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Abstract Theglycogensynthasekinase3(GSK3)/SHAGGY-likekinasesareserine/threonineproteinkina-
sesinvolvedinavarietyofbiologicalprocesses.Inthisstudy,nineGSK3-likegenes(OsGSK1-9)wereidentified
inrice,andtheyaredistributedonsixchromosomes,andthedistributionpatternisrelatedtothechromosomal
blockduplicationeventsinrice.TheOsGSKproteinscanbeclassifiedintofoursubgroups.Theexpressionpat-
ternsofOsGSKgeneswereinvestigatedinvarioustissuesandorgansofriceandintheseedlingstreatedwith

phytohormonesandabioticstresses.TheresultssuggestthatmostofOsGSKgeneshavehighexpressionlevelin
thewholelifecycle,andtheyareresponsivenotonlytodifferentphytohormones(suchasabscisicacid,auxin,and
brassinosteroid)butalsotodroughtandsaltstresses,implyingthatOsGSKgenesmayhaveimportantrolesinde-
velopmentandstressresponsesinrice.
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  Theglycogensynthasekinase3 (GSK3)/

SHAGGY-likekinasesarehighlyconservedserine/

threonineproteinkinasesthatareinvolvedinava-
rietyofcellularprocessesincludingcellprolifera-
tion,celldifferentiation,cytoskeletondynamics,

andprogrammedcelldeath,andtheyareregulated
byphosphorylationorprotein-proteininteractionin
animalcells[1].GSK3wasoriginallyidentifiedin
mammalsasacytoplasmicserine/threnoninepro-
teinkinasethatregulatesmetabolism ofstorage
carbohydrateglycogen[2].GSK3homologueshave
beenfoundinalleukaryotes.Plantspossessalarge
gene family of GSK3/SHAGGY-like kinases
(GSKs).AnalysisoftheArabidopsisgenomere-
vealedanexistenceof10GSK genes[3].Genetic
andbiochemicalstudieshaverevealedthatdifferent
plantGSKsareinvolvedindiverseprocesses,inclu-

dinghormonesignaling,developmentandstressre-
sponses.AtGSK1cancomplementthesalt-sensi-
tivephenotypeofyeastcalcineurinmutants[4],and
itisinducedbysaltstressandabscisicacidtreat-
ment.OverexpressionofAtGSK1resultedinen-
hancedsaltanddroughttolerance[5].InMedicago
sativa,aGSK3gene(WIG)isinducedbywoun-
ding.AlthoughWIGtranscriptishardlydetectable
in matureleaves,andWIG mRNA accumulates
rapidlyafterwounding[6].AtSK11and AtSK12,

twoSHAGGY-likekinasefromArabidopsis,seem
toregulatefloralmeristempatterningsincereduc-
ingthetranscriptlevelsofthesetwogenesbyanti-
sensesuppressionapproachledtoanincreasein
thenumberofperianthorgansandanalterationof
theapical-basalpatterningofgynoecium[7].Arabi-
dopsisSHAGGY-likekinase(alsotermedASK)
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geneshavediversetissueororgan-specificexpres-
sionpatterns.ASKζisexpressedinthewholeem-
bryoduringitsdevelopmentwhiletheexpression
ofASKηislimitedtothesuspensorcells,butno
signal was detected for ASK11,ASK12 and
AtGSK1indevelopingembryos[8].Cloningofthe
BIN2 (brassinosteroid-insensitive2)locus,also
named as ASKη andidenticalto UCU1 and
DWF12,revealedthatBIN2participatesinbrassi-
nosteroidsignalingandactsasanegativeregulator
tocontrolthebrassinosteroidsignaling[9].

