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Figure4
Assodationstudyinthe]BSregionusingaJapaneseBlaCkpopulation･(A)AssociationoftheSNPswithcarcass
weight･Ahundredandeighty-sevensteersselectedfromthe4･7%extremesof7990steersweregenotyped･p-valueswerecal-
culatedbyFisher'sexaCttestforindependenCe･(B)GenesloCatedinthe59l-kbregion･(C)LDmap.TheLDwascalCuLated
forthe187steers.
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AssociationoftheSNp-9genotypesofNCAPGwithCarCassweight,LMA,andSET.Thesteersofthefivefam‖ies
andthecowsofSireD-sfamilyweregenotypedwithSNp-9･ThenumberofoffsprJngOfeachgenotypeisshowninthebarof
theupperpanel･Theayeragesofslaughteryear-andage-adjustedphenotypICValueswerecomparedbetweengenotypesusJng
aトtest.*,P<0.05;**,p<0.Ol;***,p<0.00l.
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loweraverageSFTthantheT/TorG/T-genotypesinthe
steersoftheflVefamilies(p<0.039,i-test).Thisisapar-
ticularly interestingflndingbecausethecorrelation
betweencarcassweightandSFrtraitswasγ-0.18-0･39in
eachfamily(Additionalfile5),meaningthatgreatercar-
cassweightwascorrelatedwiththickerSFr.Forexample′
aQalleleofanothercarcassweightQTLCW-ionBTA14
isassociatedwithgreatercarcassweightandthickerSFr
l1].InCW-2,however,theSNp-9genotypewasassociated
withthinnerSFTinthesteersofthefivefamilies,indicat-

ingthattheCW-2locusispleiotropic.Theresultsfurther
supportthenotionthattheCW-2QTLintheJapanese
BlackpopulationisthesameastheQTLinarespective
positionintheJapaneseBrownpopulation.

Discussion

Hereweshowthatcross-breedcomparisonsareusefulfor
fine一mappingoftheQTLincattle′asrecentlydemon-
stratedinthefine-mapplngOfamonogenictraitlocusin
dogs囲.WedetectedacarcassweightQTLonBTA6in
twobreedpopulations,JapaneseBlackandJapanese
Brown.ThegeneticdistancebetweenthetwoCattlebreeds
canbethousandsofyears′becausetheirancestorshave
survivedseparatelyontheJapaneseIslandsandthe
KoreanPeninsula.LinkagedisequilibriummapplnguSlng
thetwobreedsnarrowedtheCW-2QTLregiontoa591-
kbsection.ComparisonoftheQhaplotypesinheritedin
differentlineagesis,therefore,ausefulstrategyfornar-
rowingdownaQTL

OneofthecriticalissuesshouldbewhethertheCW-2Q

intheJapaneseBlackpopulationisidenticaltotheQTLin
theJapaneseBrownpopulation.Inthisstudy,theeffects
oftheCW-2oncarcassweight,LMA,andSFTtraitswere
similarinthetwobreedpopulations.Namely′theCW-2
Qallelewasassociatedwithgreatercarcassweight′larger
LMA′andthinnerSFr.Importantly′al血oughgreatercar-
cassweightisgenerallyassociatedwithathickerSFr′in
bothpopulationstheCW-2Qallelewasassociatedwitha
thinnerSFr.Inaddition′QTLfわrgrowth-relatedtraits
werenappedaroundtheCW-2regioninvariousCattle
populationsl5-7],suggestingthattheCW-2Qalleleis
widelydistributedinBoStaurusPOPulations.

The 591-kb critical reglOn contains four genes,
LJOC523874,C6H4orf30,NCAPG,andLOC540095(the
bovineorthologofLCORL).TheNCAPC-LCORLregion
wasrecentlyidentifiedasaQTLforhumanadultheight
lll,12].AnSNPcausingIle-442toMetinNCAPGwas
detectedasapositionalcandidatefわrthequantitativetrait
nucleotideforCW-2.TheNCAPGgeneencodeschromo-
somecondensationsubunitC′whichisacatalyticsubunit
ofthemammaliancondensinIcomplex.DisruptlOnOf
theNCAPGortholog(cnd3)causesdefectivechromosome
condensationinfissionyeastl16],whileinDrosophila,

http://www.biomedcentral,com/1471-2156/10/43

theNCAPGortholog(Cap-G)isessentialforchromosome
condensationinthemetaphaseofsingle′unreplicatedsis-
terchromatids′andalsohasaroleduringtheinterphase
inregulatingheterochromaticgeneexpression【171.In
Helacells′NCAPG interactswith HSF2tomediate

HSPAIA(hSP70i)bookmarkingl18].TheNCAI'Gexpres-
sionisupregulatedinmoreaggressivemetastaticmelan0-
masthaninlessaggressiveprimarymelanomast191.
ThesefindingsindicatethatNCAPGmayaffectcellprolif-
erationandgrowththroughregulatingcellcycleandchro-
mosomecondensation.Furtherstudiesarerequiredto
revealthemolecularmechanism thatlinksNCAPCto

growthandbodysize.

