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Phylogenetics is the study of relationship among species or genes with the

combination of molecular biology and mathematics. Most of the present phy-

logenetic analysis softwares and algorithms have limitations of low accuracy,

restricting assumptions on size of the dataset, high time complexity, complex

results which are difficult to interpret and several others which inhibits their

widespread use by the researchers. In this work, we address several problems

of phylogenetic analysis and propose better methods addressing prominent

issues.

It is well known that the network representation of the evolutionary rela-

tionship provides a better understanding of the evolutionary process and the

non-tree like events such as horizontal gene transfer, hybridization, recom-

bination and homoplasy. A pattern recognition based sequence alignment

algorithm is proposed which not only employs the similarity of SNP sites,

as is generally done, but also the dissimilarity for the classification of the

nodes into mutation and recombination nodes. Unlike the existing algo-

rithms [1, 2, 3, 4, 5, 6], the proposed algorithm [7] conducts a row-based

search to detect the recombination nodes. The existing algorithms search

the columns for the detection of recombination. The number of columns
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in a sequence may be far greater than the rows, which results in increased

complexity of the previous algorithms.

Most of the individual researchers and research teams are concentrating

on the evolutionary pathways of specific phylogenetic groups. Many effi-

cient phylogenetic reconstruction methods, such as Maximum Parsimony [8]

and Maximum Likelihood [9], are available. However, these methods lead to

hard optimization problems and are limited to small number of taxa. Using

these methods, more accurate phylogenetic trees can be constructed for small

number of taxa in a reasonable time frame. On the other hand, distance-

based [10, 11, 12] phylogenetic reconstruction methods can be used for large

taxa, but the conversion from sequence data to distance data leads to loss

of information. A method which exploits the features of distance and char-

acter based phylogenetic reconstruction methods is proposed in this thesis

to construct phylogenetic supertree. The smaller trees can be constructed

using accurate maximum parsimony or likelihood methods and then these

smaller tree can be combined into single tree using distance based methods.

We developed a variant of well known Unweighted-Pair-Group Method with

Arithmetic mean (UPGMA) [11] for constructing the rooted supertree [13].

We also consider the problem of supertree reconstruction for unrooted trees

input trees [14].

Most of the existing supertree methods combine the input trees based

on the topological information carried by each of the input tree. Other evo-

lutionary information such as fossil data, molecular dating data and actual

divergence time estimates are usually ignored [15]. If the available evolu-

tionary information is considered with tree topology for amalgamating the

input collection of trees, the resulting supertree would be more accurate and

resolved than the supertree constructed without using the additional infor-
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mation. In this thesis, we propose a novel supertree method [16], which

incorporates relative time divergence information with tree topologies. This

method returns a tree even for incompatibilities such as divergence dates

conflicts and incompatibility between topology and divergence dates.

Generally, most of the existing supertree methods are developed based

on the implicit assumption that only leaf nodes are labelled in the input

tree collection. In that case even the resulting supertree is also leaf labelled

tree. On the other hand, the phylogenies constructed based on morphologi-

cal studies often contain the labelled internal nodes, thus asking for a more

generalized supertree approach. For example, TreeBase [17] maintains the

database of published phylogenetic trees on different biological groups, and

hence contains the tree representing the evolutionary relationship at differ-

ent taxonomic levels [18]. In this work we propose an optimization based

divide and conquer method [19] to combine semi-labelled trees. The pro-

posed method returns a supertree even for (descendent level) incompatible

input trees. Moreover, it also preserves all the nestings present in the input

tree collection.

The exponential growth in the scientific literature makes it difficult for

a researcher to navigate quickly through the desired information. Abbre-

viations and definitions are very important for understanding any scientific

literature and new researchers often struggle to extract them from huge cor-

pus. The experts in the domain may be interested in knowing the details

of the individual documents. In this thesis, we propose a machine learning

based phylogenetic question answering system to help answer the queries

from the research communities. It focuses on answering natural language

questions regarding phylogenetic algorithms.

The methods proposed above are supported by proofs and experimental
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results are demonstrated over significant datasets to show the superiority

and effectiveness of these methods. The aforementioned five contributions of

this thesis provide an easy to use and generic platform for quick phylogenetic

analysis in real-world applications.
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