CHAPTER IV

IMPLEMENTATION OF DIALIGN ALGORITHM

In this chapter we present the program implementation and simulation
of DIALIGN algorithm in producing optimal alignments from a pair of DNA
sequences. Program implementation of DIALIGN algorithm to find optimal
sequence alignment will be discussed in section 4.1 and the program

simulation will be discussed in section 4.2.

41 IMPLEMENTATION

The program is implemented in MATLAB 7.0.1. Some functions used
in this program are dialign, backtrack, and dispalign (complete listing of the
program see Appendix 1). Dialign is the main function of DIALIGN algorithm
while backtrack and dispalign functions will be called in this dialign function.
Backtrack function is utilized to trace all alignment paths which compose
optimal alignments. Dispalign function is useful to find which residues that are
to be aligned to gaps and to display the optimal alignments.

As an input, DIALIGN requires two sequences. Since we discuss about
DNA sequence alignment, the input must be a string of DNA alphabet (C, G,

T, A) and contains no spaces. The sequence input is saved in a text file
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whose names could be entered by user. This file saves two DNA sequences.
The program will produce optimal alignments as an output.

The program is called by typing “dialign” in MATLAB’s command
window. When it is run, user will be asked to type the path of the input file that
already saved the DNA sequences. The program will stop if it obtains all
possible optimal alignments and display these alignments in MATLAB’s
command window.

Having the DNA strings, the program will construct possible diagonals
from those strings and calculate weights of these diagonals based on match
probabilities. After that, the program computes a matrice of alignment scores.
Every number of matches, o(D;j) and scores is saved in a cell which later will
be utilized in backtracking process. The process of backtracking is called
recursively in a backtrack function and saves the result in a cell. Next, the
program calls dispalign function to display the alignments.

This program traces all alignment paths and resulting all optimal
alignments. Here is an example of using the program to find alignment from

example 3.1.

Example 4.1

We use sequences in example 3.1, it is a sequence with length of
three which is going to be compared to a sequence with length of two. We
type dialign in MATLAB’s command window and press enter, then it will

appear a window-like as in Figure 4.1. In this example we use sequences
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from example 3.1 which is saved in C:\Users\User\Documents\skripsi
guw\dialign\sequen.txt. So, when the program asks user to type the path of
input file we paste C:\Users\User\Documents\skripsi quw\dialign\sequen.txt in
MATLAB’s command window and press enter, then it will process the string
input. Sequences that already saved in sequen.txt is recognized as two
strings. The program is provided in appendix one.

In Figure 4.1, it can be seen that sequences which are to be compared
are CTG and CG. Figure 4.2 shows us the input display. In Figure 4.3, we see
that the program is able to align a pair of sequence from example 3.1 in
3.1x107 seconds and the only one optimal sequence alignment is exactly

identical to the result in example 3.4.

"} sequen - Notepad o [0, 3]
Eile Edit Fermat View Help

CTG .
ac|

Figue 4.1 Content of sequen.txt

il 9
{k Command Window =R X
File Edit Debug Desktop Window Help k

»»> dialign

path of the input file : C:%Users)\User)Documentsskripsi cquwhdialign' secquen.txt|

Figure 4.2 Input display for example 3.1
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File Edit Debug Desktop Méindow Help o
DNL 1 = CTG
DNL 2 = CG&
Optimal Aligrnment 1
CTE
C-ix
done in 1.250000e-001 seconds
el
!

Figure 4.3 Output display for example 3.1

The program is succeeded in finding optimal alignment from a pair of

sequence in example 3.1. Next section will discuss about simulation of the

program of another sequences.

4.2  SIMULATION

37

As experiments, we try seven samples taken at random with length of

a sequence not more than 100. The resulted optimal alignment of sample 1
up to sample 3 will be discussed, the remaining samples can be seen in

Appendix 2. The number of optimal alignments and running time of each

samples is given in Table 4.1.
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:ﬁ Command Window =HACH X
File Edit Debug Desktop “Window Help k.
DA 1 = AGGTCGTGTGCGATATGAAC TTATGAGCARAATATCGTAACACATTAGACAACAATCGARAT

DNA 2 = TATGTCCCACATAACGTGACAACGATT

Optimal Aligroment 1
AGGTCGTG TG GATAT GAAC TTATGAGC AL A ATATCGTAACACATTAGACAACARTCGAALRT
——TA-TGTCCC—————— AC——AT-A—A—————— CGT-————————— GACRACGAT————— T

Optimal Aligrment 2
AGGTCGTGTGCGATATGAAC TTATGAGCAALATATCGTAACACATTAGACAACAATCGALAT
===TL-TGTCCCA-————= C==AT-RA—=f-————— CET-———=———= GACAACGAT-————- T

done in 2.544000e+000 seconds

rE

Figure 4.4 Output display for sequen1

The first experiment (sequen1) is sequences with length of 62 and 27.
From these sequences, we get two optimal alignments in 2.884 seconds.
Figure 4.4 shows us the resulted optimal alignments for sequences in
sequeni. We've already discussed about the sequence alignment properties
in chapter two and alignments in figure 4.4 satisfy the two properties stated by
[ACL" 02].

