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MolecularclonlngandmapplngOfcaseinkinase2
■

alphaandbetasubunitgenesinbar一ey

K.Kato,S.Kidou,andH.Miura

Abstract:Caseinkinase2(CK2)isaubiquitous,highlypleiot1-OplC,COnStitutivelyactive,andmessengeトindependent
Serrrhrproteinkinase.Itisfoundlntwodifferentforms.theheterotetramerlCCK2,Composedoftwoalphacatalytic

subunitsandtwobetaregulatorysubunits,andthemonomericCK2alpha,consistlngOfthealphacatalytlCSubunit･Ⅰn
thepresentstudy,weisolatedbarleyCDNAclonesoftheCK2alphaandbetasubunjtgenes,designatedHvCK2Aand
HvCK2B,respectively.Chromosomeassignment,uSlngaSetOfwheat-barleydisomicchromosomeadditionlines,and
RFLPmapplng,usingtwodoubledhaploidpopulations,showedthatHvCK2Awasduplicatedontheshortarmof
chromosome2HandtheIonsarmofchromosome5H(designatedHvCK2a-2HandHvCK2al5H,respectively),anda
singlecopyofHvCK2BwaslocatedonthelongarmofchromosomelH(designatedHvCK2b).APCR-Southernhy-
bridizationexperimentdemonstratedthattheHvCK2AsequenceorlglnatedfromtheHvCK2a15Hlocus,showingthat
atleastHvCK2a15Hwasexpressed.ThepresentCDNAsequencesandgenomicorganizationofthetwosubunltSwill
facilitatefurtherfunctionalanalystsOfCK2inbarley.

Keywords/barley,caselnkinase2,CDNAclonlng,RFLPmapplng.

R6sum6:Lacas6inekinase2(CK2)estuneprotglneklnaSeSerrrhrublquiste,trとsp16iotropique,constltutlVeetquine

dependpasd'unmessager･Elleestretrouvgesousdeuxformesdiffgrentes:(1)unhgtgrotgtramとreCK2formgdedeux
sous-unltgscatalytiquesalphaetdedeuxsous-unitesrigulatricesb芭ta,et(2)unmonomとreCK2alphaform6uniquement
delasous-unitecatalytlquealpha,Damslepresenttravail,lesauteursontiso16desclonesd'ADNccon-espondantaux
genescodantpourlessous-unitesCK2AetCK2Bchezl'orge,lesquelsgとnesont6tgnonlmisHvCK2AetHvCK2Bres-
pectivernent.Lacartographjechromosomlque,al'aldedelign占esd'additiondlSOmlqueSb16-orge,etlacartographleRFLP,

chezdeuxpopulatlOnSdelignieshaplo'1desdoublges,ontmontl-占queHvCK2Aestpl-eSentendeuxexelnplalreSSitugssur
lebrascourtduchromosome2Hetsurlebraslongduchromosome5H.Cesdeuxgenesont6tgd6signesrespectivement
HvCK2a12HetHvCK2a-5H.L'unlqueCOPiedugとneHl,CK2Bagt6asslgnieauchromosomelHeta6t6d6signge
HvCK2b.UnehybridationSouthern-PCRariv61gquelasequenceHvCK2Aprovenaital'orlglnedulocusHvCK2015Het
quecelocusestexprlm6.Cessequencesd'ADNcetl'Organisationgenomlquedesdeuxsous-unitesfaclliterontuneplus
ampleanalysefonctionnelledesCK2chezl'orge･

MotS-ClefsIOrge,CaSginekinase2,clonaged'ADNc,cartographjeRFLP.

[TraduitparlaRgdaction]

Introduction

ProteinkinaseCK2(caseinkinase2;EC 2.7.ll.1)isa

serine/threoninephosphotransferasethatoccursubiqultOuSly
ineukaryotes.CK2iscomposedoftwosubu血ts,thealpha
catalytlCandbetaregulatorysubunits,whichform thetetra一
mericstructurecy.2β2.However,both subunitscanassociate

independentlywithotherproteins,probablytoregulatetheir
functionsinthecell(Boldyl-effandIssinger1997;Chenet
al.1997;Hgrichgetal.1997;Willerteta1.1997).Inaddi-
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tion,thealphasubunithasbeenisolatedasamonomerwith
fullactivityfromdifferentspecies,especiallyplants(Dobro-
Wolskaetal.1992;Ospinaeta1.1992;KlimczakandCash-
more1994;EspunyaandMartinez1997).