Thephylogeneticdiversificationofglycogen
synthasekinase3/SHAGGY-likekinasegenesin
thewholeplantkingdom havealsobeenrepor-
ted[3].Riceisamodelplantofmonocotspeciesfor
functionalgenomicsandgenefunctionstudies;

however,verylimitedknowledgeoftheGSKgene
familyisavailableinthisspecies.Sofar,onlyone
GSKprotein,OsGSK1,hasbeenreportedinrice
andthisproteinmayfunctionsinabioticstresssig-
nalingandwasproposedasanorthologofBIN2in
rice[10].Inthisstudy,anattemptwasmadetofind
outallGSKgenesexistedinricegenomethrougha
systematicanalysis.Sequencedataminingresulted
intheidentificationsofnineGSK genesinrice
(OsGSK1-9).Wefurtherinvestigatedthegeneex-
pressionpatternsofthesegenesunderdifferent
hormoneandabioticstresstreatments.Meanwhile,

theexpressionprofilesofOsGSKgenesintheen-
tirelifecycleofricewerechecked.Inaddition,in-
formativediscussionwasmadeonthestressre-
sponsesandBR-auxinsignalingcrosstalkbasedon
theexpressionprofilesofthefamilyandthepossi-
bleOsGSK-interactingproteins.

1 Materials and methods

1.1 Identification and sequence analysis of OsGSK
family

  TheaminoacidsequencesofAtGSKinArabi-
dopsisweredownloadedfromTheArabidopsisIn-
formationResource (TAIR:http://www.arabi-
dopsis.org).ForidentificationofGSKhomologsin
rice,theKnowledge-basedOryzaMolecularBiolog-

icalEncyclopedia(KOME,http://www.cdna01.
dna.affrc.go.jp/cDNA),theNationalCentrefor
BiotechnologyInformation (NCBI,http://www.
ncbi.nlm.nih.gov/BLAST),andTheInstitutefor
Genomic Research (TIGR)database (http://

www.tigrblast.tigr.org/euk-blast)resourceswere
used.ThePFAMdatabase(http://www.sanger.
ac.uk/Software/Pfam/)wasusedtocheckifthe
browsedproteinsequencehasahighlyconserved
kinasedomainasaGSKproteinfamilymember.

EachoftheOsGSK geneswaspositionedon
rice chromosome pseudomolecules available at
TIGR(release6)bytheBLASTNsearch.Thedis-
tinctivenameforeachoftheOsGSKidentifiedin
thisstudyisgivenaccordingtoitspositionfrom
thetoptothebottomonthericechromosomes1to
12.ThepresenceofOsGSK genesonduplicated
chromosomalsegmentswasinvestigatedbychec-
kingthesegmentalgenomeduplicationofricea-
vailableatTIGR (http://rice.plantbiology.msu.
edu/segmental_dup/500kb/segdup_500kb.shtml)

withthemaximumlengthof500kbpermittedfor
collineargenepairs.

Thephylogenetictreewasconstructedusing
PHYLIPsoftware.Aseriesofprogramsincluding
SequenceBoot,Protdist,Maximum-likelihoodand
consensuswereusedtoobtainbootstrapvalues.
MEGA3.0softwarewasusedtomakeareadable
formofphylogenetictreebyconducting1000rep-
lications.

Informationaboutthenumberofaminoacids,

molecular weight,theoretical isoelectric point
(pI),andaminoacidcompositionwereobtainedby
EXPASYPROTOPARAMtool(http://www.ex-
pasy.org/tools/protparam.html).Theinteracting
proteinsofOsGSKgeneswereobtainedfromRice
Kinase Database (RKD:http://rkd.ucdavis.
edu/).
1.2 Microarray data resource for expression pro-
filing analysis

  ExpressionprofilesofOsGSKgenefamilyin
anelitehybridriceparentMinghui63,wasextrac-
tedfromCREPdatabase(http://crep.ncpgr.cn).
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Hierarchicalclusteranalysisoftheexpressionpat-
ternsofOsGSKfamilywasbasedonlog10-trans-
formedsignalvaluesofthegenesin30representa-
tiveorgans/tissues.
1.3 Plant growth and phytohormone and stress
treatments

  ThegerminatedseedsofindicariceMinghui
63wereplacedonwetfilterpapersinPetridishes
andincubatedinanincubatorof28℃and14h/

