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Modeling interactions between a plant root and its microswimmer pathogen:  
from trajectories to attractive potential function 

 
Topics: modeling, mobility model, potential function, stochastic differential equation, 
biophysics of microorganisms, data analysis, active matter.  

 
Oomycetes are major plant pathogens that affect crops among which most of agronomic species and 

varieties. It is important to better characterize the mechanisms that govern plant-oomycete interactions in 
order to propose new methods of control environmentally friendly. In this context, we are studying the 
interaction between a model plant (Arabidopsis thaliana) and an oomycete (Phytophthora parasitica) to 
characterize root signals perceived by the pathogen. P. parasitica produces infectious particles called 
zoospores that swim in the soil to reach and infect the roots.  

In recent years, we have developed an interdisciplinary approach with plant biologists (A. Attard and 
E. Galiana at ISA) and physicists (MIMIC team in INPHYNI). We characterized zoospores as a new type 
of microswimmers [1], and studied how they response to ionic gradients using microfluidic devices [2]. 
The present master work is a part of the evolution of this research project. 

 
Our project aims at define a potential function from microswimmers trajectories.  
 

 
 
We have previously performed experiments in microfluidic 
devices in which we observed zoospores swimming toward 
the root. We are able to follow the zoospores as they swim 
towards the root. The analysis results in the reconstruction of 
the trajectories (see figure). 
Our goal is to use the trajectories to learn more about a 
putative attraction potential. It has been shown that it is 
possible to learn a potential function from trajectories and this 
has been applied to the movements of different mammals 
such as elk in the forest [3] or monk seals in an archipelago 
of islands [4]. 
Using the mathematical framework developed in these 
studies, combined with the modeling of zoospore 
movements, the master student will work on building new 
tools to define a potential from the movement of 
microorganisms: we will model the motion of “free” 
zoospores seen as active particles, then construct the 
statistical tools to deduce the significant changes of the 
displacements both in space and time when those particles 
are exposed to obstacles or to an external potential. This will 
be useful for the study of the interaction between the 
pathogen and the plant but also for other microorganisms like 
bacteria or algae. 
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Example of trajectories: zoospores are 
introduced in a microfluidic device in the 
presence of a root. The figure shows 
superposition of root image and zoospores 
trajectories reconstructed from TrackMate, an 
ImageJ plugin . Bar: 100 µm. 

 

Example of trajectories: zoospores are 
introduced in a microfluidic device in the 
presence of a root. The figure shows 
superposition of root image and zoospores 
trajectories reconstructed from TrackMate, an 
ImageJ pluggin . Bar: 100 µm. 
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