
Hydrodynamic analysis of Drosophila ventral invagination and germband extension
In the research group of Enrique Martín Blanco, at IBMB in Barcelona, I developed a method to measure, from the kinematics of a morphogenetic process, the stresses and mechanical power fields producing the deformation observed. From 2-photon microscopy movies of Zebrafish epiboly, we observed and measured internal flows. I modeled the egg surface with elementary hydrodynamic solutions of the low Reynolds number equation and fit these measured flows. I was then able to predict the main focus of mechanical energy production that precisely locates where an acto-myosin band concentrates at the surface. Laser cuts and AFM experiment results are in accordance with the predictions of the surface tension. 

The research group of Benedicte Sanson, at the University of Cambridge, have produced full 3d SPIM movies of the whole Drosophila embryo during mesoderm invagination. The same methodology can be applied to measure surface tension and power maps. Preliminary results of the analysis are in accordance with what we know of the process. The apical constriction of the ventral cells is indeed the main motor of the process, and the anisotropic tension at their apex measured by Adam C. Martin et al., 2010, is accurately predicted. But dorsal cells also seem to actively participate, which has never been described yet. We aim to expand the analysis to the whole gastrulation process.

My visit aimed first to explain and describe the analytical method and its quantitative predictions, and discuss it with other physicist already collaborating with Benedicte Sanson. Then, we wanted to coordinate on the molecular data to correlate with the mechanical quantities predicted and the mutant phenotypes to analyse.

During the visit, I presented the methodology applied on Zebrafish epiboly and the first results on Drosophila mesoderm invagination. In addition to the members of Bénédicte Sanson’s group, Richard Adams and Alexandre Kabla, group leaders at Cambridge University, were also present, while Jocelyn Etienne, from Grenoble University, attended by video-conferencing. I had afterward with the three of them separately, deeper discussion about the biology, the computational method and the mathematics involved.
With Bénédicte Sanson, we set up the following steps of the collaboration. She gave me full access to three SPIM movies of WT embryos and three ones of snail mutant ones. 
First I will provide her group with a 3D kinematic analysis of the six samples, displaying velocity and deformation fields at the surface of the embryos. These quantitative data will result in an article describing the phenotypic differences between WT and snail mutants, at the scale of the whole embryo.
Then, I will develop the hydrodynamic analysis to account for cell intercalation too. Indeed, the model used for Zebrafish epiboly and Drosophila mesoderm invagination deals with local isotropic constriction, not for in-plane cell rearrangements that are the main motor of germband extension. A physical simulation of cell intercalation implemented by Alexandre Kabla will allow me to test in silico the predictions of this new analysis before applying it to the germband extension movies.  


