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Multiple String Alignment using Genetic Algorithms

HIROYUKI NAKAGAWA,! MINORU ITOt and AKIHIRO HASHIMOTO!

Multiple string alignment is the operation to find similar patterns from a set of strings by
inserting gap symbols in appropriate positions of each string. It is an important technique in
molecular biology. For example, it is used for examining the relationship between the struc-
tures and functions of proteins. A genetic algorithm (GA) is a kind of search method with
probability. One of the characteristics of GA is that it can find in relatively short time an
approximate solution to a problem, such as combinatorial optimization, which requires high
order time by a greedy method. In this paper, a new approach is presented for multiple string
alignment using GA’s. First, a long common substring is extracted by a GA. Second, each
string is devided into three substrings: common substring, left substring and right substring.
And then, a long common substring of left (right) substrings is extracted by a GA. To iterate
the similar process, quasi-optimum multiple string alignment can be achieved. As a result,
this method can find more accurate solution than one by a dynamic programming. And, for
large instance, we divide the input strings into smaller sets of strings, and then obtain the
solution by combining the sets gradually.
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Fig.1 A multiple string alignment.
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Fig.2 Flow chart of genetic algorithm.

AN L2 LAl

s, ABCABCDEABCAB -ABCABCDEABCAB
s, ABCABCDEABC -ABCABCDEAB-C-
s, ABABCDEABCAB A--BABCDEABCAB
S ABCABCDEBCAB AB-CABCDE-BCAB

LR B B S 4

MR 2
---ABCABCDEABC--AB-
---ABC----- ABCDEABC

ABCABCDE----BC--AB-

* k& * x * K

H8 HKAEINDLMEM
Fig.3 Candidtates for optimum solution
in population.

RN : 2o00%Elk (B) O0—BIrEXBRLTHL
wikfatk (F) 21ESHRIE.

RIRER: TV LIBARRGTFEHNONFILE
Xz % EME.
FEoREZL D, B SN REEAVSRERS S
BT 2 LB BHDS, THIIETARERICHLT S,
C0XD R EIBERMETEFOLV).

3. BBILOFE

& GA Tit, 1 2OHAHEY % 1 DOFEHITTIE
x¢5. Tihbb, FHRICBITIEEREHI, 7T
A Ay OBRBICBNLPMES (B&EH) THD.
L7zAso T, »AMRICHIT2EEICIE, B2 HET
ST AR ENRTAI LIRS (B 3 £8).

MICE 2 ETH T 2881213, SEakIIET 585
DROBEYRBYT 5LEHNH L. BHOHDFMES
ECII L 2 b DNEZLONLH, ERMIZ, RD2
HEwELTwAIENEINS.

[ i 8 2 )
(1) BVWERSTXFHNIMHEINTNS
(2) wvFRA B M HRKEN,
B 3 ofFITit, REH 1 oY IREEILERT LT

RIEHTAT) XLIZEBILFTVAMN) T T4 A0} 1545

Ah =N
ABCDABCDEAB ABCDABCDE-AB-

BDABCDEFABA -B-DABCDEFABA
ABBABCDEFABB ABB-ABCDEFABB
GA f

ABCD[ABCDE|AB-- ABCDE

--BD|ABCDE |FABA ABCDE

-ABB|ABCDE | FABB ABCDE
GA GA ///N\\\
B cD - AB - B AB
- B D- F AB A B AB
B- F|AB s B AB

Ga | Ga GA //A\\
m ! -
m F A
B- F B

M4 731424 A
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Fig.5 A coding scheme of chromosome.
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Fig.9 An instance with many same patterns.
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o B EILERS CEF M LIS WXFSIRE
at T AMEEER R A, FU /N — U DaEL
BRAXFEHERANELTT 94 A FEiTo72. &
GA Ti3, BRHUEBIEBGRIIZFALTNLDT,
—f1, BV AEEBGRY I BREN RS, L
72hioT, MUADCH L TRE 2EBMPEL AV
TERL-ERYHET 2L ENHL. B 913, %
BAIERLIZANT, AKC &) 87 — U B ER
BENZFITHLH. COXFFEEIE, RS 60K
E #8545 55 (AKCDEF 3 £ UF AKCDAK) &, C
NoDEFLEIN- o TV EWVWLDELT, &5
D 3BT LFES) (AKCAK) 2RO, TOHOASIIRL,
B HEMMNME 100 B2 AV TERERBERAEE
Gmax = 180 L —EBICLTEIFLAHED, BRI 5L
FoORBRSXFFIOMEORSE, BFoniE~yF

