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Abstract: DNA Sequence alignmentis the most fundamental and
essential task of computational biology and forms the base for
other tasks of bioinformatics. The two basic alignment
algorithms i.e. Smith Waterman for local alignment and
Needleman Wunsch for global alignment have been used in this
paper. The algorithms have been developed and simulated using
MATLAB for genome analysis and sequence alignment. The
local and global alignment has been presented and the results
are shown in the form of Dot plots and local and global scores
for the sequences.
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1. INTRODUCTION
All living organism cells are composed of genetic codes

thatare passed from one generation to other. This is the
reason forsome living organisms being biologically similar
and somebeing distinct. The genetic code can be represented
as asequence of alphabets, such as four base pairs of DNA
andRNA, or twenty amino acids of protein[1].These
sequences are called biological sequences and over time a lot
of changescalled mutations occur in these sequences.

The field of bioinformatics aims to align a large number of
biological sequences with the purpose of deriving their
evolutionary relationships through comparative sequence
analysis. The bioinformatics applies computations to the
biological sequences in order to analyze and manipulate
them.Common activities in Bioinformatics include mapping
and analyzing DNA and protein sequences, aligning different
DNA and protein sequences to compare them and creating
and viewing 3-D models of protein structures.

Sequence alignment is the most basic and essential module of
computational bioinformatics and has varied applications in
sequence assembly, sequence annotation, structural and
functional prediction, evolutionary or phylogeny relationship
analysis. It aims to find out whether two or more biological
sequences are related or not.In biomolecular sequences
(DNA, RNA, or amino acid sequences) high sequence
similarity usually implies significant functional or structural
similarity.

2. SEQUENCE ALIGNMENT
Any biological sequence is a sequence of characters drawn

from an alphabet. For DNA sequence, character set is {A, C,
G, T}, for RNA sequence, the set is {A, C, G, U}, and for
protein sequence, character set is {A, R, N, D, C, Q, E, G, H,
L, K, M,F, P, S T, W,Y, V} A sequence alignment is the
process of identifying one-to-one correspondence among
subunits of sequences in order to measure the similarities
among them[3].

The rapid evolution of sequencing techniques combined with
the intense growth in the number of large-scale genome
projects is producing a huge amount of biological sequence
data. Nevertheless, determining the genome sequence is only
the first step toward deciphering the genetic message encoded
in those sequences. In genome projects, newly determined
sequences are first compared with those placed in genomic
databases in order to discover similarities. This is done
because relevant sequence similarity is evidence of common
evolutionary origin and homology relationship. Sequence
comparison is a very basic but important step in genome
projects. As a result of this, one or more sequence alignments
can be produced. A sequence alignment has a similarity score
associated to it that is obtained by placing one sequence
above the other making clear the correspondence between the
characters. Two approaches to sequence alignment are:-

2.1 Global Alignment
Global alignment get the maximum match between the

sequences as it assume that the two sequences are similar.
This alignment attempts to match the two sequences from the
end to the end even though if they are different in some
parts.Sequences that are quite similar and approximately
the same length are suitable candidates for global
alignment[2].
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Fig 1: Global Alignment of two sequences
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2.2 Local Alignment
Local alignment searches for the part of the two sequences

that match well.In this, stretches of sequencewith the highest
density of matches are aligned, thus generating one or more
islands of matches or subalignments in the aligned sequences.
Local alignments are more suitable for aligning sequences
that are similar along some of their lengths but dissimilar in
others, sequences that differ in length orsequences that share
a conserved region or domain[1].
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Fig 2: Local Alignment of two sequences

3. ALIGNMENT ALGORITHMS
DNA sequences are strings of letters from a four-letter

alphabet called nucleotides (A, C, G, T). The length of a
sequence is variable and sometimes we require the alignment
of lengthy and highly variable or extremely numerous
sequences. Hence, constructing algorithms to produce high-
quality sequence alignments using four letters becomes a real
challenge. In general two types of sequence alignment are
classified as local and global alignment.Local alignments
identify regions of similarity within long sequences that are
often widely divergentoverall. Global alignment forces the
alignment tospan the entire length of all query sequences.

