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The early stages of mammalian development involve symmetry-breaking events through which 
a group of equivalent cells differen.ate and undergo specific morphogene.c movements during 
a process known as gastrula.on. Such a process can be recapitulated in vitro by culturing 3D 
aggregates of stem cells, eventually forming embryonic organoids called gastruloids. Despite this 
system has been extensively studied from a gene.c point of view, the physical basis of its 
morphogene.c poten.al is s.ll not understood. Guided by experimental results, the researcher 
will use an agent-based simulaPon soQware including cell differenPaPon and mechanics to 
simulate how local cell interac.ons can give rise to polarized paWerning and the concomitant 
elongaPon of the structure. Simula.ons will be combined with conPnuum hydrodynamic 
models to bridge the gap between the cellular and .ssue scales. The work is expected to mo.vate 
the design of new experiments in order to test the theore.cal predic.ons.  
 
Expected profile of the applicant: Biophysicist, soH maIer physicist, or applied mathema.cian 
with a strong interest in .ssue morphogenesis. 
 
Place: EMBL Barcelona & Universitat Politècnica de Catalunya (UPC), Barcelona (Spain). 
DuraPon: 1 year (possible extension). 
Deadline for applicaPon: 31st of January 2024. 
 
ApplicaPons: We invite applicants to submit to vikas.trivedi@embl.es or david.oriola@upc.edu: 

- Curriculum Vitae (CV). 
- Short leIer describing prior research experience and current professional interests.   
- Contact informa.on of two references.  

 
Informal inquiries are also welcome. 
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mechanical forces on the cell17. To address this, methods were devel-
oped in the last decade to obtain absolute mechanical stresses over 
time from deformation of injected liquid droplets or gel beads with 
known mechanical properties18,19. These methods will be useful in, for 
example, determining how the mechanical properties of 3D gastruloids 
change as they differentiate.

Coarse-grained approaches for large aggregates
An advantage of embryo models is throughput: the ability to pro-
duce thousands of structures per experiment. However, general 

but is part of a coupled mechanochemical patterning system16. Similar 
applications can be expected for embryoids in the future.

Force inference from cell and tissue geometry is powerful because 
it is global and high throughput, but it rests on assumptions about 
the mechanical properties of the tissue and only provides relative 
forces. When based on tissue flow, it also lacks cellular resolution. 
Inferred forces must therefore be verified with other methods. Defor-
mation in response to laser cutting can confirm relative tensions but is 
destructive, instantaneous and low throughput. Genetically encoded 
fluorescent force sensors exist but may be difficult to relate to specific 
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Fig. 1 | Methods to study morphogenesis and mechanics in embryo models.  
a, Schematic of 3D gastruloid38. In all schematics, red indicates brachyury-
positive primitive streak-like cells, blue pluripotent cells, green extraembryonic 
cells. Scale bars in a,d,h, 50 µm. b, Tissue flow in 3D gastruloid expressing 
brachyury reporter (dark)12 c, Fusion of mouse embryonic stem cell aggregates; 
equation describes expected time evolution and can be fitted to obtain the τ and 
β parameters, which are proportional to the ratios of shear viscosity and shear 
modulus, respectively, to surface tension22. d, Schematic of ETX embryoid.  

e, Tissue cartography using ImSAnE (Image Surface Analysis Environment)24  
for the inner epithelium, consisting of epiblast and extraembryonic ectoderm25. 
f, In mechanical equilibrium, interfacial tensions T and cellular pressures p in  
an epithelium can be inferred from vertex angles φ and membrane curvature 
radius R. g, Inferred membrane tensions from cell geometry in Drosophila  
lateral ectoderm29. h, Schematic of 2D gastruloid. i, Map of traction stresses in  
2D gastruloid32. Supplementary Figure 1: Self-organized AP axis formation in gastruloids demarcated by Bra/T

polarization

(a) IHC for Bra/T in gastruloids at 24h AA with orthogonal views demonstrates that expression is evenly

distributed along the thickness of the aggregate. Scale bars = 100µm. (b) HCR for Foxa2 illustrates

dispersed, but evenly distributed expression in gastruloids at 24h AA, prior to Bra/T symmetry breaking.

Scale bar = 100µm. (c,d) IHC for Phalloidin in gastruloids at 24h, 48h and 72h AA indicates no clear

di�erences in cell shape between Bra/T
+

and Bra/T
≠

cells. However, there is occasional multicellular

rosette formation in the anterior (A) region (red arrows) of gastruloids at 72h AA. Scale bars = 100µm.

(e) Representative images for gastruloids grown with or without canonical Wnt upregulation (CHIR99

pulse) as well as quantifications of aggregate area and eccentricity (or elongation). Scale bar = 200µm.

(f) and (g) Representative images for gastruloids grown under pluripotency-promoting conditions via ESL

and corresponding quantifications of Bra/T fluorescence intensity along the AP axis as well as aggregate

area and eccentricity. Scale bar = 200µm.
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