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Protein Sequence Analysis by the Parallel Iterative
Improvement Method

MasaTto Isuikawa,! Yasusar Torokl,! Tomovuki Tova,! Masakr Hosumaff
and MagoTto Hirosawafft

Protein sequence analysis—such as multiple sequence alignment—is an important meth-
odology for revealing new frontiers in molecular biology. Although high-dimensional
dynamic programming can rigorously solve multiple sequence alignment problems in princi-
ple, its heavy requirements on computer resources make other approximate methods ap-
propriate. The tree-based method, a typical approximation, tends to accumulate errors
when aligning sequences of low similarities. It was recently found that iterative im-
provement could correct such errors, but that too many iteration cycles were needed to
solve a practical-scale problem. To reduce the execution time, we parallelized the method
with best-first search and multi-agent hill-climbing approaches. We also incorporated
restricted partitioning techniques which decrease the number of processing elements and
the execution time required for convergence. As a result, practical-scale alignment
problems were solved within a practical amount of time, with scores higher than those
obtained by conventional tree-based methods.
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WEE! :LLGSGEFSEVFQVEDP-----—-~ VEKTLKYAVKKLKVKF SGPKERNRLLQEVSI——~QRALKGHDHIVELHDSWEHGGFLYMQVELCENG ~~~~~
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Fig. 1 An example of multiple sequence alignment.
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Fig. 2 An example of evolutional tree.
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Fig. 3 Two-dimensional dynamic programming.



2820 AL T S R 35k

DP #Z&itAtdT 5L, Fr v 7ax bOFOFD
BHCIEE, 1520 C1ETOF v v 7OH BEFIHS
HoTcn, TOA T LADFHMERE ITTBENSE
BERFEPHIEINTOEY, Fr v FOB0T 54
AV PORBEWBHED LBV, Fr v 3R LOE
Wi, REEBHNEDO ML —FA 7 THY, HHOLH

VB B®. —F, BEAFEELT, 7344V MK

ROFr v PBABZCERBEDRNCED S, BX
Ay T =7 DA —F—WHFONIEE, RTT4 X
T4 XY PORICESHTKIBICH v F 2 FE
PREINTVWE®, coFkickd, BEIcE-T
T4 LD DP EEE&I85. L L, 20T
b, A 10 AP EOERWENF AT 54 A Y
MCERT B E, BRSEHEBMBSKEELL D, DP
DERTALTIE, —BODTNVFFAT 544 O
A ESSINYGE: SA4AN

2.2 VY =R-ZEEE

B, <NFFNT 5424 FORMELEL DT,
BEOE ELNTHEIDRY Y —R—2BEEETH
5. COHFEER, 2kTDPEFELT, BEIEMUT
WEHOHSJEIEY Y —RICHEALEDE, 2T T
TIAAVYEERT S, 2T DP OEEEE, B

(@

EEH | A 2 3 4

5 914 | 761 | 598 | 66

799 | 832 | 881

558 | 754

o |~

B 4 2

1029 |
===

B 2| 3 | 4

5 | 837 | 598 | 66 I——-l [—]
4 | 815 | 881

E51 1 2 3 4
3 | 656
() —
B | 1.2 (io4J
5 | es7 | 332 | l—‘!
3+4 | 735 &5 1 2 5 3 4
(d)
Ayl 1 2 5 3 4

4 ) —-DfEDF (UPGMA %)
Fig. 4 UPGMA clustering,

Dec. 1994

PILIESIRLOT 54 * v + OREEED S, BHED
MEICEETRERE A - &, HIAREOROSLES
FER LTS, BHHE - T 3BTy —v b,
2RO Ukchgx L ->Tn 3P,

BUNCE 42Ty ) ~OfEBREARBEL LS.
ERBEREE ST, v V) —DERIBICRT 54 4 v
MIBEATIRODTH 205, HBDICTNTORIN
CDWT2RFEDPIREDBT 544V b EFT-T, B
SIEOBEPER a TE2KkD 5, £5 LTHBONLER
RCBOT, ()7, BELBUHOBOEIN (K
DEAITES 1 LEF2) 27 ) -0 LTS
5. TOHELEFND, By oBFIicd 251
Hid, BORIT7OEHEE LT, ZARLEHT
5. L TE7, (b)ESHUEORVWESRN (A
CREFIB LEF4) AZARLSELIEL, g
5. CHhABOET (c)&, VI —25mEKs 5 (d).
Z OFJHIZ UPGMA?® (unweighted pair-group arith-
metic average clustering) EFETN T3,

VY =PRI, V) —ORIcHEYST 3 2
DOEFIEHFHAEHRT, T VFFNT A4 AV
ZE-TOL (®B)., 25T 3 EBBICE, 2407
FAAVIDPELND., EIBAESS OSBRI,
RTYJAXD DP 22215 FHk&, BRI O DP
ERESFHHEEBDH S, RT7I4 XDPRIAEFHINRE
BT T, EAIEOMAREIC, WFORFIE
PoOEIREL SO R HT, BLHELUEDCS
WEFIDRT T A XT 54 # ¥ bic&E3I0T, B
BRLOT 54 2 v b275. EFIEREO DP 465
HE® Gk, 2074 20%F 2 k5% DP 7
5. 20 DP T, BN E 7 5 2 QEPEEIH
7 ACEENBXFELDOTOHELOT & LTES
NG, AFLOBEEL T T A VORERLT
BUMABEE T 28EEb S 5.

A5l 1 >

A5l 2 \.
/

A5l 5

A5l lop |—

el 4

s v —~N—ziE4aen:
Fig. 5 The tree-based method.
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6 V) —~_—2ASEHEICLET 744V b
Fig. 6 A tree-based multiple alignment.
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Fig. 7 The iterative improvement method.
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