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Fig. 1. Exaruples of multiple sequence alignment (a) roultple
sequence alignment which dose not represent the sinulanty among the
sequences (b} A multiple sequence alignmel which shows the simular-
ity among Lhe sequences. Good multiple sequence alignments repre-
sent the similarities among the aligned sequences. Matches ¢ | ) repre-
sent sune alphabets in the same rows.
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oI A1 ARMKQIGHA—-MSE AKMKGIEGA—-MSE AHMKQISGA—-MSE
A 7| A{E2 ARMKQIGEA——MSE AEMKUTEEA—MSE AKMKQIGGA——MSE
AV AH3 AKMKK—-IGBATS BEMKK--T-GGATS AKMKEI-—GGATS

(a) (b {c)

Fig. 2. An example of swap operators. (a) Current alignment {b) New
alignment gencrated by applying swap operator. lefl nuil(-) and 1 in
sequence 3 are swapped,
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+ AEL D 5w Fig 3y AHE F 72 Fie]al, =
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A2 MHZ AKMEQIGEATE-—— AKMEQIOE---ATG AKMEQTGG—-RTE
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{a) (b) {c)
Fig. 3. An example of crossover eperator. {2) and (b) are parent align-
ments, (¢} New alignment generaled by crossover operater. sequencel,
sequence 3 in alignment {a} and sequences 2 m alignment (b) are com-
bined inte new alignment (c).
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Fig. 4. Genetic algonthm in this study.
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IIGGVESIPHSRPYMAHLD I VTEKGLRVICGGFLISRQFVLTARHC
I VGG TNSSWOEWPHQVSLQVKLTAQR-HLCGGSLIGHQWVL TARHC
I YNGEEAVPGSHPWQAVSLADKTGF-—-HFCGESLINENWVVTARHC
IVGGYTCOANTVPYQVSL—NSGY———HFCGGSLINSQWVVSAAHC
VVGETEAQRNSHPSQISLAYRSGSSWAHTCGGTL [ RUNWVMTARHC
VVCCTRAAQGEFPFMYRL-—SMG———— -CGGALYAQDIVLTAAHC

(a)

1 IGGVESIPHSRPYMAHLDI VTEXGLRV [CGGFLISRAFVLTAAHC
IVGETNSSWEEWPWQYSLQVKLTAQ-RHLCGGSLT GROWVLTAAHC
I VNGEEAVPESWPRQVSLADK TG ——-FHFCGGSLINEWRVYTAAHC
IVGBYTCGANTVPYQVSLNSG-——-YHFCOESLINSQWVVSAAHC
VYGGTEAQRNSHPSQI SLAYRSGSSWAHTCGGTLIRANWVMTARHC
VVGGTRAAQGEFFFMVRLSMG————---CGGALYAQDIVLTAAHC

(b

Fig. 5. (a) Multiple sequence alignment generated by progressive pair-
wise alignment, (b) Multiple scquence alignment generated by genetic
algorthm.
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GDSEGPLLCAGV-——-AHGIVSYE
GDSEGPLVCKHN-CMWRLYGITSWG
GDSGEPLVCKKN-BAWTLVGIVSWS
GDSBEPVYCEGK-——] LQGIVSWG
GDSEEPLECLYN-GAYAVEGYTSFY GDSGGPLHCLYN-GQYAVHGVISFY
GDSGEPMFREDNADEWI WG IVSHG GDSCEPMFREDNADERIQVGIVSHG

{(a) {h)

BDSBEPLLCAG—-—YAHGIVSYG
GDSGEPLVCKIN-GMARLVEITSHG
BDSGEPLYCKEN-GAWTLVGIVSHG
GISEEPVVCSG———-KLOGIVEHG

Fig. 6. (2) Mulliple scquence alighment generaled by dynamic pro-
gramimng {b) Multiple sequence aligmnent generated by genetic algo-
ruthrm.
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YVEGTEAQRNSWPSQI SLQYRSGISHAHTCBGTLIRONWVMTAAHCYIR--ELTFRYVVG
YVEETRAMGEFEFMVRLS—-Me——~-—-CGGALYAQDI VL TAAHCY SG————SGNNTSI

GIINLSDITKDTPFSQIFEL T THONYKVSKGNH—DIALTKLQAPLNYTEFQKPICLPSK
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GEHNLNQNNGTEQYVEY QKT VVHPYWNTDOVAAGY DIALLRLAGSVITHSYVQLGVLEPRA
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GDTSTIYTNCHYTEWGFSK-EKGEIONILAQKVN IPLVTNEECG-KRYQDYKT TURMVCAG
SDDFAAGTTCY TIGWGLTRY TN ANT PDRLQOASLPLLSNTNCK--KYWSTRIKDAMICAG
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QETFT—-——-VAGWGANR-EGGSQQRYLLKANVEFVSDAACF-SAYGNELVANEETCAG

Y-KEGGKDACKGDSBEEPLYCKHNG-MWRLVG T TSWEE--GCARREQPGVY TEVAEYMDWI
——LSGVSSCMEDSEEPLVCKENG-ANTLVEI VSHGS—-STCSTSTPGVY ARVIALVNWY
¥-LEGGEDSCOEDSEEPVVCSEK ——-LOB1VSHES—BCAQKNKPGYY TKVCHYVEHT
-—GNBVRSGCUBDSEEPLECLYNG-QY AVHGVTSFVSRLGECHVIREPT VETRVSAY ISH
¥PDTGGEVDTCOEDSGEPMFREDNADER 1QVE T VSHGY —GCARPGYPGVYTEVSTFASAL

ELETQSS
QQTLAAN
KQTIASN
INNVIAS
ASAARTL

Fig. 7. Multiple sequence aligniment generated by genetic algorithm.
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ABSTRACT : Multiple Sequence Aligmnent Genetic Algorithm

Jin Kiml*, Min-Dong Songz, Hongsik Choi® and Yeonah Chang3 {Department of computer
science!, Department of molecular biology, Kankuk Univ.2, Div. of computer engineering Hal-
Iym University3)

Multiple Sequence Alignment of DNA and protein sequences is a important teol in the study of molecular
evolution, gene regulation, and protein structure-function relationships. Progressive pairwise alignment method
generales muliiple sequence alignment fast but not necessarily with optimal costs. Dynamic programming gen-
erales multiple sequence alignment with optimal casts in most cases but long execution Ume. In this paper. we
suggest genetic algorithm 1o improve the multiple sequence alignment generated from the current methods,
describe the design of the genetic algorithm, and compare the mulliple sequence alignments from our method
and current methods,



