comparative genomics and functional analyses by DNAi, RNAi 
and signaling inhibitors are revealing striking differences regarding early signaling factors (e.g. Mesp, Fgf, RA), but a conserved 
downstream toolkit involved in migration and differentiation of the cardiac primordium. Our results, therefore, expose another 
example of the inverse paradox of Evo-Devo, i.e. how morphologically similar structures are built despite important differences in 
developmental toolkits. Finally, taking advantage of that O. dioica is an evolutionary knockout for RA-signaling, a pathway altered by 
biotoxins in other chordates, we are now revealing new developmental alterations caused by harmful algal blooms. The increase in 
frequency of these blooms due to climate change therefore has alarming consequences for marine trophic webs. Using differential 
expression analyses by RNAseq, we are now identifying the first developmental genetic response that activates the defensome in 
embryos exposed to toxic environmental threats.
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PROBING THE FLEXIBILITY OF GERM LAYER PATTERNING TO ALTERATIONS IN EMBRYO GEOMETRY AND 
GROWTH RATES DURING VERTEBRATE EVOLUTION
Timothy Fulton (1), Andrea Attardi (2), Vikas Trivedi (3), Benjamin Steventon (1) 
(1) Department of Genetics, University of Cambridge, United Kingdom, (2) Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, 
Germany, (3) European Molecular Biology Laboratories (EMBL), Barcelona, Spain

Germ layer specification and patterning is an essential event of early development and therefore should be under a high amount of 
developmental constraint during evolution. Despite this, there exists a large degree of variation in the cell behaviours driving the 
complex multi-tissue movements that drive gastrulation and embryo elongation. This raises the question of whether there exists a 
common mechanism of germ layer establishment in vertebrates that is robust to alterations in gastrulation morphogenesis. Via a 
combination of in toto live imaging and lineage analysis, we have shown how a conserved population of neuromesodermal progenitors 
in the posterior-most aspect of the zebrafish embryo display variations in their lineage dynamics compared to that seen in amniotes. 
I will discuss this together with our recent work showing how mesodermal specification in zebrafish can occur in the absence of 
a continuous source of signals from the extra-embryonic yolk and yolk syncytial layer. These aggregates go on to self-organise 
opposing gradients of Nodal/Wnt and BMP signals that are capable of generating a well patterned anterior-posterior axis. Together, 
this work reveals an underlying mechanism of germ layer specification and patterning that is a) robust to evolutionary changes in 
embryo geometry and growth rates and b) capable of self-organisation in the absence of extra-embryonic signalling centres. These 
findings prompt a reformulation of how gene expression patterns emerge during complex morphogenesis that highlights the role of 
multi-cellular dynamics in providing flexibility during the evolution of vertebrate gastrulation.
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IDENTIFYING NOVEL MOLECULAR MECHANISMS UNDERLYING LATERAL LINE SENSE ORGAN 
DEVELOPMENT USING AN UNBIASED, COMPARATIVE APPROACH
Alexander Campbell (1), David Gela (2), Martin Psenicka (2), Clare Baker (1) 
(1) Physiology, Development and Neuroscience, University of Cambridge, Great Britain (UK), (2) Research Institute of Fish Culture and Hydrobiology, 
University of South Bohemia, Vodnany, Czech Republic

Electroreception is an ancient division of the lateral line sensory system of fishes and aquatic-stage amphibians that enables the 
detection of weak electric fields in water. It was lost in the ancestors of frogs and teleost ray-finned fishes and evolved independently 
at least twice within teleosts. In all fishes and aquatic-stage amphibians, the lateral line has a mechanosensory division that 
detects local water movement. In non-teleost jawed vertebrates, electroreceptor cells reside within ‘ampullary organs’ in fields 
on the head that flank lines of ‘neuromasts’ containing mechanosensory hair cells. Ampullary organs and neuromasts originate 
from lateral line placodes that elongate over the head to form sensory ridges. To identify genes involved in ampullary organ vs. 
neuromast development, the lab previously used differential RNA-seq in late-larval stages of a chondrostean ray-finned fish, the 
Mississippi paddlefish, to generate a lateral line organ-enriched gene-set (Modrell et al., 2017, eLife 6: e24197). This contains ~45 
genes encoding transmembrane receptors and ligands. I am cloning cDNA fragments of these genes in an experimentally tractable 
chondrostean, the sterlet, and performing in situ hybridisation to determine which are expressed within developing ampullary organs 
versus neuromasts, and subsequently targeting the most interesting genes for CRISPR-mediated knockout. I also plan to compare 
the expression and function of validated genes in Xenopus and zebrafish, whose lateral line placodes only form neuromasts. Overall, 
this unbiased, cross-species approach should identify novel signalling pathways important for the development of hair cells and/or 
electroreceptors, and determine whether such mechanisms are conserved or lineage-specific.
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THE EVOLUTION OF NANOG FROM INVERTEBRATE VENT GENES
Darren Crowley (1), Jodie Chatfield (1), Teri Forey (1), Luke Simpson (1), Matt Loose (1), Ramiro Alberio (2), Andrew Johnson (1) 
(1) Life Sciences, University of Nottingham, United Kingdom, (2) School of Biosciences, University of Nottingham, Sutton Bonington Campus, LE12 
5RD, UK

Nanog contributes to the transcription factor network that governs pluripotency, but it has no homologs in invertebrates so its 
evolutionary history remains unresolved. Alignments with invertebrate transcriptomes suggest that the Vent transcription factor 
family, which is conserved back to the origins of multicellularity, is related to Nanog. We tested if invertebrate Vent genes could 
reprogram Nanog (-/-) mouse pre-iPS cells and found that Vent from hemichordates (Saccoglossus kowalevskii) displayed Nanog 
activity, whereas the ortholog from sea anemone (Nematostella vectensis) could only partially reprogram cells; the Vent genes 
from sponges and vertebrates had no effect. After alignment with Saccoglossus Vent, we conferred reprogramming ability on the 
Nematostella gene by changing four amino acids in the homeodomain. Our results suggest that Nanog activity arose coincident 
with the evolution of mesoderm, consistent with a model in which pluripotency evolved from the germ line competent mesoderm of 
primitive deuterostomes.
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INVESTIGATING TRANSCRIPTION FACTOR HIERARCHIES UNDERLYING THE FORMATION OF HAIR CELLS 
VERSUS ELECTRORECEPTORS IN THE LATERAL LINE SYSTEM
Martin Minarik (1), Alexander S. Campbell (1), Melinda S. Modrell (1), David Gela (2), Martin Psenicka (2), Clare V. H. Baker (1) 
(1) Department of physiology, development and neuroscience, University of Cambridge, United Kingdom, (2) Research Institute of Fish Culture and 
Hydrobiology, Faculty of Fisheries and Protection of Waters, University of South Bohemia in Ceske Budejovice, Vodnany, Czech Republic

The mechanosensory lateral line system of fishes and aquatic-stage amphibians comprises lines of ’neuromasts’, containing 
mechanosensory hair cells with a primary cilium and a characteristic stepped array of microvilli, which detect local water displacement. 
In all lineages except frogs and neopterygian fishes (gars, bowfin, teleosts), the lateral line system also includes ampullary organs 
containing electroreceptors, which detect weak, low-frequency electric fields around other animals. Both mechanosensory and 
electrosensory organs, and their afferent neurons, develop from cranial lateral line placodes. The presence of two different but 
related sensory cell types deriving from the same placode within a single organism represents a unique opportunity for studying 
sensory cell-type specification. We previously used differential RNA-seq to generate a lateral line organ-enriched gene-set from 
late-larval paddlefish (Polyodon spathula), and showed that developing electroreceptors express all the transcription factor genes 
known to be essential for hair cell formation, plus Neurod4, which may underlie electroreceptor specification (Modrell et al., 2017, 
eLife 6: e24197). To overcome limited availability of paddlefish embryos, we are using another chondrostean, the sturgeon Acipenser 
ruthenus (sterlet), to validate expression of all transcription factor genes from the paddlefish lateral line organ-enriched gene set, and 
for optimized CRISPR/Cas9-directed genome-editing to test the role of selected candidates in sensory cell specification. Preliminary 
CRISPR/Cas9 data suggest that Atoh1, essential for hair cell development, is also required for electroreceptor differentiation. We 
are now investigating Neurod4 and other top candidates to identify the transcription factor hierarchies underlying the formation of 
hair cells versus electroreceptors.
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IDENTIFICATION OF A POPULATION OF OOCYTE PROGENITOR CELLS IN THE SEA ANEMONE 
NEMATOSTELLA VECTENSIS
Paula Miramón (1), Marion Lebouvier (1), Natascha Bartsch (1), Marie Montjouridès (1), Yann Loe Mie (2), Heather Marlow (2), 
Patrick Steinmetz (1) 
(1) Sars International Centre for Marine Molecular Biology, University of Bergen, Norway, (2) Institut Pasteur, Department of Developmental and Stem 
Cell Biology, Genomics and Epigenomics of Animal Development Unit, Paris, France

In cnidarians, most of the knowledge on germ cell biology emerges from studies in hydrozoan species, in which pluripotent stem 
cells, the interstitial cells (i-cells), give rise not only to gametes but also to cnidocytes, neurons and gland cells through the adult 
lifetime. So far, however, the cellular and developmental origin of germ cells and the existence of i-cells has not been shown in any 
non-hydrozoan species. Here, we use the anthozoan model Nematostella vectensis to address the development and maintenance of 
the germline in an evolutionary frame, focusing on the process of oocyte development (oogenesis). Expression analysis of conserved 
germline marker genes (i.e. vasa, piwi ) and new marker genes resulting from a single-cell transcriptomic dataset of the adult female 
mesentery has allowed us to identify a population of oocyte progenitor cells locating to gonadal and extra-gonadal regions of the 
gastrodermis. Immunostaining of Vasa2 combined with S-phase labelling (EdU) shows that these cells are able to proliferate, and 
thus represent oogonia and/or potential stem cells. In addition, transgenic reporter lines generated for conserved germline marker 
genes support these findings and provide insights into the maturation of the gonad during late juvenile development. In conclusion, 
our data points out to the presence of a previously undescribed population of oocyte progenitor cells in the N. vectensis mesenteries 
that may be involved in the continuous production of germ cells throughout their lifetime.
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INVESTIGATING THE ROLE OF NEUROPEPTIDES IN THE DEVELOPMENT OF THE SEA URCHIN, 
STRONGYLOCENTROTUS PURPURATUS
Natalie Wood (1), Maurice Elphick (2), Paola Oliveri (1) 
(1) Centre for Life’s origins and evolution, Department of Genetics, Evolution and Environment, University College London, United Kingdom, (2) School 
of Biological and Chemical Sciences, Queen Mary University of London

Neuropeptides are ancient neuronal signalling molecules that bind to receptors on target cells. Thirty-eight neuropeptide precursor 
(NP) genes have so far been identified in the Strongylocentrotus purpuratus genome. Here we present the spatio-temporal data of 
NP genes during the development of S. purpuratus up to larval stage. QPCR and transcriptome data have revealed that most of these 
NP genes are expressed in the late larval stage, when cells differentiate, and localization of nine NP genes expression has revealed 
distinct sub-populations of peptidergic neurons and showed that the sea urchin larval nervous system is far more complex than 
previously thought. Interestingly, sixteen NP genes are also expressed (at levels greater than 300 transcripts/embryo) in the pre-
gastrula phase of embryogenesis, suggesting that these NP genes may have a developmental role as well. The spatial expression 
reveals restricted expression pattern of the Sp-pedal peptide-like neuropeptide 1, which is expressed in the aboral ectoderm from 
blastula stage onwards, and Sp-Np20, which is excluded from the mesoderm and micromeres at blastula stage, while all the others 
show ubiquitous expression. 

To identify the putative function of these molecules we are undertaking knock-down/out experiments using morpholino oligonucleotides 
and the CRISPR/Cas9 system, respectively. Data from the knock-down/out experiments suggest that Sp-Thyrotropin-releasing 
hormone NP gene has a role in the development of the larval skeleton. Interestingly, vertebrate thyroid hormones are well known 
for their role in bone development. Taken together, these data suggest that the NP genes have a conserved neurosecretory role as 
well as a developmental role.
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HOW TO STICK TOGETHER? CELLULAR ADHESION IN A MARINE SPONGE OSCARELLA LOBULARIS
Amélie Vernale (1), André Le Bivic (2), Emmanuelle Renard (1), Carole Borchiellini (1) 
(1) IMBE, Marseille, France, (2) IBDM, Marseille, France 

Cells adhesions represent a fundamental property of all epithelia. These epithelia, during cellular events like morphogenesis, can 
undergo considerable changes requiring a control of the stability and the plasticity of the cellular adhesion. In an evolutionary context, 
although epithelia are considered ancestral features of metazoans, the question of the conservation of the mechanisms involved in 
cellular adhesion is still pending. To explore this evolutionary question, the comparative study of non-bilaterian animals is required.

Here we study a sponge, Oscarella lobularis (Homoscleromorpha), pertaining to the only class of sponges that possess epithelia similar 
to that of the other animals. We take advantage of the capability of sponge cells to reaggregate after experimental dissociation to 
study the adhesion mechanisms at metazoan scale. We concentrate the study on the choanoderm which is a type of monolayered 
epithelium. 

Cell dissociation is triggered by a treatment with Calcium-Magnesium-free artificial sea water and cell reaggregation is obtained 
after putting individuals back to natural sea water.

This work provides a detailed description of the cell behaviour and phenotype at different time points of the dissociation/reaggregation 
process: the loss of the apical microvilli collar of choanocyte, the loss of cell contacts until the complete destructuration of the 
choanoderm. Gene expression levels at key steps of the process were analyzed by RNA sequencing: these results enable us to 
identify actors involved in aggregation and adhesion in this species.
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THE ROLE OF CIS-REGULATORY ELEMENTS IN MORPHOLOGICAL ADAPTATION TO CAVE ENVIRONMENT 
IN ASTYANAX MEXICANUS
Alejandro Gil Gálvez (1), Elisa de la Calle Mustienes (1), Ana Neto (1), Helena Bilandžija (2), William Jeffery (3) 
(1) Gene regulation and morphogenesis, Centro Andaluz de Biología del Desarrollo, Sevilla, Spain, (2) Division of Molecular Biology Laboratory for 
Molecular Genetics, Ruđer Bošković Institute, Zagreb, Croatia, (3) Department of Biology, University of Maryland, Colledge Park, USA

Cis-regulatory elements and regulatory landscapes are essential for evolution, defining how and where the genes should be 
expressed. Despite their obvious importance, they have been the least understood DNA regulatory elements, until recently. One of 
our main questions is how Cis-Regulatory elements (CREs) appear and are modified during evolution. We aim to elucidate how the 
regulatory information impacts on the phenotypic adaptation to new environments at a micro evolutionary level.

For that purpose, we will use Astyanax mexicanus as model organism. This fish presents two differentiated morphotypes, SurfaceFish 
and Cavefish. Cavefish has lost pigmentation, the eyes, and has developed an increased number and size of neuromasts. Therefore, 
the comparison of the activity of CREs during development in both morphotypes could provide us with new insights about the 
relationship between a certain phenotype and the underlying gene-regulatory network.

In order to identify CREs in Surface Fish and Cavefish, we have used ATAC-seq to determine open chromatin data at different 
developmental stages in both populations. This approach allowed the successful identification of CREs that show differential activity 
near genes that are important for eye development and other cave-specific traits. Furthermore, we aim to integrate this information 
with chromosome architecture. For that purpose, we generated HiChIP data for H3K4me3, which provides a genome-wide map of 
chromatin contacts from active promoters, connecting CREs to target genes. Together, our ATAC-seq and H3K4me3 HiChIP data will 
allow us to determine how regulatory landscapes of critical developmental genes has been modified during the cave life adaptation 
of Astyanax mexicanus.
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YAP1B, A DIVERGENT YAP/TAZ FAMILY MEMBER, COOPERATES WITH YAP1 IN SURVIVAL AND 
MORPHOGENESIS VIA COMMON TRANSCRIPTIONAL TARGETS
Javier Vázquez-Marín (1), José Arturo Gutiérrez-Triana (2), María Almuedo-Castillo (1), Lorena Buono (1), Rocío Polvillo (1), 
José Luis Gómez-Skarmeta (1), Juan Luis Mateo (2), Joachim Wittbrodt (2), Juan Ramón Martínez-Morales (1) 
(1) Centro Andaluz de Biologia del Desarrollo (CABD), Universidad Pablo de Olavide (UPO), Seville, Spain, (2) Centre for Organismal Studies (COS), 
University of Heidelberg, Germany

Yap1/Taz are well-known Hippo effectors triggering complex transcriptional programs controlling growth, survival, and cancer 
progression. Here we describe yap1b, a new Yap1/Taz family member with a unique transcriptional activation domain that cannot be 
phosphorylated by Src/Yes kinases. We show that yap1b evolved specifically in euteleosts (i.e. including medaka but not zebrafish) 
by duplication and adaptation of yap1. CRISPR/Cas9-induced mutation of yap1b in medaka does not result in an overt phenotype 
during embryogenesis or adulthood. However, yap1b mutation strongly enhances the embryonic malformations observed in yap1 
mutants. Thus yap1-/- ; yap1b-/- double mutants display more severe body flattening, eye misshaping, and increased apoptosis than 
yap1-/- single mutants; thus revealing overlapping gene functions. Using DamID-seq we generated maps of chromatin occupancy 
for Yap1, Taz (Wwtr1), and Yap1b, in gastrulating zebrafish and medaka embryos. Our comparative analyses uncover the genetic 
programs controlled by Yap family proteins during early embryogenesis, and show largely overlapping targets for Yap1 and Yap1b. 
Moreover, the combination of these datasets with a transcriptomic approach, in situ hybridizations and imaging experiments carried 
out in yap-/- medaka embryos suggest a potential role of this effector in controlling convergent-extension movements of progenitors 
during the gastrulation stage. Our results indicate that, despite its divergent transactivation domain, Yap1b cooperates with Yap1 to 
regulate cell survival and tissue morphogenesis during early development and may have a leading role in regulating the basic body 
plan of the embryo.
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GENETIC REGULATORY MECHANISMS OF CEREBRAL CORTEX EXPANSION IN AMNIOTE EVOLUTION
Alexandre Espinós, Santiago Fernández, Adrián Cárdenas, Víctor Borrell
Instituto de Neurociencias de Alicante CSIC-UMH, San Juan de Alicante, Spain

Cerebral cortex size and complexity varies greatly across amniote phylogeny. In species with a small and simple cortex, like reptiles 
and small birds, the vast majority of neurons are born directly from apical Radial Glia Cells (aRGCs), whereas in mammals most 
neocortical neurons are born indirectly via the production of Intermediate Progenitors Cells (IPCs), which greatly amplify the 
neurogenic output of aRGCs. Thus, the balance between direct and indirect neurogenesis is crucial for cortical growth. A previous 
study recently carried out in our lab demonstrated that high levels of Robo1 and Robo2 expression in aRGCs lead to low levels of 
Dll1 and promote direct neurogenesis, while low Robo1/2 and high Dll1 lead to production of IPCs and indirect neurogenesis. Most 
importantly, this mechanism is conserved in amniote phylogeny, from reptiles to humans, indicating that attenuation of Robo signaling 
during evolution led to the emergence of IPCs and expansion of the cerebral cortex. We hypothesize that these differences are due to 
changes in the mechanisms that regulate Robo transcription. Here we use BrdU labeling in vivo, and two-photon videomicroscopy of 
brain slices, to precisely define the frequency of occurrence of direct and indirect neurogenesis along embryonic development in both 
mouse and chick. This will lead us to identify the most relevant stages to search for variations in the regulation of Robo transcription 
across developmental time within and between species.
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THE ASSEMBLY OF A MOLECULAR MAP OF NEUROGENESIS IN OCTOPUS VULGARIS
Eve Seuntjens (1), Astrid Deryckere (1), Jolien De Clercq (1), Remo Sanges (3), Eduardo Almansa Berro (2) 
(1) Developmental Neurobiology, KU Leuven, Leuven, Belgium, (2) Centro Oceanográfico de Canarias, Instituto Español de Oceanografia (IEO), Santa 
Cruz de Tenerife, Spain, (3) Scuola Internazionale Superiore di Studi Avanzati di Trieste, Italy

Cephalopods have evolved a centralized and unusually complex brain when compared to other invertebrate mollusks. Octopus 
vulgaris in particular shows complex cognitive behaviors such as problem solving and social learning and has approximately 500 
million neurons, while the primitive mollusk Aplysia only has 20,000. The molecular and cellular mechanisms underlying this massive 
expansion of neurons in invertebrates remain elusive. In vertebrates, a similar expansion is associated with the appearance of 
different types and numbers of neurogenic stem cells during embryonic development. 

