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Project description:

Usual methods of phylogenetic and evolutionary inference  consider that all the sites in an 

alignment have followed the same evolutionary history. However, there are many biological 

processes that contradict this homogeneity. For example, homologous recombination is ubiquitous

in all living organisms and viruses. In combination with incomplete lineage sorting or gene 

conversion between duplicate genes (paralogs), it can have the effect that different parts of a 

single gene have different genealogies. This latter phenomenon of gene conversion is frequent 

within multi-genic families and can affect the entire genome following polyploidization events.

To correctly model the evolution of such sequences, they must be cut into segments in which the 

sites are considered to have the same evolutionary history. It has been shown that in the absence 

of considering such an heterogeneity, inference programs mostly fail. We have developed in 2009 

an efficient method, "PhyML-Multi", which proposes to infer a hidden Markov model between 
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phylogenetic trees on alignments, to dynamically model homogeneous segments and their 

evolutionary history. This method has not been maintained and is no longer operational. However, 

we are involved in the development of the Bio++ library (https://github.com/BioPP/bpp-

documentation/wiki), whose latest version makes it possible to integrate such an approach into a 

richer family of models (networks, complex models of sequence evolution, etc.) .

The purpose of this internship is to develop in Python a phylogenetic method that will use Bio++ 

programs to search for recombination points in alignments using hidden Markov Modeling.  The 

student will test the accuracy of this method on simulated sequences, and then apply it to the 

characterization of conversion events in paramecia genomes. Three whole genome duplications 

have occurred at different times in the evolutionary history of this clade, and this study will allow 

measuring the dynamics of the conversion process as a function of the divergence between 

paralogs.

The student will have the opportunity to study probabilistic sequence analysis in a phylogenetic 

background, as well as to study the complex history of a large clade. 
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