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More accurate multiple alignment method with the entropy evolution
rate
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HE
RVFTINT TA A MEERICAVWS BB L LT, HHREZ TRERSh-REEHE CHI Ty b —i
{ERERATIFEERELE. TIA AV NORBEEZRIET 21DDF —Z_N—2 & FAVIREFHEORIEX 1T - 72
R, BERBAKEORELA TS T-Coffee I LNEEARERVBBONE. ZO/KEND, EIHIMOREERY
WDV FTINT TAL Ay MTATY XLBBRITBNT, = bo E—ELREFIATI 2 L CRESKESND
ZEBHFTED LV S,

We developed the progressive method for the multiple alignment by means of the entropy evolution rate.
Using the BAiBASE3.0 benchmark, the result based on our method is more accurate than that by the T-
Coffee. Therefore we claim that the entropy evolution rate is useful as the genetic distance for the multiple
alignment.

1 Introduction

W, RCHEERE AV CHEEEOMICEREZED, EVEOREBEREZELIFENMTONTEL. ZOFEDOK
EREBLERDHLOD 1 DIT 1968 FITANEEDRE LIS FELOPIH (1] BHFdND. £, AFERICE
WTHBEER Z ERROE 1 HE BT b U ERARE S, WEE [2)[3)[4] BFbh T .

AKX T, ZOxr bab—l{bRKEvALFTAT T4 A MERFHCHIAT 2 FRICOVWTRET 5. Bk
HBREREKEORBEL2HETILELNTVBYLFIATIA AL MER T 0 /5 L ThHD T-Coffee[12] ZFiZ L,
BARIERE (genetic distance) & L CHEHI—E R (Sequence Identity) ® b iz b —EbR2AATIZ L %
%% %. BALBASE3.0[9] (2 & 2RFEDKER, HEOKELHRTHI LN TE L.

2 Materials and methods

BEO7 I BEFIRCEERINCE O TS T A BHOMSE LA X B EEDZ 2T FA AV R
(alignment) WS, £, ZORRTHIEININ—TH—REUCT T4 AL RS LIZT 5. 2EFIBCOT
FAALPDZ BT UL RXT T4 A b (pairwise alignment) &MY, 3ALUEDBEEESALFIAT T AL
I (multiple alignment) & FE5. BEFNIIE(L & & HIZHA (insertion) « K8 (deletion) + E# (mutation) &V \o7=%
LEEBLTEld, TIA4 AL FOBICRISET 2 XFREL RBBFNTES. 22T, ST 5 LERENT &
2 EZAXFTHDI "R EANVTRYT. 12U EOERLEZEAXTFOZ 2 XY v T LS. 754 A2 AT
SEHIY, EMOEL, HDHVNIES] (7 I BRI, HEESL L) BoXE (BEERE, H5VITEICIER) 25
B LTRTREZERT . BEIICHTET T4 A2 b ey, ZOREZHAWCERSIBOEMIREN 25 L1
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ML DI LEBRDHIENTES. BEOFETIE, BARKBEOKRTHIX Y vy FLBEROBRETHS IR
<~y FEbLEOLEIL SN ERIIMOERY EET 5. ZTOEEISR/N R IRX Yy FE2BATIZLET
FAA T D TIA A Me4T 5 FiEE LT DP(Dynamic Programming) % AW e FES—BHICAV LS
[5][6][7][8]. Z DFETIIESIMOEMER/NITITIA AL MEREBBZENBTEDLN, 7544 hOBEOHE
HIBE% (BLIFRERE) DEROEBDEFICL o THRONIRBRIIR R -7 bDERD. LEEBN->THIBEKZ DX
IICREL, POMYIRT T4 Ay MERZBEHT PN EEL 25,

ZIT, IAFIAT T4 A MO BB E L CERSI—HELRAWFETH S T-Coffee[12] ICOWTHAT
%. T-Coffee LITBHEEEFA LI NFTAT T4 A MEEDT-ODFHRER BT 1/ 5 ADLKHTHD. BIE,
REHBICHTESNDTNTY XAOP TRERAKEORKELHT 5 L Ebh T3, T-Coffee IR LI, &
ZHNIANEBINZK LT R TOEFIRTIZBIFERXTIALARXTTA A beRDE, TRE2TFTICEXEXTOE
B (Weight) Z3EHT 2L THD. ZOELEAVRBIECL VAT INT T4 A2 MEHBET 5. HOLOFIET
BXFERT OELE, TRNENDOXFORT EFIMDO—EFE (Sequence Identity) IZL W EEL TS, Z“ADEF
A BIZBIFBRTIAXT T A2 MZBWT, ¥y vy 7HEDLEORI % t, BRo COWBEHROEKE o, &
A REPBZ>TWDLIA (Fy o) Ok dLT5L%, BEH—HKEo(AB) IUTOL S ITEHRSNS.

