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Abslm亡t

SludJeSOntK}Vlneyour ljrolaVlruSeS(GliRs)arcllmll亡d rodate,theVr'6geneora

sLngLcbovu)eGE3EtstTaul,alldVE'7andlTVSP5ge)-eSOrarCWbovlnCG上1R stTalnSO▲-Ly

havebeez)sequcrKedandanal叩亡dhtheprLtSenlSttldy,bysl)1g)Cprlmeramp))r)Cat)Or)

tncthod,wcdetemlu)edthefuLHtnglhnuckotldcsqtJenCCSOfV】'】,Vr'2,VP4,Vr'6,

NSPLaz)dNSr'28CneSOf血 ccboy"1ccLiRstralnSfrotT)eaStenl【"dJa]na)lthese slX

genes,thetK}VlrlCGE3RstTaulSShaⅣdhlgh g亡)1亡1】Crelat∝lnessamongthemsJelves,but

exhlblledhlBhgenelLCdLVCrSllywlthcognate g亡】1CSOrhuma)1,murlnCandov)neG13Rs

Lz)lcrestu)gJy,aslngroupArolaYlrUSe5,1LN･bovlnCGl)良Vr'),VP2,VP6al-dNSP2

8CneSaPr- redlobcmoreconscnpcdtha)1VP4arx]NSPLsencsamongstTalnSt"tWeen

specLCS】heprt=senlShJdyprovldcd lmPOrl∬llnSlか15))Ilodiege)letlCmakeupa▲-d

dlversLlyOfb･ovlneG13Rs,arKlaLsoldenllrledanotelGliRVPLIge)-otypc



Jnrroducr10n

EtotavLruSeS(gel)USRold-′rLLS,E3mLLyZIeollrld,･e)arema)orcausesordはrrhoca帆

humal)iand other al)LmaLs【B]lVldturCrOlaVlmSrnrt)CaCeO)ltd))lSe)C､enSegmel-1SOr

doublc-strandedRJYAlhalenCdcSIXSlmChyal(VP)JI,Vr'6-7)andSIXnOnStn)mTal

prot亡lnS(NSP)-6)【S】Amollgthestruclllralprol亡lnS,VPLLSa)1LUヾ A-der-dentRiNrA

poLynyrasc(RdEtp),VP21SILN.majorl】t)1亡TCorePrOtem,VP3runct】onsasthev)zvs

capplngCrLZymC,VP6fo- sthelnllCrCaPSld,a)1dVP4a)1dVr'7COJ-St)tutetheouter

hyerOflhcvlraLcapsld【8] rL℃nonstTuCtUralprolelnSarc Prlnun)ylnVOl､edlnV)ZVS

r叩llCatLOnandtnorpbgelleSIS【B]

RotavlrUSeShavebccl1Classllied"IloSevengroupsfA-G)onthehas)sor

az)[lSCnLCllyOrlheVP6proteullS】AI仰 )1gthepm,yourAandCrotavlruSeS(GARBand

GCRs,respccILVCly)causedLarrL-alnlnra)Itsi"1dchlLdTen(8】,whl】egotJpb

rotavlrUSeS(GE3Rs)havebeellPrlmartLyass" latedwlthd】azThoealnadu)ts【17】,though

areeel)lStudyr叩 rtedhLghratesofdeleCtlO)10rGllRsarrx))1gCh)ldTel-Wl血dlaJThoca

〔3]Al対rlf.yJmhuTtunS,groupElrolaVLn･Seゝ C且u収d･Z･TTl.()也 ･np.gs,lal-1bsJ i"～and

caltlel25,10,31･32,34･35]lncAlllt;,GBRswt=yedt'tecled.T.SFnT7･d･ccases且rd/0,

ouLbrea1<Sく〉1.d･arrL桝 ユ･n血Ivt;sュndadulLゝTTOmTnd】且,J叩 aTla･.也USA(2,5,LO,34】

Moreover,a･11･M .eS10GBRsLuvcbct=ylretX･rledmc且11】t=rrOn.Jz･pZLn且r)也UK〔4)3〕



Co11Lruy10GARs,L.m･ld叫 t･CnCedau且rC且､a･lz･bleForG】1RsLra･TISTodz.te,

止eruJLgcrmmeofamuTlneandarevhuma)1GllRstramshave b∝nsequel-cadlL7,

251ll)Lambs,NSP】andNSP5gcl1CSOra)10V"1CGliRstra))1havebeenSJequerh･ed【3L】

Lz)cattle,VP78CnCSCqUellccSarcaVallablcforbovlrX:GliRsfromhdla(KoLkatjlaLld

EtUEJVstralnS),Japal)(NemurOStraln)andUSA(Arl,lVebusaJ-dlVD653stTalnS)【2,5,

)0,34】AmOn801herbovlneGljRge)1CS,lTtrSP5genesorKoLkataaJ-dRUllVstra机s

az)dVr'6gel)eOrNenluTOStTaul)1a､Ctux)1SqUenCCd(2,)0,33]Con-paTat】Veand)yses

ohhescSeneSequencesrCVealedhlghgenctlCdlVerSltyamongGllRstTa)nSbelWeer)