10h(L/D)photoperiodfor3weeks,andthensub-
jectedtotreatments.Phytohormone,droughtand
salttreatmentswereconductedasdescribedinpre-
viousstudy[11].
1.4 Quantification of gene expression

RT-PCRwascarriedoutbyusingtheRNA
extractedwithTrizolreagent(Invitrogen,Carls-
bad,CA,USA).)accordingtothemanufacturer’s
instructions.Allgene-specificprimers werede-
signedbasedonthecDNAsequencesusingthe

primer3softwareforRT-PCR.Thespecificprimer
forthericeActingene(X15865)wasservedasan
internalcontrol.Reactionswereperformed with
rTaqpolymerase(TakaraBiotechnology,Dalian,

China)onGeneAMPPCRsystem9700(Applied
Biosystem,USA),withthefollowingprofile:4min
at94℃forpre-denaturation,followedby29cycles
of45sat94℃,40sat57℃,and40sat72℃,

andafinal5minextensionat72℃.EachPCRwas
repeatedforthreetimes.Thequantitativereal-time
PCR analysis was performed as described be-
fore[11].

Eachpairofreal-timeprimersdesignedbyu-
singPrimerExpressSoftware(FosterCity,CA,

USA)wascheckedbytheBLASTprograminrice
genomicsequenceavailableinTIGRdatabaseto
ensurethattheprimersamplifyauniqueandde-
siredcDNAsegment.Theprimersforreal-time
PCRarelistedinTable1.

Table1 RT-PCRprimersusedinthisstudy

Gene Forwardprimer(5′–3′) Reverseprimer(5′–3′)

OsGSK1 GATTTTCCACAAGAGAATGC CTCTGGTACTGAGTCCTTGC

OsGSK2 TGAGTATGTGCCTGAAACTG ATTTCCTCCCTTGTAGGTGT

OsGSK3 GAACTACGAGATCCAAATGC CTGATAGAGGCTCTGGAATG

OsGSK4 ACCGAGTACACGACATCAAT ATGCTCTGGTATCAACCTGT

OsGSK5 CGAGCACTTGCTTACATACA CTTACAAGGTCCACTGCTTC

OsGSK6 AGTATGTGCCAGAGACTGCT GCACTTAATCTCCTCTCGTG

OsGSK7 AGCTACCCACAACTTCTTCA GTTATTCATCAGAGGCATGG

OsGSK8 GAGTTACGAGAACCACATGC GGAACATACAGCAAAGGAAG

OsGSK9 CTGGAGAAAGTGGTGTTGAT ACACCTATCCGCTGTTCTAA

Osactin CTCAACCCCAAGGCTAACAG ACCTCAGGGCATCGGAAC

2 Results and analysis

2.1 Identification of rice GSK genes

Yooetal[3]collectedGSKhomologuesfrom
representativeplantsandconstructedacomprehen-
sivephylogenetictree,whichprovidedageneral
viewofthestructureofthesegenesinplantking-
dom.ToobtainmoredetailinformationoftheGSK
familyspecificallyforrice,were-searchedthepre-
dictedproteinsofricegenomeintheTIGRdata-
basebyusingtheconservedkinaseddomainof
GSKproteinsasaquery,andnineputativeGSK
homologueswereidentified.Alltheproteinand

cDNAsequencesforwerethendownloadedfrom
TIGRandKOMEdatabases.ThePfamdatabase
wasusedtoconfirmtheconserveddomainforthe
GSKfamilyinrice.Resultssuggestthattherice
genomecontainsnineGSKhomologuesandallof
themhavethecompletekinasedomain.Thechro-
mosomallocationsoftheOsGSKgeneswereiden-
tifiedbasedonBLASTNsearchagainsttherice
chromosomepseudomoleculesavailableatTIGR.
TouniformthenomencaltureofGSKhomologues
inrice,wenamednineOsGSKgenesfromOsGSK1
toOsGSK9accordingtotheorderoftheirlocations
inthericechromosomes.ThenineOsGSK genes
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aredistributedonsixofthe12ricechromosomes:

threeonchromosome1;oneeachonchromosome
2,3,6,and10;andtwoonchromosome5(Fig.1).
BycheckingtheTIGRricesegmentalduplication
withthemaximumlengthof500kbforcollinear
genepairs,wenoticedthatOsGSK4,OsGSK7and
OsGSK8 maybeduplicatedfrom OsGSK1;and
OsGSK3andOsGSK6arelocatedinthecorre-
spondingduplicatedregionsinchromosome1and
5,respectively(Fig.1).However,notandemdupli-
cationwasfoundintheOsGSKfamily.Thesere-
sultssuggestthatgenomicduplicationmaycontribute
totheamplificationofOsGSKfamilyinrice.

 Whiteovalsonthechromosomesindicatethepositionsofcentro-
meres.Thechromosomenumbersareindicatedatthetopofeachbar.

Fig.1 Genomicdistributionandduplicationpatterns
ofOsGSKgenesonricechromosomes

  EXPASYanalysisindicatedthattheOsGSK
proteinsequenceshavesimilarisoelectricpoint
(pI)values(rangingfrom7.60inOsGSK9to8.89
inOsGSK2).ThesizesofOsGSKsvaryfrom402
(OsGSK4)to470(OsGSK9)aminoacidsandthe
molecularweightsofthesededucedOsGSKpro-
teinsrangefrom45.2ku(OsGSK1)to52.6ku
(OsGSK9)(Table2).ThestructuresofGSK
genesin Arabidopsisandricearehighlycon-
served,andmostofthemhave12exonsinterrupt-
edby11introns.

TheOsGSKproteinsappeartobehighlycon-
servedinthekinasedomain.Incontrast,theNand
C-terminalregionsarehighlyvariable.Itisinter-
estingtonotethatOsGSK9hasashortextraN-
terminalsequence(Fig.2),whichmayimplythat
thefunctionofOsGSK9maybedifferentfromoth-
erOsGSKs.

SincethefunctionallycharacterizedGSKpro-
teinsaremainlyfromArabidopsis,were-examined
thephylogeneticrelationshipofriceandArabidop-
sisGSKproteins.Anunrootedtreewasconstruc-
tedbasedonthealignmentoffull-lengthGSKpro-
teinsequencesandtheresultshowedthatArabi-
dopsisandriceGSKscanbeclassifiedintofour
subgroups(Fig.3),whichisconsistentwiththe
phylogeneticresultbasedonexonandintronstruc-
turesreportedpreviously[3].

Table2 GenericinformationofGSKfamilyinrice

Name
cDNA

accessionNo1)
LocusID2) ORFlength/bp

Protein
length(AA)

MW/ku
Isoelectric
point

OsGSK1 AK099863 LOC_Os01g10840 1215 405 45.2 8.12

OsGSK2 AK099742 LOC_Os01g14860 1227 409 46.1 8.89

OsGSK3 AK120194 LOC_Os01g19150 1314 438 49.5 8.79

OsGSK4 AK073725 LOC_Os02g14130 1206 402 44.8 8.40

OsGSK5 AK070062 LOC_Os03g62500 1275 425 48.2 8.58

OsGSK6 AK058276 LOC_Os05g04340 1236 412 46.8 8.46

OsGSK7 AK102147 LOC_Os05g11730 1209 403 45.5 7.95

OsGSK8 AK100950 LOC_Os06g35530 1212 404 45.3 8.07

OsGSK9 AK072390 LOC_Os10g37740 1410 470 52.6 7.60

 1)Accessionnumbersoffull-lengthcDNAsequenceavailableatKOME(http://cdna01.dna.affrc.go.jp/cDNA/);

 2)LocusIDofeachOsGSKgeneonricechromosomepseudomoleculesavailableatTIGR(release6).
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 Therespectiveaminoacidpositionisgivenonthetopofeachsequenceandtheproteinnameswereindicatedattheleftsideofthefig-
ure.Theregionwithdarkbackgroundcorrespondstokinasedomain.