Octopus vulgaris, like other cephalopods, has a direct development and hatches in a juvenile form (paralarval) after 40 days depending 
on the water temperature. By the time of hatching, all central brain areas can be distinguished. During embryogenesis, the central 
brain arises from cord-like domains, but the localization of the neurogenic areas is still elusive. Using lightsheet imaging, we are 
constructing a comprehensive 3D atlas of Octopus vulgaris embryonic development. By employing gene expression analysis of 
conserved molecular markers of neurogenesis on tissue sections at different stages of embryogenesis, we evaluated which factors 
drive brain development in Octopus vulgaris. Our results indicate that the central brain cord originates from distinct neurogenic zones 
in a defined time window during development. Furthermore, we identified specific transcription factors linked to the appearance 
of cell diversity within central brain regions such as the optic lobes. Our data help to understand the evolution of complex central 
nervous systems and puts research on traditional model species in perspective.
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EARLY BLASTOMERE IDENTITY OF THE ACOEL ISODIAMETRA PULCHRA
Viviana Cetrangolo (1), Elaine Seaver (2), Mark Martindale (2), Ralph Schnabel (3), Andreas Hejnol (1) 
(1) Sars International Centre for Marine Molecular Biology, University of Bergen, Bergen, Norway, (2) Whitney Laboratory for Marine Bioscience, 
University of Florida, Saint Augustine, FL, USA, (3) Technische Universität Braunschweig Carolo Wilhelmina, Institut für Genetik, Braunschweig, 
Germany

Acoels are bilaterians that lack a coelom and a through gut, having a single body opening. Their phylogenetic position is controversial; 
however, they are widely accepted as sister group to all remaining Bilateria. Therefore, acoels are an interesting taxon to study the 
evolution of developmental and morphological characters of Bilateria. The few previous studies on their embryonic development 
showed that acoels have a consistent duet cleavage program: with each division, starting with the four-cell stage, a new pair of 
micromeres is produced from two macromeres. One acoel species displays a regulative development, where deletions of single 
micromeres or macromeres do not affect the development of a complete juvenile. Here, we present the first comprehensive study on 
the embryonic development of Isodiametra pulchra. Using 4D-microscopy and fluorescent dye injections, we studied the contribution 
of the different blastomeres to the juveniles’ body parts and using laser ablation we tested the embryos capability to regulate the 
deletion of early blastomeres from the two-cell stage until the twelve-cell stage.

In I. pulchra, animal pole micromeres become ectoderm (epidermis and neurons), while only two vegetal pole macromeres form 
endoderm and mesoderm (muscles and parenchyma). Laser ablations’ results show that these embryos are also able to regulate 
early blastomeres ablations; nevertheless, different blastomeres ablations seems to have different consequences: single micromere 
or macromere deletions do not alter the development of a typical juvenile, however double macromere ablations have a more severe 
effect on the development and consequently on the morphology of the juvenile.
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THE OPOSSUM MONODELHPIS DOMESTICA TO SCRUTINIZE MAMMALIAN EMBRYO LINEAGE PATTERNING
Aurelien Courtois, Tomoya Kitajima
Laboratory for chromosome segregation, BDR - RIKEN, Kobe, Japan

Mouse embryo has recently been cultured in vitro from zygote up to egg cylinder stage (E5.5). But later stages remain accessible only 
by retrieving embryos from the expecting mother after implantation. Embryos can be cultured up to 48 hours in vitro, depending on 
the stages. This offers very limited live-imaging possibilities compared to other vertebrate models like zebrafish or chicken embryos. 
Moreover, studying implantation in the mouse is only of limited interest for human biology, as the implantation process differs. In 
contrast, in the opossum (Monodelphis domestica), embryos implant in the uterus after 10 days of development spent floating in 
the reproductive tracts. By that time, they develop to the end of somitogenesis stage, and implantation itself is superficial and lasts 
only for two days and a half, before birth. Embryos are transparent, surrounded by a transparent shell, and have been cultured in 
vitro using very simple medium, at all different stages up to very close to birth, for up to 48 hours. We achieved for the first time 
microinjection of mRNA in the opossum zygote followed by live-imaging on a confocal microscope, and we are now pushing the 
boundaries of how long we can culture the embryos in vitro on a microscope stage.
KEY WORDS: Marsupial, Live-imaging.
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EVOLUTION OF COLOUR PATTERNING IN DANIO SPECIES
Uwe Irion, Anastasia Eskova, Marco Podobnik, Christopher Dooley, Christiane Nuesslein-Volhard
ECNV, Max Planck Institute for Developmental Biology, Tuebingen, Germany

Colour patterns are prominent features of many animals. They show a high variability and, serving in camouflage and communication, 
they are under natural and sexual selection. The zebrafish, Danio rerio, is an important vertebrate model organism for bio-medical 
and basic research. The fish display a very characteristic and stereotyped pattern of horizontal light and dark stripes on the flanks 
and the anal and tailfins. This pigment pattern is generated by three different types of pigment cells, dark melanophores, orange 
xanthophores and light reflecting iridophores. Other Danio species, closely related to zebrafish, can be bred in captivity; they possess 
the same three types of pigment cells but most of them show patterns that are very different from zebrafish. For the time being 
we concentrate on two additional species: Danio aesculapii and Danio albolineatus. Danio aesculapii, the closest sister species of 
zebrafish, has a pattern of vertical bars anteriorly that changes into an irregular ‘snake skin’ pattern more to the posterior. Danio 
albolineatus has almost no pattern, just a short posterior remnant of one horizontal stripe. Hybrids with zebrafish are viable but 
sterile; they produce patterns of horizontal stripes similar to zebrafish. We have begun to analyse the genetic and molecular bases 
for the pattern differences in these species. Starting from our detailed knowledge of the patterning process in zebrafish we have 
identified the first genes that are differentially required between zebrafish and Danio aesculapii and might therefore be the basis for 
the rapid evolution of pigmentation patterns in the Danio clade.
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A HUMAN ACCELERATED REGION REGULATES FOREBRAIN EXPANSION THROUGH THE REGULATION OF 
EARLY FOXG1 EXPRESSION
Sandra Acosta (1), Jaydeep Sindaye (2), Isabel Clara Rollan (3), Luciano Fiore (4), Giovanni Iacono (5), Alexander Misharin (6), 
Silvia Vidal (7), Judith Armstrong (7), Nikita Joshi (6), Nozomu Takata (4), Martin Sikora (8), Beisi Xu (9), Eske Willerslev (8), 
Holger Heyn (5), Miguel Manzanares (3), Juergen Knoblich (2), Guillermo Oliver (4) 
(1) Institute of Evolutive Biology, Universitat Pompeu Fabra, Barcelona, Spain, (2) Institute of Molecular Biotechnology Austria, Vienna, (3) Centro 
Nacional de Investigaciones Cardiovasculares (CNIC), Madrid, Spain, (4) Centre for Vascular and Developmental Biology, Feinberg Cardiovascular 
Research Institute, Northwestern University, Chicago, IL, (5) CNAG-CRG, Centre for Genomic regulation (CRG), Barcelona Institute of Science and 
Technology (BIST), Barcelona, Spain, (6) Division of Pulmonary and Critical Care Medicine, Northwestern University, Chicago, IL, (7) Hospital Sant 
Joan de Deu, Barcelona, Spain, (8) GeoGenetics Center, University of Copenhagen, Denmark, (9) Bioinformatics Department, St. Jude Research 
Children´s Hospital, Memphis, USA

How evolution impacted human forebrain development remains an intriguing question. Some of the molecular mechanisms implicated 
in the expansion of cortical progenitors have been deciphered; however, it is not yet known whether mutations responsible for the 
expansion of the human forebrain occurred during early stages of embryonic development. 

Here, we identified a human accelerated region (HAR) located in an enhancer upstream of Foxg1, a key transcription factor implicated 
in forebrain development. Luciferase reporter analysis indicated that the human variant has stronger regulatory activity than mouse 
or chimp. Humanization of the mouse enhancer variant in transgenic mice and in targeted mouse ESC-derived organoids resulted 
in an increase and a change of identity in forebrain neural progenitors. However, analysis in human ESC-derived organoids and in a 
cohort of epilepsy patients suggests the presence of redundant regulatory elements controlling similar functions in humans. Notably 
we found similar mutations in healthy control cohort than in epileptic patients, but at a lower frequency. 

These results suggest that human-specific mutations in critical regulatory elements controlling early brain development have an 
impact in the expansion and patterning of forebrain progenitors.
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ESTABLISHING AN EVOLUTIONARY LINK BETWEEN IMMUNE RESPONSE AND METAMORPHOSIS
Catarina Nunes (1), Takashi Koyama (2), Élio Sucena (1) 
(1) Development and Evolution, Instituto Gulbenkian de Ciência, Oeiras, Portugal, (2) Department of Biology University of Copenhagen, Denmark 

Insects have incredibly diverse post-embryonic developmental strategies. They can be Ametabola (no metamorphosis), Hemimetabola 
(incomplete metamorphosis) or Holometabola (complete metamorphosis).

Metamorphosis is regulated by the production and secretion of two peripheral hormones: 20-hydroxyecdysone (ecdysone) and 
juvenile hormone (JH). Besides regulating developmental processes, there are indications that hormones also regulate immunity 
mechanisms, such as phagocytosis and the induction of antimicrobial peptides (AMPs).

In Manduca sexta, it was previously observed that before metamorphosis there is induction of prophenoloxidase and production of 
AMPs. Another interesting observation connecting these roles is that in Drosophila, the expression of AMPs increases at pupariation, 
coinciding with an ecdysone peak and metamorphosis onset. In most Holometabola, larvae purge their gut before metamorphosis. 
However, this process may not be efficient and allow for bacteria to invade the body cavity. We hypothesize that this infection risk 
constituted a selective pressure for the evolution of a pre-emptive mechanism to ensure successful metamorphosis. 

Using Drosophila, we showed that the induction of Drosomycin expression before metamorphosis is dependent on ecdysone but not 
on the presence and sensing of gut microbiota. Plus, we showed this is independent of apoptosis occurring at this stage. In parallel, 
we confirmed expected consequences of this connection, namely higher bacterial loads in flies that do not produce Drosomycin 
before metamorphosis. Altogether, these observations corroborate the hypothesis that AMP production is part of the developmental 
programme and may impact metamorphosis.

We will dissect the gene regulatory mechanisms behind this phenomenon and, ultimately, test the correlation between the hormonal 
regulation of immunity and holometaboly.

P G - 2 7 

TAXON-RESTRICTED GENES DRIVE CELL TYPE EVOLUTION: INSIGHTS FROM THE CNIDARIAN HYDRA
Alexander Klimovich (1), Tomislav Domazet-Lošo (2), Louis Faure (3), Igor Adameyko (3), Thomas Bosch (1) 
(1) Zoological Institute, Christian-Albrechts University Kiel, Germany, (2) Laboratory of Evolutionary Genetics, Division of Molecular Biology, Ruder 
Boškovic Institute, Zagreb, Croatia, (3) Center for Brain Research, Medical University of Vienna, Austria

Understanding the molecular events that underlie the evolution of morphological diversity remains a major challenge in biology. In 
every animal species, highly-conserved genes make up the functional core of their genomes, essential for their development. Yet, 
a substantial portion of each genome is represented by taxon-restricted genes (TRGs) that show no detectable homology to other 
genes outside a certain taxon. The lack of homology confounds attempts to determine the putative function of the proteins coded by 
TRGs and impedes their systematic analysis.

Recently, we uncovered (Klimovich et al., in prep.) that TRGs prevail among the genes differentially expressed in the neurons of the 
freshwater cnidarian Hydra. They comprise the molecular signature of each of seven neuronal subpopulations. By combining genomic, 
transcriptomic and proteomic analysis, in silico peptide analysis and machine learning with in vitro assays, we systematically analyze 
the complexity and function of the TRGs in Hydra neurons. We classify these TRGs into families and reveal the common principles of 
their expression and structure. Using transgenesis, we investigate the function of neuron-specific TRGs in Hydra. Our study uncovers 
the previously underappreciated role of the TRGs in generating the cell-type diversity in animals. It reveals that TRGs may drive the 
emergence of novelties, cell types with new functions, and radiation of major animal clades.
The work is supported by the Deutsche Forschungsgemeinschaft (CRC 1182: ”Origin and Function of Metaorganisms”) and a grant from Wallenberg Advanced 
Bioinformatics Infrastructure at SciLifeLab.
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TGF-BETA PATHWAY IN DEVELOPMENT OF THE SPONGE HALISARCA DUJARDINI
Ilya Borisenko (1), Andrey Lavrov (2), Alexander Ereskovsky (3) 
(1) Department of Embryology, Saint-Petersburg State University, Saint-Petersburg, Russian Federation, (2) Department of Invertebrate Zoology, 
Lomonosov Moscow State University, Russian Federation, (3) Institut Méditerranéen de Biodiversité et d’Ecologie marine et continentale (CNRS), 
Aix-Marseille University, Marseille, France

Transforming growth factor beta pathway is one of the major signalling mechanisms that manage development of multicellular 
organisms together with Wnt, Hedgehog, Delta/Notch, tyrosine-kinase pathways. Axial patterning in embryo development is the 
brightest example of its role. Functions of TGF-beta pathway established early in evolution of multicellularity as ligands or receptors 
not found in Protista, whereas in Cnidaria this pathway determines the directive axis of the body. At the same time, TGF-beta 
expression data from sponges’ development tell us about involvement of TGF-beta pathway in axial patterning of Porifera embryo. 
Number of ligands may be as many as eight in demosponge Amphimedon queenslandica or twenty-two in calcisponge Sycon ciliatum 
so sponges are not simple in sense of ligand repertoire in comparison to Bilateria. In this study we search through genome, analyzed 
in silico, cloned and described expression of ligands and receptors of TGF-beta superfamily in demosponge Halisarca dujardini. 
Eight ligands were identified, and their primary structure and domain organization correspond to eumetazoan TGF-beta. Three of 
eight identified ligands can be classified as TGF-beta sensu stricto when next five are not fall into any of eumetazoan family TGF-
beta. Similar situation described for Wnt pathway ligands in sponges, and it shows independent involvement of some signalling 
pathways members inside Porifera phyla. Quantitation of RNAseq data reveals increased expression levels of ligands in osculum of 
adult sponge. Asymmetric localization of ligand transcripts was described during embryogenesis. Our data suppose that TGF-beta 
pathway involved in axial patterning in as early branching Metazoa as sponges.
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MICROSYNTENIC CLUSTERS REVEAL CONSERVATION OF LNCRNAS IN CHORDATES DESPITE ABSENCE 
OF SEQUENCE CONSERVATION
Carlos Herrera-Úbeda (1), Marta Marín-Barba (2), Enrique Navas-Pérez (1), Jan Gravemeyer (3), Manuel Irimia (4), Jordi Garcia-
Fernàndez (1) 
(1) Genetics, Microbiology and Statistics, University of Barcelona, Spain, (2) School of Biological Sciences, University of East Anglia, Norwich 
Research Park, Norwich, Norfolk NR4 7TJ, UK, (3) Institute for Genetics, University of Cologne, Köln, Germany, (4) Centre for Genomic Regulation 
(CRG), Barcelona Institute of Science and Technology (BIST), Barcelona, Spain

The study of long non coding RNAs (lncRNAs) from an evolutionary perspective has been hindered by their lack of strong sequence 
conservation, apparent lack of secondary structure conservation, and their massive genomic generation and decay rate. One of the 
most promising approaches has been the search for syntenic lncRNAs over close species. Here, we have developed a pipeline called 
LincOFinder that thanks to a microsynteny conservation approach, allows us to find conserved clusters of microsynteny between 
distant organisms surrounding an intergenic lncRNA (lincRNA). Furthermore, we have used this tool to study the conservation and 
evolution of the lincRNAs repertoire in the chordate lineage, taking advantage of the recently published amphioxus transcriptome 
and the well annotated human ncRNA dataset. In this way, we are able to identify a putatively conserved set of lincRNAs across 
chordates, underscoring the case of HOTAIRM1. 

Here we assess the conservation of this mechanism in vertebrates, and the conservation of the expression domain in chordates, 
to infer that HOTAIRM1 is highly likely to be conserved across Chordates. Overall, our work pioneers the use of syntenic searches 
to identify non-coding potential regulatory elements over long evolutionary distances, and helps to further understand lincRNA 
evolution in the frame of the invertebrate-vertebrate transition.
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DEVELOPMENTAL SIMILARITIES AND DIFFERENCES IN CONVERGENT PHENOTYPES OF METATARSAL 
FUSION BETWEEN JERBOA AND CHICKEN
Rio Tsutsumi (1), Haydee Gutierrez (1), Talia Moore (2), Kimberly Cooper (1) 
(1) 9500 Gilman Drive MC 0380, UC San Diego, La Jolla, United States, (2) Department of Ecology and Evolutionary and Museum of Zoology, 
University of Michigan, Ann Arbor, Michigan 48109, United States

The extraordinary malleability of the vertebrate limb supports a variety of locomotor functions including running and leaping in 
cursorial and saltatorial species. In many of these animals, the metatarsals and/or metacarpals are disproportionately elongated 
to increase stride length and fused into a single larger element, likely to resist fracture due to increased ground reaction forces. 
Despite the fact that metapodial fusion evolved convergently in modern birds, ungulates, and jerboas, the developmental basis has 
only been explored in chickens, which diverged from the mammalian lineage approximately 300 million years ago. Here, we use the 
lesser Egyptian jerboa, Jaculus jaculus, to understand the cellular processes that unite three distinct metatarsal elements into a 
single cannon bone in a mammal, and we revisit the developing chicken to assess similarities and differences in the localization of 
osteoblast and osteoclast activities. In both species adjacent metatarsals align along flat surfaces, osteoblasts cross the periosteal 
membrane to unite the three elements in a single circumference, and osteoclasts resorb bone at the interfaces leaving a single 
marrow cavity. However, although spatial and temporal partitioning of osteoblast and osteoclast activities reshape three bones into 
one in both species, the localization of osteoclasts is distinct. While osteoclasts are uniformly distributed throughout the endosteum 
of chicken metatarsals, these catabolic cells are highly localized to resorb bone at the interfaces of neighboring jerboa metatarsals. 
Each species therefore provides an opportunity to better understand the mechanisms that partition osteoblasts and osteoclasts to 
alter the shape of bone during development and evolution.
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HIGHER GROWTH RATE AND LARGE PROTHORACIC GLAND SIZE ARE RESPONSIBLE FOR EARLY 
METAMORPHOSIS IN THE POPULATION OF D. MELANOGASTER SELECTED FOR FASTER PRE-ADULT 
DEVELOPMENT
Namita Chauhan, Nidhi Krishna Shrivastava, Namita Agrawal, Mallikarjun N Shakarad
Department Of Zoology, University of Delhi, New Delhi, India

In Drosophila melanogaster, several generations of selection for faster pre-adult development has led to a ~22% reduction in the egg 
to eclosion development time and a significant decrease in the body size of the adult flies. The larval to pupal transition in selected 
population occurs approximately ~24 hours earlier than the controls thereby limiting the period of growth. The decreased size of 
individuals from selected populations is also noticed during all the three larval stages. Thus, one would expect the decreased animal 
size to be accompanied by a decrease in the various constituent tissue and organ sizes. The larval to pupal transition and initiation of 
metamorphosis is induced by the release of ecdysone at the end of third larval instar. The pulse of ecdysone responsible is produced 
by an endocrine organ called the Prothoracic glands (PG). We hypothesize that the PG playing a vital role in the entire process is 
unlikely to have undergone a proportionate reduction in size in the selected population. Here we show that the absolute PG size in 
the third instar selected larvae is comparable to that of control larvae suggesting a higher growth rate. The proportionately large PG 
in the selected population is releasing a significantly higher quantity of ecdysone that is facilitating early metamorphosis.
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ROLE OF TISSUE/CELLS DYNAMICS IN THE FORMATION OF THE PLUMAGE PATTERN
Camille Curantz (1), Richard Bailleul (1), Mélina Durande (2), François Graner (2), Marie Manceau (1) 
(1) Center for Interdisciplinary Research in Biology, CNRS 7241, INSERM U1042, Collège de France, Paris, France, (2) Laboratoire Matière et Systèmes 
Complexes, Université Denis Diderot - Paris 7, CNRS UMR 7057, Condorcet building, 10 rue Alice Domon et Léonie Duquet, 75205 Paris Cedex 13, 
France

Animals display an incredible diversity of patterns from repeated segment along body axes to intricate color motifs, such as 
zebra stripes. During pattern formation, cells adopt specific fates according to their position. The latter is provided by so-called 
positional information. Often viewed as molecular, such information has also more recently been considered through the spectrum of 
morphogenetic and mechanical events occurring in developing tissues. How do tissue/cell dynamics contribute to pattern formation 
and shape their diversity in nature? 