CK2hasbeenwidelystudiedinseveralorganisms,dem-
Onstratlngthatitisinvolvedindifferentp1-0CeSSeSSuchas
cellproliferation(SeldinandLeder1995),cellcyclepro-
gression(Hannaetal.1995;Espunyaetal.1999;Barzet
al.2003),signaltl~anSduction(Chenetal.1997),andtran-

scriptionalcontrol(LdscheretaL1989).Themajorityof
theCK2substrates一 morethan300proteinsidentifiedto
date - are nuclear proteins involved in DNA/RNA-
associatedfunctions,Orcellularproteinsinvolvedinslgnal
transduction(MeggioandPinlla2003).Inparticular,CK2
hasbeenshowntophosphorylateclockproteinsinDroso-

phila (Linetal.2002;Aktenetal.2003),Neurospol･a

(Yangetal.2002),andArabidopsis(Suganoeta1.1998,
1999;Danieletal.2004;PortolgsandM孟S2007),suggest-

】ng thatitisanevolutionarilyconserved componentof
molecularclocksacrossseveralkingdoms.InArabidopsIS,

overexpressionofCKB3andCKB4shortenedthephaseof
ch.Cadianclockcontrolledgenesandreducedthedaysto
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floweringundershortandlongdays(CKB3)andshort
days(CKB4)(Sugano eta1.1999;Portol占sand M孟S
2007).Inrice(0)γzasalivaL.),theheadingdateQTL
Hd6encodesthealphasubunitofCK2(Takahashietal.
2001).ThevariantalleleofHd6inthejaponicariceculti-
VarNipponbarehasaprematurestopcodonandencodesa
truncatedprotein,whilethecorrespondingfunctionalallele
intheindLIcaricecultivarKasalathincreasesthedaysto
headingunderlong-dayconditions(Yamamotoetal.2000;
Takahashietal.2001).

Thegeneticcontrolofvariationinflowel-1ngtimehas

beenexten.sivelystudiedinthetribeTriticeae(Poaceae)･
Majo1-loclaffectlng Photopel'iod response have been
nappedinbarley(Hordeum vulgareL.).ThePpd-Hllocus
onchromosome2HScontrolsnowerlngunderlongdaysbut
hasnoeffectundel-Shortdays,whilePpd-H2onlHLcon-
trolsfloweringonlyundershortdays(Laurieetal.1995)Jn
addition,many(〕TLscontrollingphotoperiodresponsehave
beenI-ePOl-tedinbarley.ThePpd-Hllocusencodesamem-
beroftheCCT-domainpseudo-responseregulatorfamily,a
classofgenesinvolvedincircadianclockfunctions(Turner
etal.2005).Inaddition,SzL̂icsetal.(2006)I-ePOl-tedthatthe
positionalcandidatefol-thephotoperiodresponseeffectat
theVrn-Hllocuswasamemberofthephotoreceptorgene
family,Phytochro]1W C.Toclonethepositionalcandidate

声enesrelativetotheremainingphotoperiodresponseQTLs,
lnVeStlgationofadditionalgenefamilyclassesISneeded.In
hexaploidwheat(Triticum aestivum L.),asingleCDNA
cloneoftheCK2alphasubunitwasisolated,anditsduplica-
tionineachwheatgenomewasestimatedbySouthernblot-
tlng.Asinglecopywasasslgnedtothehomoeologousgroup
5chl10mOSOmeS,andcloselylinkedtoVrn-Alonthelong
armofwheatchromosome5A(Katoetal.2002).However,
thesecondCK2alphasubunitlocusinwheatremainsun一
napped(Katoetal.2002).Inpel-ennialryegrass(I,oIL'um
perenneL),twoCK2alphasubunitgenesweremapped
andoneoftheduplicatedlociwascoincidentwiththe
phenotypicvariationofheadingdate(Shinozukaetal.2005).

Weinvestigatedthepossiblerole(S)ofCK2inthebarley
photoperiodI-eSPOnSe.Theobjectivesofthissttldywereto
determinethenucleotidesequenceoftheCDNAclonesen-
codingtheCK2alphaandbetasubunits,andthegenetic
mappositionsofbothofthesubu山tgenesinbarley.Based
onthepresentdata,wediscusswhetherbarleyCK2subunit
genesarepositionalcandidatesforphotoperiodresponse
QTLs.

Materialsandmethods

ConstructionandscreenlngOftheCDNAlibrary
ACDNAlibrarywasconstructedfrom mRNAprepared

from5-day-Oldbarley(H･vulgare'Minorimugi')seedlings
usingtheZAp-cDNA㊥synthesisKit(Stratagene).Twopal一一
tialriceCDNAfragmentsencodingtheCK2alphasubunit
(CK2A)(RefSeqaccessionno.NP_001058752)andthe
CK2betasubunit(CK2B)(RefSeqacc.no.NP_001065415)
WereusedastemplatestogenerateeachplーObe･Approxi一
mately5×104recombinantswerescreenedbyplaquehy-
bridizationandthehybridizingplaqueswereisolated･After
3cyclesofplaquepurification,invivoexcisionsofthe
pBluescrlPtSKIVectorWerePerformedintheEscherichia
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coltK-12strainXLl-Blue.Thenucleotidesequencesofthe
isolatedCDNA clonesweredetermineduslngtheThermo

SequenaseCycleSequenc.ingKit(AlnerSham Pharmacia
Biotech,UK)withM13unlVeI-Satandl~eVerSeprimers.

Plantmaterialsformapplng
Fol.thech1-0mOSOmeaSSlgnmentSOfthebarleyCK2Aand

CK2Bgenes,weusedT.aestL'vLun'ChineseSpring',H.vul-
garesubsp.vulgare'Betzes',andasetof'ChineseSpring'-
B̀etzes'disomicchromosomeadditionlinespossesslngeach
of̀Betzes'chromosomes2Hto7H(islameta1.1981).