3.1 Needleman-Wunsch Algorithm
The Needleman-Wunschalgorithm[4] performs a global

alignment on two query sequences and is used widely in
bioinformatics to align protein or nucleotide sequences. It
uses a dynamic programming method to ensure the alignment
is optimum by exploring all possible alignments and choosing
the best.

In  Needleman-Wunsch Algorithm, first take the two
sequences and create a 2-dimensional array with the length of
multiply of the two sequence’s length, each cell can be
evaluated from the maximum of the three cells around it and
at the same time keep a pointer of the maximum value to
make the trace-back to get optimal solution[6][7]. The steps
of the Needleman-Wunsch algorithm is as follows:-

Input: two sequences x and y

Output: optimal alignment and score

Initialization:

Set G(0,0)=0

Set G(i,0) :=—id foralli=0,1,2,...,m

Set G(0,j) :=—jdforallj=0,1,2,...,n

Main Iteration:

Filling in partial alignment
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Foreachi=1,2,..., mdo:
Foreachj=1,2,...,ndo:

Set G(i, j)=max{G(i — 1,j — 1) + s(xi, yj),case 1
G(i—1,j) +d, case2

G(i,j— 1) +d, case3}

Ptr(i, j) = { DIAG, if case 1

LEFT , if case 2

UP,ifcase 3}

Termination:

G(M, N) is the optimal score, and from Ptr(M, N),we can
trace back optimal alignment.

3.2 Smith Waterman Algorithm

The Smith—-Waterman algorithm is a well-known algorithm
for performing local sequence alignment that is for
determining similar regions between two nucleotide or
protein sequences[5][9]. Instead of looking at the total
sequence, the Smith-Waterman algorithm compares
segments of all possible lengths and optimizes the similarity
measure.The main difference is that GJi, j] add to the
maximum function that declared in Needleman and Wunsch
the possibility of Zero value. The formula for computing G[i,
j] becomes:

G(i, j) =max { 0;

G(i—1,j 1) + s(xi,yj);

G(i-1,j)+d;

G(,j -1 +d}

4. PROPOSED DNA SEQUENCE ALIGNMENT

For applying a global and local alignment and getting a score
for both of them, the user can enter the sequence in two ways.
The first way is by the accession numbers of the sequence to
retrieve the sequences in its Open Reading Frames. The

second way is to retrieve the sequences from the web and
bringing the sequence information into the MATLAB
environment.After that we can get global alignment and local
alignment with a score that determines the degree of
similarity. Dotplots are one of the easiest ways to look for
similaritybetween sequences. The diagonal line indicates that
there may be a good alignment betweenthe two sequences.

5.RESULTS AND DISCUSSION
5.1 Retrieve sequences from a database:-
Different sequences that have to be analyzed, aligned and
read are retrieved from public database into MATLAB
environment.
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&
Frame 1
000001 APLEgCCUASYCCOUCACAREESS
000085 YT et CCE YUYt CgrAgUSgCATAgESgoCECEgUECACgT AT ECgE
000128 cgataagt gctcacct
000183 gyapaccagegyyccalyacaagotuvcaggetiiggtittogetgetgotyggeggragegticg
000257  caggarssacgacgaccctotgacoctggectcagaact tecaaacctocgaccageactacgt
000321 eotttaccogaacaactttoaattocagt @ actea
000385 glectegargaggeetbocagegetategtgacoigettttoggtlecgggtet tggoesogte
000445 ottace t & atattagtty atag
000513 tygatgt grttovtactit toagt ttatavectgavcatasatgatgac
000577  cagtgtttactectetctgagactgtotggggagrietocgaggtotggagacttitagecage
000E41  tegre cta teetee tgagat tttoccca
DOO70S  ctttectoacs ggggetigotgtiggatacatologoeat tacolgoeactotetagoatocty
000765 gacactotggatgtcatggogtacastasattgascgtattocactggcatotggtagatgato
000833 etteettcocatatgagagettoactitt cat 3 at
000897  eacceacatctacacageoae cattgaatac ag Fate
OUDSEL  cqtgtgottgcagagtttgacactoc tegr aq
001025  tactgactootigetactotgggtot tot Lt tgaatvovagtet
001085  caataatacctatgagttoat ttottott getctgtett Ieees
UO1153  tatottoatottggaggagatyaggtigatttoacctgctggangtooascocagagatocagy
001217 actttat s toaagragotggagtootietacatocagac
001281 gotgctagacatogtotottottatggcasggactatatgatataacaqganatatttgataat
001345 L Lt toatavaggtyt tattocagt tata
001409  tgasggagctggasctogte @accgacttocgaaeecttotetota agtacet
001473 atatcctatgg @ ttctacatagtggascocctggcatttgan
001537  gutacccclgageagasggetetgglgatiggt tigtatgt tatgtag
001601 ctag an qte ot
OO16E5 L tetgavet titgeotat gt tigl ttocgotgtgaatty
001729  ctgaggegaggtgtecaggecraaccoctoaatgtaggettotgtgageaggagt ttgaacaga
001783 tggctye tteca
D01857  etgeateciggoesggggavggagoocotigoot loglgooos Ligeotgoglgeses tgtget
001821 agcaotogoattoaat aat ttttotata
O018HS  atasavatggattacotgtgtit tgaatggugtiagygt
002045  aggetggagteagtgtotgeccctgaggtettttangt tgaggaetgggantgasacetatage
002113 Ctttqtgctattotgcottgootgtgagctatgtcactcccctaccactoctgaccatattaca
002177  gacacctgecctastectoagootyctoacttcactictgcat tatatotccaagusgtLogta

