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ABSTRACT

Many questions related to drug discovery and drug designs which are structure based can be answered using
structural bioinformatics tools. A search of sequence databases followed by sequence alignment and analysis can
easily answer questions related to the specificity of a particular target in a given organism. We isolate human DNA
seguences, trandlate it into amino acids, then model a human protein structure based on the known structure of
modal organism, which leads to discovering drugs that bonds the model proteins. In an alignment one may achieve
better correspondence between two sequences if we allow gap in one of the sequences. In DNA sequence alignment
various techniques are available. A method using binary sequence will be computational friendly. In this paper we
provide a method of determining local and global DNA sequence alignment using binary matrix.
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INTRODUCTION

In bioinformatics, a sequence alignment is a wagrodnging the sequences of DNA, RNA, or proteiidentify
regions of similarity that may be a consequenc&unttional, structural, or evolutionary relatiorshibetween the
sequences [1]. A DNA sequence is presented asweseg of characters, which may be 'A’, 'G', 'CTbrTo align
two DNA sequences, some gaps may be inserted tesegs so that two sequences have the same I&hgth [

Shannon |. Steinfadt et.al presented a data-phiterithm for local sequence alignment based tos $mith-
Waterman algorithm has been adapted for an ass@ciatodel of parallel computation known as ASC. The
algorithm finds the best local alignment in O ( m}time using m + 1 processing elements [3]. Zh&hgng, et.al
introduced a new greedy alignment algorithm withtipalarly good performance and showed that it catep the
same alignment as does a certain dynamic progragn@igorithm, while executing over 10 times faster o
appropriate data [4]. Wang Liang, Zhao KaiYong prgs a new avenue to build more effective DNA afignt
methods [5].

MATERIALS AND METHODS

Sequence Alignment

Alignment is the result of a comparison of two asrengene or protein sequences in order to deterth@iedegree
of base or amino acid similarity. Sequence aligrisane used to determine the similarity, homoldgpgction or
other degree of relatedness between two or moresgengene products. Alignments can be global call§g].
Snapshot — 1 provides an example of global and &icament [7].
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Global FTFTALILLAVAV
F-—-TAL-LLA-AV

Local FTFTALILL-AVAV
-—FTAL-LLAAV--

Snapshot — 1

Match

Every element in a trace is either a match or a @épere a residue in one of two aligned sequerséentical to
its counterpart in the other the corresponding araicid letter codes in the two sequences are adistialigned in
the trace [6].

Gaps

When a residue in one sequence seems to have bkteddsince the assumed divergence of the seqfiemaéts

counterpart, its "absence" is labelled by a dasthederived sequence. When a residue appearsvio been
inserted to produce a longer sequence a dash apppposite in the unaugmented sequence. Since tasbes
represent "gaps" in one or other sequence, theracfiinserting such spacers is known as gappihdgitapshot — 2
provides an example of gap and mismatches [7].

i - - 1
ATTGTCAAAGAQTTGAGCTGATGCAT
LIEL 1L LI
GGCAGACATGA-CTGACAAGGGTATCG

.’Hlsmah:h'l G

Snapshot — 2

Gap Penalty
The gap penalty is a scoring system used in biaimdtics for aligning a small portion of genetic epdnore
accurately, fragmented genetic sequence, also terreads against a reference genetic sequenceTtegduman
Genome]8].

Pairwise Sequence Alignment

It is used to identify regions of similarity thatagnindicate functional, structural and/or evolution relationships
between two biological sequences (protein or nacéeid) [6]. Snapshot — 3 provides an example af pése
sequence alignment [7].

Al —

b —
Snapshot — 3

Multiple Sequence Alignment (MSA)

It is the alignment of three or more biological seqces of similar length. From the output of MS/Alagations,
homology can be inferred and the evolutionary i@mship between the sequences studied [6]. Snapshbt
provides an example of pair wise multiple sequealiggnment [7].

A_ D ———
D ——
C
D
E

Snapshot — 4

Genomic alignment
Genomic alignment tools concentrate on DNA (or tdA) alignments while accounting for characteristicesent
in genomic data [6].
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RESULTS AND DISCUSSION
In this section we propose a method of sequengaraknt with gap, using binary matrices.

Construction of Position Matrix

Let the sequences to be aligned heSsof length n, m respectively,sam. We create a position matrix P of order 4
x m. The rows of the matrix represent one of AGT,C. Each column has exactly one non zero enwy e |
column, this nonzero entry corresponds to thertry in the sequence. If th& ¢olumn of the sequence is 1000,
0100, 0010, 00010, if th& jentry in the sequence is A, T, G, C respectivehjis simply means that a column with
1000 represents A, a column with 0100 representa Tolumn with 0010 represents G, a column with1000
represents C in P. For example for the sequencEG@CT the corresponding P matrix is

A AT GG CCT
11 0 0 0 OO0
0 01 0 0 01
00010 00
0 00 01 10

Local Alignment

Sequences which are suspected to have similaritgven dissimilar sequences can be compared withl loc
alignment method. It finds the local regions wiigthlevel of similarity. Snapshot —5 provides iliadion of local
alignment [9].

Local Local

T il il

tccCAGTTATGTCAGgggacacgagcatgcagagac
NEEERE RN
aattgccgccgtecgttttcagCAGTTATGTCAGate
Snapshot — 5

Local Alignment Using P Matrix
Let P, and B represent the position matrices of sequenge® Srespectively. Let the columns of Be labeled as

Ci1, Cip ---, Gy and the columns of;ie represented asCC,,, ..., C2.

Step 1Start with G;. Compare &, G,;. If the binary sequences match, then compagsea@ G,. If the match then
continue this until the binary sequences is indtwesponding columns match.