ForthegeneticmapplngStudy,Wescreened4parental
combinations:SteptoeandMorex,HarrlngtOnandTR1306,
IgriandFranka,andOregonWolfBarley95(OW古-95)and
OWE-96･BasedontheparentalRFLPdata,2populations
werechosenforthepresentmapplngStudy･Thefirstpopu-
lationwasSteptoe/Morexdoubledhaploidlinesdeveloped
bytheNollhAmericanBarleyGenomeMapplngPrqject
(Kleinhofsetal.1993)AThesecondpopulationwasthe

OWB doubledhaploidlines(Costaeta1.2001).Inthe
presentRFLPmapplng,Weused60linesoftheSteptoe/
Morexpopulationand67linesoftheOW】∋population.

RFLPassays
DNAwasextractedfromyoung)eavesofeachlineusing

amodifiedCTABmethod(MurrayandThompson1980).
SouthernhybridizationwasconducteduslngtheGenelm-
ageslabelinganddetectionsystem (Amersham Pharmacia
Biotech,UK).

Forthechromosomeandchromosomearm assignments,
RFLPassayswereconductedbygenomicSouthernhybrid-
izatiolluSlngbarleyCK2AandCK2BcDNAsasprobe.Ge-
nomicDNAofC̀hineseSpring'and B̀etzes'andasetof
wheat-barley disomicchromosome (arm)addition lines
(Islam etal･1981)wasdigestedwithApaI,BamHI,BglII,
HindIn EcoRI,EcoRV,DraI,KpnI,andXbaI.

Forgeneticmapplng,pOlymorphismsbetweentwocombi-
nationsoftheparentsweredetectedbygenomicSouthern
hybridization.GenomjcDNAofSteptoe,Morex,OWB-95,
andOWE-96wasdigestedwithApaI,BamHI,BglII,DraI,
EcoRI,EcoRV,HindIII,KpnI,PstI,XbaI,XIwI,AluI,DdeI,
HaeIII,SalI,andScaIIGenotypesforeachOneofthemaP-
PlngpOpulationswerescored.

Linkageanalysis
TolocatebarleyCK2AandCK2Bgenesontheknown

geneticmaps,thegenotypedatasetsofeachpolymorphism
wereaddedtothepreviousgenotype datasets(Kleinhofset
al.1993;Costaeta1.2001).Linkageanalysiswasconducted
uslngtheHnear" andHtry"co… andsofMAPMAKERノ
EXP3(Landeretal･1987)･Therecombinationfrequencies

were.convertedtocentimorgans(cM)usingtheKosambi
mapplngfunction(Kosambi1944).

PCR-Southernblotting
TodeterminetheonglnallocusofthebarleyCK2Ase-

quence,thefollowlngSetOfprlmel･SWasdevelopedforam-
plificationofthewholeputativee又onsequence:Hvck2a-F
(5′-ATGGCCGCATGAGCGATGC-3′)andHvck2a-良 (5′-

TCATTGCGGTCGTGCCCTG13′)･Each15LILamplifica-
tionreactioncontainedO175UofTaKaRaExTaqpolymer-
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ase(TaKaRa)and50ngoftemplateDNA.Amplification
wasperformedunderthefollowlngCOnditions:940Cfor
1minfollowedby40cyclesof94OCfor1min,66oCfor
lmin30S,and72oCfor8minwithafinalextensionof

72oCfor8mintAmplificationproductswereseparatedon
l･0% agarosegelfor0.5hat100V andvisualizedwith
ethidiumbromide.

SouthernanalysュsWasperfわrmedtoconfirmthatthePCR
productswerehomologoustotheCK2A sequence･The
productswereseparatedon1.0%agarosegelandtransferred
toanylonmembrane(Hybond-N+),hybridizedwiththebar-
leyCDNAoftheCK2Agene,anddetecteduslngtheGene
Imageslabelinganddetectionsystem(AmershamPharmacia
Biotech,UK).

Results

CDNAclonlngOftheCK2AandCK2Bgenes
PlaquehybridizationofthebarleyCDNAlibraryidenti-

fiedtwopositiveCDNA clonesencodingCK2A andtwo
positiveCDNAclonesencodingCK2B.Theinsertsofthe
CDNAclonesweresubclonedintothepBluescrlPtSK-vec-
torbyinvivoexcisionsandsequenced.FigurelAshowsthe
entirenucleotldeanddeducedaminoacidsequencesofthe
longestCDNAcloneencodingCK2A.Theproteinencoded
bytheORFconsistsof382aminoacidsandexhibitshigh
sequencesimilaritytootherplantCK2As(datanotshown).
Inaddition,characteristicdomainssuchastheATPbinding

site,basicstl-etch(NLS),catalyticloop,andactivationseg-
mentarecompletelyconserved.FigurelBshowstheentlre
nucleotideanddeducedaminoacidsequencesofthelongest
CDNAcloneencodingCK2B.Theproteinencodedbythe
ORFconsistsof259aminoacidsandexhibits73%Sequence
similaritywithA.thalianaCK2B(datanotshown).Charac-
teristicdomainssuchastheN-terminalextensionreglOn,
KEN box,D-box,acidicstretch,zincfingerdomain,and
positiveregulatoryreglOnareCOmpletelyconserved.We
thereforeconcludedthattheseCDNAclonesencodebarley
CK2A (geneHvCK2A,GenBankacc.no.AB252049)and
CK2B(geneHvCK2B,GenBankacc.no.AB252050).