We described the plumage pattern of several species of birds to evidence natural variation in feather spacing and geometry. We 
showed that differences in pattern regularity are linked to differential cell anisotropy between the dermis and the epidermis. Using 
live-imaging in the Japanese quail we described cell movements occurring during anisotropy establishment which we perturbed 
using drug treatment on skin explants ex vivo. These experiments revealed that the spatial organization of the naïve skin constrains 
plumage patterning, shedding light on the role of morphogenetic processes in its formation and evolution in birds.
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UNRAVELING THE TOLL RECEPTOR (TLR) COMPLEMENT IN INVERTEBRATES AND THEIR PHYLOGENETIC 
RELATIONSHIPS TO VERTEBRATE TLR
Andrea Orús Alcalde, Andreas Hejnol
Sars International Centre for Marine Molecular Biology, University of Bergen, Norway

The Toll pathway plays an essential role in immune response in animals, being responsible for the detection of fungi and gram-
positive bacteria. This function, as well as many components of this pathway, are conserved across metazoans. Interestingly, the 
Toll pathway is also involved in dorso-ventral patterning during Drosophila embryonic development and in neurogenesis in Drosophila 
and vertebrates. Toll receptors (TLRs) are the family of receptors that transduce the signal in this pathway, once they are activated 
by a ligand. Genomic and transcriptomic searches have identified the TLRs complement of many species. So far, these searches 
have been mainly focused on vertebrates (e.g. human, zebrafish), echinoderms (e.g. sea urchin) and arthropods (e.g. Drosophila ), 
being information in other invertebrate groups scarce. A few studies exist that have solved the orthology between the TLRs of 
a single invertebrate and vertebrate TLRs. However, no studies on the phylogenetic relationships of these receptors have been 
performed focusing on the evolution of TLRs across all animal major lineages and, therefore, the orthology of TLRs remains unclear. 
In order to improve our understanding of the evolution of these genes, we searched for TLRs in genomes and transcriptomes of 45 
invertebrate species followed by a phylogenetic analysis including already published data. Our results show that some groups lack 
TLRs, indicating that these genes were probably lost during evolution. Our findings also show a pattern of lineage specific expansions 
and reductions across the Animal Tree of Life.
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MEDAKA GLI3 CRISPANTS REVEAL SKELETAL ELEMENT HOMOLOGIES BETWEEN PECTORAL FINS AND 
TETRAPOD LIMBS
Joaquín Letelier (1), Silvia Naranjo-Durán (2), Sanabria Estefanía (2), de la Calle-Mustienes Elisa (2), Mounieres Constanza (1), 
Martínez-Morales Juan Ramón (2), Gómez-Skarmeta José Luis (2) 
(1) Center for Integrative Biology, Universidad Mayor, Santiago, Chile, (2) Centro Andaluz de Biología del Desarrollo (CSIC/UPO/JA), Seville, Spain

One big question in evolutionary biology is the understanding of how appendages emerged and then changed during vertebrate 
evolution. We recently demonstrated with functional experiments that tetrapod paired limbs evolved from fish paired fins. By using 
the CRISPR/Cas9 technology in medaka we deleted the cis-regulatory elements responsible for the expression of shh in the posterior 
domain of the developing paired fins (ZRS+sZRS mutant). ZRS+sZRS mutant fish showed a complete lack of shh expression in 
the early fin buds and a whole truncation of the paired appendages later in development, mimicking the phenotype observed in 
a mouse lacking Shh activity in limbs. The Gli3 gene is also expressed in vertebrate appendages during embryonic development 
but, in contrast to Shh, it is restricted to the anterior region of the developing bud. Limbs from a mouse mutant for Gli3 show digit 
polydactyly in a Shh-independent process, as appendages lacking both Gli3 and Shh, mimic the polydactyly Gli3 phenotype. In order 
to reveal homologies between fins and limb skeletal elements, we knocked-down gli3 in medaka wild-type and ZRS+sZRS mutants 
using CRISPR/Cas9. We found that gli3 removal in the ZRS+sZRS background completely rescue the paired fins similar to what 
observed in the Shh/Gli3 mouse double mutant. In addition, gli3 medaka mutants show extra proximal radial bones in pectoral fins, 
a phenotype strikingly similar to the polydactyly defect observed in mouse limbs lacking Gli3 activity. This work strongly suggests 
that equivalent skeletal elements of the tetrapod autopod are present in fish paired fins.
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DEVELOPMENTAL CONVERGENCE OF HIGH ORDER SENSORY CIRCUITS IN THE AMNIOTE PALLIUM
Fernando Garcia-Moreno (1), Eneritz Rueda-Alaña (1), Artemida Ftara (1), Maria Tatiana Gallego-Flores (2), Juan Manuel 
Encinas (1) 
(1) Achucarro Basque Center for Neuroscience, Leioa, Spain, (2) Max Planck Institute for Brain Research, Max-von-Laue Strasse 4, 60438 Frankfurt am 
Main, Germany

The evolutionary origin of the neocortex is reflected in the generation program of the pallium. The developmental novelties that 
triggered neocortical evolutionary formation can be identified at the mammalian dorsal pallium. Here we present results of our group 
in the search of those divergent events by comparing the early developing pallium of mouse and chick. We focus on the neurogenic 
timing of pallial neurons. 

Homologous developmental events maintain an equivalent timing. Therefore, the chronological order in which the different neurons of 
the cortical circuit are born should be preserved in any cortical homolog. To test the homology the dorsal ventricular ridge, suggested 
neocortical homolog in birds, we injected chick embryos with EdU at selected time-points. We describe the chronological generation 
of GABAergic and glutamatergic neurons at each of the nuclei of the visual pallial circuits. We researched the specific nuclei of 
the tri-synaptic pallial circuit. Interestingly, interneurons and projecting neurons of each nucleus are generated synchronously, a 
feature common to mammals. However, we found that the neurons participating in the sensory circuit of the avian pallium were not 
generated in an equivalent order to that of the mammalian cortical circuit. Essential divergences were thalamic-recipient sensory 
neurons, which are the first ones generated in the avian circuit, and the lack of contribution to the sensory circuit of the latest 
generated neurons. These crucial developmental differences suggest that both circuits are not derived from a common ancestor 
circuit, but their functional correlation could be a product of evolutionary convergence.
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A COMBINATORIAL BHLH CODE DEFINES DISTINCT MUSCLE CELL TYPES IN A DIPLOBLAST, THE SEA 
ANEMONE NEMATOSTELLA VECTENSIS
Sabrina Kaul-Strehlow (1), Stefan Jahnel (1), Julia Steger (1), Bob Zimmermann (1), Patrick Steinmetz (2), Fabian Rentzsch (2), 
Alison Cole (1), Ulrich Technau (1) 
(1) Molecular Evolution and Development, University of Vienna, Austria, (2) Sars Centre; University of Bergen, Norway

The evolution of a third germ layer, the mesoderm, was a key event for the triploblastic Bilateria that led, for instance, to the 
acquisition of distinct muscle cell types. Although contractile cells are also present in non-bilaterians, evolutionary relationships to 
bilaterian muscle cells are unclear. Here, we show that molecular signatures for effector modules similar to bilaterian muscle cells 
are already present in the diploblastic anthozoan Nematostella vectensis, constituting slow- and fast-contracting muscle modules. 
Analysis of single cell RNA-seq datasets identifies four distinct transcriptomic profiles that reflect the morphologically defined 
muscle cell populations. Amongst regulatory genes, we find both pan-muscle elements, as well as cell-type specific selector genes. 
Strikingly, while three muscle cell types display an endodermal epitheliomuscular phenotype, the ectodermal tentacle retractor 
muscles show a regulatory and morphological phenotype reminiscent of neurons, indicating an intimate relationship of neurons and 
muscles. Notably, the composition of regulatory modules is not congruent with that of the effector modules, suggesting independent 
layers of cell type specification. Mutants and scRNA profiles support the idea that bHLH transcription factors are essential for the 
development of anthozoan muscles, similar to bilaterians. Like fast somatic muscles in bilaterians, fast-contracting muscles in N. 
vectensis show nervous stimulation and appear to have distinct neuromuscular junctions. Similar to vertebrates, the fast endodermal 
retractor muscles express acetylcholine and GABA receptor subunits, while the ectodermal tentacle muscle also expresses Glutamate 
receptor subunits. Thus, sea anemone muscle cell types show distinct profiles, with affiliations to specific bilaterian muscles and 
neurons.
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ROBUSTNESS OF VERTEBRATE DEVELOPMENT TO TEMPERATURE FLUCTUATIONS
Daniel Capek (1), Baubak Bajoghli (2), Patrick Müller (1) 
(1) Systems Biology of Development Group, Friedrich Miescher Laboratory of the Max Planck Society, Tübingen, Germany, (2) Department of 
Hematology, Oncology, Immunology, and Rheumatology, University Hospital, University of Tübingen, Germany

During early development the vertebrate body plan is established by gradients of signaling molecules, so-called morphogens, that 
lead to different transcriptional responses in target tissues. In the wild, embryos encounter a wide range of temperature regimes, 
such as the cold of the arctic or the heat of tropical ecosystems. Also, day and night temperatures vary considerably. Since the 
temperature is typically kept constant in laboratory environments, little is known about how morphogen gradients are affected by 
these shifts in temperature and how embryos, especially of eurytherm species, cope with this stress. The Einstein-Stokes equation 
demonstrates that free diffusion scales linearly with the temperature in kelvin and therefore changes very little at physiological 
temperatures. Enzymatic reactions, on the contrary, change their speed by a factor of 2-3 for every 10°C within biologically relevant 
ranges, described by the Q10 rule. In this project, we are analyzing the effect of temperature fluctuations on Nodal-mediated germ 
layer patterning in teleost fish. Our primary model organism are eurytherm medaka (Oryzias latipes) embryos, due to their wide 
temperature tolerance and the ability to resume development after temperature-induced arrest. We are applying a combination of 
live imaging of signaling molecules at endogenous levels with measurements of their biophysical properties to mathematically model 
and experimentally test the effect of temperature fluctuations on morphogen gradient formation and interpretation. This will help us 
to understand the influence of ecological factors on embryogenesis and evolution of externally developing, eurytherm species, and 
the mechanisms of robustness towards these factors.
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HOXD13/BMP2 TARGETS AND THE EVOLUTION OF VERTEBRATE LIMBS
Joana Castro, Renata Freitas
Group of Cell Growth and Differentiation, i3S-Instituto de Investigação e Inovação em Saúde, Universidade do Porto, Portugal

Tetrapod limbs evolved from fish fins by sequential elaboration of the distal endoskeleton and concomitant reduction of the 
dermoskeleton, formed within an embryonic ectodermal finfold. The mechanism behind this morphological transition may have 
involved Hoxd13 expression modulation, through acquisition of novel enhancer units. The proof-of-principle of this idea was obtained 
by overexpressing hoxd13a during zebrafish fin development, which led to fin phenotypes recapitulating transient embryonic 
morphologies thought to have occurred during the fin-to-limb transition in vertebrates. However, the molecular pathways affected 
by this increment in Hoxd13 expression during fin evolution remain unknown. 

Here, we studied the expression of 10 putative downstream targets of Hoxd13 after its overexpression using the transgenic 
zebrafish line hsp70:hoxd13a (Hand2, Dach1, Fbn1, Barx1, Emx1, Emx2, Bmp2, Bmp4, Barx1, Meis2). These analyses suggest that 
increased levels of Hoxd13 during fin evolution may have up-regulated genes involved in proximo-distal patterning, promoting 
skeletogenesis in the most distal mesenchymal cells. In addition, increased levels of hoxd13 may have also contributed to finfold 
reduction, promoting bmp2 up-regulation. 

To further analyse the contribution of bmp2 transcripts in finfold truncation, we generated a zebrafish transgenic line allowing its 
overexpression (hsp70:bmp2b) and observed phenotypes that favour a scenario in which increased levels of bmp2, potentially 
triggered by increased levels of Hoxd13, may have arrested finfold elongation during evolution. In addition, we performed gene 
expression analyses using embryos from leot1lofdt2 zebrafish mutant, characterized by the development of long finfolds, further 
confirming that finfold size is dependent on hoxd13/bmp2 expression levels.
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METABOLIC ADAPTATION AND RESILIENCY IN CAVEFISH
Nicolas Rohner
Rohner Lab, Stowers Institute, Kansas City, United States

Adapting to extreme environments requires drastic changes to an animal’s metabolism. Adaptation to the total darkness of caves 
can be particular challenging. One hallmark of cave environments is a shortage of internal food sources, which requires drastic 
morphological, behavioral, and physiological adaptations. Astyanax mexicanus is a promising research organism to unravel the 
genetic basis of such changes, as surface and cave morphs of the same species are available for comparison. Additionally, both 
morphotypes remain interfertile and can be bred outside their natural environments. We have previously shown that cavefish 
evolved impressive physiological adaptations such as increased appetite, starvation resistance, and altered feeding behaviors in 
part due to mutations in mc4r. In addition, we found that cavefish display elevated blood sugar levels and insulin resistance caused by 
a mutation of the insulin receptor. In contrast to human patients, carrying similar mutations, cavefish do not display common markers 
and symptoms of metabolic diseases and high blood sugar. Furthermore, cavefish develop large amounts of hypertrophic visceral 
adipocytes without obvious signs of inflammation due to reduced amounts of pro-inflammatory cytokines. Taking together, our work 
suggests that cavefish develop these phenotypes as part of their starvation resistance and have evolved resilience phenotypes that 
allow them to tolerate stark deviations from what would be considered normal physiology in other vertebrates.
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DI4/DILA CLASS OF SPINAL NEURONS CONTROL MECHANICAL ITCH
Augusto Escalante (1), Ruediger Klein (2) 
(1) Developmental Neurobiology Unit, Instituto de Neurociencias, Alicante, Spain, (2) Molecules-Signaling-Development, Max Planck Institute of 
Neurobiology, Munich, Germany

The spinal cord dorsal horns are specified during embryogenesis through a combinatorial code of transcription factors determining 
eight broad classes of neuronal populations. Ptf1a is the main selector gene involved in the specification of dorsal horn inhibitory 
neurons, commonly referred as dI4/dILA class neurons. Despite the wealth of knowledge on the genesis and specification of these 
neurons, little is known about their function in the adult nervous system.

Here we show that 77% of all inhibitory neurons in the adult dorsal horns derive from Ptf1a-expressing cells. Conditional ablation of 
Ptf1a neurons in the spinal cord gives rise to an intense pruritus dependent on the level of mechanical hair stimulation. These results 
correlate with heightened hairy skin sensitivity in these animals, however exogenous activation of the hairy skin does not elicit itch, 
suggesting that a self-generated stimulus is the main source of itch sensation. No other sensory modality, including glabrous skin 
mechanical, pain and temperature thresholds, or chemically-induced itch, is affected in these mice. 

In line with these results, we find that the level of activity of these mice correlates with the intensity of the scratching. Locomotor 
activity increases the frequency of scratching suggesting that fur movement during locomotion activates itch spinal neurons in Ptf1a-
ablated mice. Conversely, limiting animal ś space to move results in a drastic reduction of scratching. 

These results open the possibility to develop new avenues to tackle so far intractable itch through selective inhibition of low 
threshold mechanoreceptors or restoration of inhibitory tone in the spinal cord.
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IMAGING METABOLISM IN ZEBRAFISH EARLY DEVELOPMENT
Claire Scott (1), Enrique Amaya (1), Tom Carney (2) 
(1) Cell Matrix Biology & Regenerative Medicine, University of Manchester, United Kingdom, (2) IMCB A*STAR, Singapore

During the early 20th century, metabolism was a very active area of research. Pioneering the interest of metabolism in development 
was Charles Manning Child; in 1911 he published his theory of “metabolic gradients”, hypothesising that more metabolically demanding 
areas sequestered nutrients and that gene activity in development was modulated by these metabolic activities. In the later part 
of the century work on metabolism was largely eclipsed by its rival, molecular biology and genetics. Since then, relatively little 
metabolic research has been done - until now, when modern techniques and imaging methods allow us to once again re-visit these 
ideas. For example, the generation of multiple genetically encoded biosensors for various metabolites, allowing the investigation of 
metabolism in real time, with temporal and spatial resolution.

Two such sensors are Laconic and HyPer, allowing the visualisation of lactate and hydrogen peroxide in vivo, respectively. I have 
shown through positive control chemical perturbations that these sensors are viable in the zebrafish embryo, and have generated 
transgenic lines to image developing embryos from the one cell stage. Using these lines I find an increase in lactate level following 
the mid-blastula transition, at which point growth begins to be incorporated into the cell cycle, congruent with mouse data showing 
a switch from oxidative phosphorylation to glycolysis at a roughly equivalent stage. I also witness oscillations of hydrogen peroxide 
during early cleavage, similar to Xenopus and matching heat oscillations shown by others in zebrafish, suggesting dynamic activity 
of the mitochondria.
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PRRX1 ISOFORMS IN VASCULAR DEVELOPMENT
Francisco Garcia-Asencio, Khalil Kass Youssef, Cristina López Blau, Joan Galcerán, M. Ángela Nieto
Neurobiología del Desarrollo, Instituto de Neurociencias (CSIC-UMH), Sant Joan d’Alacant, Spain

The epithelial-mesenchymal transition (EMT) endows cells with migratory and invasive properties and it is crucial for the formation 
of many tissues and organs during embryonic development. This cellular program is triggered after the activation of transcription 
factors, referred to as EMT-TFs. In the adult, the reactivation of the EMT program contributes to the progression of diseases like 
fibrosis and cancer (Nieto et al. Cell, 2016). Prrx1, identified as a novel EMT-TF in our lab, produces three different splice isoforms, 
whose functions remain to be characterized. We have tested the ability of each of these isoforms to induce EMT in vitro, and only the 
longest isoform (Prrx1L) is able to do so. To test the role of the different isoforms in vivo, we have generated isoform-specific mutant 
mouse lines that we are characterizing using the phenotype of the Prrx1 null mice in the skeleton and the vasculature (J.F. Martin et 
al. Genes & Development, 1995, K. Ihida-Stansbury et al. Circulation research, 2004). Using the postnatal retina as a model to study 
vasculogenesis, we have observed that Prrx1 is specifically expressed in mural cells. Consistent with this expression pattern, we 
have seen that the Prrx1 isoforms are essential for the integrity of the vasculature in the P6 retina and adult lungs. We are using the 
in vivo matrigel plug assay to dissect the function of Prrx1 isoforms in mural cells and their interaction with endothelial cells.
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THE ACTIN NUCLEATOR CYK-1/MDIA DRIVES CHIRALITY OF ACTOMYOSIN FLOWS AND FACILITATES 
LEFT-RIGHT SYMMETRY BREAKING IN EARLY C. ELEGANS EMBRYO’S
Teije Middelkoop (1), Porfirio Quintero Cadena (2), Lokesh Pimpale (1), Shahrzad Yazdi (3), Stephan Grill (1) 
(1), Biotec / TU Dresden, Dresden, Germany, (2) Division of Biology and Biological Engineering, California Institute of Technology, Pasadena, CA, USA, 
(3) Department of Materials Science and Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

The emergence of organismal left-right asymmetry has puzzled developmental biologists for decades. In recent years, actomyosin 
activity has proven to be instrumental in driving the chirality of various cells, tissues and organisms. While several myosin motors 
and actin nucleators of the Formin family can rotate helical actin filaments in vitro, little is known about how these activities can 
lead to the chirality of entire cellular actin networks in vivo. Recently, it was shown that the C. elegans actomyosin cortex generates 
active torques that drive chiral cortical flows and organismal left-right symmetry breaking. These chiral flows are dependent on the 
RhoA GTPase and its target non-muscle myosin II (NMII), but the underlying molecular mechanism remains elusive. By combining 
the strength of C. elegans genetics with quantitative live-imaging, we show that the activity of the Formin CYK-1/mDia is a key 
determinant for chiral morphogenesis of C. elegans embryos. Using both loss and gain of function genetic perturbations we show 
that CYK-1/mDia is instrumental for the chirality of cortical flows and proper left-right symmetry breaking. Our results are consistent 
with a mechanism in which active tension and torque generation in the actomyosin layer are molecularly distinct and driven by NMII 
and CYK-1/mDia respectively.
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MEIS TRANSCRIPTION FACTORS REGULATE ELECTRICAL CONDUCTION AND CARDIOMYOCYTE 
ASSEMBLING DURING DEVELOPMENT AND ADULT HEART HOMEOSTASIS
Noelia Muñoz-Martín (1), Vanessa Cadenas (1), Rocía Sierra (1), David Sedmera (2), Miguel Torres (1) 
(1) Cell and Developmental Biology Area, National Center for Cardiovascular Research (CNIC), Madrid, Spain, (2) Faculty of Medicine, Charles 
University, Prague, Czech Republic

Meis1 and Meis2 transcription factors had been previously associated with heart development, although their functions and 
expression patterns had not been precisely described in this context yet.

We described expression of Meis1 and Meis2 in working and conducting cardiomyocytes and generated two models for the 
simultaneous loss of function of Meis in developing and adult cardiomyocytes. We demonstrated that the double deletion of Meis1 
and Meis2 (dKO) in embryonic cardiomyocytes lead to perinatal death. Echocardiography studies revealed normal cardiac function. 
However, cardiac malformations, slower ventricular depolarization and higher frequency of arrhythmias were found in dKO fetuses, 
which are probably contributing to their lethality. 

The loss of function of Meis1 and Meis2 in adult cardiomyocytes produced interstitial fibrosis, mild-hypertrophy and slower ventricular 
conduction with preserved cardiac function, resembling the embryonic phenotype.