Condusion

Weidentifieda591-kbcriticalreg10nforCW-2.Among
thefわurgeneslocatedwithinthereglOn′NCAPGisacan-
didateforthecausativegenebecauseithasanaminoacid
substitutionthatisslgnificantlyassociatedwithcarcass
weight.TheSNPfわrtheaminoacidsubstitutionprovides
ausefulCW-2markerformarker-assistedselection.The

pleiotropiccharacteristicofCW-2,especiallytheeffecton
SFr,isclearlydifferentfromapreviouslyfine-nappedcar-
cassweightQTL,CWlll1].Therefore,thetwoQTLprob-
ablyaffectcarcassweightindifferentwaysandbothwill
beusefulforbreedingbeefcattle.

Methods

DNAsomplesandpF7enOtyPedoto

Paternalhalf-sibfamiliesofSiresAthrough Ewerecon-
structed丘omcarcassdataandpedigreerecordscollected
bytheJapanWagyuRegisterAssociation(Kyoto,Japan)
andKumamotoUnionofLivestockandAgricultureCoop-
eration(Kumamoto′Japan).Offspringofeachsirewere
rearedindifferentherdsinaprefecture.TheoffspringOf
eachsirewerecollectedoveraperiodranglng丘om2to5
years.Theaverageslaughteragewas878daysfortheoff-
springoHapaneseBlackSiresAthroughCand750days
fortheoffspringofJapaneseBrownSiresDandE.Sire
DNAwasobtainedfromsemen.OffspringDNAsamples
werecollectedfromadiposetissuesaroundthekidneyat
theslaughterhousesorbloodattheindividualfarmerls
houses.Sixtraitswereanalysedinthisstudy:bodyweight

atslaughter(SireConly)′cold｡arcチssweight′LMA′rib
thickness(thicknessofamusclelayerlnaribofbeef)′SFT′
andmarbling.Thesetraitsweresystematicallymeasured
bycertifiedgradersandrecordedattheslaughterhousesin
Japan.

QTLm坤Ping

Thegenomeorchromosomescreenwasconducteduslng
themicrosatellitemarkersontheShirakawa-USDAlink-

agemap【201･QTLanalys?swereperfわrmedwiththe
inteⅣalmapplngmethoduslngalinearregressionmodel
forhalf-sibfamiliesl21,22],asdescribedpreviouslyl1].
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Linearregressionanalvsiswasperformedusingthefo1-
lowlngmodel:

y-Xb+e,

whereyisthevectorofphenotypicvalue,Xisthedesign
matrixofflXedeffectscomposedofsex,slaughteryear,age
(day)′andprobabilityofhavingtheQphaseatagiven
location(Prob(Q)),bisthevectorofflXedeffects,andeis
theresidualerror.bwasestimatedbytheleastsquares
method.AnF-Statisticvalueateachpositionwascalcu-
latedfrom theresidualsum squareregressedwith
Prob(Q),andthetotalresidualsum squarewithout
Prob(Q).Theanalysiswasperformedat2-cM intervals
alongeachchromosome.ToevaluatewhethertheQTL
effectwaswellestimated,theinformationcontentwas

calculatedasFvarianceofProb(Q)dividedbyO･25,which
wasthemaxlrPum possiblevalueofProb(Q)[23]･The
allelesubstitutlOneffectfromqtoQwascalculatedasan

estimatorofthecofactorforProb(Q)intheb･Thecワntri-
butionratiowascalculatedasaproportionofthetraltVar-
ianceexplainedbythepaternalallelesubstitutionfromq
toQ.AthresholdforsignificanceoftheFIStatisticvalue
wasobtainedby1O′000randompermutationsofthephe-
notypicdatat24】.The95%CIoftheQTLlocationswas
calculatedusingthebootstrappingmethodl25].Briefly,a
setofoffSprlngWasChosensoastobethesamenumber
astheorlglnalhalf-sibsbyresamplingfromtheorlglnal
half-sibs.Resamplingwasrepeated10,000times.The
positionoftheFIStatisticpeakineachbootstrapplngWas
collected.TheCIwasdeterminedbythedistributionof
thepeaks.Therefore,theCImaybefragmentedintosepa-
ratedreglOnS′andnotaslnglecontiguousreglOn.