SPeCLCS

lherolaYlrUSOuterCaPSldproteMIS,VPLhndVP7,provldeLtm ul】ePrl)teCt】On,

az)d止ercrore,u)fomlalLOll0nVP4andVP7ge)10tyPCSarc)mr"rtaJ-IforVaCClne

developnlel)1【8,16]lVloreover,(ulLgel"mca)1aLyscsofrotavlruesarenecessaryto

aseerLalnthemconglnofastraLnll2,22]]towcvcr,ourpresentkrx)wledgeonthe

tx}vllleG13RSelX}nlCarcLlmllCdtoo)1Lylhr(1(VP6,VP7andNSP5)orl上eL)gene

ek,gnLnLsThererorc,.nlorTrLAl･t)r10nthercma･r"r)A81nvI.ICG,】1R gclleSegmellLSa,e

requ･rcdtocolt)Plt=tt=lyundcrsundthet'､olul･OnOfTx･V･rN:GBRs且rd ll.t'.Tgt=nd･C

rek.tednessLOOtherGBRsMort;Y)vt=r,gzLlht=Y･r唱OrSt･Cl. 班 qt･C.lee･r)rOnlユー】Or)m･ghtbe

helETfuLto LnVtstLgatt;theccoL()gyofhtlmanGriRs,S･zICClht=y㈹TTltObt=rartH.ld･1.S



notcl他日flht;yarctn.I,hurrLanPatLwgt;nSorlht'ret･u)Ior咋 C恥･OnZ･li- sTTl･SSIOnI,OITI

umdenlLLledal)lmaIsourceL

lnthepresentStudy,wcreportforlhcflrSHlmCthefu)L-length nucleotlde(nt)

sequencesofVPl,VP2,VP4,lTVSPLa)1dNSP2gmesordlreCbovLnCGliRstTalnS(one

Kolkalaand2RUljVslralnS)rhcVP6g亡nCSOrthesestra)nsw- a)so gel-et】Cal)y

characICrLZedOurLll)dLl)gSPrOVldcdnew"1Slghtslnl(IdieSenetlCmakeuporbovlne

GEJRs,al)dldcz)[1nCdanovcIGE3RVP4ge)101yrN=

Marcrlal～andmethods

VlrLJSCS

EJovLneGEJEtstTau)SL)EJ)76,RUl】V226a)1dRUljV282,CharactenzedlnthepTCSent

study,"crcdcleCtedlromCaLveswlthdlaTr)IotadurlngSur､el】hncestud】escol-ductedat

acattletmrkellnlhccllyOIKoLbu,easternJL)dlal2,】0】rhcsampkCOL)ect】Ondates

ForthesamplesWCrCNovemberof200L,Lk emtKrOf2004andFcbruaJTOr2005for

stralnSD13L76,RUEJV226andRUliV282,respcctlVely【2,10】

Rl-PClt.nor.Ir.gar.LIseqLJennr.g

TheLulLLt=･1glhntst=,qut=L鳩t;SOflht･VPl,VP2,VPLl.VP6.NSPlaTldNSP2gt=TneSOr

LxlVl･leG】〕RstraLnDEIL76"t=rt,(山u･rlt=Ylbylhcs･r)glepnrneTaTTIp)･rlCat･Or)TTIcll10dAS