RNA-seq analysis in both models revealed decrease expression of Cx43, calcium and sodium channels. We hypothesized that 
those changes in gene expression, upon Meis1 and Meis2 loss of function, are impairing cardiomyocyte assembling and electrical 
conduction, and making the hearts more prompt to suffer arrhythmias. Moreover, gene set enrichment analysis related those gene 
expression changes, with the human cardiac pathology, Arrhythmogenic Ventricular Cardiomyopathy (AVC) and previous ChIP-seq 
data in the lab, pointed to Cacna1c (coding for Cav1.2 calcium channel), and Scn5a (coding for Nav1.5 sodium channel) as putative 
direct targets of Meis in cardiomyocytes. These results suggest that Meis1 and Meis2 could be goberning part of the phenotype 
found in AVC.
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POSTOVULATORY AGEING MODIFIES CA2+ HOMEOSTASIS IN MOUSE OOCYTES THROUGH A 
CONDITIONS-DEPENDENT, MULTI-PATHWAY MECHANISM
Anna Ajduk (1), Marcin Szpila (1), Agnieszka Walewska (1), Dorota Sabat-Pospiech (1), Patrycja Straczynska (1), Takao Ishikawa 
(2), Robert Milewski (3), Katarzyna Szczepanska (1) 
(1) Department of Embryology, University of Warsaw, (2) Department of Molecular Biology, University of Warsaw, (3) Department of Statistics and 
Medical Informatics, Medical University of Bialystok, Bialystok, Poland

Postovulatory ageing of mammalian oocytes occurs between their ovulation and fertilization and has been shown to decrease their 
developmental capabilities. Aged oocytes display numerous abnormalities, including altered Ca2+ signalling. Fertilization-induced 
Ca2+ oscillations are essential for activation of the embryonic development, therefore maintaining proper Ca2+ homeostasis is 
crucial for the oocyte quality. In the present paper, we show that the mechanism underlying age-dependent alterations in the 
pattern of sperm-triggered Ca2+ oscillations is more complex and multifaceted than previously believed. Using time-lapse imaging 
accompanied by immunostaining and molecular analyses, we found that postovulatory ageing affects the amount of Ca2+ stored in 
the cell, expression of Ca2+ pump SERCA2, amount of available ATP and distribution of endoplasmic reticulum and mitochondria in a 
manner often strongly depending on ageing conditions (in vitro vs. in vivo ). Importantly, those changes do not have to be caused by 
oxidative stress, usually linked with the ageing process, as they occur even if the amount of reactive oxygen species remains low. 
Instead, our results suggest that aberrations in Ca2+ signalling may be a synergistic result of ageing-related alterations of the cell 
cycle, cytoskeleton, and mitochondrial functionality.
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THE NUCLEAR RECEPTOR FTZ-F1 CONTROLS IN THE FAT BODY THE ORGANISM SYSTEMIC GROWTH IN 
DROSOPHILA MELANOGASTER
Ana Talamillo (1), Coralia Pérez (1), Josefa Cruz (2), David Martin (2), Rosa Barrio (1) 
(1) Functional Genomics, CIC bioGUNE, Derio, Spain, (2) Institute of Evolutionary Biology (IBE, CSIC-Universitat Pompeu Fabra), Barcelona, Spain

Developmental growth requires coordination with metabolic homeostasis, which depends on nutrient availability and the capacity to 
stored and mobilize these resources. In Drosophila, nutrients are stored primarily in the fat body, which functions as a nutrient sensor 
that links nutrition with systemic growth. We show that the nuclear receptor of the NR5 subfamily, Ftz-f1, is required in the fat body 
for larval systemic growth. Signaling from the fat body to the brain is disrupted affecting the systemic ecdysone levels. We show that 
Ftzf-f1 is a key factor necessary for the attainment of the critical weight at early L3 stage. This developmental decision corresponds 
to the human juvenile growth phase, suggesting a role for this nuclear receptor family in the coordination of growth with nutritional 
conditions and the timing of sexual maturation.
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ANTAGONISTIC ACTIVITIES OF VEGFR3/FLT4 AND NOTCH1B FINE-TUNE MECHANOSENSITIVE 
SIGNALING DURING CARDIAC VALVULOGENESIS
Federica Fontana (1), Timm Haack (2), Salim Abdelilah-Seyfried (1) 
(1) Institute of Biochemistry and Biology, University of Potsdam, (2) Institute of Molecular Biology, Hannover Medical School, D-30625 Hannover, 
Germany

The formation of cardiac valve leaflets is strictly dependent on mechanical forces exerted by blood flow. Endocardial cells that 
line the interior of the heart are sensitive to this biomechanical stimulus and respond by arranging into luminal cells subjected to 
shear stress and abluminal cells which are not exposed to it. The means by which biomechanical stimuli are sensed and how they 
evoke different responses by endocardial cells during this highly dynamic process are largely unknown. Here we show that blood 
flow not only activates shear stress-responsive gene expression but also suppresses programs of no-shear stress regions. We 
find that blood flow activates two parallel mechanosensitive pathways, one mediated by Notch and the other by Klf2a, which are 
both particularly strongly expressed within a characteristic subset of luminal cells we named “heel cells”. We also identify the 
angiogenesis receptor Vegfr3/Flt4 as an important player in mechanosensitive signaling and find that it is negatively regulated by 
both pathways during zebrafish cardiac valvulogenesis. Vegfr3/Flt4 becomes restricted to abluminal endocardial cells, which have 
mesenchymal characteristics. Its loss results in the occurrence of abluminal endocardial cells that express the luminal fate marker 
Notch and causes a disruption in valve morphogenesis. Our work explains how mechanosensitive signaling by Vegfr3/Flt4 on the 
abluminal side and antagonistic signaling by Notch on the luminal side shapes cardiac valve leaflets by triggering unique differences 
in the fates of endocardial cells.
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A NOVEL ROLE OF THE REPROGRAMMING FACTOR OCT4 IN VALVE DEVELOPMENT AND DISEASE
Michel Puceat (1), Emilye Hiriart (1), Terence Gee (2), Emily Farrar (2), Jonathan Butcher (2) 
(1) physiopathology of Cardiac development, INSERM U1251 Faculte de medecine La timone, Marseille, France, (2) Cornell University Ithaca, New-
York, USA

Oct4 (Pou5f1) is a reprogramming factor involved in epithelio-to-mesenchymal transition during development and diseases. 

Here using ISH, immunofluorescence, and single cell-PCR, we found that Oct4 was transiently reexpressed in a subset of cells in the 
atrioventricular canal (AVC) and outflow tract (OFT) of E9.5-10.0 mouse embryos. Lineage tracing using the Oct4CreERT2 mouse bred 
with a ROSA26tdT (Cre induced by tamoxifen at E8.0) revealed tomato+ cells originating from the pharyngeal endoderm migrating 
through the OFT and lining the myocardium both in the OFT and AVC. Tomato+ cell clones were found in neonatal valves. Single 
cell sequencing was performed from FACS-sorted tomato+ cells dissected from PE, OFT and AVC at E9.5 and showed that cells 
expressed endocardial and osteogenic genes

OFT or AVC Pou5f1 null explants were cultured on collagen gels. Alternatively, a gain of function was induced by transfecting Pou5f1 
cDNA in the AVC prior to microdissection and explant culture. OCT4 increased the invasive properties of mesenchymal cells and 
primed the cells toward a chondrogenic fate while OCT4-null explants showed a poor EMT. 

ChIP-seq of OCT4-overexpressing pig VIC uncovered that Oct4 targets chondrogenic genes (runx1, cadherin11, osteonectin…). Oct4 
was induced by inflammatory or osteogenic conditions in both adult VEC and VIC. Interestingly, Oct4 was rexpressed in human 
calcified valve. Deletion of Oct4 in the Tie2 lineage prevented calcification and aortic stenosis in ApoE-/- mice fed with high fat diet 

OCT4 marks a novel valvular lineage that may specifically contribute to chondrogenic cells in the valve and that is reactivated under 
pathological conditions.

P H -13 

CO-CULTURE OF RABBIT PREIMPLANTATION EMBRYOS WITH RABBIT OVIDUCT EPITHELIAL CELLS 
(ROECS) AFFECTS IN VITRO DEVELOPMENT AND FIRST LINEAGE DIFFERENTIATION
Anna Chołoniewska (1), Anna Duszewska (2), Jacek, A. Modlićski (1), Anna Piliszek (1) 
(1) Department of Experimental Embryology, Institute of Genetics and Animal Breeding of the Polish Academy of Sciences, Magdalenka, Poland, (2) 
Department of Morphological Sciences, Faculty of Veterinary Medicine, University of Life Sciences, Warsaw, Poland 

Rabbit embryo preimplantation development in in vitro culture greatly differs from that in vivo. Rabbit embryos cultured in vitro from 
zygote to 5.0 dpc (blastocyst stage) develop slower than in vivo, have significantly lower total cell numbers and higher percentage of 
cells that fail to differentiate into either of first cell lineages: trophectoderm (TE), primitive endoderm (PrE) or epiblast (EPI). One of 
the strategies to improve in vitro culture conditions is to mimic the in vivo environment by addition of oviduct epithelial cells (OEC). It 
was shown before on several mammalian models that embryo culture with OEC have some positive effect on embryo development 
and gene expression pattern, but the results were inconclusive. 

In our study, we analysed the outcomes of in vitro co-culture of rabbit preimplantation embryos with extracellular vesicles created 
from rabbit oviduct epithelial cells (ROEC). Rabbit embryos (n=58) were cultured up to expanded blastocyst stage (5 dpc) in RDH 
medium, and then fixed and scored for cell number and differentiation of embryonic cell lineages. Proper differentiation and cell 
number of specific cell lineages were based on immunolocalisation of lineage-specific transcription factors: CDX2 for TE, SOX2 for 
EPI, and SOX17 for PrE.

Our results show that co-culture of rabbit preimplantation embryos with ROEC extracellular vesicles have strongly deleterious effect 
on embryo quality, compared with control. Embryos from co-culture have lower blastocyst hatching rate, have significantly less cells 
compared to controls and have higher percentage of cells that fail to express lineage-specific markers.
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HOW WORMS COUNT TIME
Lucas Morales Moya, Helge Grosshans
Friedrich Miescher Institute for Biomedical Research, Basel, Switzerland

The development of multicellular organisms relies on the coordination of different processes at precise times, often requiring 
expression of particular gene modules at specific times. However, the mechanism that time and coordinate developmental processes 
is still poorly understood.

A splendid system to study developmental transitions and timing is the Caenorhabditis elegans larva, as its development is invariant, 
known at cellular resolution, and trackable by time-lapse microscopy 

across all four larval stages. Moreover, genes have been identified that control the temporal stage identity, such that their mutations 
cause either skipping or repetition of stage-specific programs. 

These so-called heterochronic genes are thought to be expressed in a monotonical fashion, with upstream pathway genes typically 
repressing their direct downstream target. However, how these genes bring about developmental transitions at specific times and 
with enough robustness is still poorly understood. We are particularly interested in the interplay of the heterochronic pathway and 
a separate potential timing system involving large sets of genes that exhibit oscillatory expression in synchrony with each larval 
stage. Hence, to obtain a better understanding of the control of developmental timing in C. elegans, we are combining quantitative 
data and mathematical modelling.
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A NOVEL ADAPTATION MECHANISM TO ENSURE ROBUST TISSUE MIGRATION VIA DYNAMIC BUFFERING 
OF EXTRACELLULAR CHEMOKINE
Mie Wong (1), Lionel Newton (2), Jonas Hartmann (2), Marco Hennrich (2), Malte Wachsmuth (3), Paolo Ronchi (2), Alejandra 
Guzman Herrera (2), Yannick Schwab (2), Anne-Claude Gavin (2), Darren Gilmour (1) 
(1) Institute of Molecular Life Sciences, University of Zurich, Switzerland, (2) EMBL Heidelberg, Germany, (3) Luxendo GmbH, Heidelberg, Germany

Robustness is ubiquitously observed in biological systems to ensure that living cells maintain a stable outcome in changing and 
challenging environments. A key tissue-shaping process during development is directed cell migration, yet the adaptation mechanisms 
that lead to its robustness under input variations are poorly understood.

We take an experimental approach that combines quantitative imaging with inducible perturbation experiments to address this 
fundamental question using the zebrafish lateral line primordium, a migrating tissue guided by Cxcr4-mediated chemokine signalling. 
Upon exposure to abrupt ‘chemokine floods’, migrating tissues halt transiently before returning to the baseline migration behaviour 
in the continued presence of elevated chemokine, demonstrating perfect adaptation. Investigation into the underlying mechanism 
revealed a chemokine-dependent phosphorylation of the scavenger receptor Cxcr7b. This post-translational modification reroutes 
Cxcr7b from constitutive degradation to cell surface recycling, thereby coupling scavenging capacity to extracellular chemokine 
levels. We finally show that Cxcr7b phosphorylation is not required for tissue migration in the presence of physiological chemokine, 
but essential when chemokine levels are increased. This work uncovers a new feedback mechanism where the adaptation burden 
is shifted from a canonical GPCR to an autonomously acting scavenger receptor that dynamically buffers the extracellular guidance 
cue. We predict that this ‘outsourcing’ strategy for adaptation will be general to other cell and tissue mobilisation contexts such as 
immune response, stem cell homing, and pathological invasion.
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PLASTICITY AND DETERMINANTS OF ZEBRAFISH SEX DIFFERENTIATION
Bon-chu Chung
Institute of Molecular Biology, Academia Sinica, Taipei, Taiwan

Zebrafish has been a popular model organism for genetic analysis and drug screening, and large quantities of zebrafish embryos are 
often needed for the research. It is important to understand the mechanism of zebrafish reproduction to ensure proper production 
of progeny. Zebrafish adopts a female dominant ZZ/ZW system in sex determination. In order to investigate the difference of gene 
expression in premeiotic germ cells controlled by W and Z locus, we performed RNA-seq analysis. Premeiotic gonads from larvae 
of W hybrid fish or Z hybrid fish at 12- and 14-days postfertilization were dissected out and GFP+ germ cells were isolated by flow 
cytometry for RNA-seq analysis. We detected induction of genes in meiotic cell cycles in W hybrid germ cells at 12 days of age. 
This data indicates that presumptive female gonads initiate meiotic gene expression during the proliferating phase of the germ 
cell development. We also detected the expression of a germ-cell specific gene, foxl3, in proliferating germ cells. When germ cells 
enter meiosis, foxl3 expression was turned off. When foxl3 was disrupted by the CRISPR technique, the resulting mutant fish were 
all males, and their germ cell number was reduced. This result indicates the importance of foxl3 in zebrafish sex determination. Its 
deficiency leads to female-to-male sex reversal probably due to the deficiency of proper germ cell proliferation.
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MODELLING THE PATHOLOGICAL LONG-RANGE REGULATORY EFFECTS OF HUMAN STRUCTURAL 
VARIATION WITH PATIENT-SPECIFIC HIPSCS
Álvaro Rada-Iglesias (1), Magdalena Laugsch (2), Michaela Bartusel (2), Rizwan Rehimi (2), Hafiza Alirzayeva (2), Agathi 
Karolidou (2), Giuliano Crispatzu (2), Peter Zentis (3), Milos Nikolic (2), Tore Bleckwehl (2), Petros Kolovos (4), Wilfred F.J. van 
Ijcken (5), Tomo Šarić (6), Katrin Koehler (7), Peter Frommolt (3), Katherine Lachlan (8), Julia Baptista (9) 
(1) Institute of Biomedicine and Biotechnology of Cantabria (IBBTEC), University of Cantabria/CSIC, Santander, España, (2) Center for Molecular 
Medicine Cologne (CMMC), University of Cologne, Germany, (3) Cluster of Excellence Cellular Stress Responses in Aging-Associated Diseases 
(CECAD), University of Cologne, Germany, (4) Biotech Research and Innovation Centre (BRIC), University of Copenhagen, Denmark, (5) Erasmus 
Medical Center, University of Rotterdam, The Netherlands, (6) Institute for Neurophysiology, University of Cologne, Germany, (7) Department of 
Pediatrics, University Clinic Carl Gustav Carus, Dresden, Germany, (8) Human Genetics & Genomic Medicine, University of Southampton, UK, (9) 
Institute of Biomedical and Clinical Science, University of Exeter Medical School, Exeter, UK

The pathological consequences of structural variants disrupting 3D genome organization can be difficult to elucidate in vivo due 
to differences in gene dosage sensitivity between mice and humans. This is illustrated by Branchiooculofacial Syndrome (BOFS), 
a rare congenital disorder caused by heterozygous mutations within TFAP2A, a neural crest regulator for which humans, but not 
mice, are haploinsufficient. Here we present a BOFS patient carrying a heterozygous inversion with one breakpoint located within a 
Topologically Associating Domain (TAD) containing enhancers essential for TFAP2A expression in human neural crest cells (hNCC). 
Using patient-specific hiPSCs, we show that, although the inversion shuffles the TFAP2A hNCC enhancers with novel genes within 
the same TAD, this does not result in enhancer adoption or ectopic gains in gene expression. Instead, the inversion disconnects 
one TFAP2A allele from its cognate enhancers, leading to monoallelic and haploinsufficient TFAP2A expression in patient hNCC. 
Therefore, our work highlights the power of hiPSCs differentiation to unveil the pathological mechanisms whereby structural 
variants can cause congenital abnormalities. Furthermore, our work shows that placing enhancer and genes within the same TAD 
is not sufficient for enhancer adoption to take place, suggesting that additional and largely unknown regulatory layers are required 
for efficient enhancer-gene communication. Lastly, we will present preliminary data illustrating how we are trying to dissect the 
regulatory logic governing the compatibility and responsiveness between genes and enhancers, which we believe, includes genetic, 
epigenetic and structural factors.
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A CONSERVED MOLECULAR CASCADE INITIATES TROPHECTODERM DIFFERENTIATION IN HUMAN, 
BOVINE AND MOUSE EMBRYOS PRIOR TO BLASTOCYST FORMATION
Claudia Gerri (1), McCarthy Afshan (1), Alanis-Lobato Gregorio (1), Demtschenko Andrej (2), Bruneau Alexandre (3), Loubersac 
Sophie (3), Elder Kay (4), Snell Phil (4), Christie Leila (4), David Laurent (3), Van de Velde Hilde (2), Fouladi-Nashta Ali (5), Niakan 
Kathy (1) 
(1) Human Embryo and Stem Cell Lab, The Francis Crick Institute, London, United Kingdom, (2) Department of Reproduction and Immunology, 
Vrije Universiteit Brussel, Belgium, (3) CRTI, UNIV Nantes, INSERM, Nantes, France, (4) Bourn Hall Clinic, Bourn, Cambridge, UK, (5) Comparative 
Biomedical Sciences Department, Royal Veterinary College, Hawkshead Campus, London, UK

Current understanding of cell specification in early mammalian preimplantation development is mainly based on mouse studies. The 
first lineage differentiation event occurs at the morula stage with outer cells initiating a trophectoderm (TE) program to become 
the earliest placental progenitors. At subsequent developmental stages, the inner cell mass (ICM) arises from the remaining cells 
and is comprised of precursor cells of the embryo proper and yolk sac. Notably, recent gene expression analyses suggest that 
factors involved in lineage specification in the mouse may not be conserved in other mammals, including human and bovine. Here, 
we examined evolutionary conservation of cell dynamics and a molecular cascade initiating TE segregation in mouse, bovine and 
human embryos using a comparative embryology approach. Importantly, we discovered that the expression pattern of key TE 
lineage-associated factors is conserved among all three species. Specifically, at the morula stage outer cells acquire an apico-basal 
cell polarity and show nuclear expression of the Hippo signaling pathway effector YAP1 and of the transcription factor GATA3, 
suggesting initiation of a TE program. We also demonstrate that inhibition of aPKC, a key cell polarity factor, impairs TE initiation at 
the morula stage in mouse, bovine and human embryos. Altogether, our comparative embryology analysis refines the current model 
of early lineage specification in human preimplantation embryos and indicates an evolutionary conserved mechanism of TE initiation 
in mouse, bovine and human embryos.
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AN ATRIAL FIBRILLATION SUSCEPTIBILITY LOCUS IS A DISTAL ENHANCER THAT CONTROLS THE 
CARDIAC EXPRESSION OF THE GJA1 GENE IN MAMMALS
Jesus Victorino, Isabel Rollan, Javier Adan, Miguel Manzanares
Centro Nacional de Investigaciones Cardiovasculares Carlos III (CNIC), Madrid, Spain

Atrial Fibrillation (AF) is the most common cardiac arrhythmia in humans1. Genomic studies have linked more than 30 loci to the 
disease in non-coding regions2,3,4; however, the molecular mechanisms by which these associations could be predisposing to AF 
remain unknown. In this project, we are studying the functional genomics governing AF susceptibility through the characterization 
of AF-associated regulatory elements. We are building maps of enhancer elements associated to the disease and identifying their 
target genes using chromosome conformation capture techniques, CRISPR-based technology and massively parallel reporter assays 
(MPRA) that allow us to test libraries of genomic DNA searching for enhancers. We have performed reporter assays in transgenic 
mouse embryos identifying disease-associated cardiac enhancer elements. Hi-C data carried out in hiPSC-CM helped identifying 
candidate genes to be regulated by the described enhancers. We found a distal element, >700 kb downstream GJA1 gene, with 
conserved function across mammals driving cardiac expression specifically. The enhancer activity starts during development (E9.5) 
and remains in the adulthood. Our data suggest that control of gene expression of a member of intercellular channels involved in 
cardiomyocyte communication may account for AF susceptibility risk.
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SCHIZOPHRENIA RISK GENE DLG2 CONTRBUTIES TO CORTICAL INTERNEURON DEVELOPMENT
Asmaa Ghazwani (1), Andrew Pocklington (2), Eunju Jenny Shin (1) 
(1) Neuroscience and Mental Health Research Institute, Cardiff University, United Kingdom, (2) MRC Centre for Neuropsychiatric Genetics and 
Genomics, Cardiff, United Kingdom