t—d—a
Y

BF—ERIIRREIND L 518, HEALRES (7 2/ BES, HEES: L) MOBRGEMEZ RO HIFEALEDOFE
13, REOEREEZ S LICULHRERITY. 29 LEFERCEW < OMMEAMER S TS, e xiE, —F0R
FIOEDOSHNBY 22 ERBET, &1 MPMZL THRbI S, A (insertion) * K18 (deletion) ZE[E L TV
W, REORBH L. EIIHOBGEMEZERELZ TCERLLELNL LT, Ohya KL VBRI bt —i
LR 2] BHIT bND. £Z CHuid T-Coffee (L 2TV Xh%ETFIZL, =y ba (kR 2] 2RI FiEE
¥ L. ZOFEOREARFENL LTRXFERTHOELLHE LT LAV CREEEZITIRNL 5. 2O
XFERTHOERE LTy br—ELEERATS. FIEILTO®RY TH5.

o(A, B)

1. 2TORFIRTIZX L TRTIA XT T4 A b (DP ) 21TV, FX7CBIT 5=y b v—#{bELR
b5,

2. RTOXFRTE2EHE LY MCLEETS. BEALLTUL, FRENOXFERTDRTERT IA T FA R
Y MIBIFZz s b —#{EEROMEE 1 SV EL0EHNS.

3. BXFERT OELERAVREEZL VAT IAT T4 A2 bRHEETH. BBICHEE LRV FRT OEHXT
0LEZ25.

U EOBEIZL Y, BEROBFINLNVFIATITA AL MeEETHZI LN TEXS. =y b —EbRB LT
DEIRBbOTHS.

21 T hroE—#{LE (Entropy Evolution Rate; EER)

nfADOTNLRDER A L ZOETIEL 2HENT p O (A,p) ZEEFRR LV, ZO0REHEER (A,p)
¢ (B,q) DEROMNPFARHCE Z 2HENMME r LTDHLE, (AxB,r) 2RZ2EAELER L), ZOREFELRR,
FELBEEFERREAEYOEERIIE T I ) BEFICBVWTEDS. 22T, ZO0S A B THEINAT 54 AV
b ENEEINCOWTE LS. BF A KT MR XF a1,a2,a3,--+ &, TRICFTMREX Y v 77 OHBERER
Zp=@pH)) &L G=08Fyv7, i=1,2,3,--- BHERITF a1,a9,as, -+ R, EBF BIlZBT DHEECFE
b1, ba,bs, - & Fx v T OMBREEE g = (¢(4)) £T5. ZHLT, BIULENZ>0EF| A, B Ioxt3 554
HEF (A,p),(B,q) MESNEH, IbI, ADTa; & B OTEb; LR SiF b FRHENF r = (r(i, 7))
EHRT DI LN TES. ZIC, BTy o L HEBFREIIRO XS ICHETX5.

S(4) = = 3 p(i)log ()

=S
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2B, EEROKROMIL, 7I/BTIXi,  =0,1,---20, WETIXi,j =0,1,2,3,4 I LTE 5. HAEFRET
A B L OB TOHERDORLY LV ORKELZRET LD TH DD, ZOHEFREEZAVCAYBOEREX D - L2
TX3. 22T, A,BROxY o v—i{bE p(4,B) %,

1(4,B
p(A,B)=1- s(—A)::s((—B)_lm (0<p(4,B)<1)

LEDD.

3 Test and Results

BREFIRCEVERLIET 74 A2 FORERRIET 5I1CH7- Y BAUBASE 3.0 A\ /2 [9]. BALBASE &3~
NFTINT FGA A "TATY RAFERDOT FA A2 M F—F_R=ZATh b, BESNTWIET 4 ALY MIEH
BEFID O SN, ZOMBEELEB LERSL TS, A= a v 3.0 21T BOT7T 54 A FCTHERIhTE
D, T4 A2 hENBTOERFIOEETE LT 5ODF =+t v b (Reference) I3 T 5.

ZIRBFEFENTWAETIA AL QUTF, V77V RATIALALE) &, BADFHEICEVIER L T4 A
b (AT, FARTIAL AV D) 2HETHZET, T34 A MEEZFMTHZ N TEX D, WELTUET 5151E
& LTiX SPS[10] 2 v e,

SPS(Sum of pairs score) 7 I JEESNTREDBEELL T TA AL hTETWENEETIHETHS. N ADES]
WL BESIRD M THHT AT T4 A b~OFfifEL LT,

N-1 N
2 2 Sy
i=1 j=i+1

Pk
S, ’

vy

Mk&

SPS = S, =

>
Il

1

LEBEEND. ZIT, S, RV T VAT ITA AL MBI B RT IV BT ORKTHY, PERITA R
TIAA MO EFIBIZRIT 58S ¢ LRSI j OT I BRTE, Y77V R TIAL AL MIHRTTT S
AAY FERTVEHEITITL, £ TRNEEIK0 L7225,

REFIE (EER AV 5) & T-Coffee(Sequence Identity %V 3) TOREORIRERER 1 1ITTT. 2k, P
DEMEIXTRIE (median) TH2D. Fio, 2OOFEMTORKRIIXIL Y 4 Vva sy o OFSHIBEMBRE 11] 21T
W, AEAKES % THERENR OGNS bDIZONTHREDEHNFOEEICFHEELTR LTS,

£ 1 Result
Reference 1 Reference 2 Reference 3 Reference 4 Reference 5
Equidistant Sequences Family with  Divergent Large Large
V1:<20%ID V2:20-40%ID ”Orphans” Subfamilies FExtensions Insertions
Entropy Evolution Rate  *0.476 x0.878 0.864 0.735 0.818 0.725
Sequence Identity 0471 0.876 0.863 0.733 0.818 0.717

PO HT—F Ty MIHT S SPS I X BFHEOFRIE (median).

