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Introduction

Introduction to Bio-informatics
’he term bioinformatics was given by Pauline Hogeweg
and Ben Hesper in 1978 for the study of informatics
processes in biotic systems. Bioinformatics is the
application of computer science and information technology to
the field of biology and medicine. Bioinformatics is the science
of managing, mining, and interpreting information from
biological sequences and structures. Bioinformatics deals
with algorithms, databases and information systems, web
technologies, artificial intelligence and soft computing,
information and computation theory, software engineering,
data mining, image processing, modeling and simulation,
signal processing, discrete mathematics, for generating new
knowledge of biology and medicine, and improving &
discovering new models of computation. It is an
interdisciplinary research area, which may be defined as the
interface between biological and computational sciences.
Java, XML, Perl, C, C++, Python, R, SQL and MATLAB are the
programming languages popularly used in this field.
Scope
Bioinformatics consists of two subfields:
e  Thedevelopmentof computational tools and databases

e The application of these tools and databases in
generating biological knowledge to better understand living
systems.

These two subfields are complementary to each other. The
tool development includes writing software for sequence,
structural, and functional analysis, as well as the construction
and curating of biological databases. These tools are used in
three areas of genomic and molecular biological research:
molecular sequence analysis, molecular structural analysis,
and molecular functional analysis. The analyses of biological
data often generate new problems and challenges that use to
development of new and better computational tools.

DNA

DNA (deoxyribonucleic acid) is the genetic material. This is
profoundly powerful statement to molecular biologists. Itis the
information stored in DNA that allows the organization of
inanimate molecules into functioning of living cells and
organisms that are able to regulate their internal chemical
composition, growth, and reproduction. All plants, animals,
bacteria and some viruses contain genetic information in the
form of DNA. A characteristic of living organisms is that DNAis
reproduced and passed on to the next generation. DNA
contains the instructions for making proteins. Itis composed of
linear array of nucleotides, each of which has a base plus a
deoxyribose sugar and a phosphate. There were two main

types of bases, purines (R) and pyrimidines (Y). Each main
type of base came in two flavours. Two types of purines,
adenine (A) and guanine (G), and two types of pyrimidines,
cytosine (C) and thymine (T).DNA is in the form of double
helix.

Figure 1.1: Structure of DNA

DNA s the king of molecules.

The molecule forms a double helix in which two strands of
DNA spiral about one other. Strands refer to two chains.

Problem Formulation

The major problem being faced by biologists and researchers
is huge amount of raw data but with a lack of means to
effectively use this data.

Sequence Alignment

In bioinformatics, a sequence alignment is a way of arranging
the primary sequences of DNA, RNA, or protein to identify
regions of similarity that may be a consequence of functional,
structural, or evolutionary relationship between the
sequences. Aligned sequences of nucleotide or amino acid
residues are typically represented as rows within a matrix.
Gaps are inserted between the residues so that residues with
identical or similar characters are aligned in successive
columns. In protein sequence alignment, the degree of
similarity between amino acids occupying a particular position
in the sequence can be interpreted as a rough measure. The
absence of substitutions, or the presence of only very
conservation substitutions in a particular region of the
sequence, suggest that this region has structural or functional
importance. Although DNA and RNA nucleotide bases are
more similar to each other than amino acids, the conservation
of base pairs can indicate a similar functional or structural role.
Sequence alignment can be used for non- biological
sequences, such as those present in natural language or in
financial data.
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Global and Local Alignment

Global alignments, which attempt to align every residue in
every sequence, are most useful when the sequences in the
query set and of roughly equal size. A general alignment
technique is called the Needleman-Wunsch algorithm and is
based on dynamic programming. Local alignments are more
useful for dissimilar sequences that are suspected to contain
regions of similarity or similar sequence motifs within their
larger sequence context. The Smith-Waterman algorithm is a
general local alignment method also based on dynamic
programming. With sufficiently similar sequences, there is no
difference between local and global alignments. The work is
focused on protein sequence alignment. The optimal
alignment between two sequences will be computed. The
optimal alignment is the one which gives the maximum
alignment score for the input sequences. It is also possible to
obtain multiple optimal alignments for the two sequences.

Implementation
Figure 2: Formal Description of dynamic programming

This diagram indicates the moves that are possible to reach a
certain position (i,j) starting from the previous row and column
at position (i -1, j-1) or from any position in the same row or
column. Diagonal move with no gap penalties or move from
any other position from column j or row J, with a gap penalty
that depends on the size of the gap. For two sequencesa=a,,
a, ..a,andb=b,, b, ..b,whereS,= S(a,,...a,b,,...b)then
S,=max{S,_,,., +s(ab),
max (S, ;- w,),
x 21
max (S, -
Yz1

w,),

where S, is the score at position at j in sequence a and j in
sequence b, s(ab) is score for aligning the character at
positions i and j, w, is the penalty for a gap of length x in
sequence a, and w, is the penalty for a gap of length y in
sequence b. Note that S; is a type of running best score as the
algorithm moves through every position in the matrix.

