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ABSTRACT sequences is global and local alignment. In global alignment

Multiple Protein Sequence is one of the most important
problems in modern computational biology. The emphasis
here is on the use of computers because most of the tasks
involved in genomic data analysis are highly repetitive or
mathematically complex. One of the largest areas of
Bioinformatics and Data mining has been in the Protein
Domain. These efforts have included protein Structure
prediction, folding Pathway prediction, Sequence alignment,
Substructure Detection and many others. Data storage became
easier as the accessibility of large amount of computing power
at low cost. The research in bioinformatics has accumulated
large amount of data. As the hardware technology advancing,
the cost of storing is decreasing. The biological data is
available in different formats and is comparatively more
complex.

In the present work, data mining solution is provided for the
problem of protein sequence alignment. Different formats of
sequences are studied and plain text format is chosen for the
problem under consideration. Clustering methods are based on
expressing similarity or dissimilarity of such sequences. The
similarity of two protein sequences can be assessed by score
of the best alignment of the sequences.

Scoring matrix accesses the replacement of one amino acid by
another, accepted by natural selection. The replacement can
be due the result of two distinct processes: i) occurrence of
mutation in the portion of the gene template producing one
amino acid of a protein. ii) acceptance of the mutation by the
species (similar function). PAM (Accepted Point Mutations)
is the scoring matrice that is used for the different
computations. PAM-250 matrix is used for the problem under
consideration. The matrix is frequently used to score aligned
peptide sequences to determine the similarity of those
sequences. The numbers given above were derived from
comparing aligned sequences of proteins with known
homology and determining the "accepted point mutations"
(PAM) observed. Global and Local alignments are predicted
along with the alignment score.

1. INTRODUCTION

The proteins made from the pairing of the nucleotides present
in the living organisms helps in finding the genetic
information between the two or more different organisms.
This genetic information helps to gather the information about
the common ancestors. Sequence alignment is a way which
arranges the one sequence to the another to identify the
similar regions in order to define the similarity between the
sequences. Matrix is formed between the two sequences in
order to attain the successive similarities. While alignment the
causes of (dis)similarity is also attained between the
sequences these mismatches are of type’s mutations, gaps,
insertion and deletions. The two different types of aligning the

two sequences are aligned from end to end, whereas; in local
alignment the region of the sequence with highest number of
similarity is found. Needleman and Wunsch algorithm given
in 1970 is used to attain global alignment; it is identified by
drawing a matrix along x- and y- axis. For Local alignment
Smith waterman algorithm is used which was discovered in
1981. The scoring system helps in deciding the good
alignment, as the score of each alignment is calculated and the
alignment with the highest score is considered as the best
alignment. To attain more accurate sequences we use some
substituted matrices values. As here in our present work we
are using Pam-250 substitution matrix values. PAM matrice
was given by Margaret Dayhoff in 1978. In PAM matrices the
PAM-1 matrix gives substitution values which are derived
after seeing the mutations of one amino acid into another in
every hundred amino acids. These substituted values are
considered during the evaluation of the matrix table for the
alignment of the sequences.

2. METHODOLOGY

As very short sequences can be aligned by hand but the most
highly variable or numerous sequences cannot be solely by
human effort. Instead human knowledge is applied in
constructing the algorithmically computational approaches to
align sequences which fall into two categories global
alignments and local alignments. The present methodology for
the proposed work involves the use of the cluster analysis
techniques to compute the alignment scores between the two
sequences. As we know that while aligning the sequences the
major goal is to reduce the score for the alignment of the
different protein sequence. As less the score will be more
efficient alignment will be resulted between the sequences. To
generate the sequence alignment we needed to enter the
sequences which can be entered through the various formats.
The various format available are: Plain Text format, FASTA
format, GENBANK and Genetic Computer Group format
(GCQG). Plain Text format was choose for the problem, as it is
a simple format and easy to understand. As it is easy to enter
by any of the user (in JAVA applet’s text boxes) to
understand the protein sequence alignment. A strand of amino
acids together make a protein sequence. There are 21 amino
acids present.

2.1 Global Alignment

The alignment in which every residue in the strand of
sequences is attempted on for alignment is called global
alignment. It is a dynamic programming method; technique
used for global alignment method is Needleman-Wunsch
algorithm. The following algorithm is used, Base conditions:

FGi,0)=—iand F(0,j)=—j for M, j)
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The F(i, j) is the score here. The recurrence relation:

FG,)=max{F({i-1,))-LF(@,j-1)-LF(@{-1,j-1)+
score (i, j)}

The time-space complexity of the global alignment is O (mn).

