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Thesis Title : (1-2 lines)
Modeling and data assimilation methods to study cell division mechanisms and traficking
3 keywords : (1 line)
ACRONYME MADITRAVE
Modeling and numerical simulations / Signal and image processing, statistics / fluorescence microscopy
Unit/Team of supervising : (1-2 lines)
Centre Inria Rennes – Bretagne Atlantique / Projet-team Inria SERPICO
IGDR UMR CNRS – UR1 6290 / CeDRE team
Name of the scientific director: (1 line)
KERVRANN Charles (Équipe-Projet Inria SERPICO)
and co-director :
Yann Le Cunff (CeDRE group)
N.B.: Jacques Pécréaux, group leader of the CeDRE team, with an HDR (VAS), will take part of the
supervision, as a support of Yann Le Cunff's.
Contact : (1 line)
KERVRANN Charles (charles.kervrann@inria.fr)
LE CUNFF Yann (yann.lecunff@univ-rennes1.fr)

Socio-economic and scientific context : (10 lines)
Understanding, at the cellular level, the mechanisms driving the dynamics of the spindle and trafficking
of vesicles (microtubules, molecular motors, actin filaments, intermediate filaments) is key for today’s
fundamental and medical research in biology. One relevant approach is to design biophysics models to
closely represent the mechanisms, both at cellular and molecular scales and to estimate the parameters
of these models that best match the experimental data. Such an approach, prospective, provides
predictions and suggests the next experiments to carry out to investigate the mechanisms. To better
understand the molecular mechanisms involved, at single cell level, we propose here to develop a data
assimilation approach that aim to bridge the gap between numerical simulations including (partial)
biophysics models and the heterogeneous experimental measurements available.
Assumptions and questions (8 lines)
Building on the teams’ expertises in cell biology, we plan to identify in both studies — cell division and
vesicle trafficking — the key components for data assimilation: i) A stochastic dynamic system to
provide predictions at each time step; ii) An estimate procedure, suited for the biophysics model and for
the measures obtained from the fluorescence microscopy images. The main challenge will be to link the
detailed and dynamical molecular mechanisms with a more integrated representation at the cell scale.
In other words, we need to create relation between the various spatial and temporal scales of the
mechanisms of interest.
The main steps of the thesis and demarche (10-12 lines)
First step: Analysis and numerical simulations of models of hierarchical interactions within the dynamics
of the cytoskeleton. Visualization via graphical models to unveil the biochemical and mechanical
interactions between the key players in the global dynamics of cell division and trafficking
Second step: Parameter estimate procedure, through data assimilation techniques (Bayesian approach
and particle filters). This step aims at estimating the drift and diffusion processes, as well as latent
hierarchical variables that describe interactions and changes in regime.
Third step: Experimenting and assessment of the data assimilation methods on in silico (fabricated)
experimental (real) datasets, corresponding to time lapse fluorescence microscopy imaging of single
cells [Vignaud, T. et al. (2012) J. Cell. Sci. 125:2134-2140].
Methodological and technical approaches considered (4-6 lines)
Innovative mathematical approaches are essential to approach/manage complex biological systems, as
well as their unavoidable fluctuations/uncertainties (noise), especially in the field of cell division and

cell trafficking (endocytosis and exocytosis). One of the major challenges of this project consists in
modeling the spatial and temporal coordination between the molecular players involved in cell division
and previously observed through quantitative image analysis.
Scientific and technical skills required by the candidate (2 lines)
Applied mathematics (numerical simulations), programming, statistics. Interest in physics and biology
would be appreciated.

