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Abstract- Bioinformatics is the study and application of computational methods to life sciences data and the application of 
information technology to store, organize and analyze the vast amount of biological data. Bio sequences typically have a small 
alphabet, a long length, and patterns containing gaps of arbitrary size. Sequence alignment is still a serious problem when low 
levels of sequence identity are involved. Alignment algorithms are needed to compare two or more sequences. Pair-wise 
sequence alignment is concerned with comparing two Protein or DNA sequences - finding the global and local “optimum 
alignment” of the two sequences. Protein sequence alignment has become one of the most powerful tools for characterizing 
protein sequences because of the enormous amount of information that is preserved throughout the evolutionary process. So, 
pairwise alignment algorithm for protein sequences is proposed. 
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I. INTRODUCTION 
 
Bioinformatics is a newly emerging field and it is an 
integration of mathematical, statistical and computer 
methods to analyze biological data. Bioinformatics is 
defined as deriving knowledge from computational 
analysis of large volumes of biological and biomedical 
data. Bioinformatics methods are used in fundamental 
research on theories of evolution and in more practical 
considerations of protein design. The central 
challenge of computational structural biology is 
rationalize the mass of sequence information into 
biochemical and biophysical knowledge and to 
decipher the structural, functional and evolutionary 
clues encoded in the language of biological sequences. 
 
Knowing the properties of biological sequence can be 
very valuable in analyzing data and making 
appropriate conclusions. In this context, appropriate 
characterization of the biological sequence structures 
and exploitation of biosequence properties consider 
important step to develop and create powerful 
algorithms in Bioinformatics. Biodata, or more 
precisely molecular biological data DNA, RNA and 
proteins, create organism body. Biodata are rich of 
information and have many properties. Some of the 
related properties are listed briefly: 
 
1. Small alphabet, biosequence alphabet (DNA, RNA 
and proteins) regards small when compared with 
transaction sequences (e.g. market-basket analysis). 
Biosequence typically requires an alphabet of size less 
than 21; DNA and RNA consist of four alphabets and 
proteins consist of 20 alphabets. 
2. Long sequences, biological sequences carry full 
detail information about organism species in the 
genes. Biosequences are long, for example 

chromosome 1 of the human sized 243 megabytes and 
human genome sized more than 3 gigabytes. 
Therefore, long sequences considered an important 
property of biological sequence data set. 
3. Mutation, it is the most outstanding property that 
distinguishes between biosequences and transactional 
sequences. Occurrences of patterns are not always 
identical; some copies may be approximated. The 
biosequence pattern usually allows nontrivial numbers 
of insertions, deletions, and other mutations. The 
instances of the pattern usually differ from the model 
in a few positions. Mutation represents a real 
challenge of sequential pattern mining. 
 
Bioinformatics is the application of Information 
technology to store, organize and analyze the vast 
amount of biological data which is available in the 
form of sequences and structures of proteins and 
nucleic acids. It includes protein sequence analysis, 
drug discovery, gene prediction and genome analysis. 
One of the most central methods in bioinformatics is 
the alignment of two protein or DNA sequences. 
Biological databases can be broadly classified in to 
sequence and structure databases. Sequence databases 
are applicable to both nucleic acid sequences and 
protein sequences, whereas structure database is 
applicable to only Proteins.  
 
There are several bioinformatics tasks and 
applications on sequence and structural analysis of 
biological data. The most important one is 
computational sequence analysis. Sequence alignment 
is a fundamental procedure conducted in any 
biological study that compares two or more biological 
sequences (whether DNA, RNA, or protein). 
Determination of protein/peptide sequences is a basic 
requirement for biomedical research, including cancer 
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research. It is absolutely essential for characterizing 
and identifying proteins or peptides. 
Sequence alignment plays an important role in drug 
design, its help in detecting any abnormal changes in 
protein sequences to which the drug is subjected. As a 
result proper drug can be designed with reduced side 
effects. Aligning plays an important role in drug 
design, forensics, DNA defects etc. The demand for 
faster and optimizing algorithm would also be at high 
peak for bioinformatics due to increasing need of 
better drugs and treatment. 
 