DLG2 gene encodes the protein Discs Large Homolog 2, which acts as a postsynaptic scaffolding protein. This protein provides 
a connection between membrane-bound receptors and ion channels and downstream signalling molecules. Together with other 
postsynaptic proteins DLG2 is known to play a significant role in complex learning, attention and cognitive flexibility, whilst in multiple 
cases de novo deletions of DLG2 have been reported in schizophrenic individuals. In contrast to the well-established role in mature 
synapses, the current study proposes its role during neural development as with its RNA expression in ventricular zone of medial 
ganglionic eminence (MGE) of embryonic mouse brain. We investigated its possible role on cortical interneuron development using 
human embryonic stem cells (hESCs) and mouse embryonic brain. The phenotypes of both DLG2-/- (KO) and DLG2+/+ (WT) hESC 
lines were characterized at two developmental stages during cortical interneuron differentiation, utilising immunocytochemistry, 
timelapse imaging (IncuCyte®) and morphology (Neurolucida 360) assay. Significant differences were found in the expression of 
NKX2.1, CoupTFII and OLIG2 at day 20 neural precursors; and PV, SST, Calretinin, Calbindin, GAD67 and GABA at day 50, in mature 
cortical interneurons. DLG2 KO neurons migrated slower and shorter distances and showed less complicated neurites with smaller 
soma than WT neurons. Characterisation of DLG2 KO embryonic mouse brain (E15.5) is on-going. The results found in DLG2 KO 
cultures suggest a potential role for DLG2 in regulating cortical interneuron fate specification, tangential migration and neuronal 
maturation, indicating a possible contribution towards excitation-inhibition imbalance in schizophrenia.
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ETIOLOGY AND PREVENTION FROM NTDS LINKED WITH WNT-PCP SIGNALLING PATHWAY
Jose Caro-Vega (1), Noelia Sola-Idigora (1), Beatriz Fernandez-Santos (1), Lucas Cerrillos (2), Antonio González-Menes (3), 
Cristina Mesa-Cruz (1), Patricia Ybot-Gonzalez (1,4) 
(1) Grupo de neurodesarrollo, Hospital Virgen del Rocio/IBiS Sevilla, (2) UGC Ginecologia y Obstetricia. Hospital Virgen del Rocio. Sevilla. (3) UGC 
Pediatria Hospital Virgen del Rocio. Sevilla. (4) UGC Neurologia y Neurofisiologia. Hospital Virgen Macarena/IBiS. Sevilla. Spain

Neural tube (NT) closure is a complex developmental process that is regulated to a great extent by the non-canonical Wnt signalling 
pathway (Wnt-PCP). This pathway controls actin cytoskeleton which in turn is responsible for cell specification progresses and the 
significant changes in shape of neuromesodermal progenitors and their progeny prior to their incorporation into the NT towards 
closure of the posterior neuropore. Mutation of genes in this pathway yields embryos that exhibit severe NT defects owing to 
failure of initiation of NT closure. However, there is a clear evidence for the Wnt-PCP pathway to be involved in the final step in 
neurulation. Mouse embryos homozygous for Wnt-PCP gene mutations exhibit craniorachischisis, making difficult to study the role 
of those genes during the later stages of the neural tube closure. Heterozygous embryos have offered instead better tool into the 
molecular and cellular study of caudal NT defects. Histological studies revealed that a high number of E11.5 Vangl+/lp embryos fail 
to fuse completely the neural folds in the most caudal region of the NT. This malformation is “rescued” by a cellular aggregate that 
seal the NT, however, although the closure occurs, the neural ectoderm remains morphologically altered. Our results suggest that the 
Looptail heterozygous embryo can be a mouse model for spina bifida occulta in humans. Understanding the cellular and molecular 
mechanisms that drive the posterior neural plate folding has allowed our lab to design new strategies towards prevention of this 
NTD.
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MATERNAL AGE, OBESITY AND DIABETES IN EMBRYONIC DEVELOPMENT. A MURINE MODEL
Joaquín Lilao-Garzón (1), Yeray Brito-Casillas (1), Ana B Expósito-Montesdeoca (1), Tina Balayo (1), Ana Wägner (2), Silvia 
Muñoz-Descalzo (1) 
(1) Instituto Universitario de Investigaciones Biomédicas y Sanitarias (IUIBS), Universidad Las Palmas de Gran Canaria (ULPGC), (2) Servicio 
Endocrinología y Nutrición. Complejo Hospitalario Universitario Insular Materno-Infantil de Gran Canaria

Modern societies are facing a major issue due to a reduced birth rate related to the current lifestyle. One of the main factors is the 
increased maternal age. First-time mother’s age in Spain has increased from 24.8 years old to 30.9 years old in the last 40 years (INE).

Another issue in modern societies is high fat diets and sedentary lifestyle, which are responsible of diseases that affect fertility such 
as obesity and diabetes mellitus (DM). In 2014, there were 422 million diabetic people, and its prevalence is increasing alongside 
the obesity, causing the death of 1.5 million people each year (WHO). Both obesity and DM result in an increase early miscarriage 
rate and can be the cause of congenital heart and neural tube malformations. Furthermore, it has been described that all these 
factors (age, obesity and DM) have an effect in the offspring’s overall health making them more susceptible to obesity, DM and 
cardiovascular diseases.

The purpose of our work is to find out how these different factors affect embryonic development from fecundation till offspring birth. 
To pursue this we have established new C57BL/6J mouse models for age, obesity and DM, by modifying their diet at the adolescence 
(12 weeks) and at pre-menopause age (12 months).

In this study we validate the mouse models for age, obesity and DM by showing their metabolic state. Their fertility is assessed 
by number of obtained embryos and number of born pups. Quantitative immunofluorescence analysis is used to characterize early 
embryonic defects.
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RAB23 REGULATES AP-2/CLATHRIN-MEDIATED ENDOCYTOSIS AND UNDERPINS THE DEVELOPMENT OF 
MULTIPLE ORGANS
Md. Rakibul Hasan, Maarit Takatalo, Hongqiang Ma, Kirsi Alakurtti, Tuija Mustonen, David P Rice
Oral and maxillofacial diseases department, University of Helsinki, Finland

Ras-associated binding proteins (RABs) are small GTPases that play diverse functions in cellular membrane trafficking. RAB23 is 
unusual amongst RABs in that it is proposed to have regulatory functions during organogenesis. The role of RAB23 in endocytosis 
is still to be clarified and how its function in cell trafficking may regulate development is an open question. We demonstrate that 
RAB23, clathrin and the β-adaptin subunit of the clathrin adaptor protein 2 (AP-2) collectively modulate nascent vesicle formation 
during membrane trafficking. We establish that Rab23 mutant mice replicate all the features of Carpenter syndrome (Carpenter 
syndrome type-1) a multi-feature recessive developmental condition caused by loss-of-function mutations in RAB23, with defects 
in heart, skeleton, brain, kidney, limbs and face development. The Rab23 mutation impairs ligand-receptor internalization and TGFβ 
growth factor signalling. Our data indicates that RAB23 has a central role in regulating multiple growth factor signalling pathways 
which when disrupted results in a plethora of diverse developmental patterning and organogenesis defects.



2 5 32 5 2 EDBC2019EDBC2019A B S T R A C T S A B S T R A C T S

P I - 9 

DLG2 HAS A NOVEL ROLE IN HUMAN CORTICAL PROJECTION NEURON DEVELOPMENT
Bret Sanders (1), Tom Steward (2), Daniel Whitcomb (2), Andrew Pocklington (3), Eunju Jenny Shin (1) 
(1) Neuroscience and Mental Health Research Institute, Cardiff University (2) Bristol Medical School, the University of Bristol, (3) MRC Centre for 
Neuropsychiatric Genetics and Genomics, Cardiff University. United Kingdom

Discs large homologue 2 (DLG2) is a membrane associated guanylate kinase protein with an established role as a scaffold in the 
postsynaptic density (PSD) where it regulates receptor clustering and signal transduction, contributing to higher cognition. Recurrent 
de novo deletions of DLG2 have been identified in schizophrenic individuals. Although DLG2 mRNA expression has been reported in 
human embryonic brain and human embryonic stem cell (hESC) -derived neural precursors (NPCs), its functional role during neural 
development has yet to be studied.

Studying cortical differentiation of hESCs we uncovered a novel role for DLG2 in neuronal cell-fate determination, migration and 
maturation. Although a similar amount of postmitotic neurons were generated in DLG2 knockout (KO) and wildtype cultures, neurons 
lacking DLG2 showed simplified neuronal morphology and altered cortical layer identity including the expression of TBR1 and 
CTIP2. RNA-seq analysis revealed many protein-coding genes to be differentially expressed in DLG2 KO cells across developmental 
stages, peaking during early neurogenesis, long before PSD formation. Gene set enrichment analyses of differentially expressed 
genes indicated significant dysregulation of several developmental processes (e.g. increased NPC proliferation and adhesion to 
extracellular matrix, decreased neuronal migration and immature neuronal electrical properties), all of which were confirmed by 
experimental assays. 

This study uncovers a novel neurodevelopmental role for DLG2, independent of currently well-known role in PSD. Subsequent analyses 
of human genetic data indicate that neurodevelopmental processes dysregulated in DLG2 KO cells contribute to schizophrenia 
aetiology (see companion abstract by Pocklington).
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DLG2 REGULATES GENE EXPRESSION PROGRAMMES ASSOCIATED WITH COMPLEX NEUROPSYCHIATRIC 
DISORDERS DURING EARLY NEUROGENESIS
Andrew Pocklington (1), Bret Sanders (2), Elliott Rees (1), Michael Owen (1), Jenny Shin (2) 
(1) MRC Centre for Neuropsychiatric Genetics & Genomics, Cardiff University, (2) Neuroscience and Mental Health Research Institute, Cardiff 
University, United Kingdom

Neuropsychiatric disorders such as intellectual disability, autism, schizophrenia and attention deficit hyperactivity disorder are widely 
understood to have a major neurodevelopmental component. However, due to the genetic complexity of these disorders, the precise 
developmental processes contributing to disease aetiology (the relevant phase(s) of development, cell-types and aspects of cellular 
function) remain elusive.

Recurrent de novo deletions of disks large homolog 2 (DLG2) have been identified in individuals with schizophrenia. DLG2 encodes 
a MAGUK scaffolding protein with a widely studied role in postsynaptic signal transduction at mature excitatory synapses. 
Studying cortical excitatory neuron differentiation from human embryonic stem cells we uncovered significant dysregulation of 
neurodevelopmental processes in DLG2 knockout (KO) cultures compared to wildtype controls (see companion abstract by Shin). To 
investigate whether DLG2 deletion impacts cellular processes relevant to disease, we tested whether genes differentially expressed 
in KO lines at specific developmental time-points were enriched for genetic variants associated with disease.

Genes significantly down-regulated in DLG2 KO lines during early neurogenesis were highly enriched for genetic variants 
associated with schizophrenia. This enrichment for genetic association was concentrated in two subsets of genes with distinct 
neurodevelopmental expression profiles. Within these two subsets, genetic association was distributed across multiple classes of 
genes regulating neurogenesis and the structural and active properties of developing neurons. These subsets also contain genes 
disrupted by risk variants for other neuropsychiatric conditions, indicating that perturbation of these processes contributes to a wide 
range of neurodevelopmental disorders.
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THE TSHZ3 GENE AS A NEW PLAYER IN AUTISM SPECTRUM DISORDER
Laurence Had, Ahmed Fatmi, Laurent Fasano
Aix-Marseille Université, CNRS, IBDM, Marseille, France

The teashirt 3 gene encodes the third mammalian member of a zinc-finger and homeobox family of transcription factors. It is known 
to be required for the proper development or functioning of hindbrain neuronal subpopulations involved in the control of breathing. 
It is also expressed in other brain structures, where its function remains mainly unknown. We have recently shown that patients 
with a single copy deletion of a region encompassing the TSHZ3 gene or heterozygous Tshz3 mutant (Tshz3+/lacZ) mice present 
both autistic traits with impaired social interactions, restricted interests and repetitive behaviors. In null-mutant mice before birth, 
the molecular signature of deep-layer glutamatergic projections neurons from the cortex is particularly altered, in accordance with 
altered midfetal cortical development as a main substrate for autism. However, further analyzing the behavioral phenotype of 
heterozygous Tshz3 mutant (Tshz3+/lacZ), we found that: 

- Tshz3+/lacZ mice present subnormal horizontal exploration due to spontaneous repetitive behavior
- Interaction with conspecifics is also impaired in Tshz3+/lacZ mice partly because of spontaneous repetitive behavior
- Tshz3+/lacZ mice present a marked repetitive jump escape behavior when confined in anxiogenous empty lit spaces
- Jump escape behavior is associated with an abnormal activity of glutamatergic neurons in the basomedial amygdala

This work suggests that the basomedial amygdala may be a therapeutic target to prevent spontaneous repetitive behaviors and/or 
excessive specific phobia associated with autism spectrum disorder. 

All together, these data also point to TSHZ3 as a master gene in a transcriptional regulatory network whose alteration at different 
nodes can lead to ASD symptoms.
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CHARACTERIZATION OF A NEW CCDC40 ZEBRAFISH MUTANT GENERATED BY CRISPR-CAS9
Margarida Rasteiro (1), Andreia Pinto (2), Susana Lopes (1) 
(1) CEDOC, Chronic Diseases Research Centre, NOVA Medical School, Lisbon, Portugal, (2) Royal Brompton & Harefield NHS Foundation Trust

PCD (primary ciliary dyskinesia) is caused by mutations in genes codifying for cilia components, among them the CCDC40. This 
protein is an adapter needed for the IDA (inner dynein arms) and radial spoke attachment to the A-tubule of the microtubule doublets. 

We have generated a CRISPR-Cas9 mutant line with a two-base insertion causing a reading frame adjustment. This adjustment 
inserts a downstream stop codon resulting in a truncated protein. The mutated region in the zebrafish is homologous to a mutation 
hotspot in humans (c.961 C>T). 

The study of this zebrafish mutant intends to understand molecularly the organ situs defects. In the left-right organizer - Kupffer’s 
vesicle (KV) in zebrafish - we have analysed fluid flow pattern, cilia beat frequency (CBF), length and ultrastructure.

Currently, we know that the progeny of two heterozygous zebrafish shows 15% of heterotaxia. In homozygous mutants, the KV CBF 
is not altered but the beating pattern is irregular compared to controls. Additionally, the KV cilia length is reduced. 

Regarding other ciliated organs, such as the olfactory pit, the cilia are completely immotile. The ciliary ultrastructure may provide an 
explanation for the previous results regarding cilia motility. KV cilia only lack IDA while in the olfactory pit cilia both IDA and ODA are 
absent. Cilia in both organs show disarranged microtubules. 

This new mutant line shows a ciliary phenotype similar to human patients carrying homologous mutations and therefore can be used 
to test gene therapy approaches either transient (wildtype mRNA, mRNA associated with carriers) or permanent (CRISPR-Cas9).
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YYLNCT DEFINES A CLASS OF DIVERGENTLY TRANSCRIBED LNCRNAS AND SAFEGUARDS THE 
T-MEDIATED MESODERMAL COMMITMENT OF HUMAN PSCS
Stefan Frank (1), Deniz Bartsch (1), Gaurav Ahuja (1), Wenjie Yao (1), Chandrashekhar Kanduri (2), Joseph Kou (1), Ivan Gesteira 
Costa Filho (1), Leo Kurian (1) 
(1) Center for molecular medicine, University of Cologne, Germany, (2) University of Gothenburg, Sweden

Human protein-coding genes are often accompanied by divergently transcribed non-coding RNAs whose functions, especially in cell 
fate decisions, are poorly understood. Using an hESC-based cardiac differentiation model, we define a class of divergent lncRNAs, 
termed yin yang lncRNAs (yylncRNAs), that mirror the cell-type-specific expression pattern of their protein-coding counterparts. 
yylncRNAs are preferentially encoded from the genomic loci of key developmental cell fate regulators. Most yylncRNAs are spliced 
polyadenylated transcripts showing comparable expression patterns in vivo in mouse and in human embryos. Signifying their 
developmental function, the key mesoderm specifier BRACHYURY (T) is accompanied by yylncT, which localizes to the active T locus 
during mesoderm commitment. Mechanistically, yylncT binds the de novo DNA methyltransferase DNMT3B, inhibiting its activity 
at the active T locus during mesoderm differentiation. Consistent with a transcript-specific function, the depletion of yylncT causes 
aberrant local DNA methylation and disrupts the activation of the T locus, abolishing mesoderm commitment. Collectively, we report 
a lncRNA-mediated regulatory layer safeguarding embryonic cell fate transitions.
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MIMICKING CONGENITAL DISORDERS OF GLYCOSYLATION IN MEDAKA UNRAVELS THE ROLE OF 
N-GLYCOSYLATION IN VERTEBRATE NERVOUS SYSTEM DEVELOPMENT
Sevinc Gucum, Thomas Thumberger, Joachim Wittbrodt
Animal Physiology, COS (Centre for Organismal Studies), Heidelberg, Germany

Glycosylation is one of the most common forms of posttranslational modifications. This complex sugar branching pathway modulates 
folding, stability, transportation and, hence, overall protein function. Recessive mutations in enzymes catalyzing N-glycosylation 
result in Congenital Disorders of Glycosylation (CDG), which are rare genetic and multisystemic disorders with pronounced effects in 
the nervous system. Although the function of N-glycosylation enzymes is well characterized in yeast, studying their function during 
vertebrate development is not trivial due to embryonic lethality upon complete loss-of-function. One strategy to circumvent this, is 
the generation of hypomorphs that have residual enzyme activity. As N-glycosylation enzymes are highly conserved across most 
vertebrates we introduced a known human patient mutation into the orthologous region in medaka to generate a novel disease 
model. Insertion of an alpha-1,3/1,6-mannosyltransferase (Alg2) C-terminal early stop codon via CRISPR/Cas9 in medaka resulted in 
a multisystemic phenotype that closely reflects the human phenotype. Reduced white matter in the mid- and hindbrain of medaka 
directly correlates to the reduction of white matter in the patient case, which hints towards reduced myelination of neurons. Both fish 
and the patient are suffering from heart arrhythmias and coagulopathies. Vision abnormalities of the patient with coloboma of the 
iris is correlating with eye phenotypes in medaka including rod and cone cell abnormalities. Our project overall showed that medaka 
is a good model organism to unravel the function of N-glycosylation in vertebrate neural system development with a high clinical 
relevance for probing novel therapeutic avenues.
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SNAIL CONTROLS BONE LENGTH
Sonia Vega, Cristina Lopez-Blau, Joan Galcerán, María Ángela Nieto
Instituto De Neurociencias De Alicante, San Juan, Spain

Non-endocrine dwarfism is caused by different activating mutations in the Fgfr3 gene. This aberrant activation of the FGF pathway 
leads to a decrease in bone length and defects in chondrocyte differentiation. The severity of the phenotype varies with the specific 
mutation, ranging from hypochondroplasia and achondroplasia to the most severe, thanatophoric dysplasia. We previously found 
that the mediator of the FGFR3 pathway in the developing bone is the Snail1 transcription factor. Snail1 overexpression is sufficient 
to induce achondroplasia in mice, and its expression is highly increased in bones from stillborn thanatophoric fetuses. We have now 
assessed the impact of Snail1 attenuation in an inducible mouse model where Snail1 expression can be attenuated specifically 
in chondrocytes upon tamoxifen administration (Col2CreERT2:Snail1flox/flox). We show that the downregulation of Snail1 levels 
in chondrocytes generates embryos and mice with increased bone length when compared to the wild type condition. The latter 
indicates that Snail levels control bone length. Furthermore, we show that the inhibition of Snail1 expression partially rescues 
the achondroplasia phenotype caused by mutations in the Fgfr3 gene. Thus, our data also show that Snail1 behaves as a good 
therapeutic target for achondroplasia.
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THE CONTROL OF EPITHELIAL/MESENCHYMAL TRANSITIONAL STATES
Khalil Kass Youssef, Hassan Fazilaty, Aida Arcas, Diana Abad, Cristina Lopez-Blau, Sonia Vega, M.Ángela Nieto
Developmental Neurobiology, Instituto de Neurociencias (UMH-CSIC), Sant Joan d’Alacant, Spain

Transcription factors that trigger Epithelial-to-Mesenchymal Transition (EMT-TFs) are fundamental for the development of multiple 
tissues and organs. They can be reactivated in pathological conditions resulting in a profound remodeling of epithelial phenotypes, 
leading to cancer cell dissemination or functional loss in organ fibrosis (1). Different EMT-TFs can promote distinct EMT programs 
and, in addition, both embryonic and cancer cells express different combinations of EMT-TFs. Due to this intrinsic complexity, it is 
unclear how EMT-TFs are coordinated to orchestrate heterogeneous EMT programs, especially the highly plastic and reversible 
intermediate or partial EMT (pEMT) states. Here, we used in silico, in vitro and in vivo approaches to decipher the relationship 
between the expression of different EMT-TFs and the resulting phenotypes. (i) Using in silico analysis, we identify a stereotypic 
EMT-TFs expression-code accompanying the epithelial, hybrid epithelial/mesenchymal (E-M) and mesenchymal (M) phenotypes. (ii) 
In cultured epithelial kidney cells, TGF-b-induced EMT can associate with partial or full EMT programmes with a stereotypic EMT-TFs 
expression code. Manipulation of EMT-TFs expression confirms the sequential recruitment of EMT-TFs to fine-tune EMT states. (iii) 
In renal fibrosis, an in vivo model of pEMT, damaged tubular epithelial cells acquire a stable pEMT phenotype upon the reactivation 
of specific EMT-TFs, and reminiscent of E-M hybrid phenotype profile identified in our in silico and in vitro analyses. In summary, this 
work provides evidence for specific combinatorial EMT-TFs codes that regulate the heterogeneity and plasticity of EMT programs 
leading to different pathological outcomes. 
(1) EMT 2016. Nieto et al. Cell (2016).
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CYSTATIN B PREVENTS ECTOPIC HISTONE TAIL CLIPPING DURING NEURAL STEM CELL RENEWAL AND 
DIFFERENTIATION
Eduard Daura Sarroca (1), Saara Tegelberg (1), Masahito Yoshihara (2), Francesca Simonetti (1), Katri Aksentjeff (1), Paula 
Hakala (1), Juha Kere (2), Tarja Joensuu (1), Anna-Elina Lehesjoki (1) 
(1) University of Helsinki and Folkhälsan Research Center, Eduard Daura Sarroca, Helsinki, Finland, (2) Karolinska Institutet 

Progressive myoclonus epilepsy of Unverricht-Lundborg type (EPM1; OMIM: 254800) is an autosomal recessively inherited 
neurodegenerative disorder with poorly understood pathogenetic mechanisms. EPM1 is caused by loss-of-function mutations in 
the CSTB gene, which encodes the ubiquitous cysteine protease inhibitor cystatin B (CSTB). The Cstb-deficient mouse (Cstb-/- ) 
recapitulates key features of human EPM1. The physiological function(s) of CSTB and the mechanisms leading from CSTB deficiency 
to neuronal degeneration are not known.