REHTNT) XLIEBINFTVAIN) YT TI4 A} 1549

%2 T71xMERO B
Table2 An example of results.

seed | Extl | Ext2 | Ext3 | M T

0 X O O 22 8.70

1 X X O 24 9.11

2 (@) @) O 25 7.97

3 O X O 13 | 10.10

4 O X O 28 8.90

99 p @) O 28 9.06

&t 54 58 92 - -

23] - - - 24 8.87
seed . FELEAIHE Extl : AKCDEF fitika

AKCDAK it &
AKCAK it #

M  wvFKELrME Ext2 :
T . EiTEER (B) Ext3

KA MY, EFEEIICOWT, ERO-HEER 21
T —F, TI/EAaTYEBWENETEEC
r27u% 524 CLUSTAL VO Tid, BELEHD L
F5] AKCDAK ASHiH Sh o/, fBOADIZDOWV
THHERDOLFFNIA LT, & GA Tid 40~60%72
FEOEETRESRS XFVOMBICEIIL TS, Z
DEGRE—15 - 2 EBEL L) GEBREAN %
B2 BAOKETH LY, BEOT I/ BEFIOS
SRR IBERYIZVOT, BIRIIINLID I
, EREIToLRY TII80%ETHELZ Lided o
7. =Bl LT, @10 IZEBRNT I/ BESIB I
AFEIZLBTIA AL MERERT. 50 HEOE
MABEICH LT, JOBFELNS ETETERT
AR, LESHAK, BIUETRMOFEHESD,
FREN, 174 1, 2756 B TH o7, FHHAEK
N4 THAHI LS, BEMOKE S LEBELTH
BN EREREMITORTVAERERTES. 7F
EMETOILHEEZHE, LTL VTNV IA A
WMET ALEIRLRL, BBEICL->TIR1I ASORE
MBS E 2 RS hsZ L b b b0, TOEE
DEFHEMTHNIITIERAWTHLELEZOLNS.
2502, B 11 i3 XHk4) Lo TH S, X#k4) T
ik, BELEOEFIETES AP1000 (70t v 43 64)
YHAWT, 73I/BAaTIEOEY] GA ¥ ET
LTwWh, XHk4) oFETIRE sz vwkkitd
WHXFEF (vQs) %, AHETIIHMEL WL &
Mo, REIPEHIHERLTVE L5 5.
5.2 ADNFIOXBHIF B ES

ERIIE, BT L7 I BRETIA AL
T 2BEHE VD, KGA T3, ANXFFOXRK%:
WRT L, AR XFFIOMBENIED, Hon



TR 5 E

Ah
H‘AHK}LDKQKVVKLKQIEHTLNEKGGEHFSHLPHDLIYRDLKPENLLIDQQGYIQVTDFGFAKRVKCAVDWHA
LGVLIYEMAAGYPPFFADQPIQIYEKIVSGKVSHFSSDLKDLLRNLLQVDLTKRFGNLKNGVNDIKNHKWF

HYAMKILNKQKVVKMKQVEHILNEKGEMFSFSEPHDLIHRDLKPENLLIDQQGYLQVTDFGFAKRVKCAVDWWA
LGVLIYEMAVGFPPFYADQPIQIYEKIVSGRVSKLRSLLQVDLTKRFGNLRNGVGDIKNHKWF

DYAMKILDKQKVVKLKQVEHTLNEKRMF SHLPHSDLIYRDLKPENLLIDSQGYLKVTDFGFAKRVKGCVDWWAL
GVLVYEMAAGYPPFFADQPIQIYEKIVSGKVSHFGSDLKDLLRNLLQVDLTKRYGNLKAGVNDIKNQKWF

