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ABSTRACT: Bioinformatics concern is related to every living and non-living species on the planet. So, there are
massive opportunities to work in this evolving discipline. Proteins are yielded from the DNA sequences after
translation and transcription processes. Sequence alignment is a common approach to identification and
categorization among the different residues. Through sequence alignment, prediction for the further changes
in the existing structures could be identified and it enhances the further research oriented process like drug
discovery. As the numbers of protein sequence are enhanced, the complexity for the multiple sequence
alignment also increases. In this project, we put the efforts to optimize the multiple sequence alignment
process and thereafter designed and developed the phylogenetic tree using distance based methods.
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INTRODUCTION

Bioinformatics involves the computer technology for
the management of biological information. Computer
systems are used to collect, store and analyze the
information which can be then applied to different
bioinformatics applications. It is Dbasically an
interdisciplinary research area between computer and
biology. Java, XML, Perl, C, C++, PHP and MATLAB
etc are some software tools and technologies used in the
field of bioinformatics.

Challenges.The challenges in bio-informatics include
the basic requirements to meet for the computation of
results. With the enormous amounts of data, the
challenge of bio-informatics is to store, analyze and
interpret the sequence data. There should be an easy
access to the information needed. Also, there should be
a method for extracting only the information needed to
answer a specific biological question. Thus, there is an
urgent need for the new techniques and tools to be
developed. The different techniques are being
developed which are useful for handling these large
sized databases (Xiong 2006).

Applications. The applications of Bio-informatics
include: 1) Bioinformatics is used to organize
biological data that help the researchers to access
information, add new information about biomolecules
and modify existing information in datasets. There are
three types of data sets: genome sequence,
macromolecular structure and data from functional
genomics experiments. 2) Second level is used to

develop tools and resources that help the researchers to
analysis data. 3) The third level is to use these tools to
analyze the data and interpret the result in a biological
meaningful manner.

DNA. DNA or deoxyribonucleic acid is the basic
building block of life. Basically it is the storage
repository which constitutes of the information that is
required for any cell to function. It is in form of a
double-helix structure. DNA contains the instructions
for making proteins. As shown in Fig. 1, it is composed
of 4 types of nucleotides. It has two bases, purines (R)
and pyrimidines (Y). Purines are of two types adenine
(A) and guanine (G), and pyrimidines are cytosine (C)
and thymine (T).

Base pairs

(B

Adenine Thymine

Guanine Cylosine

Sugar phosphate
backbone

Fig. 1. Structure of DNA.
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The significance of a DNA is that it takes the gene's
sequence which is like a language that instructs cell to
manufacture a  particular  protein.Further, an
intermediate language, encoded in the sequence of
Ribonucleic Acid (RNA), translates a gene's message
into a protein's amino acid sequence (Xiong 2006).

RNA.The bases in RNA are adenine, guanine, uracial
and cytosine. The various components are linked up as
in DNA. RNA is very similar to DNA. RNA has
properties of both DNA and proteins. Because of the
dual functionality of RNA, life evolved from RNA
alone, DNA and proteins having evolved later. Fig. 2
shows a RNA structure.

Amino Acid.Amino acids are the building blocks of
proteins. There are 20 natural occurring amino acids
that are found within proteins with a variety of
chemical versatility. The amino acids are necessary for
diet components. The best food source of these
nutrients is protein. As amino acid band together in
chains to form the stuff from which our life is born. It’s
a two-step process: Amino acids get together and form
peptides and polypeptides. It is from these groupings
that proteins are made. Commonly recognized amino

acids include glutamine, glycine, phenylalanine,
tryptophan, and valine.
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Fig. 2. Structure of RNA.

Three of those: phenylalanine, tryptophan, and valine
are essential amino acids for humans. There are two
types of amino acids such as essential and non essential
amino acids. The essential amino acids cannot be made
by the body and it got from the food but in non-
essential amino acid can be made by the body. Human
can produce 10 of the 20 amino acids and rest all
supplied from the food. If human fails to obtain enough
amino acids that means degradation of the body
proteins, muscles. Amino acid consisting of an amine
group (-NH,), an a-carbon and an acidic group or a
carboxylic group (-COOH).

Side chain is attached to the a-carbon as shown in Fig.
3. This side chain varies with each amino acid.
Structure of an amino acid consists of an amino group,
a side chain and a carboxylic group as shown in Fig. 3.

AminolAcid Structure

Carboxylic Acid
Group

Group
| 0 - carbon

Side Chain

Fig. 3. Structure of an Amino Acid.

