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AV TIWEIT TNV BI BHRERDBAMEZRRT Bledic, 73/ BEREDH
BREMNT S, HERLE, XSV BEEMRTZT I/ BREDS B, @ROMED7 2
JBEDHICERT ZBETHS. 1ERNDT 2/ BBRBEOHERE NS 3 FHEIN L DHE
RENTVIED, ZN5DFHETIRENLDBRRICH T 50 E-CHHNERNERE N TV
Mole. ZTT, TNLORERRRT BTdIc, EILRRIAITICK > TRENS R %2F]
M9 2FEZIRET 5. HBE 40 F£RHD HIN2 R 2 TV T YT JVAD HA 22878
BNHE L, HERORAEIT, ZOMRERT. &, HERIMNR LT 58
HEROEZRIT BT DFEERRT 3.
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Abstract

The influenza viruses undergo antigenic drift to escape from antibody-mediated immune
pressure. In order to predict possible structural changes of their molecules in future, it is
important to analyze the patterns of amino acid substitutions in the past. In this paper,
we present a new method to extract the sets of residue positions which were involved in
correlated mutations. We also discuss a method to detect changes of correlation among
co-evolving residues.
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X 1: AT IVI T A IV AOREERRK

HORYIRVBIKETHI LT, VAINVADMINCRAT 2HERHEL T, MIETYAILA
NEEEINZ T LR2IOETS. —75, EFICBOTYAIVARER Y V¥ 30X - THIDMEEIC
BRI B, TOBRERDIET S BIC, BREBICX T, FADSHEERTEM0O7 I/ BHVE
RANDT I/ BICEEHD ST ANVANENS. TOERY A )V ADLUFI OB EE XN
TeHRIC X o TRER L L TERER IR NE, —EA Y IIVI VPR -1 T Lhd 3%k
LERERTS. TDXIIE, VAIVADBFHKEDIEEN RN TNV edDT I JBOELE
FURER C LS.

AV TIVIZ Y AV ARIRMEREER (HA) & /45 I 24—+ (NA) D _FEEHDO R )1 & &
RN ERRFRINCRD (K1), HABIUTNA RV AIVADERIZEHL TWB S, Hifkic
KBHEI AT LOFHNEZRDRTV. A VTNV UV OHELERRZ, HABXUNA FO7 3
DR RIC K > THIOT X /BICEBEN, 2V R7EOEHIMEENEILL, HikicX>
TR I N BB LICEET 3. HA & NA BZFNFNETHEADREA L MfE) 5 OWEE
ZF%. HA L NABRTNEORERRIT Z2LENDH D, HIRERICBII 27 I/ BEHI &
ENDHIRNBH B LEZ NS, ZOkY, AV IINVIVTIAINVADHBEERICEIZT 2
FEEHIC, HAREOBAMENEET RSN D 3.

ABIETIE, AV TNVZUTT AV ADHFIRERIC BT 2 HAIMZ T T 32, EHOE
EMIBOY I/ BNRICERT 2 TRER | OBRKICEHT . AV IIVIUPIALIVADS J I
131980 FFRICEF SN TS, BIE, NCBI DF—ZN—RICiFH 3 AARDIEEEFIAESE I,
EEEHYIMOD )V A CREREOMIAR, BEOHIRERIC KT % HiURHUE S OHEEICTE R
ENTVS. LHL, TNEDBETHERICEDE, AVINVIVTIALIVADT I ) BEED
HEER N UTHZEE DR, Ghedin 513, 1998 F£h 5 2004 £ TORINICHEE X N7z HIN2
HRDA L TIVI T IAINVA 207THROT X/ BEFE L, W OhDHERBPREL TV
% [3]. e, AROHEZEZE LI, 1968 Fh 5 2005 FICHBES NIz 2183 DA VT VTV H I A
JVARKEIC, HA KB 2HEREMFTLTO3 [4).

