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Abstract

The purpose of phylogenetic analysis research is to study the modifications
that occur in various species throughout the process of evolution finding the
connections between sequences of genomic DNA and discovering the ancestors'
sequences and descendants' sequences. In disciplines like bioinformatics,
phylogenetic trees are important for a systematic and comparative phylogenetic

analysis.

Molecular data like DNA and protein sequences are used to construct
phylogenetic trees. Nodes, or taxonomic units, in a phylogenetic tree represent
genomic sequences. Phylogenetic tree construction is a complex yet important
problem in the field of bioinformatics. Once constructed, a phylogenetic or
evolutionary tree can lend insight into the evolution of different species. The issue
Is that for a large number of species the problem grows to a computational

complexity that is not easily solved.

This thesis proposed a system to building phylogenetic trees faster and
robustness to finding optimal solutions based on firefly optimization algorithm.
Evaluation performance using bootstrap measurements and finally make the

comparison between the genetic algorithm and the firefly optimization algorithm.

The implementation and results of each stage in the proposed system
demonstrated that the proposed system has the ability to fast build an Inferring Well
Phylogenetic Tree using firefly optimization algorithm and evaluate the performance
of the proposed system based on the bootstrap scale which measures the extent of
match between family trees and that the best value obtain in the proposed system
=0.919013.
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Chapter One General Introduction

Chapter One
General Introduction

1.1 Introduction

Bioinformatics is an interdisciplinary field that develops methods and software
tools for understanding biological data, in particular when the data sets are large and
complex. As an interdisciplinary field of science, bioinformatics combines biology,
computer science, information engineering, mathematics and statistics to analyze
and interpret biological data. Bioinformatics has been used in silicon analyses of
biological queries using mathematical and statistical techniques [1].

Bioinformatics, a hybrid science that links biological data with techniques for
information storage, distribution, and analysis to support multiple areas of scientific
research, including biomedicine. Bioinformatics is fed by high-throughput data-
generating experiments, including genomic sequence determinations and
measurements of gene expression patterns [2].

Chloroplasts are one of the main organelles in plant cells. They are considered
to have originated from cyanobacteria through endosymbiosis when a eukaryotic
cell engulfed photosynthesizing cyanobacteria, which remained and became a
permanent resident in the cell. Chloroplast can convert water, light energy, and
carbon dioxide into chemical energy by using carbon-fixation cycle [3].

In bioinformatics, sequence analysis is the process of subjecting a DNA, RNA
or peptide sequence to any of a wide range of analytical methods to understand its
features, function, structure, or evolution. Methodologies used include sequence
alignment, searches against biological databases, and others [4].

Genomics studies are a typical case of very large volume data investigations:

they are of very high resolution (until nucleotide level) and very reliable (many
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genome sequences contain less than one error every 10,000 bases), very abundant
(100 sequenced eukaryotic genomes for instance, and more than 1,000 prokaryotes)
and centralized in public databases. It informs about the likelihood of certain
metabolic or developmental pathways that may exist in an organism and the
importance of functions specific to each species. Genomes thus represent the
foundation on which many advances can be achieved, and accessing such
information in an ancestral genome provides a broad spectrum of these properties
[5].

Phylogenetic is the science that studies the evolutionary relationship between
species. TO make predictions about these relationships, phylogenetic trees are
constructed which link the species. The Phylogenetic tree is a binary tree
representation of the resulting relationship. It is construction methods are widely
accepted to fall into one of two categories: distance-based and character-based.
These two categories both offer a vast variety of options when constructing trees in
two different directions [6]. Phylogenetic tree construction is a complex yet
important problem in the field of bioinformatics. Once constructed, a phylogenetic
or evolutionary tree can lend insight into the evolution of different species.

The issue is that for a large number of species the problem grows to a
computational complexity that is not easily solved [7].

Robustness aspects of the produced trees can be evaluated too, for instance
through bootstrap analyses. In other words, given a set of close plant species, their
core genome (the set of genes in common) is as large and accurately detected as
possible, to hope to be able to finally obtain a well-supported phylogenetic tree.
However, all genes of the core genome are not necessarily constrained similarly,
some genes having a larger ability to evolve than other ones due to their lower

importance: such minority genes tell their own story instead of the species one,
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blurring so the phylogenetic information. The link between the robustness and
accuracy of the phylogenetic tree, and the amount of data used for this
reconstruction, is not yet completely understood [2]. Genetic Algorithm (GA) using
to solve the problem of finding the largest subset of core genes producing a
phylogenetic tree as supported as possible. However, in some situations, this
algorithm fails to solve the optimization problem due to a low convergence rate [8].

