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	Title of the project: Quantifying bacterial order in live three-dimensional Myxococcus xanthus colonies

	Lead: Jean-François Ruprecht 
	co 1: Tâm Mignot 
	co 2: 
	Abstract: Myxococcus xanthus are rod-shaped bacteria that pack along biofilm structures, which can take a large variability of shapes. Motivated by the understanding of the ecology of bacterial colonies, we aim to understand the relation between the bacteria packing order and the overall shape of the biofilm. Yet tools are lacking to quantify and track bacterial cells in complex three-dimensional environments. In this project, we propose to design an advanced image analysis framework to measure the field of local bacterial packing order using deep learning methods. In particular, we will leverage recent development in style-transfer methods (diffusion models) to simulate experimental images based on numerical simulations. 

	Keywords: Bacterial Ecology, Active Matter Mechanics, Deep Learning Methods, Generative Adversarial Networks
	Objectives: -       Design a new pipeline for quantifying the bacteria packing order 
-       Test & optimize the pipeline using realistic simulations
-       Develop a coarse-grained active nematic theory based on simulations
-       Relate the bacterial nematic order to the overall biofilm shape and properties

	Proposed approach: In recent years, several methods emerged to analyze the organization of dense bacterial communities over flat, 2D substrates [Ref. 5]. However, these solutions are inefficient for studying most bacterial communities which organize in 3D. To address this problem, we propose to use Myxococcus fruiting bodies as a model system, which have the advantage of being well organized assemblies. We will image these structures by confocal microscopy. To reconstruct the bacteria order field, we will expand the capabilities of our in-house, supervised-deep-learning-based method [Refs 5,9]. To enhance the size of our training dataset, we propose to use simulations, following an established approach in the field. Following two recent works [Refs. 1,2], we propose to use CycleGAN (Generative Adversarial Networks) to generate realistic bacterial datasets (with spatial and temporal continuity) directly from simulations of ellipses interacting through Lennard-Jones potential, using the popular ya||a code [Ref. 4]. These simulations will also be helpful to test continuum active nematics models [Ref. 8,10]. Once our approach proves effective on the Myxococcus system, we will expand it to other ecologically-relevant bacterial communities, e.g. alcanivorax borkumensis [Ref. 8].

	Inter: The project is fundamentally interdisciplinary, merging:
-       IA-based image analysis methods
-       Physical modeling (active nematics) 
-       Bacterial cell biology
-       Bacterial ecology

	Expected profile: We are looking for a student who enjoys coding and has had some hands-on machine learning; interest in biological questions and image analysis is also key. 

	Project continuation: This project is an entirely new one. 
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