
Stochasticity of the meiotic entry  
 
One 4-6 months internship (starting in the first quarter of 2022) is available at the University of 
Montpellier. We are looking for master or engineering students with excellent skills in mathematical 
modelling (stochastic processes, nonlinear ordinary differential equations) and computer 
programming  (Matlab and Python); knowledge in systems biology, biochemistry and cell biology will 
be appreciated.  
 
Context: Normal female fertility relies on proper development of the oocyte. One of the final stages 
of oocyte development is maturation, defined as meiotic entry. The progression of the oocyte 
towards maturation is controlled biochemically and involves a balance between factors promoting 
maturation and maintaining meiotic arrest. We have previously shown that Cyclin A and Bora 
dependent Plk1 activation is a determinant of mitotic entry and controls G2 phase length [1]. In 
meiosis MAPK plays a similar role to Cyclin A, probably in conjuction with other molecular species.  
 
Analysis of the mitotic mathematical model [1] and of a similar meiotic model, using bifurcation 
diagrams, emphasized the relative roles of different molecules in the mitotic / meiotic entry. Both 
transitions can be modelled as saddle-node bifurcations. Both these models have a trigger that 
lowers the transition barrier and a driver that pushes the system over the barrier.  
 
Because of their relation to saddle-node bifurcations, mitosis and meiosis remind phase transitions of 
the first kind, phenomena well studied in physics (such as, for instance, in liquid-vapour transition). 
Like phase transitions, we expect that added noise influence the mitotic entry. Preliminary results 
show that the stochasticity of the mitotic entry depends on the MAPK level and metastable 
phenomena. For low MAPK activity the meiotic entry is stochastic and possible only for temporally 
correlated noise (there is a critical germ size).   
 
The internship project is interdisciplinary and puts together for the first time ideas from the biology 
of cell cycle, the statistical physics of phase transitions and the mathematics of stochastic processes.  
 
Problem(s): The project aims at solving two problems. i) justify mesoscopic equations for the mitotic 

dynamics with correlated additive and non-additive noise; ii) study these models and describe the 

conditions for meiotic entry as well as the distribution of meiotic entry times. 

Solution(s):  We have already built non-linear differential equations for the meiotic entry. These 

models are represented as chemical reaction networks. Molecular noise can be introduced in these 

networks using Delbruck-Rényi-Bartholomay approaches leading to Markov jump processes [2]. 

Various mesoscopic approximations can be obtained by limit theorems applied to these processes [2-

4]. We will also model extrinsic sources of noise.  
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Addresses: 

  

Ovidiu Radulescu, Computational Systems Biology team, Laboratory of Pathogen Host Interactions, 

UMR 5235, Place Eugene Bataillon, 34095 Montpellier. https://lphi.umontpellier.fr/en/lphi-

teams/biological-physics-and-systems-biology 

 

Thierry Lorca, Centre de Recherche en Biologie cellulaire de Montpellier, UMR 5237, 1919, route de 

Mende, 34293 Montpellier.  

http://www.crbm.cnrs.fr/team/controle-de-lentree-progression-mitotiques/ 

 

To apply send a CV + motivation letter + names and email addresses of referees to Ovidiu Radulescu 
(ovidiu.radulescu@umontpellier.fr). 
 