7 X BREDOHER RS BT, HERTE, HEEBHRE 5], HAEBHRERERILL
TA6HE [6) Z W FEDBMRRIN TV B, ThEDER TR, 73/ BERVIOSEEST 54
AV RRITV, TIARY MBI B nBHOT I /HRER, —HEO7 I /A R, N, D,
C,QEGHILLKMFPST WY,V ZELUTRHOEEERH X, LLTET. 20
LT, MREHX, L X; LOBGREMNL, i BHE j BHOT I/ BEREOHRERZHET 3.
LHL, TNEDOT7 Ta—F T, ELOBRICBITBA U TIVI T A )L ZABEDSERER
EEEMNEREN TR,

AR TE, ELOBRICHT B0 L AR EZR L CTHERRMTT 2251, #ELR
M RIS T 2 FERRRTS. AV INVIUP YA INVADBLEFTF—2DX 51, HEDT 2
JBESIBDHAS IS ENTVWBIGE, EILRMENICE > THREI NI ZHBIEFIHT 2L, 7
2 A OMEEENHE MRS, i, D07 I/ BEFICHENT, F—MEO7 I
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JEENRR S TWBEARIC, EB507 I /BIHELRTHZMNHLMIC KRS, LRGN
ZISHTBC LIy, ELERICHT 3 2R NEGR 2 ZE L R ORI T %
LL#EZBNG.

EZE 40 FERIIC & M DO E N H3IN2 HEIDA Y 7V TV A JVAD HA R VSV ET 2
JBEFNCH LT, MHEBRBZHAWTHERORHEIT o [4. ZTOMKE, BRI hHER
B ZHRENBE ORI TRV o7z, TAINVARR VIR ED=ZRITI LRSS D
HHERAHBEMER DTz IC, BB LTI HERL TOWEREMNER LA ZO%E AEE LS ®HY
RTEREST, 5T 2 HAEELLEC R > FEREMBRTARERZRLTWAT
BEMER D .

e, AVINVIVFIANVADFNFNOREMBIIBWT, 73/ BR—EICBET2D
TRV, TR BMERICBIRENAMENDNIE, FLALBRETHUTI BTHS
BENEL DS, CTNOoEEET DL, MOBRENBEMOHRERICHEREX 2 X5 KBENE
WEET BN DS, Z T TAME TR, HEROB AR T AFERERT S,

2 HERBBZEFAELTHERZRE T 5FE

AEITIECRMENEZFIRAL, 73/ BREMETOREHEEPRHT2FELEETS. K
21T H3N2 HEYA VT )V L VT A1 )V ADE(CRIFR E R

—fRDZ VR BEOEIGRFACIBNT, ZDMU EOREZMEDT X BHIHICERT BIEAMN
HMENTWS., ZDM DT I/ BAHICELT 2 (LEREE, 73/ BEREOHER LR, it
ZX-TiE, 73/ BEREDHER%, ”correlated-mutation”, ”co-mutation”, ”co-evolution”,
”co-variation”, ”co-ordinated amino-acid substitution” FDHE TSR ENH B, 7 I /B
BEORZHEZ, 2V BOBEREREORFICEERIERERTH S LEZILNTVS. —D
DEREHRE LT, HEMETOT I BERNZ VRV BOE LOZERZT LI L, 7
DRIEDT X/ BERANCDERZBETZHETHS LHREITENS.

BIMiT, 7/ BBREOHZHOFZXRITS. n ZBHOBEMBEICEZ, 7/ Bahby
ADEHE, zny LFLIET S.
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S€eq1984 Q K L P G T DN S
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2BEHOY I /MBREMBEICEEHT 5 L, 1976 05 1984 EDRIC, 7 /BAD(7 A8
FUB) DL KV V) ICBEHEDS TV, EROGEICIENTOEES DK Litihd 3.
e, TOMMICIE, 73/ BEHD2K LFRFRHCRTD AHEELTWS. LEAN-T, 2&HE
TRHOT7 I /HBENHERLTOB L RAETTLHNNRS. B, 2HBHE 7TRBHO™T 2
BREMEIC N TIE, TOFMSNCT 2 /BB RSN,

2.1 EEREBDOSOT I/ BEREBEDMHE

AV ITIWVLEUT T AN ZECDBRRICHE ) 2 HERBRIHT BB, HAZVAZET I /B
By G, 7/ BEEEREMHT 5.

1L 7 I/ BESIDZERF|T A AV M ERITV, SR EH#ET .
2. BRI BT X/ BEBOEAZHHT 5.