II. RELATED WORK 
 
Biological sequences databases are growing 
exponentially resulting in extensive demands on the 
implementation of new fast and efficient sequence 
alignment algorithms. Most of the work in the 
sequence alignment field has been primarily intended 
on providing new fast and efficient alignment 
methods. 
 
Needleman and Wunsch proposed an algorithm based 
on dynamic programming for global alignment of two 
sequences. This algorithm first calculates a scoring 
matrix for the two given amino acid sequences A and 
B, by placing one sequence along row side and other 
column side. The size of matrix is (k+1)*(m+1) (K 
and M are lengths of the two sequences). The optimal 
score at each matrix position is calculated by adding 
the current match score to previously scored position 
and subtracting gap penalties, which may evaluate to 
either a positive, negative or 0 value. An alignment is 
computed using this scoring matrix by trace back 
procedure, inserting gaps in the sequences so as to get 
optimal alignment of the sequences. 
 
Smith and Waterman proposed an algorithm to find a 
pair of segments one from each of two long sequences 
such that there is no other pair of segments with 
greater similarity (homology). In this local alignment 
algorithm, similarity measure allowed arbitrary length 
deletions and insertions. 
 
Anitha and Poorna suggested an algorithm for global 
alignment between two DNA sequences using 
Boolean algebra and compare the performance of the 
algorithm with Needleman-Wunsch algorithm. 
 
Bandyopadhyay et. al proposed direct comparison 
methods to obtain global and local alignment between 
the two sequences; the method proposed an alternate 
scoring scheme based on fuzzy concept. 
 
Chang et al. established fuzzy PAM matrix using 
fuzzy logic and then estimated score for fitness 
function of genetic algorithm using fuzzy arithmetic. 
Their experimental results evidenced fuzzy logic 

useful in dealing with the uncertainties problem, and 
applied to protein sequence alignment successfully. 
The sole aim of the researchers has been to develop 
efficient alignment algorithms based on different and 
latest techniques. 
 
III. PROTEIN SEQUENCE ALIGNMENT 
 
Sequence alignment has become an essential part of 
biological science. There are now many different 
techniques and implementations of methods to 
perform alignment of sequences. There are two types 
of sequence alignment: local alignment and global 
alignment. The local alignment seeks for segments of 
the two sequences that match well. The global 
alignment attempts to match both the sequences to 
each other from end to end. Sequence alignment is the 
procedure of comparing two (pair-wise alignment) or 
more (multiple-alignment) sequences by searching for 
a series of individual characters or character patterns 
that are in the same order in both sequences. Two 
sequences are aligned by writing them across a page in 
two rows. Identical or similar characters are placed in 
the same column, whereas non-identical characters 
are either placed in the same column as a mismatch or 
are opposite a gap in the other sequence. The basis for 
comparison of proteins using the similarity of their 
sequences is that the proteins are related by evolution; 
they have a common ancestor. Analysis of 
evolutionary relationships between protein sequences 
depends critically on sequence alignments. An 
optimal alignment is operationally defined as the 
pairwise alignment with the highest alignment score 
for a given scoring scheme. 
 
Proteins are built from an alphabet of twenty smaller 
molecules, known as amino acids. The primary 
structure is the sequence of amino acids in the 
polypeptide chain. Ala, Arg, Asn, Asp, Cys, Glu, Gln, 
Gly, His, Ile, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, 
Tyr and Val represent the three letter abbreviation of 
amino acids. A, R, N, D, C, E, Q, G, H, I, L, K, M, F, 
P, S, T, W, Y and V represent the one letter 
abbreviation of amino acids. In sequence alignment, 
one letter abbreviation of amino acids is used. Each 
protein is characterized by its sequence. To predict the 
biological functions of one protein and the roles of its 
residues, we usually compare the sequence of this 
protein with similar protein sequences whose 
functions have been examined experimentally. Protein 
sequence alignment is the task of identifying 
evolutionarily or structurally related positions in a 
collection of amino acid sequences. As databases of 
protein sequences and properties increase in size, it 
becomes more and more reliable to depend on 
previously classified proteins to determine the 
structure and function of a novel protein. The protein 
sequence analysis in bioinformatics is done by 
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comparing the sequences residue wise. For pair wise 
sequence analysis or for multiple sequence analysis, 
the protein sequences are compared with amino acid 
by amino acid. Proteins are essential parts of 
organisms and participate in virtually every process 
within a cell. One method of determining homology 
between two proteins is through a pair-wise sequence 
alignment of their primary structures.  It has been 
found that two proteins that are homologous, such that 
they were evolutionarily derived from a common 
protein, tend to align well with a large number of 
identical or highly similar residues in similar 
positions along the sequences. 
 
