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During embryonic development, cells acquire different fates that will give rise to different organs and tissues. A key 

example is gastrulation, which results in formation of the germ layers and the main body axes. This process involves 

collective movements of cells upon early cell differentiation. A puzzling question is how these early differentiation 

patterns form. It relates to the fundamental problem of how cells in an embryo determine their position relative to 

each other, and to the whole embryo. To explore these questions in the context of early mammalian embryos, we 

use aggregates of mouse-embryonic stems cells, so-called gastruloids. These in vitro models of early embryos show a 

fascinating capacity to self-organize and establish a primary axis and germ-layer-like patterns from an initially 

equivalent mass of cells. One hypothesis how these patterns arise is that cells sense signaling molecules 

(“morphogens”) that are released by other cells. In addition, differentiation may also propagate via direct cell-cell 

interactions, in a relay-like manner. Alternatively, expression domains could form by cell sorting, arising from 

mechanical heterogeneities in cell-cell adhesion rather than biochemical signaling. 

The aim of this project is to disentangle these mechanisms using an experimental approach combining live imaging, 

gastruloid fusion experiments and quantitative image analysis. To this aim, we will first image gastruloids fixed at 

different time points to quantify the 3D distribution of gene expression markers by in toto 2-photon imaging. We will 

then perform live imaging experiments using lightsheet microscopy to image the dynamics of gene expression over 

time. This will allow us to understand whether fluctuations in gastruloid shape and asymmetries in gene expression 

at an early stage determine the emergence of an axis, i.e. symmetry breaking, at a later stage. Finally, we will 

perform gastruloid fusion and mixing experiments of signaling induced and non-induced cells/ aggregates. Thereby, 

we will be able to follow individual cells as they induce differentiation in their neighborhood. We analyze the 

acquired data using state-of-the-art quantitative image analysis tools. Experimental results will be integrated in cell-

based models to predict how biochemical and mechanical interactions generate tissue-scale patterning. 

 
Figure 1. (A) Potential mechanisms of cell-cell signaling in gastruloids. (B) Confocal image of gastruloid aggregated 

from cells expressing the mesoderm marker Brachury and non-expressing cells. (C) Fusion of a induced aggregate 

showing Brachury expression with a non-activated aggregate (grey). 

 

The project requires a solid quantitative background, basic knowledge in optics and strong interests in fluorescence 

microscopy and living systems. The project will be carried out in a biophysics lab that combines experimental and 

theoretical approaches to investigate different aspects of morphogenesis in several model organisms.  
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