Fig 3 Open Reading Frame of Human DNA sequence

5.2 Sequence comparison by using dot matrix method:-

The most basic sequence alignment method is the dot matrix
method also known as dot plot method.In dotmatrix plot, the
two sequences to be compared are written along the top row
and leftmost column of a two-dimensional matrix and a dot is
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Fig 5 Dot plot of Human and Zebrafish

Dot plots of human and norway rat DNA sequences and
human and zebrafish DNA sequences have been shown in fig.
4 and fig. 5 respectively. The dot plots above shown shows
that human and Norway rat DNA sequences show better
alignment as compared to human and zebrafish DNA

placed at any point where the characters in the appropriate
columns match[8]. The dot plots of very closely related
sequences will appear as a single line along the matrix's main
diagonal. MATLAB function has been wused for this
comparison.
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Fig 4 Dot plot of Human and Norway Rat

sequences.

5.3 Global alignment of sequences by using Needleman
Wunsch Algorithm
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u Aligned Sequences EE

0193  GGAGACCAGCGGGCCATGACAAGCTCCAGGCTTITGGTTTTCGCTGCTGCTGGCGECAGIGTICG
I (A [ [ R A

0087  ===Gmmm=GC=GG=CmnGmmmmGmmmCmmG=TTGG===~C~TTGC T-=TGGC--CA-CGmm-G
0257 CAGGACGGGCHACGECCCTCTGECCCTOOCCTCAGAACTTCCAAACCTCOGACCAGCGCTACGT

[ [ e I A A
0096  C--G-C-=-TGT-G6-CC-CTG6--C---CC-CAGTACATCCAMACCTCOCACCGGCGCTACAC

0321 CCTTTACCCGAACAACTTTCAATTCCAGTACGATGTCAGCTCGGCCGCGCAGCCCGGCTGCTCA
l R N N AR e R R R R RN AR AR A AN
0145 CCTGTACCCCAACAACTTCCAGTTCCGGTACCATGCCGGTTCGGLCGCGEAGGCGGGCTGCGTT

4| [}

5 k1
ldentities = 1531/2439 (83%), Positives = 1653/2439 (68%) J&
0001 AGTTGCCGACGCCCGRCACAATCCGCTGCACGTAGCAGEAGCCTCAGGTCCAGGCCGAAGTGA
| [ I | | I E
0001 G C-CTGmmCTmmmmm GmGmmmm k= =G G G i
0065  AAGGGCAGGGTGTGEGTCCTECTGRGGTCGCABGCGEAGAGCCGCCTCTORTCACGTGATTCEC
[ [ 11 [ A A I | |
0016  -A-=GC-=nn===T=GGm===CCm==GGT-G==GGC~Cnmhmmmmmmnm TG5-C~C-GmmmnG-
0126 CGATAMGTCACGGGGGCGCCOCTCACCTEACCAGRGTCTCACGTORCCAGCCCCCTCOGAGAGE
[ [ [ I
0040  Cm-T-mGmChmmmmmmnGm=GLT=n=C T=mm==GGGTTTCECT-G-CTGmmmC T mmmmm