Fig.2 SequencealignmentofriceGSKproteinsbyClustalXprogram

AnunrootedtreewasgeneratedusingMEGA3.0programbymaximum-likelihoodmethod.

Fig.3 PhylogenetictreesofArabidopsisandriceGSKproteins
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2.2 Expression profiles of OsGSK genes in the
whole life cycle of rice

  ExpressionprofilesofOsGSKgeneswerepre-
checkedbyextractingthe microarrayexpression
datafrom CREPdatabase (http://crep.ncpgr.
cn).Atotalof30representativetissueswerese-
lectedforexpressionlevelcomparisonofthegenes
inOsGSKfamily.MostoftheOsGSK geneshad
highlevelsinalltheorgans/tissues,suggesting
thattheseOsGSKgenesmaybeinvolvedinawide
spectrumofstagesduringthegrowthanddevelop-
mentofrice.Fromthemicroarraydata,twogenes
(OsGSK2andOsGSK5)hadrelativelyhighex-
pressioninpanicle;threegenes(OsGSK3,OsG-

SK6andOsGSK9)werepredominantlyexpressed
instamen;fourgenes(OsGSK1,OsGSK4,OsG-
SK7andOsGSK8)wereconstitutivelyexpressed
(Fig.4-A).

RT-PCR wasperformedtoconfirmtheex-
pressionprofilesinsomeselectedtissues(callus,

seedling,leaf,flagleaf,sheath,stem,root,stamen,

andpaniclefromdifferentstages).TheRT-PCR
resultsaregenerallyinagreementwiththe mi-
croarraydata(Fig.4-B).Thedifferentialexpres-
sionprofilesofOsGSKgenessuggestthatdifferent
membersofthefamilymayhavebothoverlapping
anddistinctfunctionsatdifferentdevelopmental
stages.

 A:HierarchicalanalysisofexpressionprofilesofOsGSKfamilyin30organs/tissues.Thesignalvalueislog10-transformedandsubjec-
tedtoacompletelinkagehierarchicalclusteringanalysiswithtreeviewprogram.The30organs/tissuesarethesameasusedinourprevi-
ousreport[11].B:ExpressionlevelsoftheOsGSKgenesdetectedbyRT-PCRanalysis.1:Callus;2:Seedling;3:Leafattilleringstage;

4:Flagleaf;5:Sheath;6:Stem;7:Rootattilleringstage;8:Stamen;9-12:Panicleatdifferentstages(fromyoungtoold).

Fig.4 ExpressionprofilesofOsGSKfamilyintissuesandorgans

2.3 Response of rice GSK genes to different
phytohormone treatments

  BIN2,oneoftheGSK membersinArabidop-
sis,negativelyregulatesbrassinosteroidsignaling
pathwayandcanphosphorylateARF2toregulate
auxinsignalingpathway[12].TocheckiftheOsGSK
genesarealsoinvolvedinresponsetodifferent
phytohormonesinrice,real-timePCRwascarried
outtoquantifytheexpressionlevelsofOsGSK
genesundertreatmentsofdifferentphytohormones
(Fig.5).UndertheBR (24-epiBLused)treat-
ment,fivegenes (OsGSK1,OsGSK3,OsGSK5,

OsGSK7and OsGSK8)werestronglyinduced
(>4-fold),twogenes (OsGSK2andOsGSK4)

wereslightly (about3-fold)induced,whiletwo
genes(OsGSK6andOsGSK9)hadnoresponseto
thetreatment.UndertheIAA treatment,four
genes(OsGSK1,OsGSK3,OsGSK5andOsGSK7)

weresignificantlyinduced,fourgenes(OsGSK2,

OsGSK4,OsGSK6andOsGSK8)wereslightlyin-
duced,buttheOsGSK9showednoresponse.The
inductionkineticsofmostgenesbyIAAwassimi-
lartothatby24-epiBL.IntheKTtreatment,six
genes (OsGSK1,OsGSK2,OsGSK3,OsGSK4,
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OsGSK5and OsGSK7)wereslightlyinduced,

whiletheotherthreegenes(OsGSK6,OsGSK8and
OsGSK9)werenotinduced.