CSTB has been shown to interact with cathepsin L, a protease with widely reported roles as a histone-tail protease during cellular 
state transitions such as stem cell differentiation. We hypothesized that CSTB functions as an epigenetic modifier during brain 
development. To explore this idea, we set up neural stem/progenitor cell (NS/PC) cultures generated from wild-type and Cstb-/-

mouse embryos and used these as a model of neural stem cell renewal and differentiation in the presence and absence of CSTB. 
We performed western blot analysis of NS/PC histone extracts, cell type characterization by immunofluorescence microscopy and 
RNA-sequencing followed by transcriptome analysis.

We found that CSTB functions as a negative modulator of histone H3 tail clipping in neural stem cells. As a result, Cstb-/- NS/PCs undergo 
ectopic chromatin remodeling during both self-renewal and differentiation. We show that neurons rather than glial cells employ this 
epigenetic mechanism as part of their differentiation program. Finally, we report mitochondrial defects in differentiating Cstb-/- NS/PCs.

This study constitutes the first evidence of histone clipping in neural cells and in disease and provides key insights into the 
pathogenesis of EPM1.
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UNDERSTANDING THE CONTRIBUTION OF DIFFERENT MACROPHAGE POPULATIONS TO BRAIN 
METASTASIS
Francisco Javier Rodríguez-Baena (1), Marta Arumi-Planas (1), Angel Marquez (2), Jose P López-Atalaya (2), Berta Sánchez-
Laorden (1) 
(1) Developmental Neurobiology, (2) Molecular Neurobiology and Neuropathology, Instituto de Neurociencias CSIC-UMH, San Juan de Alicante, Spain

Microglia, tissue-resident macrophages of the CNS, play key roles in brain homeostasis and disease. Inflammatory activation of 
microglia upon brain damage is considered a pathological hallmark and an important mechanism driving neurodegenerative diseases. 
Brain metastases can be conceptualized as a source of brain injury and as such, tumour cells promote microglial activation. In 
addition, recruited macrophages also contribute to the immune population of brain metastasis. Recent evidences suggest that the 
origins of the different macrophage populations influences their contribution to brain disease. While microglia derive from yolk-sac 
myeloid progenitors that colonize the brain during development, the major source of recruited macrophages is the bone marrow, 
however it has been classically difficult to distinguish both populations. Macrophages constitute critical regulators of tumour 
progression and responses to therapies, but their contribution to brain metastasis is poorly understood. To investigate this, we have 
established a brain colonization experimental model by injection of murine tumour cells into Cx3cr.1-CreERT2-YFP mice that can be 
used as a macrophage/microglia reporter model. Using this approach and recently described specific markers, we can observe that 
brain metastases are densely infiltrated by both microglia and recruited macrophages. We have isolated these specific populations 
by fluorescence activated cell sorting and perform RNA sequencing to identify differentially expressed genes and altered pathways 
that may regulate brain metastasis progression. In addition, we are performing single-cell RNA sequencing to help us understand the 
trajectory of cellular reprogramming of microglia and recruited macrophages in response to cancer cells.
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FROM MUTATION TO MALFORMATION: MOLECULAR MECHANISMS ASSOCIATING HOXA1 MUTATIONS 
TO BICUSPID AORTIC VALVE
Damien Marchese (1), Gaëlle Odelin (2), Amélie Pinard (2), Emilie Faure (2), Gwenaëlle Collod-Bérou (2), Stéphane Zaffran (2), 
René Rezsohazy (1) 
(1) LIBST, Université catholique de Louvain, Louvain-la-Neuve, Belgium, (2) INSERM, Marseille Medical Genetics, Aix-Marseille Université, Marseille, 
France 

Bicuspid aortic valve (BAV) is a cardiac malformation in which the valve between the left ventricle and the aorta is composed of 
two leaflets instead of three. BAV is the most common cardiovascular malformation and is associated with premature aortic valve 
stenosis or insufficiency, aortic aneurysm and other congenital cardiac anomalies. 

Among a cohort of 338 patients with BAV, 33 patients were identified to display heterozygous in-frame addition or deletion of 
nucleotides in the HOXA1 gene resulting in the shortening or the extension of a 10 histidine (His) repeat motif.

Although it is not active in the developing heart, Hoxa1 is expressed in neural crest cell population contributing to the formation of 
the arterial pole of the heart. The objective of our work is therefore two-fold: investigating the role of this His-repeat in the activity 
of HOXA1 and characterizing the molecular processes connecting HOXA1 and heart development, which once impaired lead to BAV.

First, we observed that the half-life of the protein is reduced by a factor of up to 8 by the His tract mutations. During embryonic 
development this could result in a temporal loss-of-function of HOXA1. Second, we identified that the interaction of HOXA1 with the 
Wnt pathway regulator MDFI is modified by the mutations and preliminary data support an inhibitory impact of HOXA1 and MDFI on 
the Wnt pathway. Together our data show that alteration of its His tract modifies distinct molecular properties of HOXA1 which now 
need to be related to the onset of BAV.
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MICROENVIRONMENTAL REGULATION OF MELANOMA PROGRESSION, ROLE OF SNAIL1
Marta Arumí-Planas, Francisco Javier Rodríguez-Baena, Berta Sánchez-Laorden
Developmental Neurobiology, Instituto de Neurociencias CSIC-UMH, San Juan de Alicante, Spain

Melanoma is the most deadly form of skin cancer due to its high metastatic abilities and resistance to treatments. Hyperactivation 
of the MAPK pathway is responsible for 90% of melanomas with mutations in BRAF and NRAS, accounting for 50% and 20% of 
the melanoma cases, respectively. In addition, the tumour microenvironment plays a key role in melanoma progression. Reactivation 
of embryonic programmes in cancer cells is associated to tumour progression and resistance to therapies. However, the role of the 
reactivation of such programmes in cells from the tumour microenvironment is not well characterized. Cancer-associated fibroblasts 
(CAFs), very abundantly present in the tumour surrounding stroma, are a population of activated fibroblasts whose activity associates 
with tumour progression and aggresiveness. CAFs produce extracellular matrix components, paracrine growth factors, cytokines and 
proteolytic enzymes, contributing to generate a desmoplastic response around cancer cells that is very similar to that at sites of 
wound or fibrosis. Snail1 is an EMT-TF (epithelial-to-mesenchymal transition transcription factor) expressed during development 
and reactivated in pathological situations including cancer and fibrosis. Snail1 is expressed in activated fibroblasts associated to 
damaged epithelial cells in renal fibrosis and increases evidences support its pro-tumorigenic role when expressed in CAFs from 
breast or colorrectal cancer. Our preliminary results show that Snail1 is expressed in cells from the melanoma microenvironment. We 
have established BRAF-driven murine melanoma cell lines and conditional mouse models to block Snail1 expression in cells from the 
tumour microenvironment and assess the impact on melanoma progression.
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MECHANISMS UNDERLYING MELANOMA PLASTICITY. ROLE OF EMT-TFS
Francisco M. Cabello-Torres, Khalil Kass Youssef, M. Ángela Nieto, Berta Sanchez-Laorden
Developmental Neurobiology, Instituto de Neurociencias CSIC-UMH, San Juan de Alicante, Spain

Melanoma is a very aggressive skin cancer due to its high metastatic abilities. Melanoma arises from melanocytes that derive 
from highly motile neural crest progenitors that colonize the body during development. The high degree of cell plasticity underlying 
melanoma metastatic abilities and resistance to therapies is a hallmark of these cells. Although, EMT-TFs (epithelial-to-mesenchymal 
transition transcription factors) are key regulators of epithelial plasticity in development and in aberrant processes such as fibrosis 
and cancer, their role in melanoma is far from being understood. E-cadherin loss is a hallmark of EMT, and although melanocytes are 
not epithelial cells, they express E-cadherin that is lost as melanoma develops, indicating that EMT-TFs may contribute to melanoma 
initiation. In addition, the reactivation of the expression of neural crest genes in melanoma cells is associated to tumour progression 
and EMT-TFs reprogramming has been proposed to regulate reversible switches between two phenotypic states (differentiated vs 
invasive) proposed to control melanoma progression. However, the functional contribution of EMT-TFs, to melanoma initiation and 
metastasis remains to be elucidated. Our preliminary results indicate that Snail1 and Prrx1, two EMT-TFs expressed in the neural 
crest among others are expressed in melanomas. We are currently establishing mouse models and functional studies to address 
their contribution to melanoma biology.
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THE ALTERATION OF THE GENE EXPRESSION IN THE EARLY STAGES OF DEVELOPMENT IS RESPONSIBLE 
FOR THE PATHOLOGY IN THE ADULT ANIMAL
Daniel José Moreno Fernández-Ayala, Juan Diego Hernández Camacho, Plácido Navas Lloret
CIBERER-ISCIII and Pablo Olavide University (CABD-CSIC), Sevilla, Spain

Once a patient is diagnosed of a disease, he already has several irreversible damages that the pharmacological treatment is not 
able of reversing, even if it is done prematurely already high concentrations. In our laboratory we have animal models of Coenzyme 
Q10 deficiency (a mitochondrial disease with a wide range of clinical presentations), specifically a mutant mouse in the ADCK2 gene 
suffering muscle weakness and hepatic steatosis due to an abnormal lipid metabolism in the liver, and a mutant mouse in the COQ9 
gene suffering an encephalopathy. This allowed us to study the transcriptomic profile during embryonic development before the 
appearance of the symptoms, finding an alteration in gene expression that justifies the pathological phenotype of the adult, which 
could be due to epigenetic changes as an adaptation mechanism to survive in the presence of the mutation causing the disease.

Knowing the molecular mechanisms of the disease, as well as the metabolic and signaling pathways that are affected, will allow 
us to identify when and how the damage occurred. In this way we can know the way of getting sick of these patients and propose 
alternatives to the diagnosis, opening the possibility of proposing prenatal preventive treatment.
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MULTIPLE CONGENITAL AND POSTNATAL DISEASE STATES ARISE FROM SOMATIC MOSAICISM FOR 
CONSTITUTIVELY ACTIVE BRAF SIGNALLING
Patrice Quintana, Pauline Heux, Nathalie Bernard-Marissal, Valerie Delague, Heather C. Etchevers
MMG, INSERM - Aix-Marseille Universite, Marseille, France

Each cell of a developing organism or tumour not only can undergo lineage specification over time and space, but acquires stochastic 
mutations during that diversification process, leading to inherent mosaicism with a potential impact on further differentiation. 
Many tumours ectopically express driver oncogenes that can confer competitive growth advantages to individual cells, sometimes 
at the expense of the organism. One example is BRAF, an evolutionarily conserved intracellular enzyme that mediates signalling 
from the large tyrosine kinase receptor family to the nucleus of target cells via the MAP kinase pathway. A recurrent missense 
mutation (V600E) leads to its constitutive activation in multiple cancers, but was also recently identified in a few sporadic congenital 
malformations and tumours. To test the hypothesis that the developmental potential of the initial cell in which an oncogenic mutation 
takes place is a major factor in the pathogenic outcome, we have examined mouse models in which Braf (V600E) is expressed in 
neural crest (NC) cells at various stages of commitment, using four Cre drivers and lineage tracing. Transcriptome comparisons of 
NC cultures expressing this mutation or not support the assertion that constitutive Braf signalling weights population-level fate 
decisions. Phenotypes vary from mid-gestational embryonic lethality with non-cell-autonomous vascular and brain malformations, 
to congenital peripheral demyelinating neuropathy with postnatal onset, to rapid nevus formation without melanoma in adults. Our 
results imply that prenatal mosaicism for gain-of-function somatic mutations in MAPK signalling effectors is an under-appreciated 
candidate cause of both congenital and postnatal human diseases.
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EFFICIENT SINGLE-COPY HDR BY 5’ MODIFIED LONG DSDNA DONORS
Tinatini Tavhelidse, Jose Arturo Gutierrez-Triana, Thomas Thumberger, Isabelle Thomas, Beate Wittbrodt, Tanja Kellner, Kerim 
Anlas, Erika Tsingos, Joachim Wittbrodt
Centre for Organismal Studies, Heidelberg University, Germany

CRISPR/Cas9 efficiently induces targeted mutations via non-homologous-end-joining but for genome editing, precise, homology-
directed repair (HDR) of endogenous DNA stretches is a prerequisite. To favor HDR, many approaches interfere with the repair 
machinery or manipulate Cas9 itself. Using medaka we show that the modification of 5’ ends of long dsDNA donors amplified by PCR 
strongly enhances HDR and favors efficient single-copy integration by retaining a monomeric donor conformation thus facilitating 
successful gene replacement or tagging.

The simplicity and reproducibility of this method will be of relevance for applications requiring precise insertion/replacement of DNA 
elements. One such application is the inducible acute knock-down of fluorophore-labelled proteins via a deGradFP system, which 
absolutely requires a precise, seamless single-copy fusion of the fluorophore sequence to the ORF of the gene of interest. With our 
approach that is not limited to fish, this is promoted in a highly efficient way.
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CIS-REGULATORY SIMILARITIES OF THE HUMAN AND ZEBRAFISH PANCREAS IDENTIFY DISEASE 
RELATED ENHANCERS
Renata Bordeira-Carriço (1), Joana Teixeira (2), Marta Duque (2), Diogo Ribeiro (1), Mafalda Galhardo (3), Rafael Dominguez-
Acemel (4), Firbas Panos (4), Juan Tena (4), Eufrasio Eufrasio (1), Joana Marques (1), Telmo Freitas (1), Fatima Carneiro (5), 
Jose Luis Goméz-Skarmet (4), Jose Bessa (1) 
(1) Instituto de Investigação e Inovação em Saúde - i3S, Universidade do Porto, Portugal, (2) Instituto de Investigação e Inovação em Saúde - i3S, 
Universidade do Porto, Portugal; Instituto de Biologia Molecular e Celular, Universidade do Porto, Portugal; Instituto de Ciências Biomédicas Abel 
Salazar, Universidade do Porto, Portugal, (3) Instituto de Ciências, Tecnologias e Agroambiente - CIBIO, Universidade do Porto, Portugal, (4) Centro 
Andaluz de Biología del Desarrollo, Universidad Pablo de Olavide, Sevilla, Spain, (5) Department of Pathology, Faculty of Medicine, University of Porto, 
Portugal

The pancreas is a central organ for human diseases that have a dramatic societal burden, such as pancreatic cancer and diabetes. 
Non-coding cis-regulatory elements (CREs) of DNA control gene expression, being required for proper pancreas function. It has 
been shown that most disease-associated alleles are non-coding, many overlapping with CREs, suggesting that alterations in these 
regulatory sequences can contribute to human pancreatic diseases by impairing gene expression. However, functional testing 
of CREs in vivo is not fully explored. In this work we use Assay for Transposase-Accessible Chromatin (ATAC-seq), Chromatin 
Immunoprecipitation (ChIP-seq) and HiChIP-seq to identify CREs active in the adult zebrafish pancreas and their target genes. Using 
this data, we searched for human functional equivalent CREs, identifying disease-associated sequences across species. We found a 
zebrafish ptf1a distal developmental enhancer, which deletion generates pancreatic agenesis, as its human counterpart. Additionally, 
we identified a novel human pancreatic enhancer of the tumor suppressor gene ARID1A, which zebrafish deletion impairs gene 
transcription, conferring a potential tumor suppressor role to this non-coding sequence. This work explores the zebrafish pancreas 
regulome, identifying CREs important for pancreas development, function and homeostasis.
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NXPH-1 PROMOTES PRIMARY NEUROBLASTOMA GROWTH BY ACTIVATING ALPHA-NRXN1+ CANCER CELLS
Lucía Fanlo-Escudero (1), Susana Usieto (1), Soledad Gómez-Gómez (2), Mónica Vila-Ubach (2), Ángel Montero-Carcaboso (2), 
Cinzia Lavarino (2), Gwenvael Le Dréau (1), Elisa Martí (1) 
(1) Developomental Biology, IBMB-CSIC, Barcelona, Spain, (2) Institut de Recerca Sant Joan de Déu, IRSJD, Esplugues del Llobregat, Barcelona, Spain

Developing new therapeutic strategies is particularly relevant for highly aggressive paediatric cancers such as neuroblastoma, a 
paediatric cancer responsible for 15% of cancer-related childhood deaths.

The existence of neuroblastoma cancer stem cells (NB-CSCs) has been hypothesized, yet not firmly established. It is assumed 
that NB-CSCs might share many similarities with their normal stem cells counterparts, the neural crest cells (NCCs), a transient 
population of pluripotent stem cells that give rise to the peripheric nervous system.

Therefore, we compared the embryonic NCCs transcriptomic signature with the transcriptomic profiles established for clinically 
relevant groups of NB patients. Among the candidates highlighted by our double screening, we retrieved Neurexophilin 1 (NXPH-1): 
an extracellular glycoprotein known to bind alpha-Neurexins (alpha-NRXNs).

To determine whether NXPH-1/α-NRXNs are effectively related to NB-CSCs, we analyzed their expression in a panel of NB cell lines 
in conditions of stem cell enrichment. The marked induction of α-NRXN 1/2 mRNA levels in the stem cell-enriched fraction suggested 
that they might represent NB-CSCs markers. Rare α-NRXN1High cells isolated from cell lines and patient-derived-xenograft proved 
to be a functionally discrete cell population. Currently we are evaluating their tumorigenic potential to confirm that α-NRXN1High 
cells are NB-CSCs.

We have also investigated whether NXPH-1 is implicated in NB malignancy. Recombinant NXPH-1 enhances NB growth by activating 
proliferation and increasing p75NTR expression, a NCCs marker. Meanwhile, inhibition of NXPH1 or alpha-NRXN1 abrogates tumor 
growth in xenograft models. We are currently assessing the role of NXPH-1/α-NRXN1 in bone marrow infiltration, a clinical trait 
related with poor survival in NB patients.
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ZEBRAFISH TECHNOLOGIES AND MOLECULAR TOOLS: ADVANCED SERVICES PROVIDED BY 
CONGENTO - CONSORTIUM FOR GENETICALLY TRACTABLE ORGANISMS
Ana Catarina Certal
Champalimaud Research, Champalimaud Centre for the Unknown, Lisboa, Portugal

The advent of model organisms where genetic manipulations became standard procedures revolutionized biomedical 
research. Congento (Consortium for Genetically Tractable Organisms, www.congento.org) was born as a response to the 
need of an organized infrastructure to support research in Portugal. Congregating the efforts of four Portuguese non-
profit excellent research institutions - Champalimaud Foundation (CF), Gulbenkian Institute of Science (IGC), Molecular 
Medicine Institute (iMM), and Chronic Diseases Research Center (CEDOC) - Congento gathers and integrates the expertise 
in fruitflies, zebrafish and mice in one research infrastructure. It provides state-of-the-art services in the three models, to 
academia and industry, in three main domains: 1) Maintenance and stocking of genetically modified lines, 2) Generation 
of new lines and development of new technologies, 3) Knowledge transfer and continuous education and certification in 
animal research and technology.

Here we present zebrafish and molecular services, which can be an added value to the developmental biology community. 
Both are supported by outstanding infrastructures, and highly expertised and science-driven staff headed by 4 PhD level 
scientists with track records in developmental biology, cell biology and immunology.

Also, continuous developments on zebrafish programs have enabled to rear and maintain zebrafish at high densities while 
reducing its life cycle and maintaining a high health status (1-4).