dcscnbt=d pr帥LOuSly【36]R｡laVlruSRNAw恥C3((raCtt=YHromlhcsl00lsLmT)1cllSlng



th¢QlA州IPVLrAIRNAMLnLk】l(QLagCnSc･cr)ct'S,MT),USA)Tllt=reaner,l.gi･L･Or川r

止esLndeamlnOyOUp-LJnkedoLLgD)1UCLeotldcpnmerto3､-endorbothstrandsory】ral

double-strandedRNA,coLutnllbasedpLLnrlCallO)1a)1dco)-ce)-tTat】OnOrtheL)各atedRNA

az)d】くトr'CRswerecarrLedoutaSdescrlbcdprcvlOuSly【36】rhcVCRprlXLuctswere

cloz)edlntOPCR2L-rOPOvectors(1)1VltrOgen,CA,USA),ands)xrN)Slt】､,aC)Onesu ere

sequenccdforeachollhcslXSerlCSSubscqu亡)1lLy,5､-and3､IerKIprlmerSandseveral

llltemalprLmt;TSWerCdeslyledlromlhcf山l-knsthVP),VP2,VP4,VP6,NSPLa▲-d

NSP2gcncsequerN=CSOfstTa"1I)1n 76,andu父d toco)1r)- theobta)neddatjlby

EU-PCRandsequel)CLngMorcovcr,[)1CSC PrlmerSWereaLsoemployedtoampLlrya▲-d

delc-1llClhcfuJL-lel)gthsequencesorlhcs-冗ge)1eSOfdlCtwoOtherbov】neGllR

stralnS,EtUE3V226andRUE3V 282,respectlVelyFunh亡rmOrC,the5-311d3､-end

sequencesorlhcSLXSeneSOfl)1C血cctDVl)1CGl主Rstra)nswereconrLrmedbya

modlLlcdslngLcprlmeranlPLLl-LCallOnmCthodBrlefly,CDIIAwasge)-elatedfromvLral

RNAbytheslnSLeprlmeramPLlfJCatlO)1m亡血d【36],a)1dthe)1,the5-and3､-porllOnS

"廿Ca叫)l･flediLndst=,quencedus･nglhccoTnTnOntlr)也pTITTlt=rC(COTTIT)lel-1er"i･TY10ll.c

l･gaLd prLmcr][36】andLntt=rnJlpnrrklrS,dt=,S,gr)edrTT)m lllCObLa･r)t=YIsequeTICt=7;

Throughoutlhcsludylll決qUenCCS"t=rt=dcleTTr"neduゝ】TlgtheBlgI)yeTt=nllnZILOTV3L

CyclcSequ七nCILlgRt=act.OnkLl(A打,[･CdBzosyStemS,CA,USA)oTlaTlauLOmaled



班(lUt=nlCer(AEユ1PRISM3LOO)

S亡qlJ州亡Cnlt叫 ses

ScqucncccompaTISOnS,muLtlPIc aLlgnrrx:)Itsandp】omn80rhydropa山 y pror)les here

caTrLedoutasdescrLbedprcvlOUSLy【2,10,25]P)1yloge)1etlCtreesuerege)leTatedbythe

I)Clghbor-JOlnlngtnelhd 【27】usulglhcIMEGAsonwaTe (vers)On41)The treesw ere

stallsILeaLLysupporLCdbyboIStraPPlngWlth)000r叩L)Gales,andphyLosenetlC dlSt31▲lCeS

weremcasuTedbytheKLmLLratwo-ParalT)etermOd亡L

･YudNllldcsequcll亡CaNe15IOrlllunlheTS

)herulL-LengthnlSequellccSOIVPL,VP2,VP4,VP6,NSP)andNSP2ge)-esorbovlne

GEJRslralnSL)EJ176,EtUEJV226arxIRUljV282weresubLT)ltt∝ltoGenliankdatabasc,

az)d wcrcassLyledcol)SCCulLVC IllS亡qU亡nCeaCCeSSlO)1numbersGQ358710-GQ358727

RcsullsanddlSttJSS10m

AllhoughGl】Rshavebeendclccledl)1CaltleI)1d)n-ere)1tpartsOfthe"or)a,rt;wbov】ne

GEJRSeneShaveheel)SCqu亡11ccdandanalyzcd ArrK}nSlh-,theVr'7genesofthe

KolkilLaalldRUBY slralnS,血Lt=TCted frl)Tn atall】CTTurket】TILLaSLem l11dl且,Sll且rt=dlllgh

dduccd且m"XH.el°(aa) ･dc.山lLeS(978%･】00%)aT710r)All.t=mst=)vt'S,buLtLXh･b･ted

く89%dducedi.ユ･dt=utLl"=Slt)thoseofi)lhLLrbov･zICGBRs.ゝ uggcSt･ngthecx･sLellCeOr

atleasHWOLx･VLnCGE～RV】'7gcnolyTXS【2,10】Ilo､､t'､t=Y,theoveT7mVP7･dt=nl】1.eS



amo･1gLx)vLnCGEユRs"t=rt'hlgJlerthaTILht)淡 Tx,lWet=zlly)vlnea･.d1.ul-1且r)OrTTlunntB