MolecularmapplngOfHvCK2A

ChromosomeasslgnmentS

Foreachofthe9restrictionenzymes,theSouthernhy-
bridizationstudyidentified1to4restrictionfragmentsthat
hybridizedwithHvCK2Ain'Betzes'.Ofthese,the10.0kb
BamHI,2.0kbBglII,2.1kbHindIII,3.5kband7.5kb
EcoRI,6.6kbEcoRV,3.0kbDraI,9.5kbKpnI,and2.5kb
XbaIfragmentswereassignedtothebarley2Hchromosome
(Fig.2A).The4.5kbBamHI,3.5kbBglII,5.5kbDraI,
616kbKpnI,and7.5kbXbaIfragmentswereassignedto
thebarley5H chromosome(Fig.2A).Weconcludedthat
thebarleygenomehasduplicatecopiesOftheHvCK2A
genelocatedonchromosomes2Hand5H.

GeTuTticmappingonchromosome2H

Amongallthefragmentsobtainedfrom 10restrictionen-
zymes,the9･5kbDraIfragmentonthe2Hchromosomeof
'Betzes'wasdetectedinOWB-96butnotinOWB195.The

18･5kbDraIfragmentwasspecifictoOWB195.Weused
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thesetwofragmentsforfurthel･geneticmapplng･Genotype
dataofthedoubledhaploidlinesshowthattheOWB-96-
specific915kbDraIfragmentandtheOWBl951SPeCific
1815kbDraIfragmentco-Segregateandcontributetoasingle
locus.UsingtheHnear"co… andofMAPMAKER with
thethresholdofthelikelihoodvalueat3.0,wefわundthat
5markers(x2.1,Pox,MWG949B,Hotl,EbmacO684)on
the short arm of chromosome 2H and 3 markers

(ABG356,x2.2,andBmacOl13E)onthelongarm of
ch∫omosome2H showed linkagerelationshipswith the
genotypedataofthetwofragments.WiththeHtryHcom一
mand,theHvCK2Agenewasalwayslocatedinthecentr0-
mericreglOn,betweenEbmacO6840ntheshortarm and
ABG3560nthelongarm,andwasdesignatedHvCK2a12H
(Fig.3A).

Todeterminethechromosomearm,theHvCK2Aprobe
washybridizedtodigestedtotalDNA ofCS+2HLand
CS+2HS.Theprobehybridizedtotwofragments,a6.6kb
EcoRIfragmentanda9･5kbKpnIfragment.Bothfragments
wereassignedtotheshortarmofchromosome2H(datanot
shown).WeconcludedthatHvCK2a12H islocatedonthe

shortarm ofchromosome2H inthefollowlngposition:
x2.I,Pox,MWG949B,Hotl,EbmacO684,HvCK2al2H,

centromere, ABG356, Ⅹ2.2, BmagOl13E. Moreover,
HvCK2a-2H wasfoundtobelinkedtoEbmacO684by2.4
CM andtoABG356by7.2cM (Fig.3A).

Geneticmappingonchromosome5H

Using16restrictionenzymes,5polymorphicfragments
wereidentifiedbetweenSteptoeandMorex.Steptoe-specific
fragmentswerethe5･5kbBamHIand7.0kbXbaIfrag-
ments･Morex-specificfragmentswerethe10.0kbApaI,
914kbBamHI,and9.4kbXbaIfragments.Inthedoubled
haploidlines,allpolymorphic血.agmentsco-Segregatedand
contributedtoaslnglelocus.UsingtheHnearHcommandof
MAPMAKERwiththethresholdofthelikelihoodvalueat
3.0,weidentified26markerslinkedtoHvCK2A onthe

longarmofchromosome5H.WiththeHtryHcommand,the

HvCK2Ageneonchromosome5H(designatedHvCK2a-5H)
wasalwayslocatedbetweenWG644andAIiG712,1.0cM
fromeachmarker(Fig.3B).

ChromosomeasslgnmentOftheHvCK2Asequence
Todeterminewhichchromosomecontainstheorlglnal

HvCK2A sequence(Fig.1),PCRISouthernhybridization
wasconducteduslnggenOmicDNA of C̀hineseSpring'
and B̀etzes'andasetofwheat-barleydisomicaddition
lines･WiththeprlmerSetHvck2a-FandHvck2a-良,aslngle
5･7kbfragmentwasamplifiedfrom thegenomicDNAof
C̀hineseSpring'(Fig.4A,lane1)andhybridizedwiththe
HvCK2A probe(Fig･4B,lane1)IIn'Betzes',asingle
5･Okbfragmentwasamplified(Fig･4A,lane2)andhybri-
dizedwlth HvCK2A (Fig.4B,lane2).Amongthesetof
B̀etzes'chromosomeaddition lines,a B̀etzes'-specific
5･Okbfragmentwasamplifiedandhybridizedwiththe
HvCK2A sequenceinthe5H chromosomeadditionline