1T, e EREENT HIN2 RIS VI IVI VT YA IVADHA BEIUENADT I
JERIE, DHT—AN—AXORBEICHE Y a— L, SRR ZTOT I/ BRSO
FRREHET S, —RIC, BIEREROERICE, EBESENLZAVENE. AHETIE,
RIS CEIERFEROZELSN D — ) OF I/ BEFIRHEE T 27-DIC, RN
WCREREHIEREAVS. EEREHOEDSN D/ — RERNA LR, RAENKELINESE RS,

ECRMRBIOT — 28k, RBETH 3. RENEBLXUBLERZHVTERENSELSR
MR TIE, WHRDT I/ BEFIDHE I NG 2D, ROZTD/— RIZiZ 7 I/ BEFIH RS
NIBNs. DED, B/ — REVAIVAKRBECREWEMELE T AIVADT I BlF IS
5. RE, FRAVTVIVFEUTHEALEK TS S, BIZA VT IVIUTF YAV ADEE
DHFEZEDOBREZET. BOREE, REFRTL ORIV AKTHS. FKid, RERIC
K27 I /BEBHICHIGT 5. %/ — RIZR T 2/ BEFIDMSMT BN TWADT, FKicikE
HRNZET X/ BEBOESENIGMNT 5 T L WAEETH 5.

ETERLIELS I, BRERESZVRELETERINELRFBBE AV &, EEERF
BIOBRICHINT 5, BERNGRT I/ BEROEESEHETAENTES.

X 3 ICHEILRRIAN 57 X/ BEEE RTINS 2 FEOBERRT. K 3 EOEERIRIC
&, R WARZ2EOR/— N, 7I/BEFDEOLYTENTVS. B/ —FE, B/—R
DEDF/—RIZED S TENT I /#BIE, ZNFN QDNRQS..., £ QGNRIS... TH3. T
NEDT I/ BETIOEZRDB T LICKD, TNED/—REEIKICEZ, 73 /BEHOS
A {D2G, Q5I} ZEID M T3, EILRHR LOBSRKICE DU TENLERTOT I/ BEHROES
B, BEOERAICKEC o727 I/ BEBROES LIIRT 2 T LR S.

22 7TI/BMERBELSOHEZEROBE

HRIETTIE, MRETIEIC & o TR U 7o@LRIRID S RIS S o 7o 7 2/ BEROES
ZIMHTEZ BT L ZR L. RRIEITE, ThbHD7 I/ BEHROEAH D, HERAZRHTS
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{N3R,SEB)4 {D2E,N3V,S6T}
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X 3: #LRFEH S DT I BEEREOM
FHECOWTERT 5.

TI/MOEAEA%Z{A RN, D,C QEGHILLKMFPS T WYV} TET. i
LR L DD 2K e ICHIO MU TOENT I/ BBROEST, %

T, = {x1n1y1, Tan2y2, .., TkNEYk }

k@‘%. CCT‘:, X1y ey Thy Y1y -+43 Yk Li?i/@?ﬁb, ‘(‘\%D, nl,...,nkﬁi, TE/M%EHJAE
THB. TOLE, KellBWTT I/ BEENET 77 I/ BBREMBEDOESR S, 2,

Se = {nl?n27 sty nk}a

L5,

EILREBICEN 28 e ML, S, ICHENZBEMBOESR, FEIICY I/ BEESE
CoTBREMBLRBRTCENTES. BERHEHEOETORICH L TZENFN S, BRD, H£E
S, DERBICHIT 57 I/ BREMBEOEA ny,...,np ZRDB. REZESE, FERHICT I
BEBMNECAHEAICH BT I/ MBRENEOESTHS. Thbb, BAE S DESIHEHTS
72/ BREMEOMME, HEROKRHICE S0,

T AT LEEOFIIC, FRICENBEMCH S T A T LOESZHMT 2R8I, SHH7 17 L
BEYA VTR, SHFET—2A VT OMEDE THRACHIZEE N TV [1]. LCM[12]
BRED, @#EET7NVIYXLGHAREINTVS. ROBIETTR, AV TIVIUPY AL ZADOEL
RO S E NI, 73/ BBEBROERICBY AEHET AT LEEERD, T JBEED
HERERHT .

23 AVIIVIVHF A IV ADELRRKEBICHITRIHEZRDOBRHE

EERRIORELRY ANV A TH B HIN2 TS VTV P I AIVAD HA 2 287 EICHT
BHRERY, HHT AT LEAYA VT BV THRHT 2EBE2T- 1

HA 2RO BD7 X/ ##cs %, NCBI Influenza Virus Resource[7] 5 X7 vma—RL, %
HBEFITSA AV MeEkoT, BREDERZT I /By %F| U7, H3N2 B Y 1)L A0 HA
RUNRT DT X/ BEFIOEE IR 550 TH O, #1330 DETD HAL £ 220 DEETDHA2 D
TOOMEEZL D, HiFEERE, 1) EIC HAIERTRI S L, 2)HAL HEOART—ZX—2
CERIN TV RTINS HBE D, AEERTIE, ZEHENTSA AV BT 0H LK
HALTEEOT I/ BHCY] 2183 A% & E L.

