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Abstract

Phylogenetic inference relies heavily on statistical models that have been
extended and refined over the past years into complex hierarchical models to
capture the intricacies of evolutionary processes. The wealth of information in
the form of fully sequenced genomes has led to the development of methods
that are used to reconstruct the gene and species evolutionary histories in
greater and more accurate detail. However, genes are composed of evolutionary
conserved sequence segments called domains, and domains can also be affected
by duplications, losses, and bifurcations implied by gene or species evolution.
This thesis proposes an extension of evolutionary models, such as duplication-
loss, rate, and substitution, that have previously been used to model gene
evolution, to model the domain evolution.

In this thesis, I am proposing DomainDLRS: a comprehensive, hierarchical
Bayesian method, based on the DLRS model by Åkerborg et al., 2009, that
models domain evolution as occurring inside the gene and species tree. The
method incorporates a birth-death process to model the domain duplications
and losses along with a domain sequence evolution model with a relaxed
molecular clock assumption. The method employs a variant of Markov Chain
Monte Carlo technique called, Grouped Independence Metropolis-Hastings for
the estimation of posterior distribution over domain and gene trees. By using
this method, we performed analyses of Zinc-Finger and PRDM9 gene families,
which provides an interesting insight of domain evolution.

Finally, a synteny-aware approach for gene homology inference, called
GenFamClust, is proposed that uses similarity and gene neighbourhood
conservation to improve the homology inference. We evaluated the accuracy of
our method on synthetic and two biological datasets consisting of Eukaryotes
and Fungal species. Our results show that the use of synteny with similarity is
providing a significant improvement in homology inference.
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