(Fig･4A,lane6;Fig･4B,lane6)･We.concludedthatthe
presentCDNAsequenceofHvCK2Aorlglnatedfromthege-
nomicreglOnencodingtheCK2Ageneonchromosome5H.
Ⅰncomparisonwiththe1158bpCDNA sequencebetween
primersHvck2a-FandHvck2a-R,thegenomicsequenceof
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Fig.1.Thenucleotideanddeducedaminoacidsequencesofbarley
cDNAs encoding(A)caseinkinase2alphasubunit(CK2A;ace.
no.AB252049)and(B)caseirlkinase2betasubunit(CK2B;ace.

no･AB252050)AThestopcodonisdenotedbyanasterisk･Charac-
teristicdolllalnSOfCK2AandCK2Bareundel-lined:(A)ATP

bil1dillgSite,basicstretch(NLS),catalyticloop,andactivationseg一
ment;(B)N-terminalextensionregion,KENboxarLdD-box(puta-
tlVedegradationmotifs),acldicstretch,zincfingerdomain(dlmer
formation),andpositiveregulatol'yregion(bindingtocatalyticsub-
unit).

(A) GGTTCATCTTCAGC'AATCTCTCCCTCC 28
TCCACCCACCCACCCACCAGCCGGAAACCCTAGCCCGCCCTCGCCGCCGGCGATGGCCGC 88

ATGAGCGATGCCCCTCCGAGGAAGCGCCCACCAGCCAGCTCCGTAGCTCGAGCCTCCGCC 148

M S D A P P R K R P P A S S V A R A S A

GCCGCCGTCGTTGTAGCCGCCCTCGCGTCCTCCTTCATCGCCCTGTCCCCTCGCTGCACC 208

A A V V V A A L A S S F I A L S P R C T

CCGGCCGCCGCGGGATCCGGGCCCAGCATGTCGAAGGCGAGGGTCTACACCGACGTCAAC 268

P A A A G S G P S M S K A R V Y T D V N

GTGGTGCGCCCCAAGGAGTACTGGGACTACGAGGCGCTCACCGTCCAGTGGGGTGAGCAG 328

V V R P K E Y W D Y E A L T V Q W G E Q

GATGACTATGAGGTTGTCAGGAAAGTTGGAAGAGGTAAATATAGTGAAGTGTTTGAAGGC 388

ATPblndingSite
TTCAGTGTTAACAATAGCGAGAAATGTGTCATTAAGATACTCAAGCCTGTAAAGAAAAAG M8

Basicstretch(NLS)
CTGCTTGATATTGTCAGGGATCAACATTCGAAAACTCCCAGCTTGATCTTTGAATATGTC 568

L L D I V R D Q H S K T P ち L l ド E Y V

AACAACACAGATTTTAAAGTGCTCTATCCCACGTTGACAGATTATGATATTCGCTACTAC 628

N N T D F K V L Y P T L T D Y D I R Y Y

TTATACGAGCTACTAAAGGCATTAGATCACTGCCATTCACAAGGCATTATGCACCGAGAT 688

L Y E L L K A L D H C H S Q ら I M H R D

GTCAAGCCCCATAATGTTATGATTGATCATGATCTTCGAAAACTTCGCTTGATAGACTGG 748

V K P H N V M I D H D L R K L R L L D W

Catalyticsite
GGCCTGGCGGAGTTTTACCATCCAGGCAAGGAATACAATGTCCGTGTTGCTTCAAGGTAT 808

G L A E F Y H P G K E Y N V R V A S R Y

ActiyatiorlSegrTlent
TTCAAGGGACCTGAACTTCTAGTTGATTTGCAAGATTACGATTATTCTCTGGACATGTGG 868

ド K G P E L L V D L 0 D Y D Y S L D M W

AGCCTTGGGTGCATGTTTGCTGGGATGATCTTCCGCAAGGAGCCATTCTTCTATGGCCAT 928

S L G C M F A G M I F R K E P F ド Y G H

GATAACCATGACCAACTTGTGAAAATTGCGAAGGTACTTGGAACAGACAGCCTGAATGCT 988

D N H D Q L V ド I A ド V L G T D ら L N A

TACTTAAAGAAGTACCACCTTGAGCTTGACCCTCAGCTTGAACATCTTGTTGGAAGGCAC 1048

Y L K lく Y H L E L D P a L E H L V ら R H

AGTAGAAAACCCTGGTCAAAGTTCATTAATGCTGATAACCAGCATCTAGTATCTCCCGAG 1108

S R K P W S K F I N A D N Q H L V ら P E

GCCATAGATTTTCTCGATAAGCTTCTTCGCTATGATCACCAAGATAGGCTCACTGCTCGT 1168

A I D ド L D K L L R Y D H Q D R L T A R

GAAGCTATGGCGCATCCATACTTCCTTCAAGTGAGAGCAGCGGAGAACAGCAGGGCACGA 1228

E A M A H P Y ド L Q V R A A E N S R A R

CCGCAATGACATTGAGTGTGCACCGTGCAAAGTGGAGCAGTTGCTAATTGTTACTGATCA 1288

P Q ●

TCACATGATGGAACTGTCACGATGGCAACTTGATCCAACTATCCGTCCTATGCACTGAGA

TGGCGGTTTGAGTCGCTATGCTGTAAGAGCTTGTAACATTGTACTATTTGTAAACTTCAG

AGCACTCTGTTTACTCCAGTGATAGTGGTCGATGAATGTGGTGGCATGCATGCCACCATT

TGTGTAACAGGGTAAGTAAATTGCCTGCATTGGGCAGTCCTAAGACCCAACAGTTTACTT

GTGTTGTTAAGAGTTACAATAGTCAAATGTATGGTCATTTTTTATTGCGATTATTTTGTA

CTGTTTTTGAAACAAAAAAAAAA

細

4｡8

欄

528

脚

B̀etzes'was5.0kb.Theseresultsdemonstratedthattheto-

talintronisalmostfourfifthsofthegenomicco°ingreglOn
ofHvCK2a-5H.