Step 2Let the first mismatching columns be;GC,. This means that the binary sequences in columpn<g do
not match. Then verify if ¢ G, ;.1 match. If not find the first column in,Rvhich matches with £ Say Column
and G;, i < j matches. Continue with step 1 stating v@thand G;.

After Step 2 we notice that there is a gap froftdCC,;_ 1.
Step 3Continue this procedure until we cannot contino farther.

In this procedure say we have reached column\We next will look for a column in Pwhose binary sequence
matches with the sequence in.Gf P, does not contain ay further column which matchés then we can continue
further with G «.;. So a gap will be created at positiop.GSince only four binary sequences are possibegap
size cannot exceed 3.

For example let STACTCACGGATGATTTAGAGGCC and S
ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGGA be thewio sequences to be compared for
alignment.
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Sequence - 1 and its corresponding position m&jrix
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Sequence - 2 and its corresponding position marix
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As per the procedure we start the column wise nagcfThe first two columns of ;1o not match with S So the
matching starts from column 3 of.S-our columns match with each other. Column 5yenfrS,; is 0001. But
column 7 entry of Sis 1000. The binary strings do not match. So veecdefor the next column inSvith the string
entry 0001. This occurs at column 13 ¢f ®/e continue this procedure of gap determinatiatil we reach column
23 of §. The corresponding binary string is 0001.But adf@p determinations there is no more columns iwith a

binary value 0001. So a new gap is created ( red)oAlso since Sends here the remaining part gfiSa gap as
observed.

In the above matrix red and blue column represmsatch and gap between two sequences.

Aligned Sequences

Global Alignment

Sequences having same length and quite similareagemuch appropriate for global alignment. Here dfignment
is carried out from beginning of the sequence td ehthe sequences to find out the best possiliggmmakent.
Snaphshot — 6 provides illustration of local afiggmt [9].

Global

--T—CC-C-AGT—TATGT-CAGGGGACACG-A-GCATGCAGA-GAC

R 1L O O N
AATTGCCGCC-GTCGT-T-TTCAG----CA-GTTATG-T-CAGAT--C

Snapshot — 6
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In global matching final part of the sequences &haoatch. So we modify the above procedure sligfalythis
purpose.

We first start with column C1n. Compare with colu@s, Then adopt the above procedure in the reverser ¢ed
with C;,_y G-y -... UNtil we reach a column where the strings naiteim with each other. We then continue the
tracing from Step 1 ie., from;& C,; and continue to trace the gaps.

For example let SACTACTAGATTACGGATCGTACTTTAGAGGCTTGCACCA and S
ACTACTAGATTACTTACTGGATCATGTACTTTAGAGGCTGCACCA be th two sequences to be compared
for global matching. We start with the last twowohs. We observe that the last six columns matah.sWp our
process there and continue from the first colunsisguthe usual procedure. The gaps are as seéie imatrices.
Observe that when we reach column 33, there is ox@ matching available in,&s the remaining string is already
matched. This mismatching is seen in red color.

Sequence - 1 and its corresponding position m&jrix

ACT ACT AGATT AC GG AT CGT A CTT
i1 00010010 10010001 000010200
o o100 100011000001 O001 00 11
o o000 O0O0OO0OCDZ1T OCOOCODODDZI1TI1T OOCO0ODTI1T OCO0ODO0ODOODD
a1 001 0O0O0OO0C0CO0CD0DT1TOCODODOCDI1T ODODODI1TO0OOUD0
rd4d ¢ A ¢ 6 C T T ¢ C A C C A
0o 10 1 00 0 O0CO0OO0OCOD0TI1I O0O0I1
i 00 0 O0OO0CO0DI1IT 1T O0OO0OO0OOD0DO0OOUW0
o ¢ 1 01 1 0 001 0 O0CO0O0OCOUO
o 00 0 O0O0CI1TO0O0DO0OI1 01 10
Sequence — 2 and its corresponding position mBsrix
ACT ACT AGATTACTT ACT GG G ATC A
i1 001 0021021001000 100001001
o o1 00100011001 1 001 000100
o o0 0O0OOOGOCI1TOOODOODEODOTCOTCOODDODT1T T OO0 OD0
o 1001 00O0O0OO0OCO0CO0D1TO®COCTCO0C1ITO0OCO0OO0CO0DO0DLTO
r ¢ T A CTTT ACGAGGCTG CAC C A
o o0 0 1 0 0 O0O0CT1 01 0 0 O0O0CO0ODO0OD1L 0O O0I1
1 1 0 01 1 1 0 0 O0O0CO0OO0TI1IO0CO0OCO0DO0OTUO0OUW0
o1 0 0 0 O0O0OO0CO0OCI1TO0OTI1 1 O0O0CI1T O0O0O0OTO0TU0D
o0 0 1 0 O0CO0DO0CO0DO0ODCO0CO0CT1I O0DDI1TO0D 110
Aligned Sequences:
- TAET = A 0L EAT b A-TTTAGAGGCC
U0 (A I S0 L4 LN Neuin FEET 0 I 1) ) T
TACT C i E G AT i b TACTITAGAGD O -
CONCLUSION

Protein and DNA sequences of different organismesodten related and they indicate the knowledgeuabpecies.
The similarity or differences found would help iategorizing the common characteristics of speciesb their
behaviors. In bioinformatics analysis, the idenéfion of gaps is important in sequence matchinghag could
represent a mutation that could offer insight te discovery of new functionality. The effectivenassl efficiency
of gap pattern discovery relies on the developrémnibvel pattern redundancy concepts to generkisga number
of redundant flexible gap patterns. This has alieation in developing drugs and treatments feedses that have
unknown regulatory functions. Minimizing the gamphy is an issue. The proposed method guararheéshie gap
penalty cannot exceed the value obtained in thihadk It uses binary matrices and hence computétiendly.
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