IV. PROPOSED SYSTEM 
 
Alignments are one of the most basic and important 
ways to measure similarity between two or more 
sequences. In general, a pairwise sequence alignment 
is an optimization problem which determines the best 
transcript of how one sequence was derived from the 
other. In order to give an optimal solution to this 
problem, all possible alignments between two 
sequences are computed using a proposed algorithm 
and a dynamic programming approach. Scoring 
schemes allow the comparison of the alignments such 
that the one with the best score can be picked. 
 
Proposed Algorithm 
Input: Two sequences s and t 
Output: Aligned sequences 
Method: 
(1) Set n to be the length of the first sequence. 
Set m to be the length of the second sequence. 
(2) Initialize the first sequence s to 0…n. 
(3) Initialize the second sequence s to 0…m. 
(4) for (i= 1; i<=n; i++) 
(5)      for(j=1; j<=m; j++) 
If the character of s[i-1] equals to the character of 
t[j-1], 
T[i][j]=T[i-1][j-1]. 
Else T[i][j]=Math.min (Math.min 
(T[i-1][j],T[i][j-1]), T[i-1][j-1])+1; 
         End for 
  End for 
(6) Retain aligned sequences. 

 
Figure 1. System flow diagram 

V. EXPERIMENTAL RESULT 
 
Alignment algorithms try to find the best alignment 
between two sequences given the scoring system. An 
alignment program is used to compare the sequence 
homology between two protein or DNA 
sequences.  These programs find the best match 
between the two sequences. Occasionally gaps need to 
be introduced to make the two sequences align. A 
simple scoring scheme is used with a constant gap 
penalty (G) of -2, a mismatch score (MM) of -1 and a 
match score (M) of 2. 
 

 
Figure 2. Aligned sequences using dynamic programming 

algorithm (SMS Tool) 
 

 
Figure 3. Aligned sequences using proposed algorithm. 
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The total score assigned to an alignment is the sum of 
terms for each aligned pair of residues, plus terms for 
each gap. In dynamic programming algorithm, there 
are 136 matches (136*2=272), 55 mismatches 
(55*-1=-55) and 11 sequences aligned with gap 
(11*-2=-22), for a total score of 195. In proposed 
algorithm, there are 136 matches (136*2=272), 57 
mismatches (57*-1=-57) and 7 sequences aligned 
with gap (7*-2=-14), for a total score of 201. So, the 
proposed algorithm has higher score than the dynamic 
programming algorithm. It can reduce the space and 
time complexities. The proposed algorithm results the 
optimal alignment. 
 
CONCLUSION 
                                           
Pairwise sequence alignment is an extremely useful 
tool for DNA and protein sequence analysis. Each 
year, dozens of articles describing new methods for 
protein alignments are published. Although many of 

these approaches rely on the same basic principles, the 
details of the implementations can have dramatic 
effects on the performance, both in terms of accuracy 
and speed. A primary reason for this continued 
interest in protein sequence alignment is the centrality 
of comparative sequence analysis in modern 
computational biology: accurate alignments from the 
basis of many bioinformatics studies, and advances in 
alignment methodology can confer sweeping benefits 
in a wide variety of application domains. Proposed 
algorithm and dynamic programming algorithm are 
used to align protein sequences. And calculate the 
alignment scores which result from these algorithms. 
After comparing the calculated scores, the final result 
shows the optimal alignment. The proposed algorithm 
implements the spaces less than the dynamic 
programming algorithm. The score of proposed 
algorithm is greater than the dynamic programming 
algorithm. So, the proposed algorithm in sequence 
alignment method gives the better result. 

 
Table1: Comparison of the alignment results between proposed algorithm and dynamic programming approach 

(SMS) 
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