Fig.1(concILlded).

(B)

211

GCTCGTTCCTCCCCCCACCTGCGCACCAAGTTCAAACCCTA

GTCCAGCCTGCGAGCGCCGACGCGTCGCGCCGCGCGGCTGCCGGCAAGCAGGGGCTCCGG

ACCACAGCGGGGGATGAGCGGCGCAGCTACAGGGATCGGGGTTTCGGCGGCGCCGCGGAG

ATGGACCGGAAGCGCATCAAGGAGGCGCTGGAGAAACACACGGAAAGGCCGTCCCCGTCC

一

10

16

か

N-terminalregJOn

ACCTCCAGGGGGGCGTCCAGGGAGAAGGAGATGCTCGCCGCCGGCAAGATAACCACCCAG 281

ATCGGCAAGGTCCCCAAAGTCTCCGATGTCGAGGAATTCGAAACTGACAGTGAAGATTCT 341

1 6 K V P K V S D V E E F E T D ら E D ら

GATGTTAGCGGTTCTGAAGGAGAGGACACATCTTGGATTTCATGGTTCTGTAGCTTGCGA 401

D V S G S E G E D T S W I S W ド C S L R

GGCAACGAATTCTTCTGTGAGATTGATGATGATTATATACAGGATGATTTCAATCTCTGT 461

G N E F F C E I D D D Y I Q D D ド N L C

GGCCTAAGCAATCAGGTGCCATATTATGATTATGCACTTGATCTCATCCTAGACATTGAG 521

KENbox D-box

TCTTCTAATGGTGATGTATTCACTGAGGAGCAAAATGAATTAATTGAGTCATCTGCAGAG 581

Acldicstretch

ATGCTGTATGGTTTAATCCATGCACGGTACATCTTAACTAGCAAGGGTCTAGCTGCAATG 641

M L Y G L I H A R Y I L T S K G L A A M

TTAGAAAAGTTCAAGAATTATGATTTTGGCAGATGCCCTCGAGTATACTGCTGTGGCCAG 701

L E K F K N Y 0 ド G 良 C P R V Y C C ら Q

CCCTGTCTTCCAGCAGGGCAATCAGACATTCCTAGGTCAAGCACAGTGAAGGTGTTTTGT 761

P C L P A G Q S D I P R S S T V K V F C

ZIrlCflngerdomain

CCAAAATGTGAAGACTTACACTATCCAAGGTCCAAGTACCAAGGCAACATTGATGGAGCA 821

P lく C E D L H Y P R S K Y Q G N I D ら A

TACTTTGGTACGACGTTCCCTCATCTCTTCTTGATGACATATCCACACCTGAAGCCACAG 881

Y ド G T T ド P H L F L M T Y P H L K P Q

AAGCCATCACAGCAATACGTTCCAAGGGTTTTTGGCTTCAAACTTCACAAGCAGTCGTGA 941

PositiyeregulatoryregLOn

CAAACTTTTACCAGCGGGCGCAATTTGTTTTTACCTAGTGTTAGAGATGGAACACCATGG IOOI

CCTCAAAATGTTGTGGCCTCTTGATTCGAGTACTCGCGAGCTTGAATCTTGCTGTCAACT IO61

GCTGAGCAACTGTATCTGTTTTGTTGTATGACTGCTGTGTAATCTAGGTTTCTTCACTTG 1121

ATCAAGCTATGCACATTTGCATGTTAAAAAAAAAAAAAAAAAA 1164

Molecular mapplngOfHvCK2B

ChromosomeasstglunentS

One to three I-eStriction fragments hybridizing with
HvCK2Bweredetectedin'Betzes'DNAdigestedby6re-
strictionenzymes(Fig.2).The15.0kbApaI,6.6kbBamHI,

9.4kband3.0kbBglII,5.0kband2.5kbDraI,and2.1kb
and10kbXbalfragmentswerespecificto'Betzes'.No
fragmentwasdetectedin'Betzes'byKpnIdigestion.From
SouthernblottlngOfeachchromosomeadditionline,no
'Betzes'fragmentwasassignedtochromosome2H,3H,
4H,5H,6H,or7H･Thedatademonstratedthepossibility
thatHvCK2BislocatedonchromosomelH.