HAL T DT X/ B3 2183 A0 5, RETHIEE AWV THEIEGRRBIZIER Uz, £ 1ICERE
NI RS OMEL RS

% 1 DEERFERZ VT, 2183 DT A IVAKZFNFNIIHL, 2EL HEEN /- 5ekzE
DLz, ZOLT, HEKD D, BFHHEADT I/ BEHESEE TV IBEMBEOESER
Bic. BT I/ BEFINES FLOWTFREERA L, FERHT I /BB T - BEME
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# 1: {ERRE N7 E(LR AR D
RO | RO | 7/ RERORE | H#ORE | & LOBEMORE
2183 | 4364 2182 286 242

% 2. BHEINHEEDOEE
2T FER AT E DR 2|3 |4(5|6|7[8|9|10|11|12]%&
ST A7 L (BRENIE) £AOMEE | 271196 |6]4(|2]0]0] 0] 0] 165

ZECHEA1062HESBE L. ThEDEAND, HHT AT LEAERDZ T SV AV 7V
VALK&, 7I/BOREENL o7 I/ RENMBEOEERFHELE.

AVITNVIYTIAIADHA DT X/ BEFNCHENT, 25 BN B 7 I/ BEHE
BRREMBEDES 60 FESRHE N, K2 ITRE SN HAEROBMERRT.

BRHHENTHERO—FIE UT, {172, 193},{144, 276}, {62, 133, 158}, {135, 190, 226}, {121,
124, 275, 278}, {25, 50, 75, 83, 106, 131, 155, 156, 202, 222, 225, 261} A 5. HfE, ThHD
7 BEREMBEICELT, YAIVAZNBREROERET> TV 5.

BN R—MMEER25BE L, 7FSUA) TV ALEROCTEE LR & T AR 4768 FEEED
BT A7 LEGD RO o e, ST A7 LESOHEN S, FHEHERICRTEHEFRICHIE
BNEBEINTHASNTVS. e x R, 73/ BERENMEBEOEA (62, 133, 158} NI T A
TLEETHAHAICIE, COMIEETHS {62, 133}, {62, 158}, {133, 158} & [ARKICHEH 7
AT LEETHS. £2IRUEHERTIR, TOXSHEHET AT LESERINLTEAT:

3 HZERDERDERH

2T BV TEILRIRZFIE LHEZR 2R U, ORI TR ZOMHE W HEREMRT
BPEL UTHERDZELZ RN T BT DDFEIC DN THRT S.

3.1 #fgm

CORIEITIE, 74T LBXUOT AT LEEDEERITS.

AT BOTE, AV INVIUTIAIVADHALBEO T I ) B 2RS -8, 73/
BEOAMBORE I = {i1,i2, ..., 1308} ZT AT LDEEL TS, TOLE, SCIZTATFLE
B LS.

KRBT, ZALARRY Tt T AT LEESOHE (t,S) B STy a e UTEDUT
DES BT —BR—ABIEHOWNGRE TS,

D = {(t1,51), (t2,82), ", (tn, Sn)}-
CTTT—EN—ADINT BT AT LEA S DHE O(S,D) ZRDX S ICEEHT 5.
O(S,D) ={d|SCdAde D}.
ZDERIC, T—EN—RADINTBT AT LES S ODHEOWE Pr
Pr(0(S,D)) =10(S,D)| / |D|

LERTS. DBROFERICHBWT, Pr(0(S,D)) &fEHIC P(S) Litdd 3.
e, AWETRH2DHHEICHT BHEREFEONGR L T 578, UFDLSHa—hLT—
BR—AEEET 5.
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Dy ={d| dDREALAR VT ¢, thefore <t < tapter Nd € D}.

CTC, theforeafier BI—FICE S THEABNTVB LTS, D LFMIC, F—F~—3 D,
T BT AT LS S OHBLO(S, Dy) &

O(S,D;) ={d|S C dAd € Dy}
LEETB. EBIT, F—RN—R DT BT AT LER S OHBEOWE Pr, %
Pri(O(S, D)) = |O(S, Dy)| / | Dyl

LU, HEIC P(S) &AL 3.