Proteins. Proteins are used for making the structure,
function, and regulation of the biological functions.
Each protein has unique functions. Proteins are enzymes
that make the chemical reactions necessary for life
possible; they provide the sensors that see, taste and
smell; the effectors that make muscles move; they are
the detectors that distinguish from others and create an
immune response. Proteins are the building block of all
life and essential for the growth of cells and repair of
tissues. Proteins are made up of hundreds and thousands
of units. To build a protein we need to build a long chain
of amino acids. There are 20 different types of amino
acids and each amino acid links together to perform the
biological functions. Each amino acid shares a basic
structure. Fig. 4 shows a basic structure of protein (Lesk
2002).A variety of databases include information on
sequences sharing common properties that have been
grouped together.

Fig. 4. Structure of Protein.
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For example, the Protein Family (Pfam) database
consists of several thousand families of homologous
proteins. Structure databases contain information on the
structure of proteins and other macromolecules. There
are several protein databases from which information
can be accessed. To understand full life of an organism,
proteins are related within an organism and between
organisms. It is done after completing the sequencing of
the organisms. Further, tree of life can also be depicted
from sequences of proteins and their families.

Genes. A gene is a segment of DNA representing
nucleotides required for the production of a functional
protein or a functional RNA molecule. Genes range in
size from small to large. Genes contain not only the
actual coding sequences but also adjacent nucleotide
sequences required for the proper expression of genes.
The vast majority of living organisms encode their genes
in long strands of DNA. DNA (deoxyribonucleic acid)
consists of a chain made from four types of nucleotide
subunits, each composed of: a five-carbon sugar (2'-
deoxyribose), a phosphate group, and one of the four
bases adenine, cytosine, guanine, and thymine. The most

common form of DNA in a cell is in a double helix
structure, in which two individual DNA strands twist
around each other in a right-handed spiral. In this
structure, the base pairing rules specify that guanine
pairs with cytosine and adenine pairs with thymine. The
base pairing between guanine and cytosine forms three
hydrogen bonds, whereas the base pairing between
adenine and thymine forms two hydrogen bonds. The
two strands in a double helix must therefore be
complementary, that is, their bases must align such that
the adenines of one strand are paired with the thymines
of the other strand, and so on. Many prokaryotic genes
are organized into operons, or groups of genes whose
products have related functions and which are
transcribed as a unit. By contrast, eukaryotic genes are
transcribed only one at a time, but may include long
stretches of DNA called introns which are transcribed
but never translated into protein (they are spliced out
before translation). In fig. 5, organization of a protein is
being shown which constitutes of three steps,
Transcription, Splicing and Translation.

Envancers e~
Fromoter
l Transcriptior
Incrons
pre-mRNA Exon Exon Exon Exon  Exon
l Splicing
Qpen reading
R 5 UTR frane 3'UTR
l Translation
proteln w
Fig. 5. Organization of a Gene.
SEQUENCE ALIGNMENT the study of evolution. If two sequences are similar,

In bio-informatics, sequence alignment is a way of
arranging the primary sequences of DNA, RNA and
proteins to identify regions of similarity. These regions
of similarity may be a consequence of functional,
structural or evolutionary relationships between the
sequences. To compare the proteins already existing in
the database and the new proteins, sequence
comparison is most important. The process used in
comparison is called sequence alignment. It provides

then they evolved from the same origin. The sequences
are compared by searching for common character
patterns among the related sequences. The sequence
alignment reveals significant similarity among a group
of sequences, are considered to be belonging to the
same family i.e the protein family. There are two
methods for assigning sequences. 1) Global Alignments
— It attempts to align every character in every sequence
when the sequences in the query set are similar.
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2) Local Alignment — These are more useful for dis-
similar sequences. Fig. 6 shows a typical example of a
local and global sequence alignment. In this example,
two sequences are taken and are categorised into local
and global (Vijan et al. 2011).

seqgl EARDFE —

segl’2 I.PKI.FTIT

There are two types of alignments used, Pair-wise
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Sequence  Alignment and Multiple Sequence
Alignment.
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seqgq2
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local seguence alignimment
Fig. 6.Local and Global Alignment.

A. Pairwise Sequence Alignment

Pair-wise sequence alignment is the process of aligning
two sequences and is the basis of database similarity
searching. These can only be used between sequences
at a time. These often use methods that do not require
extreme precision. There are three primary methods of
producing pair-wise alignments. These are Dot Matrix
Methods, Dynamic Programming and Word Methods.
Although each method has its individual strengths and
weaknesses, all three methods have difficulty with
highly repetitive sequences of low information content
(low meaning of information) — especially the number
of repetitions differ in the two sequences to be aligned.
The best utility of given pairwise alignment has
‘maximum unique match’® (MUM) or longer
subsequence occur in both query sequence. A longer
MUM sequence reflects closer relatedness. Popular
heuristic algorithms, such as FASTAor BLASTfamilies
are much faster than algorithms based on dynamic
programming. Heuristic method may not be as accurate
as dynamic programming, but it is fast and effective
computational method. The problem exists when the
no. of repetitions differ in the two sequences to be
aligned (Rastogi 2007).