N8
am} (174 #A (27.56 #) : 34T 50 [ FiyE)
HYAMK1LDKQKVVKLKQIEHTLNEKGGEMFSHL-PH-DLIYRDLKPENLLIDQQGYIQVTDFGFAKRVK-CAVD
HYAMKILNKQKVVKMKQVEHILNEK-GEMFSFSEPH-DLIHRDLKPENLLIDQQGYLQVTDFGFAKRVK-CAVD

DYAMKILDKQKVVKLKQVEHTLNEK--RMFSHL~-PHSDLIYRDLKPENLLIDSQGYLKVTDFGFAKRVKGC-VD
RREEEE XREREE XX R KXKR XEk Kk RkRkRRRRRRR Rk R R R kRN Rk K % kX

WWALGVLIYEMAAGYPPFFADQPIQIYEKIVSGKVSHFSSDLKDLLRNLLQVDLTKRFGNLKNGVNDIKNHKWF

WWALGVLIYEMAVGFPPFYADQPIQIYEKIVSGRVS------ K--LRSLLQVDLTKRFGNLRNGVGDIKNHKWF
WWALGVLVYEMAAGYPPFFADQPIQIYEKIVSGKVSHFGSDLKDLLRNLLQVDLTKRYGNLKAGVNDIKNQKWF
RRERERE KRKK K KRE REKERRRREREERE KK X Rk RRKRKRERE KKK KX KKKK KK

10 73 /MEYOTIL ALk
Fig.10 An alignment of amino acid strings.

Aug. 1996

[Aj)] [ 3
EVQLVQS o x
QLVQSGG i 2
VQSGGGV = x o x
U '7- [} x x
5 x X xo° x xx
[ GA A [3#t 4) DHA) g . o X x o
(8 ﬁﬁ (004 *}‘) (5 ﬂ—t{t (17 *}‘)) - ¢ : °o° x o
B17 50 B OFH1H) B L L I S
EVQLVQS---- E-VQLVQS- o 0 e
--QLVQSGG-- QLVQ-SGG- ° R
----VQSGGGV --VQSGGGV ° °o o
kK %
BM11 73I/78Aa7i%7¢ GA Lok# 100 200 300 400 S0 >
Fig.11 Comparison between GA based on XFOTEYE

the Dayhoff matrix and ours.
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ZMOKEZ V SEKBICBL THREMICHNT 2z
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Y, ANXFEFRENS, REOEVNEISEBAL
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HE, I3 so OBAXFHITH S, ThEHuc
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Fig.12 Distribution of success and failure.
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LTWwaZLhs, RREBERT XTI+ RRTEA
ERATNIEERKELT, RRONEDIZ k=5 +F
5, DIk EEDDE, IT, BUIISADL
FHNIDPWTGA X EFTL, KIZ2KF > n—5 [N



Vol. 37 No. 8
1.
= \}}:’. AN
% el
7 \\}.
50 N
@ eo” i W
) I
g \‘;:_p\
gl e
I
£
1 1 1 1 1 1 1 Lo
10 20 30 40 50 60 70 80
XFIDFH%k
18 BELEES X FEHOMITIRIE
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Fig.14 Comparison between CLUSTAL V
and our GA.

GA 2 EFTAILIIRADT, BHEtEE . (3,
Ts = O(Gmax * P - |Smin| * [Smax] - [Z])
+O(Gmax * P+ |8min} - |Smax| - |Z| - n).
(4)
i, BMoOFEORMEIER 7 (X(3) & —&
¥5.

B9 LEHED20AB LT 40 ERDOTFFNIMLT
COFEFYHNTT IA AL FeiToHEIL, BE
BT LE 2B T EBEOFHE (RIT 50
@) #F 13 1273, 72, BONBOBEDORE
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8% CLUSTAL V® rH# L7 7 7%E 14 12
~T.
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Fig.15 An instance without common substrings.
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Fig.16 The time required by GA based on f3.
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