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Abstract

The development of molecular techniques and major advances in automating DNA sequencing and developing computer
programs to analyse large amounts of sequence data, made the sequencing of large genome a real possibility in the mid-
1980. The first results of these data were used for analysing genes and gene expression that has revolutionized experimental
biology. Comparative genomics approaches have become powerful tools as multiple genome sequences are deciphered fully.

Comparison of the entire genomes (or part of genomes) of different species, strains, or individuals, provides a high detailed

view of our understanding of functions and evolutionary relationship of each genome.
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Introduction

The first complete nonviral genome sequenced was the
mithocondrion’s circular genome in 1981, with 16,159 bp.
In fact, the first complete eukaryotic genome sequenced was
the genome of S. cerevisae, reported in 1996 [1], followed by
the genome of Caenorhabditis elegans in 1998 [2]. With the
human complete genome sequence, finalised in 2003, and
nearly 3 billion base pair deciphered, the era of genomics
begun [3]. Some milestones in genomic sequencing were
achieved first in 2000 with the fruit fly genome, with 118,4
Mb in the euchromatic region (14,015 genes) and another 60
Mb of highly repetitive sequences, finalised in march 2000
[4], followed by the flowering plant Arabidopsis thaliana,
also an important model organism, finalised in 2010, with
a genome of 120 Mb and 25,900 genes; the mouse genome
with 2,7 Mb and 22,000 protein coding genes [5]; and the
dog genome (Canis lupus familiaris) (~ 2,500 Mb) with
over 22,000 genes and 3,200 gene coding for RNAs [6]. All
these final genome sequences were used as refences for
the resequencing and annotation of new genomes, after
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comparative analyses. From 2010 until today 442,402
sequencing projects have been completed. (https://gold.
jgi.doe.gov/statistics). Sequence analysis gives the most
unambiguous evidence for the relationship among species;
which organisms or viruses are present in a sample, the
presence of ahomologous gene in another organism, provide
a valuable way to determine the function of human genes, to
study the cancer-related gene variations within populations
or to improve the capacity of natural resources management
to protect species. In this review a brief description of few
comparative genomics studies and uses are described.

Understanding of Functions and Evolutionary
Relationship of Each Genome

The availability of multiple genomes offers the prospect
of improved gene prediction by comparing genomic regions
from multiple species and finding conserved (relatively
unchanged) regions [7]. Common features of two organisms
will often be encoded within the DNA that is conserved
between the species [8]. In closely related species such as
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humans and mice, exons of protein-coding genes tend to
change substantially slower that the surrounding noncoding
DNA. The DNA sequences controlling the expression of genes
that are regulated similarly in two related species should
also be conserved. Conversely, sequences that encode (or
control the expression of) proteins and RNAs responsible for
differences between species will themselves be divergent.
The chimpanzee genome was compared with the genome of
the mouse and rat to find regions where at least 96 of 100 bp
were perfect matches and over 30,000 regions were found.
These regions were then compared with human genome to
find most dissimilar sequences. One of the genes identified
in analysis was HAR-1 for human accelerated region 1. For
chimpanzee HAR-1 gene is nearly identical to the chicken
gene with only two bases differences, that has changed in 310
million years of evolution. But comparing the chimpanzee
HAR-1 gene with human gene eight bases were different,
suggesting that this region has clearly changed in last 6
million years, and positive selection in coding sequences
is characteristic for evolution of human genes implicated
in other functions, such as immune system and olfaction
[9]. Several other key human genes have been identified in
comparative genomics studies, like FOXP2 and ASPM, which
plays important roles in speech and regulates brain size
[10,11].

Virus Detection

Traditional viral detection techniques such as in
vitro viral cultures, immunologic assays, and PCR can identify
only one or just a few specific viral targets in a single test.
Identification of many viruses that cause viral infections are
challenging, but virus identification can be made simpler
and more effective by using the comparative genomics and
DNA microarray techniques. In the analysis, conserved viral
sequences at the genus level are used; the virus probes
are used not only to identify known viruses but also for
discerning the genera of emerging or uncharacterized ones
[12].

Metagenomics Analysis

It involves the analysis of the genomes in entire
communities of microbes isolated from the environment,
a DNA sample that derived from bacteria, viruses, protest
and fungi. At the core of metagenomics analysis is the
whole genome shotgun sequencing, and sequences are
reassembled using complex computer algorithms. Each of
the reassembled sequences can be compared with a DNA
sequence in the database. The high throughput sequencing
in characterizing the microbial communities can be used also
in gut microbiome deciphering to understand how it changes
with the health of the host.
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