Sequen2 consists of sequences with length of 45 and 63. In this
second experiment, we obtain six optimal alignments in 155.8 seconds. The
program takes much more time to solve alignment problem in sequen2 than
in sequen1 because of the number of constructed diagonals which need
much time in calculating weights and scores. Figure 4.5 shows us the output

for sequences in sequen2.

Pairwise Sequence..., Inayah, FMIPA Ul, 2008



39

r - -
i, Command Window | (e
File Edit Debug Desktop Window Help L]
DML 1 = AGACCTCGTCGATCTCTAAGATCACARATGGCCTTCTAGGCCGTA

DML 2 = CACTGTACCCTACTACAAALLGTCTTAGAATAATGATCAGTCGGATTAACTGGCTTGACGAGGL

Optiwal Alignment 1
—A-=-G=-AC-CT-CGT-CGA——-TCTC-———TAA-GATC A——-C--b—-AA-TGFCCTT--CTAGGZCGTA
CACTGTACCCTAC-TACALAAGTC TTAGALATAATGATCAGTC GGATTAAC TGGC-TTGACGAGG————14

Optimal Alignment 2
—-L-—G-AL-CCT-CGT-CGA-———TCTC-———TAL-GATCA——C——A—— LA TGGCCTT--CTAGGCCGTA
CACTGTACCCTAC-TACARLAGTCTTAGAATAATGATC AGTCGGATTALC TGGC -TTGACGAGG————4

Optiwal Alignment 3
—L-—G-ACC-T-CGT-CGA——TCTC-———TAL-GATCA——C——A——LA-TGGCCTT--CTAGGCCGTA
CACTGTACCCTAC-TACARLAGTCTTAGALATAATGATC AGTCGGATTAAC TGGC-TTGACGAGG————4

Optiwal Alignment 4
—A-—-G-AC-CT-CGT-CGA———TCTC-———TAA-GATCA——C-—b——-RA-TGGCCTT--CTAGGCCGTA
CACTGTACCCTAC-TACAAAAGTCTTAGAATAATGATC AGTC GEATTAAC TGG-CTTGACGAGG————4

Optiwal Alignment 5
—A--G-A-CCT-CGT-CGA———TCTC-———TAA-GATC A——C-—-b——-AA-TGGCCTT--CTAGGFZCGTA
CACTGTACZCCTAC-TACALAAGTC TTAGALATAATGATC AGTC GEATTAAC TGG-CTTGACGAGG————4

Optiwal Alignment &
—L-—G-ACC-T-CGT-CGA———TCTC-———TAL-GATCA——C-—-A—— A2 TGGCCTT--CTAGGCCGTA

CACTGTACCCTAC-TACAALAGTCTTAGAATAATGATCAGTCGGATTAAC TGG-CTTGACGAGG————4

done in 1.5579602+002 seconds

Figure 4.5 Output display for sequen?2

In the third experiment, we compare a sequence with length of 88 to a
sequence with length of 34. It produces twelve optimal alignments in 17.953
seconds. In Figure 4.6, we see the resulted optimal alignments for sequences
in sequen3. The output display for sequen4 up to sequen? is provided in

Appendix 2.
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ﬂ Command Window

File Edit Debug Desktop Window Help

DNA 1 = GTTGACTTCTACTARLAGCAAGCTCCTGAGTAGCTGGCCARGCGAGCTTGC TTGTGCCCGGCTGCGETTGTATCCTGAATACGCC

DNA & = ATGCGCCAGTGGACTGCGTAGACCGCTTCATCAT

Optimwal Aligrmwent 1
GTTGACTTC TACTALAAGC AAGC TCCTGAGTAGC TGGCCALGCGAGC TTGC TTGT-GCCCGECTGCGETTGTATCC TGAATACGCC
————A-T-————————— GC——GC-C--—AGT-G——G———A-—--—-CT-GC—~GTAGACCG-CTTC—————— ATC———-AT---—-

Optimal Llignment 2
GTTGACTTCTACTALLAGT AAGC TCOTGAGTAGC TEGCCALGCGAGC TTGC TIGT-GCCCGEC TECGGTTETATCC TEARTACGEC
mmm e BT e m e G==GC=Cmmm AGT=G= ===~ A== (===~ T-GC -~ GTAGAC CG-C TTC -~~~ ATCm=m=AT=m=mm

Optimal Aligrment 3
GTTGACTTC TACTALAAGC ARG TCCTGAGTAGC TGGCCALGCGAGC TTGCTTGT-GCCCGECTGCGETTGTATCC TGALATACGCC
————A-T-————————— GC-—GC-C-~=AGT-G——G~—-A--C~————-TGC—~GTAGACCG-CTTC—————— ATC————AT-----

