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Research programme and achievements 

My research program is at the interface of soft matter physics and cell and developmental 
biology. I am a theoretical physicist who develops and applies physical analysis to cell 
and tissue morphogenesis, in order to understand how different scales, from the molecule 
to the organism, are related in biology.   
On the theory side, I have been working on various aspects of the physics of active 
matter and its application to biological systems:  
 I have proposed a theory of nematic active gels which I have used to describe actin 

filament alignment during cell division in the C.elegans embryo. This theory allows an 
understanding of the relationship between flows in the actomyosin cortex and the 
ordering of filaments.   

 I have been interested in shape oscillations and fluctuations that can be observed in 
single cells or in tissues in developing embryos, and which couple variations in cellular 
shape and in contractile properties of the cytoskeleton.   

 We have developed simulations at the molecular level of stress generation in a 
network of actin and myosin. These simulations relate the molecular behaviour of an 
active network of filaments and motors to active stress generation at the cellular scale. 
We have shown that an optimal turn-over rate of cross-linkers linking the filaments 
enhances the stress generation in the network. We have also shown that the length of 
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actin filaments can similarly be optimally adjusted for maximal force generation in the 
actin cortex.   

 We have developed a general theory of tissue mechanics and the role of the interplay 
of cell and tissue deformation in driving tissue flows. This theory breaks down the rate 
of deformation of a tissue into the fundamental cellular contributions, including 
average cell shape changes and topological transitions, enabling a detailed analysis 
of the fundamental processes by which tissues establish their shapes. Using a 
coarse-grained theory to describe a tissue, we have shown conditions under which 
the interface between two growing tissues can destabilise.   

 We have been developing a 3D vertex model simulation framework to relate force 
generation at the cellular scale to tissue deformation, applying these tools for instance 
to understand epithelial folding.   

 I have developed a covariant description of the mechanics of elastic and fluid active 
surfaces, establishing a theoretical framework that has been the foundation for further 
theoretical studies since its publication.  

In parallel, I have established numerous collaborations with world leading developmental 
biologists, especially at the Crick, with whom we study cell mechanics and tissue 
morphogenesis. These collaborations are an essential part of our work as (i) they allow to 
test our theoretical hypothesis, and (ii) they provide experimentalists with a framework to 
rigorously study biological processes.  
 We have proposed physical descriptions of the mechanics of cell division and 

cytokinesis, explaining in particular how the cell elongation axis is remembered after 
cell rounding to set up the division axis.   

 We have developed a physical analysis of the mechanics of morphogenetic processes 
in Drosophila and zebrafish. In these studies, we obtained quantitative measures of 
morphogenetic processes during development. We then compare experimental data 
to physical models describing cellular flows and deformations, in order to understand 
how molecular and cellular organisation gives rise to tissue-scale dynamics.  

 We have been working on the mechanics of epithelial tissue 3D deformations. We 
have shown that several distinct mechanisms are at play in forming folds in the 
Drosophila wing disc, despite the fact that the folds have similar shapes. In a study of 
the early formation of epithelial tumours in pancreatic cancer, we have shown that 
early cancerous tumours can expand within or outside the epithelial tube in which they 
form, due to their perturbed mechanical properties.  

 Recently we have been interested in the physics of morphogen gradients and the role 
of non-signalling receptors in setting the shape of a gradient.  
 

 

Research outputs 

K. Stapornwongkul, M. de Gennes, L. Cocconi, G. Salbreux*, J.P. Vincent*, (2020) 
Patterning and growth control in vivo by an engineered GFP gradient. Science 370 
321-327. DOI: 10.1126/science.abb8205 
This study describes and analyses a synthetic GFP morphogen gradient replacing the 
DPP morphogen gradient that normally orchestrates morphogenesis in the Drosophila 
wing disc. Because the properties of the synthetic gradient can be experimentally 
modulated, a physical analysis of molecular determinants of morphogen gradients 
becomes possible.  
 
A. Dimitracopoulos, P. Srivastava, A. Chaigne, Z. Win, R. Shlomovitz, OM Lancaster, 
M. Le Berre, M. Piel, K. Franze, G. Salbreux*, B. Baum*, (2020) Mechanochemical 
crosstalk produces cell-intrinsic patterning of the cortex to orient the mitotic 
spindle. Current Biology 30(18):3687-3696.e4. DOI: 10.1016/j.cub.2020.06.098.  
This study describes a physical model for how a cell “remembers” its long axis when it 
rounds up for division. In this work a complex process involving cell signalling and 
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patterning and spindle mechanics is deciphered with the help of a tight coupling between 
experimental and theoretical work.  
 
HA. Messal, S. Alt, R.M.M. Ferreira, C. Cotoi, G. Salbreux*, A. Behrens*. (2019) 
Tissue curvature and apico-basal mechanical tension imbalance instruct cancer 
morphogenesis. Nature 566(7742):126-130. DOI: 10.1038/s41586-019-0891-2 
This study uses 3D imaging of developing cancerous lesions in the pancreas to show that 
early tumours adopt different shapes depending on tissue curvature, due to the 
distribution of intracellular forces. It connects cell mechanics with the biology of tumour 
development in an unprecedented manner. 
 
J.J. Williamson, G. Salbreux, (2018) Stability and roughness of interfaces in 
mechanically-regulated tissues. Physical Review Letters, 121(23). DOI: 
10.1103/PhysRevLett.121.238102.  
This theoretical study analyses the stability of an interface between two growing tissues, 
in a model where cell division rate is sensitive to mechanical pressure. This is a purely 
theoretical work that illustrates how biological questions inspire the development of new 
theoretical physics in our group.  
 
H. Morita, S. Grigolon, M. Bock, S.G. Krens, G. Salbreux*, C.P. Heisenberg* (2017), 
The Physical Basis of Coordinated Tissue Spreading in Zebrafish Gastrulation. 
Developmental. Cell 40(4):354-366. DOI: 10.1016/j.devcel.2017.01.010  
This study proposes an embryo-scale description of forces allowing for zebrafish 
gastrulation. Forces exerted by different tissues are dissected using mechanical 
perturbation experiments, allowing for a quantitative description of a morphogenetic 
process at the scale of an organism. 
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