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Protein Sequence Analysis Using a Multi-Group
Parallel Genetic Algorithm

TOMOYUKI TOYA"* and MASATO ISHIKAWA® %%

We have succeeded in solving protein sequence analysis problems by applying an original
multi-group parallel genetic algorithm. It has been shown recently that multiple sequence
alignment, a typical sequence analysis problem in molecular biology, can be solved effectively
using parallel iterative improvement. In this method, two search strategies, best-first and
parallel hill-climbing, were used alternatively. Both of them, however, have problems. The
best-first search, which rapidly improves the state of solution, is sometimes trapped in a lo-
cally optimal solution having relatively a low score. The parallel hill-climbing method, which
distributedly searches for an optimal or sub-optimal solution, is frustrating due to its long ex-
ecution time. Multiple sequence alignment can be considered as a combinatorial optimization
problem. Its score system, however, is still incomplete, so that biologists often compare high-
score alignments to extract biological information. Therefore, the multiple alignment method
requires a new search strategy to rapidly generate sub-optimal alignments. We have devised
a multi-group paralle] search strategy which efficiently solves multiple alignment problems,
incorporating the iterative improvement method into the genetic algorithm framework.
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(a) problem
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CABL :KLGGGQYGEVYEGVWKKYSLTVAVKTLKEDTMEVEEFLKEAAVMKEIKHPNLVQLLGVCTREPPFYIITEFMTYGNLLDY
FER :LLGKGNFGEVYKGTLKDKTSVAVKTCKEDLPQELKIKFLQEAKILKQYDHPNIVKLIGVCTQRQPVYIIMELVSGGDFLT
TRK :ELGEGAFGKVFLAECHNLLPEQDKMLVAVKALKEASESARQDFQREAELLTMLQHQHIVRFFGVCTEGRPLLMVFEYMRH
GCPK :SLRGSSYGSLMTAHGKYQIFANTGHFKGNVVAIKHVNKKRIELTRQVLFELKHMRDVQFNHLTRFIGACIDPPNICIVTE
PKC1 :VLGKGNFGKVILSKSKNTDRLCAIKVLKKDNIIQNHDIESARAEKKVFLLATKTKHPFLTNLYCSFQTENRIYFAMEFIG
CGMPK : TLGVGGFGRVELVQLKSEESKTFAMKILKKRHIVDTRQQEHIRSEKQIMQGAHSDF IVRLYRTFKDSKYLYMLMEACLGG
CAMK :ELGKGAFSVVRRCVKVLAGQEYAAKIINTKKLSARDHQKLEREARICRLLKHPNIVRLHDSISEEGHHYLIFDLVTGGEL
FUSED: LVGQGSFGCVYKATRKDDSKVVAIKVISKRGRATKELKNLRRECDIQARLKHPHVIEMIESFESKTDLFVVTEFALMDLH
WEE1 :LLGSGEFSEVFQVEDPVEKTLKYAVKKLKVKFSGPKERNRLLQEVSIQRALKGHDHIVELMDSWEHGGFLYMQVELCENG

(b) result

CABL :KLGGGQYGEVYEGVWK-—-—~-=—- KYSLTVAVKTLKED----TMEVEEFLKEAAV---MKEIK-HPNLVQLLGVCTREPPFYIITEFMTYGNLLDY
FER :LLGKGNFGEVYKGTLK~-~======= DKTSVAVKTCKED--LPQELKIKFLQEAKI---LKQYD-HPNIVKLIGVCTQRQPVYIIMELVSGGDFLT-
TRK  :ELGEGAFGKVFLAECH-NLLP---EQDKMLVAVKALKEA-~-SESARQDFQREAEL---LTMLQ-HQHIVRFFGVCTEGRPLLMVFEYMRH-~---~
GCPK :SLRGSSYGSLMTAHGKYQIFANTGHFKGNVVAIKHVNKK-~--RIELTRQVLFELKH-~-MRDVQ-FNHLTRFIGACIDPPNICIVTE---~~~~—~~

PKC1 :VLGKGNFGKVILSKSK---====-= NTDRLCAIKVLKKDNIIQNHDIESARAEKKVFLLATKTK-HPFLTNLYCSFQTENRIYFAMEFIG-----~-
CGMPK : TLGVGGFGRVELVQLK~~===~~~ SEESKTFAMKILKKRHIVDTRQQEHIRSEKQI---MQGAH-SDFIVRLYRTFKDSKYLYMLMEACLGG-~---~
CAMK :ELGKGAFSVVRRCVKV--~--—-—= LAGQEYAAKIINTKK~LSARDHQKLEREARI---CRLLK-HPNIVRLHDSISEEGHBYLIFDLVTGGEL---
FUSED: LVGQGSFGCVYKATRK-----—-~- DDSKVVAIKVISKRG-RATKELKNLRRECDI---QARLK-HPHVIEMIESFESKTDLFVVTEFALMD-LH--
WEE1l :LLGSGEFSEVFQVEDP--~-~==~ VEKTLKYAVKKLKVKF-SGPKERNRLLQEVSI--~QRALKGHDHIVELMDSWEHGGFLYMQVELCENG~~~~~
LGL.GUFGLVL.. oo AK.o.oooo oo E... ... < O E....
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Fig. 1 An example of multiple sequence alignment.
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Fig. 2 Best-first parallel iterative improvement method.
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Fig. 3 Best-first search.
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Fig. 4 Parallel hill-climbing iterative improvement method.
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Fig. 7 Mechanism of genetic algorithm (GA).
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Alignment

