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Hydra vulgaris is a freshwater polyp capable of whole body regeneration, i.e. any piece cut from the animal (and 

even randomly reaggregated cells, Fig1) can reform an entire functional organism. This process goes through a step 

at which the tissue folds back into a spherical shape and therefore has to spontaneously break its symmetry to 

define a new head-to-tail axis (Fig1 at 22-35h1). This spontaneous symmetry breaking has been described by as a 

Turing instability2. However, recent experimental results show that patterning in Hydra requires proper mechanical 

forces within the tissues demonstrating a coupling between tissue scale mechanics and biochemistry3. 

 

Fig 1. Left: Schematics of Hydra morphology. Right:Timelapse of Hydra regeneration from a cellular aggregate. The ectoderm 

and endoderm are shown in green and magenta, respectively. Scale: 200m up to 72h, 500m at 100h. 

In this project, we will explore these mechano-genetic couplings, in particular by disturbing normal tissue mechanics 

using microfluidic tools (Fig 2) and quantifying the organism’s response at the molecular, tissue and whole body 

scale.  The aim is to use the resulting experimental data in quantitative models taking into account both the reaction-

diffusion system and its coupling with tissue mechanics. This is done in collaboration with P. Marcq (ESPCI, Paris). 

The student will be involved in the following missions throughout the internship. 

Hydra care: The student will learn how to maintain, grow and use Hydra populations for experiments. 

Microfluidics: The student will use micro-milling and microfabrication techniques to fabricate constriction chambers 

(Fig 2). This work will be done in the clean room of the Institut des Nanotechnologies de Lyon (INL) and results from 

a collaboration with the team of M. Delarue at LAAS, Toulouse. 

 

Fig2. Microfluidic experiments developed with the LAAS to apply controlled stresses on regenerating Hydra pieces. Right: example 

of patterning defect following regeneration under constraint. 

Microscopy: Fluorescence, brightfield and spinning disk microscopy will be used to image the reaction of the sample 

to mechanical perturbations on time scales of 1-2 days. 

Molecular biology: The student will use molecular biology techniques (quantitative PCR, RNA Sequencing, in situ 

hybridization) allowing to observe the response of the organism at the molecular scale to understand patterning 

defects. 
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Modelling: Possibility to get involved in the modelling aspects of the project using a finite element framework to 

simulate a Turing system on a growing sphere including mechano-genetic coupling. 
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