B. Multiple Sequence Alignment
Multiple sequence alignment is the extension of pair-
wise sequence alignment. It is used to align multiple

related sequences to figure out the optimal matching of
the sequences. Multiple sequence alignments are very
powerful as two sequences that may not align well to
each other can be aligned via their relationship to a
third sequence of any family. MSA allows the
identification of conserved sequence patterns in the
whole sequence family. It also gives more biological
information than many pair-wise sequence alignments.
The applications in designing degenerate polymerase
chain reaction (PCR) primers based on multiple related
sequences are also a major part of MSA. The dynamic
programming is not applied here. The heuristic
approaches are most often used in MSA. One of the
major applications of multiple sequence alignments in
identifying the related sequences in databases is by
construction of position-specific scoring matrices
(PSSMs) and hidden Markov models (HMMs) as well.
It is basically an essential feature to do phylogenetic
analysis of sequence families. The heuristic approach
contains many algorithmic methods as well. The
methods are: Progressive Alignment Method, Iterative
Alignment Method, Block-based Alignment. These
methods are mainly used to perform multiple sequence
alignments. Visual examination of multiple sequence
alignment tables is one of the most profitable activities
that a molecular biologist can undertake away from the
lab bench. A reasonable colour scheme (not the only
one) is:

Table 1: Color Scheme.

Colour Residue type Amino acids

Yellow Small Nonpolar Gly, Ala, Ser, Thr

Green Hydrophobic Cys, Val, Ile, Leu, Pro, Phe, Tyr, Met, Trp
Magenta Polar Asn, Gln, His

Red Negatively Charged Asp, Glu

Blue Positively charged Lys, Arg
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To be informative a multiple alignment should contain
a distribution of closely- and distantly-related
sequences. If all the sequences are very closely related,
large amount of redundant information will be present,
and few inferences can be drawn. If all the sequences
are very distantly related, it will be difficult to construct
an accurate alignment, and in such cases the quality of

(A) Pairwise Allignment

A

"

n 6 Pairwise comparisons

the results, and the inferences they might suggest, are
questionable. Ideally, one has a complete range of
similarities, including distantly-related examples linked
through chains of close relationships. Fig. 7 shows the
distinction between pairwise alignment and multiple
sequence alignment.

—— T

then cluster analysis

Y
dr oo

(B) Multiple Allignment following the tree from (a)

[ . %
e
“: gaps to optimise alignment

Allign most similliar pair

B Allign next most similar pair

Allign Allignments Preserve Gaps

New gap to optimise allignment from (BD) with (AC)

Fig. 7.Process of Multiple Sequence Alignment.

Global =
Local ‘_‘-__ . = 3
Fig. 8. Types of Alignment.
PHYLOGENETIC TREE construction or  phylogenetic

The Development of a biological form from other pre-
existing forms or its origin to the current existing forms
through some modifications is known as evolution. The
study of evolutionary history of some organisms using
tree-like diagrams is known as phylogenetic tree

analysis.  These
constructions are being used to visualize similarities
and divergence among related biological sequences
which is done through sequence alignment. Molecular
phylogenetics is the fundamental aspect of
bioinformatics.
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Fig. 9.A typical bifurcating phylogenetic tree showing root, internal nodes, terminal nodes and branches.

The different distance-based methods used for tree
building are:

A. UPGMA

The Un-weighted Pair Group method with Arithmetic
Mean (UPGMA) follows a clustering procedure where
initially each species is a cluster on its own. This
process is being repeated until all species are connected
in a single cluster. This method is simple, fast and has
been extensively used in literature.

B.NJ
Neighbor Joining (NJ) It begins with an unresolved
star-like tree. Each pair is evaluated for being joined

L e )

Enter ACCESSION NO'S of
Sequences

NV 001206572

and the sum of all branches length is calculated of the
resultant tree. It generally gives better results than
UPGMA method. Under some condition, this method
yields a biased tree.

C. Heuristic

Heuristic techniques help in the construction of
phylogenetic trees. These heuristic searches begin by
constructing an initial tree and find shorter trees using
the initial tree as the starting point. A decision tree is a
set of simple rules. Decision trees do not require any
assumptions. These techniques have an advantage of
producing accurate results.

RESULTS
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.M930313
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Submit

Fig. 10.Entering accession no. of the sequences and calculating the paiwise distance among them.
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Fig. 12. Phylogenetic Tree being created.
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Fig. 14. The distances are being calculated of all the sequences.
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Figure 1
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Fig. 15. Phylogenetic Tree for DATA-1.
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Fig. 16. Phylogenetic Tree for DATA-2.
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Fig. 17. Phylogenetic Tree for DATA-3.
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Fig. 18. A consensus phylogenetic tree.
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