(1) M. Farias, A.C. Certal (2016) DOI: 10.15226/24754706/1/1/00101

(2) S. Martins, J.F. Monteiro, M. Vito, D. Weintraub, J. Almeida, A.C. Certal (2016) DOI: 10.1089/zeb.2015.1198

(3) J. Oltová, C. Barton, A.C. Certal, F. Argenton, Z.M. Varga (2018) DOI: 10.1089/zeb.2017.1548

(4) J.F. Monteiro, S. Martins, M. Farias, T. Costa, A.C. Certal (2018) DOI: 10.3390/jdb6030015
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Aldea, D. PG-1

Alegot, H. PD-25

Alfonsi, F. PB-22

Ali, N. PG-4

Alirzayeva, H. S9-YPI, PI-1

Allalouf, M. PB-45

Allègre, N. PB-32

Allen, B.L. PA-53

Allet, C. PB-48

Almansa-Berro, E. PG-20

Almudi, I. FT2-10, PD-36, PG-3, PG-7

Almuedo-Castillo, M. PG-18

Alsina, B. PA-35, PB-55

Altbuerger, C. PB-16

Alunni, A. PB-63

Alvarez, N. PA-76

Alves-Afonso, D. FT1-7, PA-56

Amador-Ríos, R. PF-17

Amaro, J. PD-34

Amaya, E. PH-5, S8

Amin, S. PB-33, PB-58

Amorim, J.P. FT1-13, PC-6

Anastassiadis, K. PB-1

Anbari, S. S4-YPI, PD-2

Anderson, M.J. PE-16

Andrade, R. PD-14, PD-34

Andrade, R.P. PA-81, PD-11, PD-13

Andres, G. FT1-8, PA-88

Andres-Leon, E. PB-9

Andrews, P. PB-1

Andrey, G. S3-YPI, PC-21, PE-26

Anger, M. PA-7, PA-20

Anlas, K. PI-25

Annese, V. S4-YPI, PD-2

Annunziatella, C. S3-YPI, PC-21

Antony, J. PC-5

Aranega, A. PA-37, PA-99, PA-100, PB-15, PB-24

Arato, K. PA-93

Araújo, S. PA-2

Arcas, A. PB-27, PI-16

Arendt, D. S7

Ares, S. S4, PD-19

Armstrong, J. FT2-11, PG-25

Arnold, S. PE-7

Arroyo, A.G. PA-32, PA-33

Arthur-Farraj, P. PC-23

Arumi-Planas, M. PI-19, PI-21

Ashcroft, A. PC-23

Ashton, J. PC-25

Askjaer, P. PA-34

Asm, S. PB-14

Attardi, A. PD-8, PG-10

Audibert, A. PA-38

Audouard, C. PA-51, PB-10

Aulehla, A. FT2-5, PE-3, PE-21, PE-22, PE-23

Averof, M. FT2-4, PB-19, PE-11

Ayuso, C. PA-34

 B 
Badia-Careaga, C. PB-9

Baeza, D. PA-91

Baghdadi, M. PB-62, S1-ST

Bailleul, R. FT2-9, PG-5, PG-32

Baillie, G. PA-63

Baines, R. PC-25

Bajenoff, M. PB-3

Bajoghli, B. PB-46, PG-37

Baker, C. PG-11

Baker, C.V.H. PG-13

Bakkers, J. PF-3

Balayo, T. PI-6

Balboa, D. PB-48

Bally-Cuif, L. PB-63, S6

Banach-Latapy, A. S1-YPI, PA-15, PB-57

Banisch, T. FT1-10, PB-36

Bañon, A. PB-55

Bañón-González, A. PA-35

Bansal, M. PB-47

Baonza, A. PF-6

Baptista, J. S9-YPI, PI-1

Barco, A. PA-91, PB-8, PC-2

Barone, V. PA-40

Barral, A. PB-9

Barrena, S. PA-23

Barrero, M. PA-70

Barrio, R. PH-10

Bartsch, D. S9-YPI, PI-13

Bartsch, N. PG-14

Bartusel, M. S9-YPI, PI-1

Baudot, A. PA-87

Baxendale, S. PD-38

Beaven, R. PE-19

Beck, S. FT2-9, PG-5

Becker, C. PB-46, PF-16

Belenguer, G. PB-40, PF-19

Belhadi, K. PC-27

Bellaïche, Y. PD-18

Belmonte-Mateos, C. PA-46

Bel-Vialar, S. PA-51

Benazeraf, B. PD-26

Benchafeddine, I. PC-27

Benedito, R. PA-72, PA-73, PA-76, PB-47

Benhouda, A. PC-27

Bensimon-Brito, A. FT1-1, PA-10, PA-18

Berki, B. PA-28

Bernard-Marissal, N. S9-ST, PI-24

Berntsen, K. PC-25

Bertin, B. PA-71

Bertrand, E. PC-22

Bertrand, S. PG-1

Bessa, J. FT1-13, PA-36, PC-6, PC-24, PI-26

Bianco, S. S3-YPI, PC-21

Bideau, L. PF-2

Biga, V. S2-ST, PB-35

Bilandžija, H. PG-17

Birling, M. PD-6

Bjørlykke, Y. PB-54

Blackshaw, S. PE-4

Blanpain, C. PA-97

Blasco-Chamarro, L. PB-40

Bleckwehl, T. S9-YPI, PI-1

Bloch, Y. PA-5

Blom-Dahl, D. PE-2

Boeing, S. PD-32

Boezio, G. FT1-1, PA-18

Bogdanovic, O. PC-1

Bompadre, O. PE-26

Boos, A. S5-YPI, PE-14

Bora, P. PA-4, PA-7

Borchiellini, C. PG-16

Bordeira-Carriço, R. PI-26

Borisenko, I. PG-28

Bornhorst, D. PA-66

Borrell, V. PA-9, PB-33, PB-58, PG-19

Borst, A. PD-5

Bosch, T. S7-ST, PG-27

Bosveld, F. PD-18

Bota, C. PA-65

Botella-López, A. PA-30

Bovolenta, P. PA-17, PA-24, PC-10

Boxman, J. PB-45

Boya, P. PF-21

Brickman, J.M. FT1-9, PB-6

Briscoe, J. PB-1, PB-41, PC-17

Brito-Casillas, Y. PI-6

Brocal, R. PA-67

Bruce, A. PA-7, PA-20

Bruce, A.W. PA-4, PA-41

Bruneau, A. PI-2

Brzozowska, A. PC-3

Buceta, J. S4-YPI, PD-2

Buchtova, M. PA-89

Buono, L. PC-10, PG-18

Burbridge, S. PD-28, PD-38, PE-1, PE-4

Buss, F. PA-14

Butcher, J. PH-12

Byrne, M. PA-40

 C 
Cabello-Torres, F.M. PI-22

Cadenas, V. PE-16, PH-8

Calegari, F. FT1-12

Calleja, E. PA-62

Camacho-De-La-Macorra, C. PA-17, PA-24

Cambón, M. PE-18
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Camilleri, C. PF-17

Campbell, A. PG-11

Campbell, A.S. PG-13

Canals, J.M. PC-15

Candido-Ferreira, I. PC-26

Cañestro, C. PG-9

Cantù, C. PA-3

Capek, D. PG-37

Capitan-Agudo, C. S4-YPI, PD-2

Caprile, T. PA-54

Cárdenas, A. PG-19

Cardo, L. PB-2

Cardona-Blaya, H. PD-29

Cardozo-Ruiz, M.J. PA-17, PA-24

Carmena, A. PA-59, PB-31

Carmona, R. PA-23

Carneiro, F. PI-26

Carney, T. PH-5

Caro-Vega, J. PI-5

Carraco, G. PA-81, PD-14

Carrasco-Rando, M. PA-68

Carreira, L.C. PF-2

Carreira, P.E. PB-4

Carriço, R. FT1-13, PC-6

Carvajal, J.J. PD-9, PD-12

Casaca, A. PD-10

Casado, M. PA-67

Casanova, J. PA-25

Casares, F. S4, FT2-10, PD-19, PD-36, PG-3

Casas-Gimeno, G. FT1-4, PA-6

Casquero, V. PA-73

Casquero-García, V. PA-72

Castillo-Lara, S. PF-9

Castillo-Mancho, V. PA-69

Castro, D. S. PA-61, PB-28

Castro, J. PG-38

Castroviejo, N. PA-84

Castroviejo-Jiménez, N. PA-52

Cathiard, L. PB-59

Cayuso, J. PE-12

Cebrian, C. PA-1

Centanin, L. PA-78

Cerna, P. PA-20

Cerqueira-Campos, F. PD-25

Cerrillos, L. PI-5

Certal, A.C. PI-28

Cetrangolo, V. PG-22

Chan, D. PB-4

Chan, W.-L. S3-YPI, PC-21

Chartier, N. PD-17

Chatfield, J. PB-20, PG-12

Chatzigeorgiou, M. PD-35

Chauhan, N. PG-31

Chauveau, S. PB-32

Chazaud, C. PB-32

Chen, H. PA-63

Chera, S. PB-53, PB-54

Chiariello, A. S3-YPI, PC-21

Chinnaiya, K. PD-28, PE-4

Chirivella, L. PA-67

Chołoniewska, A. PB-52, PH-13

Chołoniewski, J. PB-52

Chou, H. PF-2

Chow, R.W. FT1-2, PA-82

Christ, A. PA-53

Christie, L. PI-2

Christoffels, V. PF-3

Chung, B. PH-17

Cigliola, V. PF-16

Ciorraga, M. PA-62, PB-30

Clavreul, S. PB-14

Clément, R. FT1-5, PA-22

Clemente, C. PA-32

Coca, Y. PA-9

Cole, A. PG-36

Collier, R. PA-41

Collod-Bérou, G. PI-20

Colomo, S. FT1-8, PA-88

Colquhoun, D. PF-3

Comai, G. FT2-2, PD-15

Contreras, L.A. PB-65

Cooper, K. PG-30

Córdoba, C. PA-62

Cordoba, S. PE-2

Corominas, M. PF-17

Corominas-Guiu, M. PF-20

Corominas-Murtra, B. FT2-3, PD-31

Coronel-Córdoba, P. PF-9

Corujo-Simon, E. PB-23

Coskun, H. PA-84

Costa, I.M. PC-24

Costa, M. FT2-8, PF-1

Costa-Domech, P. PG-9

Costa-Filho, I.G. S9-YPI, PI-13

Cotter, S. PB-56

Cotterell, J. FT1-15¸PD-20

Coulson, E.J. PB-22

Courtois, A. PG-23

Crispatzu, G. S9-YPI, PI-1

Crowell, E. PC-13

Crowley, D. PB-20, PG-12

Cruz, J. PH-10

Cruz-Santos, M. PB-2

Cuartero, Y. PC-4

Cucarella, C. PA-67

Culi, J. PA-68, PA-69

Cunliffe, V. PC-25

Curantz, C. FT2-9, PG-5, PG-32

 D 
D’Aniello, S. PG-9

Daclin, M. PB-14

Daishi, A. PD-7

Dalla-Valle, L. PA-12

Dalmasso, G. PD-16

Darnat, P. PA-38

Das, R. PB-11

Daura-Sarroca, E. FT2-15, PI-17

David, L. PI-2

Davy, A. PB-10

De-Assis, G. PA-75

De-Bakker, D. PF-3

De-Cárcer, G. PB-64

De-Clercq, J. PG-20

De-Gennes, M. PE-10

Deirdre, L. PA-40

Dejean, M. PC-22

De-Juan, C. PA-9

De-La-Calle-Mustienes, E. PG-17, PG-34

De-La-Cerda, B. PC-10

De-La-Fuente, R. PA-8

Delague, V. S9-ST, PI-24

Del-Blanco, B. PB-8

Delgado, I. PE-16

Del-Olmo-Cabrera, S. PA-72

Del-Valle-Anton, L. PB-33

De-Mendoza, A. FT2-10, PG-3

Demtschenko, A. PI-2

Denholm, B. PE-19

Dennis, C. PB-32, PD-25

De-Pedro, I. PB-64

Deryckere, A. PG-20

Desanlis, I. PC-28

De-Sousa, N. PF-5

Despin-Guitard, E. PA-77

De-Torres-Jurado, A. PB-31

Dias, A. PC-16, PE-6

Diego, X. PD-29

Dingare, C. PA-66

Di-Pietro-Torres, A. PB-12

Djaara, H. PC-27

Dobrzynska, A. PA-34

Domazet-Lošo, T. S7-ST, PG-27

Domingo-Muelas, A. PB-27, PB-39

Domínguez, J. PA-37

Domínguez-Acemel, R. PI-26

Domínguez-Macias, J. PB-24

Donati, A. PA-101

Dooley, C. PG-24

Doostdar, P. S2-ST, PB-35

Dosch, R. PA-44

Doubek, J. PA-104

Dray, N. PB-63

Dressler, G. PA-1

Driever, W. PB-16

Drouin, J. PC-28

Drozd, A. PA-83

Duart-Abadia, P. PB-39, PB-40

Duarte, I. PA-81, PD-13, PD-14

Duarte, P. PC-16, PC-19

Dubois, C. PA-97

Duboule, D. Plenary Lecture 1

Duchemin, A. FT1-2, PA-82

Dueñas, A. PA-37

Duluc, I. PD-6

Dupé, V. FT2-2, PD-15

Duque, M. PA-36, PI-26

Duran-Bello, E. PG-9

Durande, M. PG-32

Duszewska, A. PH-13

 E 
Eachus, H. PC-25

Eggeler, F. PB-46

Eiji, T. PD-7

Elder, K. PI-2

Elhaik, E. PC-25

Ellis, P. PE-1

Elphick, M. PG-15

El-Said, O. PB-46

El-Sherif, E. S5-YPI, PE-14

Encinas, J.M. PG-35

Engel-Pizcueta, C. PA-48

Ephrussi, A. PB-61
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Ereskovsky, A. PG-28

Ernst, A. PA-57

Erskine, L. PA-9

Escalante, A. PH-4

Escalante-Rodríguez, A. PA-92

Escriva, H. PG-1

Escudero, L.M. S4-YPI, PD-2

Escudero-Cuadrado, L.M. PD-12

Eskova, A. PG-24

Espinós, A. PG-19

Espinosa-Vázquez, J.M. PG-7

Esposito, A S3-YPI, PC-21

Esposito, U. PC-25

Esteban, I. PA-27, PD-27

Esteban-Collado, J. PF-20

Esteban-Martínez, L. FT2-6, PF-13, PF-21

Estella, C. PE-2, PE-24, PF-6

Esteve-Codina, A. PC-15

Estirado, A. PA-30, PA-31

Etchevers, H.C. S9-ST, PI-24

Eufrásio, A. PA-36

Eufrasio, E. PI-26

Ewing, A.D. PB-4

Expósito-Montesdeoca, A.B. PI-6

Exposito-Villen, A. PA-37

 F 
Fabregà-Torrus, M. PG-9

Fahrbach, F. PA-79

Falcon, J.M. FT1-8, PA-88

Fanlo-Escudero, L. PI-27

Farhat, B. PA-87

Fariñas, F. S2

Fariñas, I. PB-27, PB-39, PB-40, PF-19

Farkas, C. PA-54

Farrar, E. PH-12

Fasano, L. PI-11

Fatmi, A. PI-11

Faucourt, M. PB-14

Faulkner, G.J. PB-4

Faure, E. PI-20

Faure, L. S7-ST, PG-27

Favrel, P. PC-13

Fazilaty, H. PI-16

Feijão, T. PA-103

Fejszák, N. PB-21

Fenclova, T. PC-18

Feregrino, C. PB-12, PB-13

Ferguson-Smith, A. PC-23

Fernandes, C. PD-34

Fernández, C. PC-22

Fernández, S. PG-19

Fernández-Albert, J. PC-2

Fernández-Chacón, M. PA-72, PA-73, PA-76

Fernández-Nogales, M. PC-2

Fernández-Santos, B. PI-5

Fernández-Vallone, V. PB-42

Ferrández-Roldán, A. PG-9

Ferreira-Rocha, S. PA-72

Ferretti, E. PA-83, PB-43

Ferrón, S.R. PF-19

Feuda, R. FT2-10, PG-3

Filimonow, K. PA-64, PB-52

Fiore, L. FT2-11, PG-25

Firbas, P. FT2-10, PC-12, PC-14, PG-3

Fischer, S. PB-12, PB-23

Flames, N. PA-67

Fletcher, A. PD-28

Florio, M. PB-33

Fons-Romero, J.M. PA-43

Font, D. PF-5

Fontana, C.M. PA-12

Fontana, F. FT2-13, PH-11

Forey, T. PG-12

Forsyth, J. PB-56

Fortoul, A. PB-14

Foucher, I. PB-63

Fouladi-Nashta, A. PI-2

Fraire-Zamora, J.J. PA-25, PG-8

Franco, D. PA-37, PA-99, PA-100, PB-15, PB-24

Franco, M. PA-59

François, F. PC-4

Frank, O. PB-49

Frank, S. S9-YPI, PI-13

Franke1, M. S3-YPI, PC-21

Franz, T. PF-18

Fraulob, V. PB-59

Freije, A. PB-65

Freitas, R. PG-38

Freitas, T. PI-26

Freund, J. PD-6

Freyer, L. PB-3

Frith, T. PB-1

Fritsch, C. PD-25

Frommolt, P. S9-YPI, PI-1

Ftara, A. PG-35

Fukui, H. FT1-2, PA-82

Fulton, T. PD-8, PG-10

Fumaco-Teixeira, T. PD-23

 G 
Gabilondo, H. PE-2

Gabriele, S. PA-74

Gahurova, L. PA-20, PA-41

Galceran, J. PA-52, PA-84, PH-6, PI-15

Galhardo, M. FT1-13, PC-6, PI-26

Gali-Macedo, A. FT1-13, PC-6, PC-24

Gallardo-Fuentes, L. PC-11

Gallego-Flores, M.T. PG-35

Gandarillas, A. PB-64, PB-65

García, F. PC-4

García-Asencio, F. PH-6

García-Fernández, J. PG-29

García-Ferres, M. PA-45

García-González, I. PA-73, PA-76

García-López, R. PA-30, PA-31

García-López, V. PA-99, PA-100

García-Martínez, V. PA-99, PA-100

García-Moreno, F. PG-35

García-Padilla, C. PA-99, PA-100

García-Pérez, L. PC-17

García-Romero, M. PD-38

Gargouri, S. PA-97

Gasanov, E. PA-55, PA-75

Gato, A. PA-54

Gaultier, C. FT1-5, PA-22

Gavin, A. S8-ST, PH-15

Gavriouchkina, D. PC-26

Gazave, E. PF-2

Gee, T. PH-12

Geijo-Barrientos, E. PB-34

Gela, D. PG-11, PG-13

Genovese, S. FT1-5, PA-22

Genovesio, A. PB-14

Gentek, R. PB-3

Gentile, A. PA-10

Gentile, C. PC-28

Gentzel, M. PB-58

Gerdes, P. PB-4

Gerri, C. PI-2

Ghazwani, A. PI-4

Ghila, L. PB-53, PB-54

Gho, M. PA-38

Ghyselinck, N. FT2-2, PD-15

Giacobini, P. PB-48

Giger, F. PA-21

Gilboa, L. FT1-10, PB-36

Gil-Gálvez, A. PG-17

Gilmour, D. S8-ST, PH-15

Giner-De-Gracia, A. PA-92

Giovinazzo, G. PB-9, PE-16

Girard, E. PD-18

Girdžiušaitė, A. PE-25

Glover, B. S7

Goessling, W. PA-63

Gómez-Gálvez, P. S4-YPI, PD-2

Gómez-Gómez, S. PI-27

Gómez-Perdiguero, E. PB-3

Gómez-Saldivar, G. PA-34

Gómez-Skarmeta, J.L. FT1-13, FT1-14, PB-9, PC-6,  
PC-8, PC-11, PF-9, PG-1, PG-18, PG-34, PI-26

Gonçalves, A. PD-34

Gonçalves, M. PA-95

González, E. FT1-8, PA-88

González, R. PF-6

González-Gaitán , M. S5

González-Iglesias, A. PB-27

González-Martinez, R. PB-8

González-Méndez, L. FT1-8, PA-88

González-Menes, A. PI-5

Gordillo, C. S4-YPI, PD-2

Gossen, M. PB-42

Göttgens, B. PA-97

Gourain, V. PD-6

Gouti, M. PB-1

Goyeneche, L. FT1-11, PB-44

Gradilla, A.C. FT1-8, PA-88

Grall, E. PD-6

Granata, I. PB-1

Graner, F. PG-32

Grapin-Botton, A. S9

Gravemeyer, J. PG-29

Gribaa, M. PC-27

Grill, S. FT1-3, FT2-12, PA-90, PD-17, PH-7

Grillo, M. FT2-4, PB-19, PE-11

Grima, C. S4-YPI, PD-2

Grohme, M.A. PB-49

Groß, K. PA-78

Grosshans, H. PA-11, PH-14

Groves, I. PD-28

Grün, D. PE-7

Guarracino, M. PB-1

Guckelberger, P. S3-YPI, PC-21

Gucum, S. PI-14
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Guerrero, I. FT1-8, PA-88, PE-18