KFEHME : &7 -5y MoBT 2REORVH OFEE KFHRR.

*F% . #%FFik (Entropy Evolution Rate) & T-Coffee(Sequence Identity) OB HEESROND & &, BEOEOHIZRR. BRI
X, AEAHESD TOU a2 Y O SIIBMFIRE X 5HE.

Ref.1: alignments of equidistant sequences and is divided into 2 subsets, according to two levels of sequence variability.

Ref.2: families aligned with one or more highly divergent ”orphan” sequences.

Ref.3: divergent subfamilies.

Ref.4: sequences with large N/C-terminal extensions.

Ref.5: sequences with large internal insertions.
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4 Discussion

BERBKEORBELR 2L S5 71/ T5 A Ths T-Coffee Z itz & L BAIBASES.0 & AV /- Lk & 1T -
TR, HBESPSICLAFHMEIC L VBENRW LTS Z EAMRBTE 2.

BEMIZIE, 74 %> b ReferencelVL,V2 KBWTHEREKENA LR, TOMOT—F &y MIELTILET
BHELTWDISCRIIBERENIE LN, T—F & v b Referencel 1%, FEIILT MO 40% LLTFD
LOTHBRINTEY, ZOZenb—RIAENRNERNE D REFIBCHT T T4 A v FOHERKEINE L
RBZENRHES.

BTE, R4 RFHBCBNTERINCKIT 28V A F (EFICBT 2XFHDVIET T4 A2 MBITB50) 13 Mz Li-
BOLRESNTNEN, ERICIIRENLODORBYBRHHLEZDZONERTHS. B, 73/ BERIICK
WO FEENRBAPDEZX THEY A MIMMYE L2 b0 Li3EZIZ V. = ba —#{bRiT 7 I BRI
BIFLZEYA PEMI L0 L 3HOT, VA MO ORP DV ZEREL L TLEHAEE LTV NIE. F0O
7, BMARXFEO—HRTHHESI—EF (Sequence Identity) IZHAEHRBAICIE L IEBEZHEET D 2 L8 TX
5. TORFBR, LVEMFENLREIFMAZELIIBEBTAZ LN TELLED, TV oBRICORBoT2L 2 5.

BAE, ~AVFTNANT TA Ay MEREIESIROBGIEREZ AV FENELA L THS. KRIOEREND, Zh
D OBRGEMERA LAFERROT 07 7 AERITINT, = hoU—#bREHAT 52 & CRERSREEND Z
LAHIFTEDE VLS.

SE

(1] Kimura M., The evolutionary rate at the molecular level. Nature, vol. 217, pp.624-626, 1968.
[2] M.Ohya, Information theoretical treatment of genes, Trans. IEICE, E72, No.5, 556-560, 1989.
[3] M.Ohya, Miyazaki, Sugawara, The efficiency of entropy evolution rate for construction of phylogenetic trees,
Genes Genet. Syst., 71, 323-327, 1996.
[4] T.Hara, K.Sato, M.Ohya, Multiple alignment algorithm with the entropy evolution rate, IPSJ SIG Technical
Report, 2007-BIO-10, pp.65-71 (2007)
[5] Needleman S.B., Wunsch C.D., A general method applicable to the search for similarities in the amino acid
sequence of two proteins. J. mol. Biol., 48(3): 443-53, 1970.
[6] T.F.Smith, M.S.Waterman, Identification of Common Molecular Subsequences,Reprinted from J.Mol.
Biol.147,195-197, 1981.
[7] M.Ohya, Y.Uesaka, Amino acid sequences and DP matching:a new method of alignment, Information
Sciences,63,139-151, 1992.
[8] Thompson, J. D., D. G. Higgins, T. J. Gibson, CLUSTALW, Nucleic Acids Res. 22, 4673-4680, 1994
[9] Thompson J.D., Koehl P., Ripp R., Poch O., BAHBASE 3.0: latest developments of the multiple sequence
alignment benchmark. Proteins. 2005;61:127-136.
[10] Thompson J.D., Plewniak F., Poch O., A Comprehensive comparison of multiple sequence alignment pro-
grams, Nucleic Acids Research, 27, 2682-2690, 1999
[11] David F. Bauer, Constructing confidence sets using rank statistics, Journal of the American Statistical
Association 67, 687690, 1972
[12] C. Notredame, D. Higgins, J. Heringa, T-Coffee: A Novel Method ofr Fast and Accurate Multiple Sequence
Alignment, J. Mol. Biol., 302, 205-217, 2000