GEJRsl2,5,】0,34]rhcIVSP5gc)1CSOrlLN･KoikauandRUUVstralnSSharedhlSh

deducedaa1dcl)[11LCS(97%-LOO%)amonglhemsJelvcs,butexh)b)tedlowaaldentlt】eS

(4S%-506%) 10 1hoscofhumnandnlLJTlnCGl主Rstrams,a)1dreLat】veLyh)shcraa

ldcl)[1llCS(819% 8ユ%)101halOrOVl)1CSlralnKB63[2,LO】rheVP6gel-eOrthe

NemuTOStralneXhLbLledhlghdlVerSlly101Lx)scofhuma)1a)1dmunneGl3Rs【33] 】hese

obscrvallOl)Su)dLCaledthatbovLllccljRsm唱htbcg亡)1CtlCa)lydLSt】rh･tfromotherGliRs,

bulWerebasedol)LLmlleddataol1igcncsegme)1tゝ

ln止Cprescnlstudy,wc血cmt"ledt】1Cfu)Hensth)1tSeque)leesOftheVP),

VP2,VP4,VP6,NSPLandNSE'2genesoro)1CKoLbは(Dln76)al-dTWORUliV

(RUl】V226al)dRUl】V2S2)bovlllCGE3Rstr31nS,forWh)chsamplesWereaval1ablcln

sufrLCLenlquanlLILeSl】】aLllhclhrecbovMICGl主RstTamS,eachorlbcroutStmCtlJTal

(Vr'L-2,VP4,VP6)alldtwo110nStmCNral(トSP)12)genessquencedexhlblted

lden[1CaLsIZ亡S,lnCLudu)冒l)1atOfoEXnreadlng rrarTN3(ORF)(rablc])】he5､-endora)L

tllCSLXbovLneGrEIRgt;･1t=,iStartt=YIwlthaG(･-st=Ylt･LLr)CC(TablcL),commolltOGARs,

GEIRs且ndGCRsL8,16】0111ht'olht=rllZ"d,lht'3･(t=nl･n･OrVPL,VP2,VP4,VP6alld

NSPlgem;soHht,lhret'Lx･vlnt,GrEIRslra･nSended､､･tl.且一AAAACCCs叫.lance,

commontく〉try)決othurrLMGElRsll6,25】110､､･evLLr.theNSP2geTleOrthest=Lnv･ne



Gt)Rstt=m､.ni.Lt=dwltha-AAGACCC sequcnet'(Tab】c1)

MoJenlarcLlara亡IerlXalJOrlOrVP4宮C11e

)hebovlllCGE3RVr'4gcncwas)6tpand】9bp)onseHha)1thoseortTluTlnea▲-dmost

hunlal)C1BRs,rcspect1VeLy(rable1)IllsPrdlCtedbovlnCGllRVP4protelnWas7aa

az)d8aalongt;Tlhal日 hoseofmunncandmosthtJnunGllRs,respecllVe)y(】able1)

Com paralLVCanaLyslSOflhcdeducedaascqtJenCCSOrVP4ge)1COrGliRsreyealedthree

pulal1VetTyPSlnCleaVagCSlttTSullhct"vl)1CGllRstra))1Sthatuerealsoconservedm

mLuu)eSITau)lL)1R,whlLcorlLytheseconda)1dlhlrdslleSWerePrCSmtln血:hunur)

GEJRs(E1181)hlereSl1ngly,theprcdlctedlhlrdckavagCSHCOfbovlneGllLtswastN=St

al■gnedwllhlhcprelerTedseconds■tcorGARs(血 a'10tShowtl)Basedonthe2darKl

3rdputallVelryPSlnCleavageSLICS,lLxVr-8→a)1dVP5●pen)o)-～orVPJortheboy"C

GEJRswere2L5aaalK1536aaLo】1g,rCSPeCtlVelyIllCV】'8'tovP5'aaratlOWas)249,

wlthLntheraz)ge(12L-26)obscrvedェnGARs,GllRsandGCRs也GARB,hldler

sequencedJVerSLtyhasbee)10bscTVCdMIVP肘Lha)1mltheVl'5+rx)momorVPLlaa

班̀lUt=nlCCS【日.So一SLm･Larly.theVP8●FX･rl･Oni)rLnvI.leGBRsz･押e打edtobemo,e

d･､t=rtietlla･1VP5'as"t=llasILv"110leVP4pTl)le･n(Tz･blt'2,St･ppltm.t=rnaTYF･gSl)

