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Living organisms polarize their cells and tissues during development. Creation of a polarity axis is 
often established by gradients of proteins, referred to as morphogen gradients. Though most of the 
molecules involved in these of mechanisms are identified, how these gradients establish is poorly 
understood: expression, transport, diffusion and degradation must be coordinated in a spatio-
temporal manner to create signaling patterns in tissues. Besides, little is known about how these 

instructive polarity cues are integrated at the cellular levels: how do target 
cells read the information contained in the morphogen gradients? 
 
In our lab we use the model system Caenorhabditis elegans to address these 
questions. We work in close collaboration with the group of Vincent Bertrand 
(Polarization and binary cell fate decisions in the nervous system, IBDM), 
specialist of the asymmetric divisions of neuronal precursors. In the late 
embryo of the nematode, neuronal precursors divide asymmetrically to give 
rise to two daughter cells with different cell fates. This process is under the 
control of the Wnt pathway [1]. The Wnt ligands are secreted proteins, 
expressed in the posterior part of the embryo, that target neuronal precursors 
situated anteriorly to dictate their fate.  
 
We aim at characterizing the mobility of the Wnt ligands in the developing 
tissue, in order to understand how fast and precise the establishment of Wnt 

signaling is at the scale of the embryo. We propose to use state of the art quantitative microscopes 
available in our lab or on the IBDM imaging platform (confocal microscopy, Fluorescence Correlation 
Spectroscopy,..) on strains carrying  fluorescently tagged Wnt ligands. In particular we have 
developed a light-sheet microscope (a Gaussian or Bessel beam is scanned in 2D to create the light 
sheet) that allows us to image live embryos over their complete development with very low 
phototoxicity and photobleaching [2]. This set up can be used to track single molecules in the tissue 
and to perform structured illumination microscopy. We propose to use these technologies in 
combination with the development of new nematode strains to study Wnt signaling in the neuronal 
precursor field. The Bertrand lab has recently been successful in creating knock-in of fluorescent 
proteins with the CRISPR/Cas9 method, this technique will allow us to tag the endogenous Wnt 
receptor (Frizzled) and monitor interactions with its ligand. 
 
This project is highly interdisciplinary and will be led in close collaboration with Bertrand lab. Our 
work takes advantage of our knowledge in quantitative microscopy and on the development of new 
imaging techniques. We also aim at providing a theoretical framework for the establishment of long 
range Wnt signaling that we could test in numerical simulations (Python, Matlab,…) 
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Morphogenesis is a complex physical process in which an organism is sculpted by irreversible 
deformations of cells and tissues. Understanding how forces generated by actively regulated 
contractile elements are converted into permanent shape changes at the cell and tissue scale is 
therefore central to our understanding of development. The acto-myosin cortex, which lines cell 
membranes, plays a crucial role in generating and transmitting forces. Theory and experiments both 
suggest that the cortex has a viscoelastic, time-dependent dynamics: reversible (elastic) on short 
time scales, and irreversible (viscous) on long time scales. In other words, only forces applied long 
enough can generate permanent deformations. Yet, many questions remain: What is the typical 
timescale separating the two regimes? What it its physical or molecular origin, and is it under active 
regulation? In the lab we developed tools to study tissue mechanics, in other words the explicit 
relationship between forces and deformations. In particular, we use optical tweezers to apply forces 
at the cell scale in the Drosophila embryonic epithelium, and observe the resulting deformations at 
high spatial and temporal resolution with light sheet microscopy. In parallel, we develop physical 
models and numerical simulations that provide a framework for the quantitative analysis of our 
experimental results. So far we have been able to explore the reversible regime of deformations (at 
short time scales), and to measure the cortical tensions at cell contacts. We propose to use these 
tools to study cells and tissue behavior at longer timescales, relevant to permanent morphogenetic 
deformations, in order to estimate the typical timescale of irreversibility. We also wish to determine 
its molecular origin; for that purpose we propose to analyze how abnormal activity or turn-over of 
the molecular components of the cortex can affect this timescale. 
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