Guigó, R. PF-17

Guirola, M. PA-70

Gullotta, F. PA-19

Gunawan, F. PA-10

Günther, S. FT1-1, PA-18

Guo, X. PA-83, PC-13

Gutiérrez, H. PG-30

Gutiérrez-Avino, F. PB-17

Gutiérrez-Triana, J.A. PG-18, PI-25

Guzmán, I. PB-25

Guzman-Herrera, A. S8-ST, PH-15

 H 
Haack, T. FT2-13, PH-11

Hackland, J. PB-1

Had, L. PI-11

Haji-Ali, A. PD-5

Hakala, P. FT2-15, PI-17

Halasy, V. PB-21

Hallböök, F. PB-5

Hamilton, R. PC-23

Hamouzova, P. PA-104

Han, J.Y. PE-20

Hanna, J. FT2-1, PD-1

Hannezo, E. FT2-3, PD-31

Harabula, I. S3-YPI, PC-21

Harris, L. PF-10

Härtle, S. PB-21

Hartmann, J. S8-ST, PH-15

Hasan, M.R. PI-8

Haupaix, N. FT2-9, PG-5

He, Y. PC-13

Heard, E. Closing Lecture

Heath, P. PB-1

Heinrich, V. S3-YPI, PC-21

Heisenberg, C. FT2-3, PA-39, PA-50, PA-66, PD-31

Hejnol, A. PG-22, PG-33

Helker, C. FT1-1, PA-18, PB-60

Hellsand, M. PB-5

Hendriks, G. PA-11

Hennrich, M. S8-ST, PH-15

Hernández-Camacho, J.D. PI-23

Hernández-Torres, F. PB-15, PB-24

Herrera, E. PA-9, PA-91, PA-92, PB-8, PB-25, PC-2

Herrera-Úbeda, C. PG-29

Herzog, W. PA-66

Heskol, A. PA-61

Heude, E. PG-6

Heux, P. S9-ST, PI-24

Hevia, C. F. PA-48

Heyn, H. FT2-11, PG-25

Heyne, R. PA-57

Hintze, M. PF-18

Hippenmeyer, S. PB-14

Hirashima, T. PA-1

Hiriart, E. PH-12

Ho, C. FT2-5, PE-21

Hoermann, N. PD-5

Hogan, B. PA-63

Holland, P. S3

Hombria, J.C. PG-7

Hombria, J.C-G. PA-45

Homem, C. PB-37

Honda, H. FT1-6, PA-26

Honkoop, H. PF-3

Hooijkaas, I. PF-3

Horsfield, J. PC-5

Houart, C. PA-21

Hoyer, J. PD-35

Huang, Y. PA-47

Huerga-Gómez, I. PB-51

Hughes, J. PC-26

Hui, C.C. PA-42, PC-9

 I 
Iacono, G. FT2-11, PC-15, PG-25

Iannini, A. S4, PD-19

Iehara, M. PA-70

Ihermann-Hella, A. PA-1, PA-85

Ikkala, K. PF-8

Inaki, M. FT1-6, PA-26

Irimia, M. S3-ST, FT1-11, FT2-10, PB-44, PC-1, PC-7,  
PG-3, PG-29

Irion, U.  PG-24

Irving-Tc, L. PC-26

Ishikawa, T. PH-9

Iturri, L. PB-3

Ivanek, R. PA-19

 J 
Jackson, H. PC-25

Jaeger, Y. PG-8

Jagla, B. PA-87

Jagla, K. PA-71

Jahnel, S. PG-36

James, C. PB-4

Jedrychowska, J. PA-55

Jeffery, W. PG-17

Jerković, I. S3-YPI, PC-21

Jhanwar, S. PE-25

Jiménez-Gancedo, S. FT1-14, PC-8

Jiménez-Jiménez, C. FT1-8, PA-88

Joensuu, T. FT2-15, PI-17

Johnson, A. PB-20, PG-12

Johnson, S. PB-1

Joshi, N. FT2-11, PG-25

Julia, H. PD-39

Jülicher, F. PD-17

Jurado, P. PB-30

 K 
Kaiser, J. PD-33

Kaminski, C. PE-9

Kanduri, C. S9-YPI, PI-13

Kania, A. PA-9

Karagogeos, D. PD-33

Karolidou, A. S9-YPI, PI-1

Kaslin, J. PF-3

Kass-Youssef, K. PH-6, PI-16, PI-22

Kastriti, M.E. PD-33

Kaul-Strehlow, S. PG-36

Kavkova, M. PD-33

Keime, C. PG-1

Kellner, T. PI-25

Kelly, R.S. PA-8

Kere, J. FT2-15, PI-17

Ketharnathan, S. PC-5

Khalifa, H. PA-44

Kherdjemil, Y. PC-28

Killinger, M. PA-89

Kim, T. PE-4

Kinston, S. PA-97

Kischel, A. PB-10

Kitajima, T. PG-23

Kittke, V. PB-26

Klein, C.C. PF-17

Klein, R. PH-4

Kleinjung, J. PA-58

Klenner, F. PF-24

Klimovich, A. S7-ST, PG-27

Kmita, M. PC-28

Knight, R. PD-38

Knoblich, J. FT2-11, PG-25

Koehler, K. S9-YPI, PI-1

Kohler, U. PD-24

Kolovos, P. S9-YPI, PI-1

Koltowska, K. PA-63

Korzh, V. PA-55, PA-75

Köster, R.W. PA-57, PF-11

Kou, J. S9-YPI, PI-13

Kovacicova, K. PA-20

Kovács, T. PB-21

Koyama, T. PG-26

Kracmarova, J. PA-11

Kraft, K. S3-YPI, PC-21

Kragesteen, B. S3-YPI, PC-21

Kralickova, M. PC-18

Krezel, W. PB-26, PB-59

Krishnakumar, P. PA-44

Krone, N. PC-25

Kubickova, M. PA-20

Kucinksi, I. PE-9

Kurian, L. S9-YPI, PI-13

Kurimoto, K. PA-70

Kurniawan, N.D. PB-22

Kursawe, J. S2-ST, PB-35

Kurtzeborn, K. PA-1, PA-85

Kuure, S. PA-1, PA-85

Kwon, H.N. PA-1

Kyrsting, A. PE-9

 L 
Labudina, A. PC-5

Lachlan, K. S9-YPI, PI-1

Laddach, A. PA-58

Lagendijk, A.K. PA-63

Lagha, M. PC-22

Lalioti, M. PB-14

Lam, D. PB-26

Lamprou, A. FT1-7, PA-56

Lamus, F. PA-54
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Landsmann, L. PC-18

Langegger, M. S5-ST, PE-17

Lansade, P. PB-14

Larson, B. PD-17

Lasrado, R. PA-58

Laugsch, M. S9-YPI, PI-1

Laurent, D. PI-2

Lauschke, V. PE-23

Lavarino, C. PI-27

Lavrov, A. PG-28

Lazaro-Farre, J. PB-41

Lea, R. S2-ST, PB-35

Learte, A.I.R. PA-32, PA-33

Le-Bivic, A. PG-16

Lebouvier, M. PG-14

Lecaudey, V. PA-66

Ledesma, M. PB-18

Le-Dréau, G. PI-27

Lee, J. PF-22

Lee, N. PF-16

Lee, S. PC-5

Lefebvre, V. PA-62, PB-30

Legoy, T. PB-53

Lehesjoki, A. FT2-15, PI-17

Lehmann, R. FT1-10, PB-36

Lemos, L. PE-6

Lenartowska, M. PA-14

Lenz, M. PD-8

Lescroart, F. PA-97

Leshchiner, I. PA-63

Letelier, J. PG-34

Leung, B. PA-42

Leung, B.K.W. PC-9

Levayer, R. S6-YPI, PF-15

Levi, G. PG-6

Lewandoski, M. PE-16

Li, H. PA-1

Li, L. PA-62, PB-30

Li, M. PB-2

Liang, Z. PD-35

Lilao, J. PB-23

Lilao-Garzón, J. PI-6

Lim, K. PD-24

Lim, S.M. PB-4

Lin, X. PA-97

Lister, R. PC-1

Liu, Y. PA-42, PC-9

Livet, J. PB-14

Loe-Mie, Y. PG-14

Lohse, D. PB-26

Loose, M. PB-20, PG-12

Lopes, S. PI-12

Lopes, S.S. PA-65

López, A. PE-16

López, M.J. PC-14

López-Atalaya, J. PA-91

López-Atalaya, J.P. PI-19

López-Bendito, G. PB-51

López-Blau, C. PH-6, PI-15, PI-16

López-Cáscales, M.T. PA-91, PC-2

López-Izquierdo, A. PA-13

López-Jimenez, E. PB-9

López-Mayorga, M. PD-9

López-Mayorga, M. PD-12

López-Rios, J. S7-YPI, PG-2

López-Sanchez, C. PA-99, PA-100

Loubersac, S. PI-2

Lozano-Ureña, A. PF-19

Lozovska, A. PC-19, PE-6

Lumper, C. PD-24

Lund, C. PB-48

Lunella, F. PA-73

Lunella, F.F. PA-72

Luo, W. PA-72, PA-76

Lupiáñez, D. S3-YPI, PC-21

Lust, K. PB-46

Luxey, M. PA-28

 M 
Ma, H. PI-8

Maçarico, T. FT2-8, PF-1

Maeso, I. FT2-10, PC-12, PC-14, PG-1, PG-3

Magno, R. PD-13, PD-34

Magri, M.S. PF-9

Maia-Fernandes, A. PD-11

Maia-Fernandes, A.C. PD-13

Maicas, M. PA-67

Maier, E. PD-38

Malandrino, A. PD-29

Mallo, M. PA-65, PC-16, PC-19, PD-10, PE-6

Mallol, A. PA-70

Malumbres, M. PB-64

Manceau, M. FT2-9, PG-5, PG-32

Mancini, E. PB-27

Manzanares, M. FT2-11, FT2-14, PA-13, PB-9, PG-25, PI-3

Mapstone, C. PD-39

Marcelino, H. FT1-13, PC-6

Marcellini, S. PG-1

Marchese, D. PI-20

Marcon, L. S4, S5-ST, PD-19, PE-17

Marczenke, M. PA-53

Marée, A. PD-34

Mariani, L. PA-83

Mariatos, D. PD-33

Marie, C. PC-29

Marín, M. PF-9

Marín-Barba, M. PG-29

Markus, D. PA-49

Marletaz, F. FT2-10, PG-3

Marlow, H. PG-14

Marques, B. PA-103

Marques, J. FT1-13, PC-6, PI-26

Márquez, A. S4-YPI, PD-2, PI-19

Marreiros, A. PD-11

Martí, E. PI-27

Martin, D. PH-10

Martin, E. PD-6

Martin, M. PB-17

Martindale, M. PG-22

Martínez, L. PA-9

Martínez, N. FT2-2, PD-15

Martínez, S. PA-30

Martínez, S. PA-31

Martínez-Ara, G. PD-37

Martínez-Morales, J.R. PC-10, PG-18, PG-34

Martínez-Pérez, S. PB-34

Martinho, R.G. PA-103

Martins, G. PA-65, PD-11, PE-6

Martins-Jesus, A.P. PD-13

Martins-Simon-De-Matos, S. PD-23

Marti-Renom, M. PC-4

Martí-Rodrigo, P. PF-19

Marzo, M. PD-38

Massalini, S. FT1-12

Matalova, E. PA-104

Mateo, J.L. PG-18

Mathiah, N. PA-77

Mathisen, A. PB-53

Matos, R. PA-103

Matsuda, M. PA-1

Matsuno, K. FT1-6, PA-26, PA-94

Maugarny-Calès, A. PD-18

Maurange, C. FT1-5, PA-22

Mayor, R. S1

Mayran, A. PC-28

McCarroll, S. PB-33

McCarthy, A. PI-2

Medevielle, F. PA-51

Medina, C. PA-62, PB-30

Megason, S. PD-38

Meier, S. PB-22

Meister, L. PG-1

Melchionda, M. PB-41, PC-17

Menchero, S. PA-13

Meneghetti, G. PA-12

Menezes, N. PA-83

Menon, V. PF-22

Mercader, N. S6-ST, PA-79, PF-14

Mesa-Cruz, C. PI-5

Meunier, A. PB-14

Michniak, K. PA-64

Michon, F. PF-8

Middelkoop, T. FT1-3, FT2-12, PA-90, PH-7

Migeotte, I. PA-74, PA-77

Miguel-Carr, P. PE-2

Míguez, A. PC-15

Míguez, D. PB-18

Mihajlovic, A. PA-41

Miki, E. PD-37

Milewski, R. PH-9

Milut, R. PE-9

Minarik, M. PG-13

Minhas, R. PC-3

Mira, H. PA-62

Miramón, P. PG-14

Miret, M. FT1-11, PB-44

Mirouse, V. PD-25

Misharin, A. FT2-11, PG-25

Mitter, R. PE-5

Mochizuki, N. FT1-2, PA-66, PA-82

Modliński, J.A. PH-13

Modrell, M.S. PG-13

Mohun, T. PD-32

Moignard, V. PA-97

Molina-Gallego, M.L. PB-34

Molina-Gil, S. PG-7

Moncaut, N. PD-9

Monke, G. FT2-5, PE-21

Montalvo, M.G. PA-32, PA-33

Montanari, M. PE-8

Montecinos, H. PA-54

Montero-Carcaboso, A. PI-27

Montjouridès, M. PG-14

Moore, T. PG-30

Moore-Morris, T. PA-87

Moracho-Pascual, N. PA-32, PA-33

Morais-De-Sa, E. PA-95
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Morales, A. PA-62, PB-30

Morales-Moya, L. PH-14

Morante-Redolat, J.M. PF-19

Moravec, J. PC-18

Moreau, C. PB-12, PB-13

Moreira, S. PA-95

Morenilla-Palao, C. PA-91, PA-92

Moreno-Fernández-Ayala, D.J. PI-23

Moreno-Marmol, T. PA-24

Moreno-Oñate, M. FT1-14, PC-8

Morero, T. PC-10

Morison, I. PC-5

Motro, B. PA-5

Mounieres, C. PG-34

Muça, G. PA-92

Mueller, P. S5-ST, PE-17

Mukherjee, A. PD-17

Müller, P. PG-37

Mullins, M. PD-38

Münch, J. PF-23

Mundlos, S. S3-YPI, PC-21

Muñoz, S. PA-62

Muñoz-Chápuli, R. PA-23

Muñoz-Descalzo, S. PB-23, PI-6

Muñoz-Garcia, J. S4-ST, PD-19

Muñoz-Martín, N. PF-12, PH-8

Muñoz-Sáez, E. PA-33

Murcia-Belmonte, V. PA-9, PC-2

Muresan, L. PD-8

Mustonen, T. PI-8

Musy, M. PD-16

Muterle, A.P. PD-23

 N 
Nachman, I. PB-45

Nagy, N. PB-21

Nahaboo, W. PA-74

Nair, A. PD-6

Nakajima, H. FT1-2, PA-66, PA-82

Nakanoh, S. PA-98

Namikawa, K. PF-11

Naomi, M. PD-7

Naranjo, S. FT1-13, PC-6

Naranjo-Durán, S. PG-34

Navarro, T. S4, PD-19

Navarro-Álvarez, T. PD-36

Navas-Lloret, P. PI-23

Navas-Pérez, E. PG-29

Negueruela, S. PA-9

Neto, A. PG-17

Neukum, M. PD-24

Neumann, K. PB-1

Nevoral, J. PC-18

Newton, L. S8-ST, PH-15

Nguyen, P. PF-3

Niakan, K. PI-2

Nicodemi, M. S3-YPI, PC-21

Nicolis, S. PA-62

Nieto, A. PA-84

Nieto, M. PI-16

Nieto, M.A. PA-52, PB-27, PH-6, PI-15, PI-22

Nikolic, M. S9-YPI, PI-1

Nilsson, M. FT2-4, PB-19, PE-11

Nóvoa, A. PC-16, PD-10, PE-6

Noy-Lotan, S. PA-5

Nuesslein-Volhard, C. PG-24

Nunes, C. PG-26

Nusspaumer, G. PA-19

 O 
Obholzer, N. PD-38

Obrębski, T. PC-3

Ocaña, O.H. PA-52, PA-84

Odelin, G. PI-20

Ohta, H. PA-70

Okuda, K. PA-63

Oliveira, R. PB-28

Oliver, G. FT2-11, PG-25

Oliveri, P. PG-15

Opitz, R. PB-42

Orbán, L. PB-21

Ordóñez, M.E. PA-23

Ortiz-Ávarez, G. PB-14

Ortiz-Lopez, L. PA-79

Ortmann, D. PB-1

Orús-Alcalde, A. PG-33

Osswald, M. PA-95

Osterwalder, M. S7-YPI, PG-2

Owen, M. PI-10

 P 
Pachnis, V. PA-58

Pais-De-Azevedo, T. PD-11, PE-15

Palacios, A.M. S4-YPI, PD-2

Paliou, C. S3-YPI, PC-21

Palmeirim, I. PD-11, PD-34, PE-15

Palumbo, A. PG-9

Panos, F. PI-26

Papalopulu, N. S2-ST, PB-35

Paps, J. FT2-10, PG-3

Paridaen, J. FT1-4, PA-6

Parras, C. PC-29

Pascual-Carreras, E. PF-9

Patel, N. Opening Lecture

Paterek, A. PC-3

Paterson, S. PA-63

Paulissen, C. PA-97

Payer, B. PA-70

Payre, F. PA-49

Paytuví-Gallart, A. PC-4

Pechstein, M. S3-YPI, PC-21

Peralta, M. PA-79

Perera, M. FT1-9, PB-6

Perera, R. PA-44

Pérez, C. PH-10

Pérez-Carrasco, R. PC-17

Pérez-Villalba, A. PB-39

Pernaute, B. S3-ST, FT1-11, PB-44, PC-7

Perosanz, X. PA-24

Perrod, C. PC-24

Petridou, N. FT2-3, PD-31

Pfanzelter, J. PD-17

Piliszek, A. PA-64, PB-52, PH-13

Pimpale, L. FT1-3, FT2-12, PA-90, PH-7

Pinard, A. PI-20

Pinheiro, D. PA-50

Pinto, A. PI-12

Pinto, F. PD-34

Piper, M. PB-22

Pirooznia, M. PC-25

Pituello, F. PA-51

Placzek, M. PB-1, PC-25, PD-28, PE-1, PE-4

Planques, A. PF-2

Plusa, B. PA-8, PA-64, PB-56, PD-39

Pocklington, A. PI-4, PI-9, PI-10

Podobnik, M. PG-24

Polo, J.M. PB-4

Polvillo, R. PC-10, PG-18

Pombero, A. PA-30, PA-31

Pombo, A. S3

Pontes-Quero, S. PA-76

Poovathumkadavil, P. PA-71

Pose-Mendez, S. PF-11

Poss, K.D. PF-16

Pouchin, P. PD-25

Pour, M. PB-45

Poyato, D. PE-18

Pozzi, S. FT1-9, PB-6

Prin, F. PD-32

Probst, S. PE-7

Prokesova, S. PC-18

Psenicka, M. PG-11, PG-13

Puceat, M. PA-87, PH-12

Pujades, C. PA-46, PA-48

Pujol-Martí, J. PD-5

Pulli, K. PB-48

 Q 
Qi, J. PB-60

Qin, T. PA-42, PC-9

Quintana, P. S9-ST, PI-24

Quintero-Cadena, P. FT2-12, PH-7

 R 
Rada-Iglesias, A. S9-YPI, PI-1

Radulescu, O. PC-22

Ræder, H. PB-54

Rago, L. PA-52

Raiola, M. PA-27

Ramesova, A. PA-104

Ramírez, F. PB-15, PB-24

Rankovic, B. PB-61

Raspopovic, J. S5-ST, PE-17

Rasteiro, M. PI-12

Rath, M. PB-16

Rauseo, A. PE-26

Rawlins, E. PF-22

Rayon, T. PC-17

Raz, E. PC-1

Redowicz, M.J. PA-14

Rees, E. PI-10

Rehbock, M. PF-11
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Rehimi, R. S9-YPI, PI-1

Reinhardt, R. PA-19

Remacha, E. PA-79

Remesal, L. PA-67

Renard, E. PG-16

Renaud, Y. PB-32

Renko, K. PB-42

Rentzsch, F. PG-36

Repapi, E. PC-26

Resende, T. PD-34

Rezsohazy, R. PI-20

Rhinn, M. FT2-2, PD-15

Ribeiro, A. FT2-8, PF-1

Ribeiro, D. PI-26

Rice, D.P. PI-8

Richardson, S.R. PB-4

Richter, A. PD-24

Ricolo, D. PA-2

Riedel, C. PA-34

Rigby, P.W.J. PD-9

Rimnacova, H. PC-18

Ring, T. PA-57

Rink, J.C. PB-49

Rivero-Gil, S. FT1-13, PC-6

Riviere, G. PC-13

Robert-Moreno, A. FT2-2, PD-15

Robic, A. FT2-9, PG-5

Robles, R. S4-YPI, PD-2

Rodríguez-Baena, F.J. PI-19, PI-21

Rodríguez-Martín, I. PA-33

Rodríguez-Outeiriño, L. PB-15, PB-24

Roehe, P.M. PD-23

Roger, I. PA-67

Rohner, N. S8-YPI, PH-3

Rojas, M. PA-34

Rollan, I. FT2-14, PB-9, PI-3

Rollan, I.C. FT2-11, PG-25

Romano, G. PG-9

Romero-Bueno, R. PA-34

Roncalli, V. PG-9

Ronchi, P. S8-ST, PH-15

Rondon-Galeano, M. PA-63

Rosa, F. PB-63

Rosa-Fraga, L. PD-23

Roselló, A. PE-16

Rosselló, M. PF-4

Rouco, R. S3-YPI, PB-9, PC-21

Rouco-Garcia, R. PE-26

Roussat, M. PA-51

Rovira, Q. S3-ST, PC-7

Rozas, J. FT2-10, PG-3

Rudolf, H. S5-YPI, PE-14

Rueda-Alaña, E. PG-35

Ruiz-Gómez, M. PA-68, PA-69

Ruiz-Herrera, A. PC-4

Ruiz-Losada, M. PE-24, PF-6

Rujano, M. PB-57

Rujano, M.A. S1-YPI, PA-15

Rushikesh, S. PE-25

 S 
S.-Castro, D. PA-61

Sabat-Pospiech, D. PH-9

Sagar, S. PE-7

Sagy, N. PB-45

Saint-Carlier, E. PC-13

Sainz-De-Aja, J. PB-9

Saitou, M. PA-70

Sala, S. PA-9

Salbreux, G. PE-10

Sales-Luiz-Vianna, F. PD-23

Salinas, G. PA-44

Sallé, J. PA-38

Sally, H. PD-25

Saló, E. PF-4, PF-5, PF-9

Salvador-Martínez, I. FT2-4, PB-19, PE-11

Sampaio-Soares, D. PB-28

Sanabria E. PG-34

Sánchez, A. FT2-10, PG-3

Sánchez-Aragon, M. S4, PD-19

Sánchez-Cabo, F. PB-9

Sánchez-Camacho, C. PA-32, PA-33

Sánchez-Dànes, A. PA-97

Sánchez-Hernandez, D. FT1-8, PA-88
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