9 T7IA4AY MO
Fig. 9 Crossover of alignments.

F AL ODEFIT NV —T 5T, FRSOEH
DEFNTIV—T %W LT, DP 2HVWTHMAeT
5. ZNIZEY, TSAAYNDOLEDIC, HB
BAHioTh2EHDHIUL, o754 20k
12h5, B Hi->TwAHI L, EWICEHE
BN, DEEDLBVEMOYAFTIANT I A
FSTEX AU ETNS.

4. YIFEFEBEARAOEA

GA T, ERBMEL DI IICRET HHPT,
RVHHOES T HEREERTES, £43, HEO
INFREEEFRE, GAEE 72754 APV R
TAICEAL, RN BEERLER L.

RETIE, —% GA DY LVFHREBEFRE, e
DT FA XA MEE~OBBRELBRRS.

4.1 BRHTILT) LD ILFEEEESR

GA i, BERSKE R EDREN D HBEAHIT
ABHT, FEICRBMAEMMLEELS, HIC, GA %
HERCEESELOH SE2VDYD, ThHEDOHRE
DI oTWAHELELS. —HRICGA Z, &
ABER B 5 FHEHHRD 2% 51F, FRICRE-TEW
PORKITGAZENTTS. LA L, MEICLoT
12, ETORBIH o TREXEB LAAEBRVES
b, b z2iE, EITOMPERRE TRIEVRERE
BRL, RTEB TRV ZE L ERNICEET I8



2554

S, L OBBETEN R LIIESHICTFESDL.
YI5AAYFORMETY, YIalb—FyFT7=—=)
V7 REALLBED D O/ET, ZOFMEIR
EINTWn5B,

GA TR, EfTORBIZR-7RENEREL, <V
FREEAFRIDD AV TABNIITR . RED
BV OPDEFETEBLTBE, S40RAK
BEORERY BRI LT, EFOKBICH-72
SEORHMATEB & %, 2k 21E, Miihlenbein
513, EREEROKEL BRAMEELVOPRR
i, FROOBMTBRENT ) HFEEREL WS,
LOFETIE, BRI LI, B (BPokKRAa
T ORTHRE D) ORVWEKED, MOBEE,LHB
B2 75, BHPLoBEELRBREED S
ZET, EIFOME, BROLV (BREERD
B BEEBESRESE CEEREHER L, ETOK
BT, BEORV (ERERRORV) BEARIE
BEn, &FRE LT, BRI, ETONHRRET
BIEVWBERHHEEL, RTERETIIRVWERZES
IR T ABBPERTE TV

T VFEEBESRIE, HRECTEROEWIEY, #

KT L b b BEAL, BEOBILICERKIIHIE
LTWEEFIIBT WS, 2OERT, EEEHY
Ial—TavyOBEPL b BEERE.

4.2 TIFTITS5 A4 X2 b ADOEH

Ferld, YAFTNTIA4 AV EBLGA OB
DORED S, BKREOREICLY, BIEROBKEHH
BTXLI LRIV, e 2iE, B10 DX,
REIIATHT, BREE ORICHRELZ I Z T, £HE
hE—on7uty FICE VT A &, BHIXERE
EOTAFIENERESMCE D, 72, WkEL
EFTwictt- T, BFEE, REBEREROERN
WL oTL A, 8%, M11 9L HIC, BIKE
BENE, RAITOEVBEORIFER-T, D, Fh
LOIAC—RAICETN, FORETORBHEIOE
WIRZE AP RICRER SN D,

FADOTVFEAELFROBHTE, B12 1RTE
312, BRRFELLERELZNOHEL TS, #
K AEAE, T VFIBEYEIGEVERY LTw
% (JkEIMEY) BAEE TR oA T7DRW
B, RBEBEERIGEY (BEKESE) EFEF
L, £RHREEETE. 2O—HFT, BRI
TRABHEBEIEARZRS L, b, BoLik
HEATHE - T B IBIRRO R E RO S A3
DTHBH. BE (Migration), H# (Elimination),
A (Production) DEAMBZBIERIDTOL S

THHLEE

KELER Nov. 1995

Nth generation (N+1)th generation

Modification only

PE1

PE2

PE3

PE4
PES
PE6

Solutions
® O 9 ﬂb 9 ©

No selection

No crossover
10 GA BT AINVFINED
Fig. 10 Parallel hill-climbing in GA.
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Fig. 13 Multi-group GA monitoring tool.
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