Geneticmapping

RFLPassayswereconductedwithllrestrictionenzymes
to detectpolymorphic fragments between Steptoe and
Morex.OfallthefragmentsdetectedinSteptoeandMorex
inthepresentstudy,onlyonewaspolymorphicbetweenthe
parentalLines,The15kbEcoRIfragmentwaspresentin
MorexbutnotinSteptoe･Genotypedataofthisfragment
wereaddedtothepreviouslyreportedmapplngdata.Using
the"near"com andofMAPMAKERwiththethresholdof

thel止elihoodvalueat3.0,weidentified25markerslinked

toHvCK2Bonthelongarm ofchromosomelH.Usingthe
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Fig･2･Chl'OmOSOmeaSSlgnmentOfthecaseinkinase2alphasubunitgene(A)andbetasubLtnitgene(B)inHordeumvulgareB̀etzes'･
GenomicDNAfrolnTntECumaeStLIvum'ChlneSeSpring'(lane1),'Betzes'(lane2),andwheat-barleydisomicchromosomeadditionlines
CS+2H(lane3),CS+3H(lane4),CS+4H(lane5),CS+5H(一ane6),CS+6H(lane7),andCS+7H(lane8).Themolecularweight
(kilobases)ispresentedontheleftsideofeachpanel.

Fig･3･Geneticlinkagemapofduplicatecaseinkinase2alphasub-
unit(CK2A)genesonchromosomes2Hand5Hinbarley(H.vLll-

gare).htheOregonWolfBarleymappingPOPulation,theCK2A
genewaslocatedbetweenEbmacO6840ntheshortarmand
ABG3560nthelongarmofbarleychromosome2H,anddesignated
HvCK2a12H(A)･Inwheat-barley2Hchromosomearmdisomicad-
ditionlines,thecentromerewasasslgnedbetween仇′C〟2か2〃and
ABG3561nthepresentstudy.Indoubledhaploidlinesofacross
betweenSteptoeandMorex,theCK2Agenewaslocatedbetween
WG644andABG7120nthelongarmofbarleychromosome5H
anddesignatedHvCK2a-5H(B).Blackarrowsindicatethecentr0-
111erepositions.

EBmacO684

HvCK2a-2H

WG644HvCK2a-5HABG712

"try"comm and,wefoundthatHvCK2Bco-segregatedwith
CDO105B andMWG800,waslocatedbetweenABR337

andABG494,andwasliI止edtoABR337andA】∋G494by
4.0cM and6.0cM,respectively(Fig.5).

Discussion

ThreeCK25ubunitgenesarecoincidentwithheading
time(〕TLs

CK2isessentialforphotoperiodjcregulationofflowerlng
time,asshownbystudiesofCKB3andCKB4,whichare
caseinkinase2regulatorysubunits,overexpl-eSSedilltranS-

genjcAJ'abidopfisplants(Suganoetal･1999;Portolgsand
MAs2007).Inrice,aCK2alphasubunitencodedbyHd6is
involvedinthephotoperiodicfloweringresponse(Takal1aShi
etal.2001).Thesefindingsdemonstratetheimportanceof
CK2fullCtionintheregulationofflowerlnginbothlong-
dayandshort-dayplants.Thegeneticcontrolofvariationin
floweringtimehasalsobeenextensivelystudiedinthetribe
Triticeae.Theobjectiveofthepresentstudywastomapthe

CK2subumtgenesandcomparethepositionsofthesegenes
with山ereported(∋TLpositions(GrainGenes;http:〟wheat･
pw.usda.gov/cgi-bin/graingenes/browse.cgi).Conserved ge-
nomiclocationsforgenesinvolvedinvemalizationandpho-
toperiodicinductionhavebeenidentifiedamongspeciesby
comparativegeneticstudies(Dubcovskyetal･1998)･Com-
parativemapsbetweenbarleyandwheathavedemonstrated
thatHvCK2al5H shouldbeollhologoustothewheatlocus
tck2a,whichhasbeenfoundtobecloselylinkedtoVrn-AI

onthelongarm ofwheatchron?osome5A (Katoetall
2002).Inbarley,themarkedvariatlOnOfdaystoheadingis
dependentonbothvernalizationanddaylength:indoubled
haploidlinesderivedfromthecultivarsDicktooandMorex,
aheadingQTLresponsivetovernalizationwasfoundon
chromosome7,atasyntenicreg10nWithwheatVrn-Al
(Panetal.1994).Thevernalizationeffectcouldbedueto
allelicvariationattheVm-Hl(Sh2)locus(Panetal.1994).

Ourdatademonstratethepossibilitythatanalternativepho-
toperiodresponseeffectcorrespondsto theHvCK2a-5H

gene.TheDicktooalleleisassociatedwithanincreasein
thedaystoheadingunderlong-dayconditionswhencom-
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Fig.4.PCR-SouthernblottingforchromosomeasslgnmentOfthe
HvCK2Asequence.(A)ElectrophoresisofPCRproductsusingthe
prlmerSetHvck2a-F(5′-ATGGCCGCATGAGCGATGC-3′)and
Hvck2a-R(5′-TCATTGCGGTCGTGCCCTG-3′).LaneM,molecu-
larsizemarkers.PCRtemplatewasgenornlCDNAofTriticumaes-
tivum'ChineseSpring'(lane1)andHordeumvulgare'Betzes'
(lane2),wheat-barleydisomjcchromosomeadditionlinesCS+2H
(lanes),CS+3H(lane4),CS+4H(lane5),CS+5H(lane6),
CS+6H(lane7),CS+7H(lane8),anddistllledwaterasanega-
tlVeCOntrOl(lane9).(B)PCRproductshybridizedwiththe
HvCK2Asequence.