This thesis, proposed a system to building a phylogenetic tree in a faster and
accurate manner to find optimal solution based on firefly optimization algorithm. In
addition, the proposed system applies on a data set of the plants genome, this dataset
contains a set of genome probabilities, and these genes are divided into primary and
secondary genes. In the proposed system identifies the ancestral strains of the
existing families and extracted the most identical hosts with each other based on the
basic genes because they are the ones that carry the genes, noting that in Database
there are many varieties of plants in the proposed system consisting of several main
steps. First, the alignment process is intended to arrange the genome sequence so
that will be known what the differences between each series. Second, used the Boyer
Moore algorithm method that specifies a value for the series. Third, apply The firefly
algorithm to generate the 1000 of the tree and then determine the percentage of

match between the trees that were generated until choose the best.

1.2 Related Works

Several researchers have created many works about Genomics studies the
following are some studies and discussions which associated with the proposed work
in this thesis.

e Alkindy, B., et al. (2015) [2]: proposed Hybrid Genetic Algorithm for

Inferring Well Supported Phylogenetic Trees. In this work focuses on how

to extract the largest subset of sequences in order to obtain the most

3
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supported species tree. Due to computational complexity, a distributed
Binary Particle Swarm Optimization (BPSO) is proposed in sequential
and distributed fashions.

e Noutahi, E, etal. (2016) [9]: proposed a new gene tree correction method,
called Profile NJ, which can be directly used as a fast integrative method,
without local search. It is a deterministic approach with a guaranteed time
complexity

e Alsrraj, R., et al.(2017) [1]: A discrete particle swarm optimization
algorithm has been proposed in this article, which focuses on the problem
to extract the largest subset of core sequences with a view to obtain the
most supported phylogenetic tree. The proposal of this research work is
thus the application of a Discrete Particle Swarm Optimization (DPSO)
that aims at finding the largest subset of core genes producing a
phylogenetic tree as supported as possible. A new algorithm has been
proposed and applied, in a distributive manner, to investigate the
phylogeny of Rosales order.

e Noutahi, E., and ElI-Mabrouk, N. (2018) [10]: Several methods have
been developed for the accurate reconstruction of gene trees. Some of
them use reconciliation with a species tree to correct, a posterior, errors in
gene trees inferred from multiple sequence alignments. The method is
based on a genetic algorithm acting on a population of trees at each step.
It substantially increases the efficiency of the phylogeny space exploration
,reducing the risk of falling in to local minima ,at a reason able
computational time.

e Zhao, T.,et al. (2020) [11]: [present a novel approach for phylogenetic

tree reconstruction based on genome-wide synteny network data. The
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proposed system results highlight that phylogenies based on genome
structure and organization are complementary to sequence-based
phylogenies and provide alternative hypotheses of angiosperm

relationships to be further tested.

1.3 Problem Statement

The amount of completely sequenced chloroplast genomes increases rapidly
every day, leading to the possibility to build large-scale phylogenetic trees of plant
species. Considering a subset of close plant species defined according to their
chloroplasts, the phylogenetic tree that can be inferred by their core genes is not
necessarily well supported, due to the possible occurrence of “problematic” genes
(i.e., homoplasy, incomplete lineage sorting, horizontal gene transfers, etc.) which

may blur the phylogenetic signal.

However, a trustworthy phylogenetic tree can still be obtained provided such
a number of blurring genes is reduced. The problem is thus to determine the largest
subset of core genes that produces the best supported tree. To discard problematic

genes and due to the overwhelming number of possible combinations.

1.4 Aim of Thesis

Each plant family contains a set of genome DNA and this genome DNA has a
relationship with the other genome family of plants, in order to build a phylogenetic
tree to find the relationship of the genomes of all plant families and to discover the
relationship between the different family of plants, and therefore the objectives of
this thesis are a proposed system to build A faster and more powerful phylogenetic

tree to find optimal solutions based on the firefly optimization algorithm.
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Also this work aims to conducting a comparative study between firefly
optimization algorithm and Genetic algorithm depending on the performance of each

of them in building the phylogenetic tree effectively, quickly and with high accuracy.

1.5 Contribution

The contribution of this thesis is using firefly optimization algorithm rather than
genetic algorithm to provide best solutions in faster and more accuracy manner.

1.6 Layout of thesis
The rest of the thesis chapters are clarified as follow:
Chapter two: “theoretical background”
In this chapter explains about the algorithm of fireflies and algorithm  used in
constructing the phylogenetic tree
Chapter Three: “proposed System”
This chapter illustrates the design stages and the implementation requirements of the

proposed system
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Chapter Four: “Results and Discussion”

This chapter presents the implementation of the proposed algorithm

Chapter Five: “the conclusions and future work”

In this chapter explain conclusions about the implementation and results



