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Abstract

Over the last few decades, phylogenetics has emerged as a very promising
field, facilitating a comparative framework to explain the genetic relationships
among all the living organisms on earth. These genetic relationships are
typically represented by a bifurcating phylogenetic tree — the tree of life.
Reconstructing a phylogenetic tree is one of the central tasks in evolutionary
biology. The different evolutionary processes, such as gene duplications,
gene losses, speciation, and lateral gene transfer events, make the phylogeny
reconstruction task more difficult. However, with the rapid developments
in sequencing technologies and availability of genome-scale sequencing
data, give us the opportunity to understand these evolutionary processes in
a more informed manner, and ultimately, enable us to reconstruct genes and
species phylogenies more accurately. This thesis is an attempt to provide
computational methods for phylogenetic inference and give tools to conduct
genome-scale comparative evolutionary studies, such as detecting homologous
sequences and inferring gene families.

In the first project, we present FastPhylo as a software package containing
fast tools for reconstructing distance-based phylogenies. It implements the
previously published efficient algorithms for estimating a distance matrix
from the input sequences and reconstructing an un-rooted Neighbour Joining
tree from a given distance matrix. Results on simulated datasets reveal that
FastPhylo can handles hundred of thousands of sequences in a minimum time
and memory efficient manner. The easy to use, well-defined interfaces, and the
modular structure of FastPhylo allows it to be used in very large Bioinformatic
pipelines.

In the second project, we present a synteny-aware gene homology method,
called GenFamClust (GFC) that uses gene content and gene order conservation
to detect homology. Results on simulated and biological datasets suggest that
local synteny information combined with the sequence similarity improves the
detection of homologs.

In the third project, we introduce a novel phylogeny-based clustering
method, PhyloGenClust, which partitions a very large gene family into smaller
subfamilies. ROC (receiver operating characteristics) analysis on synthetic
datasets show that PhyloGenClust identify subfamilies more accurately.
PhyloGenClust can be used as a middle tier clustering method between
raw clustering methods, such as sequence similarity methods, and more
sophisticated Bayesian-based phylogeny methods.

Finally, we introduce a novel probabilistic Bayesian method based on the
DLTRS model, to sample reconciliations of a gene tree inside a species tree.
The method uses MCMC framework to integrate LGTs, gene duplications,
gene losses and sequence evolution under a relaxed molecular clock for
substitution rates. The proposed sampling method estimates the posterior
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distribution of gene trees and provides the temporal information of LGT events
over the lineages of a species tree. Analysis on simulated datasets reveal that
our method performs well in identifying the true temporal estimates of LGT
events. We applied our method to the genome-wide gene families for mollicutes
and cyanobacteria, which gave an interesting insight into the potential LGTs
highways. 
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