3.2 HZEROZELDEH

CORIEITE, HERDZRIRET 5 7DDOFECONTHERTS. HERIERDOT I/
BIRANIENHICEIR T 2 HREDT, W DODDORICIBWTHIET 27 A7 L (7 2/ B
DERALABTTENTES. LI > THERDEAVNEWEGS, HEDESEZhZThE
HOBRICH L TENESS L, BAVMEVEE, HEOFARENTHAS. T, 8k
BRAENEMOHERZTET 572D, log 2l bRVHOHEEHRETHEUTOREMANS.

Cor(Sn,Sm) = Pr(O(Sp, D) N O(Sm, D))/ Pr(O(Sn, D)) Pr(O(Sm, D))
= Pr(O(S, USy,,D))/Pr(O(Sy, D))Pr(O(Sy,, D))
= P(S,USn)/P(Sn)P(Sm).

Sp & S DHEEBHITITE T > TWBHFEICE, P(S,USm) = P(Sp)P(Sm) £%5%. &o
T, Cor(Sy,8m) >1DEEICR S, & Sy OHERZEDHBETH R LEZ BT ENTES, —
¥, Cor(S,,Sm) < 1DFE, S, & S, DHERZEOHETHS.

RIS, H5B2ALARYTHOVHKE LR, #BEREBONSICBE 2 HERDOESN
BATFOXTRHET 25 &MNTES.

Cor(Sp, Smit) = Pri(O(Sn, Dt) NO(Sm, Dt))/Pri(O(Sn, Dt)) Pri(O(Sm, Dy))
Py(Sn U S)/ Pi(Sn) Pi(Sim)-

AWIRIC BT 5 HINE, HEROEMELEZZCLTHE. ZORDBD—DODHEEL LTH
ZROEBVDOEZFET 2 L 2EZ 5. LRTERLERDLE L > THERDZE (L ZT
i % 7= DOFHBEEL L 5.

Il

Change(Sp, Sp;t) = Cor(Sy, Sm;t)/Cor(Sy, Sm)-

Change(Sp, Sm;t) > 1 TH B L E, HAHMICBNTRENMBOES S, & S, DEZRD
BAEVNEL B> TWBT LZEKRL, Change(S,, Sm;t) < 1 THAHEAIR, HEROESW
MEC B> TVWB T L ZEKT S, EEN1DBENTNRIZE, FOBLREETHS. A
BT, 3T A=Z pupper (> 1), prower(< 1) ZEAL, Change(Sn, Smit) > pupper & L&
Change(Sp, Sm;t) < plower EBRBDEKIBRTATLEES, , S, ZRATRCLIckD, HEHE
DZALNPE TH 2 HREMEROBBRERIHT 2T ENAETHE LEZOND. AEOE—E
HORMHENEILT 57 AT LEAENGENCRDZ 7N ) ALERERLUTED [11), AR
BT BTICERMBATES. BfE, 20703V ALZFAL, ARIENCBW TR LT
EiFo T3,
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4 HbHYIC

AHFE T, AV TNVIZUTFTAIVADHIFEZFICHBI 2 RAIEERRT B0, HHORE
BEOBO7 I /BHARICERTZ THER ) ORKICEH U, HEHEIEZ, 2N 0BERER
TART7I/BEEDS B, HBOMBEDT I /BHARICERTI2HEKTHS. HRkNET I/ #E
BWHOHEHB N T 2 FEDPOL OMRREIN TS, FhBDFETIRELDOBRITHT
BRI RDEZERBI N TR -2, 2T T, ThHDRERRRT BHIC, #ILR
RIATIC K > TR ENBRMBZFIH T 2 FEERR U, BE 40 F£/0 H3N2 fifl/ V7))L
VBTN ADHA Z VR BENGRE UTHNETo 1. ZORE, 73/ BEEMGEORLE
HeofBEERH L. REINERZRDEZIZ, RFETRERBRHEENEVELERTH T,

EHIC, HEBROBLZBRHT A2FEIDODVWTER L. YAIWVAR NI BO =R
BOEMBMHEERORDIC, $5 & FICRAZLERL TOEBEMBERLNZ 0% E At EHE
HERTLREST, SFTRHALEE LT > BEMBREAREZELRL TY
BZAREMEARE V. FTo, MOBREMEMORERICHELEZ 2 K5 BREANENMAET 5]
ML DD, HEROEICHELREX 5 X5 BRANMBOGFEERHT 3 FELCOVTRE, R
e, ZRHTH5.
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