Mく〉reOVer,theaddllLOLulaaprest=nl"VP4ofTx･V･zICGBRs"LLrt'TTIOSL)yloe且Lt=d･Tlthe

VPS'lXlrlLく).I(SuppleTnt=.lLaryFLg～l)



TheVP4genesonht,thrt=,ibt)Ylrlt,GnRslra】.ISSl.a,edh･ghgt=1.el】Cre)aledneSs

amonS止emselves,butex)1lbllcdlowg亡)1etlCreLatedness1(Ilhoscofhumanandmur)ne

GEJRs(EILg2,rablC2)＼VllhVP4or)10､elgroupstralnSl12]9a)1d))9,relatedtoGliRs

[L,15,25],thethJVlrH･GEJRslralnSCXhLbllCdnlandaaldenllllCSOf502%-505%and

254%-263%,respecllVCLyE3ymuJtLPLeallg)1rTK)1tOfG15RVPLh asquences,allthe

24proJLnCal)d】OcystelrN=rCSldu亡SlnthebovlnCGl主RstralnSI)B)76,RUliV226and

EtUEJV282Werel∝aledalL(k111lCalposltl0)15,andoftherm,)7prollneand4cystelne

resldueswereaLsocol)Served"1OtherGllRs(StJPPl-enlaryFIBSl)C(Impansonsor

thehydropathyprolllesoIVP4aascqu亡nrCSOrboy))1C,humaJlaJ】dmurlneGliRs
rcveaLedcomErK)I)fearuTeS,Suchaslhcprcsenccorhydrq)hl】lCrCSlO)lSatthe〟-

temlLnaLal)daroul)d也e putatlVCtryPSlnCleava呈eSll亡S,andhydrophoblCres)OnS】n

VP5̀ porLIOl)(EILSユ)Elowcvcr,1】1Chuma)1GliRslackcdahydTophlL)creslOnPTCSent

lllVr'8'porLLOnOfbovlnealldnlurlnCGE3Rs(Fl83)

Jllole川】areharLleterlj･allOnOrl′1'6gellC

TheVP6gt;lltH eqUeneCSOLlhtフlhrt=vLnvl】1CSlra)nSeXhlb】tt=dh]gh ldellLltleS Zm 011g

ttlLn)sClvt･S,aldsLurcdrrLt山t=ratt･r)(,btll11lgh 出 ltlt=ntltlt=S10lhcor))yotheraVal1Able

LxlVllleVP6gcncs叫ut=llCt=OfNt=rrLult)Slra)n(Tab】C2)OrHlleOlheThand,stTZllnS

r)E1176,RUEiV226alldRUI】V282exllLbllCdlo､､'st=yluLLrKt=)deTlntlt=TtHO1110SeOrhunlAr)



andTtlUIl･leGrElRs(Tablt,2),andbyphylogcnt=!.czLrは】yW,C]L･SteredlOgethe,"111l

NemuTOSITau)101omlatN)､ll1CL"1eagち dlStlnClfroLT)humana)1dmumcGllRs(Il82)

)heTCfore,ourru)dlngSCOrTOboralCdprcvlOuSObscrvat】ons【33】t舶tthegel-etlC

reLaledz)essofVP6attx-ngGljRsbcIWCenSrXCICSWasLowerthanthoseobsmedamong

GARBaz)dGCRsFromdLltcrclllSrXCl亡SElowc､er,dcsp】lCthelowgenetlCrelatedl-eSS,

scveraJortheproLu)eal)dcysleHlerCSldueslnlhcbovlrN.VP6aasequencesoccurredat

posltlOl)Sldel)[1CaLlolhosclnhumanandmur"1ccllRs(SuppkmentaryIlg-S2)】he

VP6gel)eOfb･ovlneGljRscxhLblledlownt(53%-541%)a)1daa(369%-374%)

1dcl)[1llCStOthoseofnovelyouprolavlnJSStT3lnS,B2L9and))9,resp∝t】Vely

Jllole川】areharLleterlj･allOnOrl′1'ZgellC

)hebovlneGl】RVP2genewas2bplongeHh)1dlOSCOrtT)OStOtherG上lRs,and

cz)codedapredlCledprolellH)1atWas3aaLonseH hanlhoscorotherGliRs(rabk))

)hebovu)eGE3RVP2gcncapr- redtobchlSh)yco)1SCrVed amongstra)nsDu)76,
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