A
M 1 2 3 4 5 6 7 8 9

6･0ト
4.0ト

kbp

B

6･0ト
4.0ト

kbp

M 1 2 3 4 5 6 7 8 9

paredwiththeMorexallele(Panetal.1994).Similarly,the
functionalHd6alleleoftheindicaricecultivarKasalathin-

creasedthedaystoheadingunderlong-dayconditionswhen
comparedwiththenonfunctionalalleleofthejaponicarice
cultivarNipponbare(Yamamotoetal.2000;Takahashietal.
2001).Inaddition,SzGcsetal.(2006)reportedthatthephy-
tochromegeneHvPhyCwasalsolocatedinthisgenomicre-
glOn,Showlng the posslbility thatallelic variation of
HvPhyC contributesto thevariation in photoperiod re-
sponse. TheparentallinesDicktooandMorexandthe
doubledhaploidlinesaresuitablegeneticmaterialstoeluci-
datethefunctionsofHvCK2a-5HandHvPhyCinphotoper-
iodresponsesinbarley.

Although therewasnoHvCK2al2H transcrlPtin the
presentCDNA libraryfrom 5lday-oldH.vulgare'Minori-
mugi',HvCK2a-2H wascoincidentwithseveralheading
timeQTLsincludingeps2,QHd.HaMo12H,QHD.dab-2H.1,
QHd.lgDa-2H, QHD.umn-2H.1, QHea.pill2H.2, and
QHea.pil-2H.3inthecentromericregionofchromosome
2H(Backesetall1995;Laurieetal一1995;Marquez-Cedillo
eta1.2001;Dahleenetal.2003;Mesfinetal.2003;Pillen
etal.2003).AllQTLswereidentifiedinfieldtrials.To

clarify whethereach QTL controlsthephotoperiod re-
sponse,theeffectonheadingdateundervariablecondi-
tionscombinedwithphotoperiodandvernalizationneeds
tobeelucidated･HvCK2bwaslocatedintheproximalpor-
tionoflHLcoincidentwithseveralheadingdateQTLsin-
cluding QHd.DiMollH.1 (Pan etal.1994),QHdHaMo-
1H.1 (Marquez-Cedillo eta1.2001),and QHD.umnl1H
(Mesfinetal.2003).Panetal.(1994)collecteddataon
headingdatesundervariabledaylengthwithandwithout
vernalization.QHd.DiMollH.1 had a significanteffect
undershorトdayconditionsbutnotunderlong-daycondi-
tions,suggestingthatQHd.DiMollH.1controlsphotoperiod
response･To investlgateWhetherHvCK2b isassociated
withthephotoperiodresponseatQHd.DiMo-1H.1,Dicktoo
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Fig.5.Geneticlinkagemapofthecaselnkinase2betasubunit
gene(HvCK2B)onchromosomelHofbarley(H.vulgare).Using
doubledhaploidlinesofacrossbetweellSteptoeandMorex,
HvCK2Bco-SegregatedwithCDO105BandMWG800andwasloI
catedbetweenABR337andABG4940nthelongarmofbarley
chromosomelH;ltWasdesignatedHvCK2b.Theblackarrowhead
indicatesthecentromereposition.

1HS

ABR337

CDO105B

HvCK2b

MWG800

‖l引HI

andMorexandtheirdoubledhaploidlinesareagalnSuit-
ablegeneticmaterials.

GenomicorganizationorCK2alphaandbetasubunit
genes

Inanimalgenomes,theCK2subunitsareencodedbya
maximumof4genes,e･g･,1geneforthealphasubunitand
1forthebetasubunitinCaenorhabditiselegans,2genesfor
thealphasubunitsand1geneforthebetasubunitinhuman,
and2genesforthealphasubunitsand2genesforthebeta
subunitsinyeast･Inplantgenomes,multiplegenesforCK2
subunitshavebeenreported･TheArabidopsisgenomehas8
genesco°ingforCK2subunits,4alphaand4betasubunit
genes(Salinasetal.2006),andthericegenomehasatleast
6genesco°ingforputativeCK2subunits,4alphasubunit
genesand2betasubunitgenes(RiceAnnotationProjectDa-
tabase;http://rapdb.lab.nig.ac.jp/index.html).In maize,6
genesco°ingforCK2subunitshavebeenidentifiedand
characterizedtodate(Peracchiaetal.1999;Rieraetal.
2001,2003).Asreportedhere,barleyhasthesmallestnum-
berofgenesforCK2subunitsinplantsanalyzedtodate.
Salinasetal.(2006)showedthatmultiplelociinArabidop-
sisarelocatedintheself-duplicatedreglOn,Suggestingthat
eachduplicatedpal一Ofgenescouldbefunctionallyredun-
dant･NoobviousphenotypewasidentifiedinslngleT-DNA
insertionalmutantplantsforallputativelyduplicatedCK2
subunitgenesinArabidopsis(Salinasetal.2006).Barleyis
agoodmodelplantforthefunctionalanalysisandregula-
tionofCK2activltylnplants.Thepresentstudywillfacili-
tateCK2activltyregulationandfunctionalanalystsinbarley.
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