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Generative Statistical Models of Genomes
One of the great challenges of biology is to decode the information contained in genomes. We now have the
complete sequence of the genomes of many species. These genomes display both a remarkable similarity —
they share orthologous genes of common evolutionary origin and comparable function — and a great
diversity — they differ in their gene content as well as in the way in which genes are organized along the
DNA [1].
Our goal is to understand the rules that govern the composition and organization of bacterial genomes [2]. To
this end, we propose to build a statistical model based on a database of thousands of complete bacterial
genomes. Given a putative genome, the model should tell us if it is a viable genome. It should also be
generative and allow us to design new viable genomes or to propose modifications of current genomes that
preserve their viability.
We will follow an approach that has proved to be successful in designing generative models of proteins [3].
The model will be based on the maximum-entropy approach and have a form reminiscent of Potts models in
statistical physics. These types of models are defined by the statistical constraints that they enforce. One
objective will be to identify the constraints that are necessary and sufficient to obtain a generative model of
genomes. There will also be opportunities to make predictions to be compared with experimental data.
The project will require good skills in statistical physics or/and machine learning and an interest in biological
questions. It will take place in an interdisciplinary team of physicists and biologists working theoretically
and experimentally on related projects and involve a collaboration with Ivan Junier (TIMC, Grenoble).
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