Microsotellitedeyelopmentandgenotyping

Microsatelliteswere searched fわrin the genomic
sequencesandtheprlmerSWeredesigneduslngPrimer3
[26].Twentymicrosatellitemarkersfrom DIK9001to
DIK9020weredevelopedinthisstudy.Themarkerswere
anchoredtotheBACfingerprintmapl27]byaBIJAST
search(BIASTN)againstbovineBACsequences(HTGS)
[28]OrbyscreeningbovineBAClibraries,RPCIl42[29]
andCHORI-240[30].Markerinformation,suchasprimer
sequences′genomicpositions′andlocationsintheBAC
fingerprintmap,isshowninAdditionalfile2.ccnotypl
lngWasPerfわrmedusingpOlymerasechainreaction

(PCR)withafluoresでent-labeledreverseprimer,followed
byelectrophoresisuslngABI3730DNAanalyzer(Applied

Biosystems,FosterCity,CA)andanalysisu?ingGeneMa-
pperso氏ware(AppliedBiosystems)･TheslreSandtheir
offspringweregenotypedtodeterminethephaseofthe
sires-chromosomes.

http://www.biomedcentraLcom/1471-2156/10/43

Linkagedl.Sequilib血mm坤ping

LinkagedisequilibriummapplngWasperfわrmedusingthe
matemalallelesoftheoffspringsteers.First,offspring
weredividedintotwogroupsaccordingtopaternally
inheritedhaplotypes(Qorq)oftheCW-2region(38-55

｡M)･When.a｡rossoverwasobseⅣedorsuspectedwithin
theregionlnthepaternalhaplotype,theoffTspringwere
eliminated.ThenumbersofpaternalQ-andq-inherited
steerswere126and117inSireC.sfamily/106and94in
SireDrsfamily′and104and67inSireEIsfamily′respec-
tively.Thematernalallelewasdeterminedbysubtractlng
thepaternalallelefrom thegenotype.Themarkersfor
whichthenumberofalleleswaslessthanfわur(SireC
family)orthree(familiesofSiresDandE)′orheterozy-
gositywaslessthan0.4wereeliminated.Theeffectofpair-
WiseQallelesonbodyorcarcassweightwasevaluatedin
eachgroupuslngai-test.PhenotypICValuesforcarcass
andbodyweightwereadjustedbasedonslaughteryear
andageinthefamily.Theaverageoftheadjustedcarcass
orbodyweightwascomparedbetweenthesteersthathaト
boredtwoconsecutiveQallelesinthematernalalleles

andtheothersteers,ineachgroup.InSireCfamily,the
testwasperformedforQlandQ2allelesintheregions
wherecorrespondingQfrequencieswerehigherthan5%.
InJapaneseBrownfamilies,offspringfromSiresDandE
werecombinedtomaximizethenumberofoffsprlng.
Carcassweightwasnotadjusted between families,
becausetheeffectofsirewasnotsignificant(p-0.21).
FrequenciesoftwoconsecutiveQ3allelesinthematernal
allelesweremorethan4.3%intheentirereglOn.

SNPdiscoyeryandgenotyping

Six genes(LAP3′MED28′LOC523874′C6H4orf30′
NCAPG,andLOC540095)werelocatedbetweenDIK4852
andDIK9017.SNPsinthecodingreglOnSOfthegenes
weresearchedfわrbyresequenclngSireA.SNPschosen
from a120KSNPcollectionl31]andacommercially
availablebovine50KSNPchip(Illumina′SamDiego′CA)
werealsoused.Thesiresandtheiroffspringweregeno-
typedtodeterminethephasesofthesiresrchromosomes.
SNPsweregenotypedbydirectsequencingofthegenomic
PCRproducts.AsforSNP(Indel)19,PCRwasperformed
usingafluorescent-labeledreverseprimerandgenotyped
inthesamewayasamicrosatellitemarker.SNPinfbrma-
tion′suchasalleles′genomicpositions′andprlmer
sequencesusedforampliflCationandsequencing,is
showninAdditionalfile3.

Associationstudy

Apopulationconsistingof7990JapaneseBlacksteerswas
constructedfromDNAsamplescollectedatoneslaughter-
houseover7years.ThesecattlewererearedindiffTerent
herdsthroughouりapan.Tomaximizethepowerandmin-
imizethepedigreeeffectofaselectedpopulation,steers
wereselectedfromthe4.70/Oextremes,frommanydiffer-
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entsires′anddidnotincludemorethan5halfJsibsin

eachextreme.Theselectedpopulationconsistedof90off-

spring(>570kg)from 41siresand970ffTspring(<410
kg)from 52sires,amongwhich18sireswerecommon.

The187steersweregenotypedwithSNPs.Theassociation

ofeachSNPwi thcarcassweightwasassessedbyFisherls

exacttestforindependenceuslnga2x2contingencytable

consistingofanobseⅣednumberofeachalleleineach

extremepopulation.

ColculotionofLD

SNPswereconfirmednottohavedeviatedfrom Hardy-

Weinbergequilibrium (p>0.05).Haplotypefrequencies
consistingoftwoSNPswereestimatedusingtheexpecta-

tion-maximizationalgorithm ofDempsteretal.[32].An

LDcoefficient(r2)betweentwoSNPswascalculatedfrom
theestimatedhaplotypefrequencies.
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