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In the study of molecular evolution, the researchers in the field need to
construct the phylogenetic tree to be analyzed in many applications. Phylogeny
reconstruction is the process of studying the.evolutionary relationships of a group of
species. Such relationships can be represented by a branching diagram or a tree called
Phylogenetic tree. Phylogenetic trees have been used in many applications in
bioinformatics such as molecular evolution analysis, forensics, and medicine
development. The very first step of phylogeny analysis is to construct an accurate
phylogenetic tree for the genome sequences of interest. To construct the
phylogenetic tree, pairwise distances between the genome sequences of species need
to be computed. After that, the phylogenetic tree can be generated using a tree
construction method on the distance matrix.

The phylogeny reconstruction requires the process of comparing and
measuring the distance of genome sequences. With the growth of genomic data, next-
generation sequencing (NGS) has become the mainstream format for genome sequence
data due to its high-throughput sequencing. Next-generation sequencing is a method
used to transform data from genome samples to a digitized data sequence which
achieves a rapid throughput compared with traditional sequencing processes. Instead
of one long sequence of genome data, NGS produces a large number of sequence
fragments called reads per genome sample. NGS can be applied to various biological
problems, including dernove whole-genome sequencing and RNA-seq. The NGS
creates new challenges in many applications for genome sequence analysis. In the
sequence comparison application, the traditional multiple-sequence alignment
approach is not a solution for NGS data anymore because of short-read assembljf and
computational resource problems. Therefore, alignment-free methods are more
suitable for NGS data comparisons. Most of the alignment-free methods are k-mer
based algorithm. However, the characteristics of NGS data might make those k-mer
based methods non-optimal since the k parameter is a crucial factor in distance
measurement and phylogenetic tree results. This thesis proposes a novel approaches
for parameter-free comparison of NGS short reads, which aims to eliminate the
dependeﬁcy of k parameters.

First, an alignment-free sequence comparison based on the number of the
neighbor search result on the NGS read called ¢ is proposed to reduce the effect of



the overlap problem of the NGS data. Because most of the alignment-free methods
have relied on a k-mer based distance measure, however, with the characteristic of
NGS data, this might not be the optimal solution. NGS data contain the tremendous
amount of overlap among each NGS read fragment with random. This affects the
distance between NGS data of each input species. Instead of calculating the distance
between NGS sets based-on k-mer, d"¥ defines distance based on the number of
neighbor search results. The proposed method is evaluated by comparing with two
existing methods and show that the method can distinguish the difference between
diverse species better than compared methods. According to the experiment, ¢"* is
effective for the input set, which each sequence is diverse from the other with high
coverage. d¥ can construct the phylogenetic tree of a diverse species dataset with
high accuracy, which indicates that d¥5 can achieve sequence comparisons using NGS
data. Also, d¥5 is more robust concerning various values for & than the other k-mer
based alignment-free methods, which indicates that d¥° is robust against the effects of
NGS short-read overlap on the k-mer frequency distribution. However, d*° performs
decently for the closely related species dataset. Because this neighbor search-based
alignment-free approach to sequence comparison is novel, there is plenty of scope for
further development and possible improvements. :
Finally, the other novel approach called d?4 is proposed, which is an effective
parameter-free comparison of NGS short reads. Since the problems of k parameter
have been discussed. d*4 focuses on k parameter-free approach. d*4 also provides an
improvement from g™ to calculate the distance of NGS sets of close species. To
measure the distance between the NGS sets, the method contains two steps. The first
step is the searching of the corresponding alignment pair of the NGS short read in the
other NGS sets. Next, the information of the alignment pairs from the previous step is
used to calculate the distance between NGS sets without k parameters. d®4 is also
evaluated by conducting the experiments that compared the proposed method with
existing methods. The results show that the novel read alignment approach can
provide an accurate distance measurement on three simulated NGS datasets to
construct the phylogenetic tree compared with other alignment-free methods. The
phylogenetic trees constructed from the method are more similar to the benchmark
tree provided by other researchers while requiring no parameter adjustment. The
experiment on the multiple simulated NGS sets from the same dataset is also
conducted to evaluate the effect on different reads randomness and coverage. d*/
manages to calculate the accurate distance between closely related species, which is

an improvement from 4"s.
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