IntheGAtreatment,nogeneshowedsignifi-
cantinduction.Six genes (OsGSK1,OsGSK3,

OsGSK4,OsGSK5,OsGSK6andOsGSK7)were
significantlyinduced(>3-fold)byABA,OsGSK2
wasslightlyinduced,whiletheothertwogenes
(OsGSK8andOsGSK9)showednoresponseto
ABA.

 X-axesaretreatment/timecourse.Fourcolumnsineachgroup,fromlefttoright,standfortimecourse0,3,6,12h.Y-axesarescales

ofrelativeexpressionlevels(Thebarsindicatestandarderrors).

Fig.5 Real-timePCRanalysisoftheOsGSKgenesunderphytohormoneandstresstreatments

  Takentogether,exceptOsGSK9thatshowed
noresponsetoanyofthephytohormonetreat-
ments,alltheotherOsGSKgeneswereresponsive
tooneormorephytohormones,andABA,indica-
tingthatOsGSK genesmaybeinvolvedinthe
cross-talksofsignalingpathwaysinvolvingthese
hormones.
2.4 Response of OsGSK genes to abiotic stres-
ses

  OsGSK1hasbeenreportedwithapositiverole
inabioticstresstolerance[10].Toinvestigatewheth-
erotherOsGSKgenesarealsoinvolvedinabiotic
stresses,real-timePCRwerecarriedouttocheck
theexpressionlevelchangesofthisfamilyunder
saltand droughttreatments(Fig.5).Result
showedthatalltheOsGSKgeneswereresponsive
todroughttreatmentandtheexpressionlevels

peakedat3-6handthendecreasedtothebasalex-
pressionlevelat12 haftertreatment.Among
them,three genes (OsGSK3,OsGSK6,and
OsGSK8)showedsignificantinduction(>6-fold)

bydroughttreatment.Inthesalttreatment,allthe
OsGSKgenesweregraduallyinducedthroughthe
timecourse.Amongthem,threegenes(OsGSK3,

OsGSK6,andOsGSK8)werestronglyup-regulated
(>6-fold)andtheotherOsGSKgeneswereslight-
ly(about3-fold)induced.

3 Discussion

Todate,onlyafewplantGSKproteinshave
beenfunctionallycharacterizedfortheirrolesinBR
signaling,developmentandstresstolerance.Itis
knownthatBRsarerelatedtoavarietyofabiotic
stressesincluding high andlow temperatures,

7
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drought,andsalinityandexogenousBRcanin-
creasestresstolerance[13].BIN2actsasanegative
regulatorinBRsignalingpathwayandbelongsto
GSKfamily.T-DNAinsertionmutantofOsGSK1
showedsignificantlyincreasedtolerancetocold,

heat,salt,anddroughtstressesandoverexpression
ofOsGSK1exhibitedstuntedgrowthphenotype,

implyingthatOsGSK1mayfunctionasBIN2or-
thologueanditisinvolvedinthemodulationof
abioticstresstoleranceinrice[10].AnovelMedica-
gosativa GSK-3-likekinaseMsk4hasbeenpro-
posedasanimportantregulatorforstresstolerance
andcarbohydratemetabolism[14].Inthisstudy,the
real-timePCRresultsshowedthatalltheOsGSK
genesareresponsivetodroughtandsalttreat-
ments.Bycheckingthemicroarraydataofriceun-
derotherstresstreatments,wenoticedthatmost
oftheOsGSK genesarealsoresponsivetocold,

heatandoxidativestresses (datanotshown).
TheseresultsimplythatGSKfamilymayplaydi-
verserolesinmodulatingmultipleabioticstressre-
sponsesinrice.

