Scaling of epithelial morphogenesis with animal size.
Institut Curie UM3215

During development, the collective movement of thousands of cells is essential to form
functional organs and tissues of defined shape and organization. These so-called morphogenetic
movements are controlled by gene expression. However, moving cells also requires mechanical
forces to be exerted and sensed, powering their collective displacement and tissue deformation
(Figure) ! . How gene expression and mechanics together control collective cell dynamics to
generate reproducible shapes during development remains an outstanding question in biology.
In the lab, we combine Drosophila with advanced methods, spatial transcriptomics, time-lapse
imaging, force measurement, and optogenetics’>, to explore the mechanisms of
morphogenesis.

Within the framework of the internship, we propose to explore how morphogenetic processes
adapt (scale) with animal size. For more than 100 years, it has been known that even half-size
embryos can develop perfectly, indicating that collective flow can be tuned to embryo size. We
recently discovered that one of the central morphogenetic movements, collective migration,
tunes its velocity to animal size, a scaling behavior that depends on both gene expression and
tissue mechanics. We will use collective migration to address two questions: (i) how gene
expression patterns are translated into the mechanical forces that power cell displacement; and
(i1) how tissue mechanical forces ensure that migration velocity is proportional to animal size.
Together, this work will advance our understanding of tissue morphogenesis and identify
mechanisms that ensure robust development.

The intern will take ownership of one of these
questions, combining quantitative live imaging and
optogenetic perturbation with tissue-scale data analysis
to test how cells coordinate their movements across
animals of different sizes. Beyond hands-on training in
cutting-edge imaging and biophysical approaches, the
project offers a stimulating, collaborative environment
and can naturally develop into a PhD thesis for a
motivated student.

Figure 1: Tissue flow during epithelial
morphogenesis
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