2.2 Local Alignment

Local alignments are the useful for the most dissimilar
sequences that contains most suspected regions of similarity
within the larger sequence context. The Smith-Waterman
algorithm is used for the local alignment it is dynamic based
programming. The algorithm used is, Base conditions:

F(i, 0) = 0 and F(0, j) = 0 for M(i, j)
The recurrence relation:

F(i, j) = max{0, F(i — 1, j) — score(S1(i), -) , F(i,j— 1) -
score(—, S2(i)), v(i — 1, j — 1) + score(i, j)}

2.3 Affine Gap Penalties

Affine gaps are induced into which the one value is length
independent and other is length dependent. It is calculated
through the following algorithm. The gap penalty Y(g) = -g *
d. Affine gap score penalizes gap extension less than gap
opening:

Y1(g) = -d-(g-1) * e, where e<d.
With general gap penalty Y{g), base conditions:
M(0,0) = 0, 1, (0,0) = 1, (0,0) = -Infinity;
Ik (i,0) = -d-(i-1) e, M(i,0) = I, (i,0) = -Infinity, fori=1,...,n
and Iy (i,0) = -d-(j-1) e, M(0,j) = I (0,j) = -Infinity, for

j=1,...n.
The recurrence relation:
M (i—-1, j—1) +s(xi, yi)
M (i, j) = maxq Ix(i—1, j—1) +S(xi, yi)
Iy(i—1, j—1) +s(xi, yi)
Here, match or mismatch end gaps in X and Y.

M (-1 j)—d

h@DZmM{MpLD—e

Here, begin gap in X and continue gap in X.

M@, j-1)—d

W) :max{ Wi, -1

Here, begin gap in Y and continue gap in Y

Complexity is O(n®) with general gap function, can be
reduced to O(n?) if k can be bounded.

2.4 Linear Space Alignment
To calculate the alignment using linear space algorithm we
need to obtain the alignment only by replacing the traceback
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pattern. A new matrix is obtained from the previous matrix
obtained. Recall the already matrix and maximum score. We
use the last row and column of the calculated matrix for
aligning. As this reduces the time complexity to O(mn). In
this alignment divide and conquer method is applied. We
calculate the middle column of the matrix. We traceback from
the initial point of matrix to the middle point and then from
the middle point to the end point of the matrix. The two
solutions are considered to obtain the final.

2.5 Repeated Matches

In this match the alignment of whole sequences from one end
to another is done. As if alignment of the sequences is left in
between, then its again started from the value higher than the
threshold value; till it aligns the whole sequence. Likewise,

HEAGAWGHEE
HEA . AW -HE .

Here the two sequences are aligned. A dot(.) indicates that
there is no match between two sequences. A dash(-) indicates
that there is a match between two sequences. The algorithm
used to calculate it: Each match’s score to be greater than T.
The alignment score is the sum of the match scores
substracted by T: score (alignment) = 3; (score (match;) — T).
Base conditions: F (0, 0) = 0.

F(i-1,0)

F(i,O):max{ o )
FGi-1j)-T;j=1...,m

Recurrence relation:

F(i,0)

F (i, j) = max F(!—l, j-—l) + s(Xi, Yi)
F(i—1,))—d
F@, j—1) —d

Complexity is still O(nm). Traceback from (n+1, 0) till it
reaches zero and if ends in between then its again started from
the value higher than threshold value.

2.6 Overlap Matches

Overlap matches are very similar to the local alignment but
with the two conditions; first one, the alignment should start
from the left side or the top border and secondly, the
alignment should start from the right side or the bottom
border. The following algorithm is followed: Base conditions:
F(i, j) = 0if i =0 or j = 0. Recurrence rules like those of the
global alignment. Recurrence relation:

. F(i-1,0
F(i,00=maxy . " ° _ . .
F(i-1,J)-T; j=mifi<n, otherwise j=1,...m
F>i-1, j—1) + s(Xi, Vi)
F(i, j) = max{F(i—1 j)—d
F(i, j-1) —d
3. RESULTS AND DISCUSSION