Figure 3.2: Work flow diagram

Enter the sequence 1
and 2 in text field

Type of
alignment

Press the Press the local

global button button

Show the
result

Results And Discussion

Pairwise Sequence Alignment

The purpose of sequence alignment algorithms is to detect
evolutionary, and thus structural and functional, relations
among sequences. The successful sequence comparison
would allow us to infer the biological properties of new
sequences from data accumulated on related genes. In trying
to characterize a newly discovered sequence (DNA, protein)
the first step is always to check whether there are similar
sequences in known databases and their annotation.

Scoring Matrices

The different scoring matrices used for homology prediction
are PAM and BLOSUM.

PointAccepted Mutations (PAM)

PAM series is the first major amino acid substitution series of
scoring matrices. The PAM matrices (also called Dayhoff PAM
matrices) were first constructed by Margaret Dayhoff, who
compiled alignments of seventy-one groups of very closely
related protein sequences. Because of the use of very closely
related homologs, the observed mutations were not expected
to significantly change the common function of the proteins.
Thus, the observed amino acid mutations are considered to
be accepted by natural selection.

Anideal PAM matrix can be obtained as follows:

° Collect and align many pairs of homologous
sequences that are known to be n PAM units
diverged

° Calculate the number of times amino acid a, aligns

opposite a;, and divide by the total number of pairs
inthe aligned data, that gives us p(a; a)

° Calculate the number of times a; appears in both
sequences and divide by their total length; this
gives us p(a;) and then p(a;) for a,

° There are many different PAMs, which are
representing different evolutionary scenarios. PAM
250 represents a level of 250% of changes
expectedin 2500 MY

° PAM is more suitable for studying quite distant
proteins, BLOSUM is for more conserved proteins
of domains

Table 4 PAM250 Substitution Matrix

CEIREE
lialt=2 Uiy ’
g |=3 <) i |
W = W ]
04 ¥ o) ils s 5
Nl=2]| ® ® =] Nl & & % E
i) 1w = 1 i 1
= i o == 3 i
|."| 'z L 4
S ' |
7] i n |
I'¥ [ =E = +h +d =H]od ol 8 = R it TH
| BB b ol ool =l =l ed = i & k=g =t ot =il T A
w4 ol =] feb E-ml-aoh g alw @ an]e|

Amino acids are grouped according to to the chemistry of the
side group: (C) sulfthydryl, (STPAG)-small hydrophilic,
(NDEQ) acid, acid amide and hydrophilic, (HRK) basic, (MILV)
small hydrophobic, and (FYW) aromatic. Log odds values:
+10 means that ancestor probability is greater, 0 means that
the probabilities are equal, -4 means that the change is
random. Thus the probability of alignment YY/YY is
10+10=20, whereas YY/TP is 3-5=-8, a rare and unexpected
between homologous sequences.

BLOSUM Series of matrices

BLOSUM matrices were an alternative to PAM matrices. Their
construction was based on a larger collection of over 2000
ungapped, aligned amino acid sequence blocks. Blocks are a
short contiguous interval in a multiple alignment of amino acid
sequences.

These matrices are derived from BLOCKS. It de-emphasis of
pairs of rows that are too similar; for example if two rows that
appearin a given block are identical, then one is removed;
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Table 5 BLOSUMG62 Substitution Matrix

Ideology of BLOSUM is similar but it is calculated from a very
differentand much larger set of proteins, which are much more
similar and create blocks of proteins with a similar pattern.
Conclusion And Future Scope

Conclusion

The model is constructed for predicting different proteins
sequence alignments along with the alignment scores. The
protein alignment is useful in predicting the homologous
sequences and thus useful for assigning the class for
unknown protein. There are different sequence formats
available from which plain text format is utilized. Global and
local alignments are predicted along with the alignment
scores. Needleman Wunsch algorithm is used for the global
alignment problem and Smith Waterman algorithm is used for
the local alignment problem. There are different applications
of global and local alignments. The global alignment accesses
the complete amino acid sequences without skipping any gap
whereas the local alignment accesses the partial alignment
skipping the initial and ending gap penalties. Scoring matrix
assists in computing the alignment score. It consists of
mutation scores for different amino acid alignments. The
model is user friendly which provides different options to the
user. The overall computation is also shown in the matrix
along with the final sequence alignment.

Future Scope

Following improvements regarding the developed model of
bioinformatics can be made:

e The model can be extended to implementing Gene
expression.

e Protein structure prediction can be incorporated to
further enhance the model.

e Database can be maintained for the known protein
sequences and the search option can be provided to the user.

e  Different scoring matrices can be included.
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