3

Fig 6Global Alignment (NW) of Human and Norway Rat
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!
J n Aligned Sequences EE
P= 9
Identities = 1444/2533 (57%), Positives = 1810/2533 (71%) |
0001 AGTTGC-CGACGCCCGL ~CGCT-GCACGTAGCAGGAGCCTCAGGTCCAGGCCGGAAG
AR e N N R A N R e N N A e I R R A A 3
0001 CTTTGAGCTTCGCACAGCACATCCACACACACACG-AACA-GT-CCTCCGCT-CAGACTGGAAG R
F/|0062  TGAALAGGGCAGGGTGTGGGTCCTCCTGEGGTCGCAGGCGCAGAGCCGCC-TCTGGTCACGTGAT
(R N B R N I B CA Y O O RN A A A AR R
0081 C-AGA-GTCAGTCAGC-TGACCG-CT--CAACACA-AC-CA-TGCT-CTGTCTGCTCAAGT-TT
0125 TCGCCGATAAGTCACGGGGGCGCCGCTCACCTGACCAGGGTCTCACGTGGCCAGCCCCCTCCGR
I R N I L A O L O A
0114 ACCCCTCTGTTITIGGTGGTAGCCGTATGTCACGGCT-GG-CTTTT-TGG--AGATCTTTTIGE I
0189 GAGG-GGAGACCAGCGGGCCATGACAAGCTCCAGGCTTTGATTTTCGC TECTECTGRCHGCAG-
: [ O A e O A R I D I A A Il
0173 L GAAA-GAGCTGG—-ATGA-AATCT-CT--CTATGGCCTCTACCGCA CCAGT
0251 CGTTCGCAGGACGGGCGACGGCCCTCTG-GCC-CTGGC-CTCAGRACTTCCAAACCTCCGACCE
(AR AR N e O RN o N A A R A
0229 CGTCCGC-GGTC--GCTTTTARACTCAGCGCCGCCAGCTTTCARATCGTCC--A-CGCCAARCA
0312 G-CGCTACGTCCTTTACCCGAR TTTCAATTCCAGTACGATGTCAGCTCGGCCGCGCAGCC
| [ N AR N N e R A A A
D287 GTC-CACCG-CC-GGA-CCGAGCTGCAGTCTACTCGAG-A--ATG-CATTTC-GCAG-ATATTT ol
< i ’

Fig 7 Global Alignment (NW) of Human and Zebrafish

Global alignment of human and Norway rat DNA sequences
is shown in fig. 6 and of human and zebrafish DNA
sequences is shown in fig.7 respectively.The alignment score
for human and norway rat DNA sequences is 2287 and for
human and zebrafish DNA sequences is 2893 for global
alignment.

5.4 Local alignment of sequences by using Smith Waterman
Algorithm

u Aligned Sequences e=fie] x|
5 N

Identities = 1463/1801 (B1%), Positives = 1£00/1B01 (89%) I
0001 GCCCCCTCCGAGAGGGG- CAGCGGGCCATGACAAGCTCCAGGCTTTGGTTTTCGCTGCTG
[ R R R A A AR A A AR L
0001 GCCTGCTGGAAGGGGAGCTGGCCGGTGAGCCATGGCCGGCTGCAGGCTCTGGETTTCGCTGCTG
0084 CTGGCGGCAGCGTTCGCAGGACGGGCGACGGCCCTCTGGCCCTGGCCTCAGAACTTCCARACCT W
AR RN e N A N R R R AN IR A R R R AN AR
0085 CTGGCGGCGGCGTTGGCTTGCTTGGCCACGGCGCTGTGGCCCTGGCCCCAGTACATCCARACCT