Consider the two sequences. The first sequence is
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HEAGAWGHEE and the second sequence is PAWHEAE. 3.3 Repeated matches
Computing alignment using PAM 250 substitution matrix (&) Applet Viewer: MatchApplet ey x|
with different algorithms.
Applet
Enter First Sequence: HERGAWGHEE
31G|0ba| Allgnment Enter Second Sequence: PAWHERE
_ Type Of Alignment: Repeated Matches LI
|£:| Applet Viewer: MatchApplet E@g
Applet
Enter First Sequence: HERGAWGHEE
Enter Second Sequence: FAWHERE
Type Of Alignment: Global Alignment j
REPEATED MATCHES: P
Score = 112
The F matrix:
o o 0 7 20 28 23 & 7o 75 &7
o 5 4 7 20 2% 23 & 73 75 &7
o 2 10 17 20 33 29 & 0 78 &7
o 1 2 10 20 29 &g 80 72 75 &7
0o 15 7 7 20 29 80 90 95 &7 &7
GLOBAL ALIGHMENT: b o 7 271 13 20 29 72 89 94 107 99
Score = 74 0z 1% 40 32 33 64 &4 91 9% 112
The T matrix: o 4 14 32 4% 41 56 76 &8 103 111
0 -8 -16 -24 -32 -40 -48 -56 -64 -T2 -B0 An optimal alignment:
-8 5 -3 -3 -17 -25 -33 -41 -43 -57 -&% BEAGLWGHEE
-16 -3 10 10 3 -4 -12 -20 -28 -36 -44 BERL. LW HER
-24 -11 2 10 10 3 51 43 35 27 19
-32 -9 -6 4 12 12 43 53 58 50 42 -
-40 -17 3 -1 13 17 35 52 57 70 &2 Applet started
-48 -25 -5 16 11 26 27 47 54 &2 75 pplet starte
-56 -33 -13 & 25 18 26 3% 51 &6 T4 '
An optimal alignment:
FEAGRIGAEE 3.4 Overlap Matches
|.£| Applet Viewer: MatchApplet (2| E ]
_ Applet
Applet started. Enter First Sequence: HERGRAWGHEE
H Enter Second Sequence: DLWHERE
3.2Local Alignment _
Type Of Alignment: Overlap Match =
) Applet Viewer: MatchApplet L= | O |
Applet
Enter First Sequence |HEAGAWGHEE
Enter Second Sequence PAWHELE
Type Of Alignment Local Alignment ;l

(CVERLAP MATCH: -
Score = 97
The F matrix:

a [u] a a [u] a a a a a a

i Compute |

1] 5 4 7 5 7 1] 5 5 4 4
a 2 10 17 13 1g 10 12 7 10 3
[TOCAL ALIGHMENT: B 0 1 2 10 17 18 73 &5 57 43 41
Score = 97 1] 15 7 4 1z 19 (3] 75 80 12 64
The F matrix: 1] T 27 13 13 17 57 T4 79 az g4
g ‘; 3 S g S g g g 3 3 0 2 19 40 32 26 43 &3 76 84 97
a 2 10 17 12 18 10 12 . 10 ° a ) 4 %4 32 43 41 41 a1 73 aa 96
0 1 2 10 17 12 73 & 57 49 41 An optimal alignment:
o 15 7 4 12 18 &5 75 80 72 64 GRWGHEE
Q 7 27 12 13 17 57 74 79 92 =4 EEW-HER
a 2 13 40 32 26 43 &3 76 =4 37
Q 4 14 32 42 41 41 &1 73 =8 96 —
An optimal alignment:
IGAWGHEE Applet started
EAW-HEZL ! 3

| 3.5 Global Alignment with Affine Gaps
[ || Applet Viewer: MatchApplet E@g

Applet
Enter First Sequence: HELGAWGHEE
Enter Second Sequence: PLWHERE
Type Of Alignment: Affine Global j
LFFINE GLOBRL: (4]
Score = 80
The F matrix:
F[0]:
0 -Inf -Inf -Inf -Inf -Inf -Inf -Inf -Inf -Inf -Inf
-Inf 5 -8 -7 -11 -11 -20 -17 -1% -22 -24
-Inf -10 10 L 5 2 -11 -3 -15 -14 -1%
-Inf -13 -7 10 [} 5 57 -& -2 -1z -14
-Inf -1 -5 1] 12 g [ 58 a0 47 43
-Inf -14 11 1 9 17 g 54 63 72 80
-Inf -18 -8 24 13 22 17 55 56 L1 71
-Inf -18 -3 4 33 18 22 50 59 L1 g0
F1]:
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Fli]:

0 -12 -14 -16 -18 -20 -22 -24 -26 -28 -30
SInf -4 -7 -9 -1l -13 -15 -17 -19 -31 -23
“Inf -26 -19 -2 -4 -6 -8 -10 -12 -14 -1&
SInf -28 -2 -l -2 -4 -§ 45 43 41 3
“Inf -30 -13 -15 -12 0 -2 33 47 48 4
SInf <32 <25 -1 -3 -3 05 31 42 51 &0
SInf -34 -27 -13 12 10 10 29 43 44 56
SInf -3 -29 15 0 21 19 27 3@ 47 56
Fl2]:

Fl2]:
0 -Inf -Inf -Inf -Inf -Inf -Inf -Inf -Inf -Inf
-12 -24 -26 -28 -30 -32 -34 -368 -38 -40

-14 -7 -1% -18 -23 -23 -27 -2% -31 -33
-16 -3 -2 -& -7 -10 -20 -15 -24 -26
-18 -11 -4 -2 -& -7 45 33 31 29
-20 -13  -& -4 0 -4 43 47 48 38
-2z -15 -1 -6 -2 5 41 45 51 &0
-24 -17 -3 12 1 10 32 43 43 58

An optimal alignment:

HEAGRAWGHEE

---ELWEERE

Applet started

»

m
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3.6 Global Alignment with Linear Space

| £ Applet Viewer: MatchApplet l = &J
Applet

Enter First Sequence |HEAGAWG[—1EE

Enter Second Sequence |P}-\WHEAE

Type Of Alignment |Smart Glabal |

SMART GLOBAL:

Score = T4
The F matrix:
-72 -80
-57 -5
-36 -—44
27 13
20 42
70 82
62 75
(13 74
An optimal alignment:

HERGLWGHEE
—-—P-LWHERE

Applet started.

3.7 Local Alignment using Linear Space

| £ Applet Viewer: MatchApplet [ =6 ﬁ] I
Applet

Enter First Sequence: |HEAGAWGHEE

Enter Second Sequence: |I—‘AWHEAE

Type Of Alignment: |Smarl Local j

SMART LOCAL:

Score = 97
The F matrix:
a 1]

4 4

10 9

43 41

72 64

92 g4

84 97

88 96
An optimal alignment:
GAWGHEE
EFAW-HER

Applet started.
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3.8 Local Alignment using Linear Space
and Affine Gaps

. |£| Applet Viewer. MatchApplet o | B |
Applet
Enter First Sequence: |HEAGAWGHEE
Enter Second Sequence: |EAWHEAE
Type Of Alignment: \Smart Afiine Local -
Compute
SMART AFFINE LOCRL: -
Score = 96
The F matrix:
F[o]:
1] a
4 4
10 g
7 10
63 6l
gg 76
B4 93
g4 98
F[1]:
F[1]: .
0 0
-7 -8
0 -2
57 55
&4 82
&7 %
&0 72
83 72 =
Fl2]: 1
F[2]
0 0
-4 -4
-2 -3
-4 -2
51 43
76 &4
74 Bl E
An optimal alignment:
GAWGHEE
PAWHEAE —
Applet started.

4. CONCLUSIONS

The present work is done in order to construct the different
protein sequence alignment by using the substitution values of
PAM-250. The protein alignment is useful in predicting the
homologous sequences and thus useful for assigning the class
for unknown protein. The major reason of using the different
alignment scores with the different methods of algorithms is
to reduce the score and to get the better alignment between the
two sequences. In this way we are able to find more valuable
information between the genetically aligned sequences.
BLOSUM-50 matrix was used to compare the results with the
considered problem using PAM-250 matrix. The substituted
model used by different algorithms is done in order to reduce
the complexity to compute the alignment between the two
sequences. Thus the proposed model is designed in a user
friendly option. Thus the user can analyze the different
computations steps involved for the final result.
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Start

A 4

Enter the Sequence-1
and Sequence-2 in

Textfields.
Global Alignment Local Alignment
Type of
Alignment
Y A 4
Press the ‘Compute’ Press the ‘Compute’
button button
v v A A
If one sequence is If no sequence is If both the sequences If one sequence is
entered entered are entered entered
A A A \ 4
Output in Text Output in Text Area Output in Text Area Output in Text
Area with score = with score = zero with score and Area with score =
negative and and no Optimal Optimal Alignment zero and Optimal
Optimal Alignment Alignment

Alignment

!
]

Fig 1:Work Flow of the present work
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