Optimal ALlignment 4
GTTGACTTCTACTALLAGT AAGC TCCTGAGTAGC TEGCCAGCGAGC TTGCTTGT-GCCCGEC TE0GGTTGTATCC TGARTACGIC
mmm e B Tmmm e m e GC==GC-Cmmm AGT=Gm (3= = A== ===~ C T- G~ ~GTAGAC C~GC TTC—— ———— ATC-——=AT---—~

Optimwal Aligrment 5
GTTGACTTC TACTALLAGC ARG TCCTGAGTAGC TGGCCALGCGAGC TTGC TTGT-GCCCGEC TGCGETTETATCC TGALTACGCT
————A-T-—t=—————— GC——GC-C-——AGT=G——~G——-A--C-=~-T-GC~-GTAGACC-GCTTC—————— ATC-——-AT-----

Optimal Llignment &
GTTGACTTCTACTALRAGT AAGCTCOTGAGTAGC TGGCCALGC GAGC TTGC TTGT-GCCCGGC TEEGGTTETATCC TGARTACGEE
mmm BT mmm e GC==GC=Cm== AGT= GG~ = A== =r === TGC-~GTAGAC C~GCTTC~————— ATCm===AT=m=mm

Optimwal Aligmmwent 7
GTTGACTTC TACTALAAGC AAGC TCCTGAGTAGC TGGCCALGCGAGC TTGC TTGT-GCCCGEC TGCGETTGTATCC TGAATLACGCC
————A-T-——=m————— GC-=GC-C---AGT-G-=G———A--——=-CT-GC—-GTAGACCG-CTTC————~— ATC———A-T----=

Optimal ALlignment &
GTTGACTTCTACTALRAGT ALGC TCCTGAGTAGC TEGCCALGCGAGC TTGC TTGT-GCCCGEC TECGGTTGTATCC TEARTACGEC
B o R G~ =G~ Cmmm AGT=Gm 3= == A== === = T=GC == GTAGAC CG~C TTC—————— ATC~—-RA-T-==—~

ﬂ Command Window

File Edit Debug Desktop Window Help

Optimal Llignment 9
GTTGACTTCTACTARARGCAAGC TCCTGAGTAGC TGGCCAAGCGAGCTTGC TTGT-GCCCEGCTGCGGTTGTATCCTGAATACGCC
B REEEE GC==GC~C==—AGT-G-~G=——A~—C==-==TGC~-~GTAGACC G- TTC—————— ATC-——A-T-———-

Optimal Aligrnwent 10
GTTGACTTC TAC TARAAGC AAGCTCCTGAGTAGC TGGCCARGCGAGCTTGC TTGT-GCCCGEC TGO GGTTGTATCCTGLATACGCC
B TR GC-=GC=C=== AGT—G=~Gm==A==== = CT=GC -~ GTAGACC~GCTTC - ————— ATC-—=A-T-———-

Optimal Alignmwent 11
GTTGACTTCTACTARAAGC AAGC TCCTGAGTAGC TGGCCAAGCGAGCTTGC TTGT-GCCCGGCTGCGGTTGTATCCTGAATACGCC
————b-T-———————— GC--GC-C-——AGT-G--G---A——C———-T-GC--GTAGACC-GCTTC—————~ ATC---L4-T——---
Optimal iLligmmwent 12
GTTGACTTCTACTARAAGC AAGC TCCTGAGTAGC TGGCCAAGCGAGCTTGC TTGT-GCCCGGCTGCGGTTGTATCCTGAATACGCC
———=h-T-————————= GC--GC-C-——AGT-G--G-——A——C————-TGC--GTAGACC-GCTTC-————— ATC---A-T———--—

done in 1.7595300e+001 seconds

-

Figure 4.6 Output display for sequen3
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Table 4.1 stores seven samples of sequences taken at random. In
Table 4.1, first coloumn corresponds to the input file names which consist of
two sequences at each, second coloumn represents each length of the
sequences, next coloumn is a coloumn of the number of optimal alignments
obtained, and the last coloumn exhibits running time of the program’s

performance.

Table 4.1 The number of optimal alignment and running time of the seven

samples taken at random

Input File Length Number of Running Time
Alignment

sequen 1 62 2 2.884
2 27

sequen? | 1 45 6 1.558 x10°
2 63

sequend 1 88 12 17.953
2 34

sequend | 1 20 24 7.5x10™
2 50

sequenb 1 24 24 1.094
2 65

sequen6 1 92 24 2.672
2 31

sequen? | 1 62 64 5.676x10°
2 79

From Table 4.1, it can be seen that the program performs excellent on
short sequences. From those seven samples, the optimal alignments
obtained are reasonable and it can be done in a short time. There is no

pattern formed from the number of optimal alignment and running time of the
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program. According to Table 4.1, we see that the number of alignment does
not depend on the length of sequences but depends on the content of
sequences whereas running time of the program is effected by the length of

sequences and the number of optimal alignment.
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