0128 (CCGACCAGCGCTACGTCCTTTACCCGAACAACTTTCAATTCCAGTACGATGTCAGCTCGGCCGE
R R R N RN RN R R A R A AR

0128 CCCACCGGCGCTACACCCTGTACCCCAACAACTTCCAGTTCCGGTACCATGCCGGTTCGECCG

0192  GCAGCCCGGCTGCTCAGTCCTCGACGAGGCCTTCC AGCGCTATCGTRACCTGCTTTTCGGTTCE
PEEE D TEEEEE PR PR EREEEE e P LEEEE FEEs s FEEEEE FEEREEET
0193  GCAGGCGGGCTGCGTTGTCCTCOACGAGGCCTTTCGACGC TACCGTAGCC TGCTCTTCOGTTCE

0258 GGGTCTTGGCCCCGTCCTTACCTCACAGGGAAACGGCATACACTGGAGARGALTGTGTTGGTIG

R N e R e A N T R A N e e |
0257 GGCTCTTGGCCCCGACCCAGCTTCT ACAGCAGCCGTTGGGGAAGAACATTCTGATGG
0320 TCTCTGTAGTCACA-CCTGGATGTAACCAGCTTCCTACTTTGGAGTCAGTGGAGAATTATACCC
RN N R R N e e A A |
0321 TCTCTGTCGTCACAGCC-GAATGTAATGAGTTTCCTAATTTGGAGTCCGTAGALAATTACACCC i
14| 11l 3

Fig 8 LocaITAIig—nfnent (SW) of Human and Norway rat
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u Aligned Sequences -‘
=] ¥

ldentitiss = 1439/2476 (58%), Positives = 1805/2476 (73%) 4
0001 TGTREG-TCCTC-CTG-GEGT-COCAGRCHCA-GAGCCG-COTCTEETCACGTGATTCGCCOAT
[ e e I B O A £

0001 TTTGAGCTTCGCACAGCACATCCACACACACACGAACAGTCCTCC-G-CTI

AGACTGGAAGCA

0059  AAGTCACGGGGGC-G-CCGCTCACCT-GACCAGGGTCTCACGTG-GCCAG---CCCCCTCCGAG

e R e AR I e A N (AR

0062 GAGTCA-GTCAGCTGACCGCTCAACACAACCATGCTCTGTC-TGCTCAAGTTTACCCCTCTGTT

0116  AGGGGAGACCAGCGGGCCATGACAAGCTCCAGGC--TTTGGTTTTCGCTGCTGCTGGCGGCAGE
[ T o e N N A A A e R I R R O O R

0124

0178
(AR
0180 AAGAGCTGGATGAA-L

[ IR e
C-TCTCTATGGCCTCT-ACCGCAGARATACCAGTCGTCCG-COGTCG

0241 C-TACGTCCTTTAC-CCGAACAACTTTCAATTCCAGTACG-ATGTCAGCTCGGCCGCGCAGCEIE
N R T T PEETE AL er
LAACTCAGCGCCG-CCAGCTTTCARATCGTCCACGCC AG-TCCA -CGGACT

0240

0302 G-GCTGCTCAGTC--CTCGACGAGGCCTTCCAGC-GCTATCGTGACCTGCTT-TTCGGT-TCCG

| A A e e R A R A LI N

0301 GAGCTG--CAGTCTACTCGAGAATGCATTTC-GCAGATATTTTGA-ATACATGTTTGGAGAGCT i
| 1 | »

Fig 9 Local Alignment (SW) of Human and Zebrafish

Local alignment of human and Norway rat DNA sequences is
shown in fig.8 and of human and zebrafish DNA sequences is
shown in fig.9.The alignment score for human and norway rat
DNA sequences is 3750 and for human and zebrafish DNA
sequences is 2.9567e+003 for local alignment.

6. CONCLUSION

In this paper DNA sequence alignments algorithm have been
developed and simulated using MATLAB. MATLAB is a
high-performance language for technical computing. It
integrates computation, visualization, and programming in an
easy to use environment where problems and solutions
areexpressed in familiar mathematical notation.Sequence
alignment results have been presented in the form of dot
plots, local alignment score by using Smith Waterman
algorithm and global alignment score by using Needleman
Wunsch algorithm. The alignment score for human and
Norway rat DNA sequences for global alignment is 2287 and
for local alignment it is 3750. The alignment score for human
and zebrafish DNA sequences is 2893 for global alignment
and is 2.9567e+003 for local alignment. The proposed work
is a useful tool that can aid in the exploration, interpretation
and visualization of data in the field of molecular biology.
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