Recently,intensiveattentionhasbeenreceived
tothecross-talksbetweendifferentphytohormone-
mediatedsignaling pathways,especiallyforthe
fieldstudyingthedirectmolecularlinksbetween
differenthormonesignaling pathways.Mouchel
etal[15]reportedthatBRXactsatthenexusofa
feedbackloopthatmaintainsathresholdBRlevel
topermitoptimalauxinaction.Vertetal[12]found
oneofthemolecularlinksbetweenBRandauxin
wastheinteractionbetweenBIN2andARF2and
providedstrongevidencetosupportthatBIN2reg-
ulatesbothDNAbindingandtranscriptionalactivi-
tyofARF2.OurpreviousstudyshowedthatOs-
IAA1isinvolvedinbothauxinandbrassinosteroid
hormoneresponses[16].Recently,Zhangetal[17]

providedstrongevidencetodemonstratethatABA
inhibitsthe primary signaling outputs of BR
throughABI2andABI1,andBRandABAsigna-
lingcross-talkmayoccuratthedownstreamofBR
receptorcomplex.Inthisstudy,mostOsGSKgenes
areresponsivetoBR,auxinandABA,whichfur-

thersupportsthediverserolesofGSKfamilyin
thecrosstalksofmultiplehormonesignalingpath-
ways.
Inthe RKD database (http://rkd.ucdavis.

edu/),potentialinteracting proteinsfor OsGSK2,

OsGSK3,OsGSK4andOsGSK5werepresentedbased
onyeasttwo-hybridscreeningresults.Itisveryinter-
estingtonoticethatOsGSK3andOsGSK5havethe
sametwo putativeinteracting proteins (LOC _

Os02g46620andLOC_Os06g43990),whileOsGSK4
interactswithOsARF2.OsGSK4showshighiden-
tityofaminoacidsequencewithBIN2inArabi-
dopsis,suggestingOsGSK4mayhavesimilarfunc-
tionasBIN2inrice.Meanwhile,OsARF2shows
highsimilaritywithArabidopsisARF2.OsARF2-
overexpressedriceshowedsimilarphenotypesasof
ARF2-overexpressioninArabidopsis (Songand
Xiong,unpublisheddata),suggestingthatOsARF2
mayhavethesamefunctionasARF2.Vertetal[12]

showedthatBRscansynergisticallyincreaseseed-
lingsensitivitytoauxinandprovedthatthecom-
binedtreatmentwithbothhormonescanincrease
themagnitudeanddurationofgeneexpression.
However,howthesetwohormonesregulatethe
plantgrowthandresponsestoenvironmentalstim-
ulithroughtheprecisefunctionsofkeyregulators
suchasAux/IAAs,ARFs,andGSKsbyprotein-
proteininteractioninmolecularlevelisstillamys-
tery.Therefore,theinteractionofOsGSK4with
OsARF2,onceconfirmed,couldbeagoodstart
pointtoinvestigatethecross-talkofBRandauxin
signalingpathwaysinrice.

Insummary,GSKfamilyappearstohavedi-
verserolesinplants.Inthisstudy,weprovidebasic
butvaluableinformationforfuturestudiesonelu-
cidatingthepreciserolesofOsGSKgenesinsigna-
ling,development,andstressresponses.Further
studiesshouldbefocusedonhowthesefamily
membersareinvolvedindevelopmentatdifferent
stagesorspecificstressresponsewithspecialat-
tentiontosignalingcross-talksofrelated hor-
mones.
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水稻 GSK 基因家族的鉴定及其对
多种激素和逆境应答的表达量分析

宋亚玲 熊立仲

作物遗传改良国家重点实验室/国家植物基因研究中心(武汉),武汉430070

摘要 通过序列比对分析鉴定出9个GSK 同源基因 (命名为OsGSK1-9),它们分布在水稻的6条染色体

上。聚类分析表明预测的OsGSK蛋白和其他植物中的GSK蛋白可被分为4个亚组。通过实时定量PCR进一

步分析了OsGSK 基因家族的基因在水稻各种组织和器官以及在多种逆境胁迫和植物激素处理条件下的表达

量。结果表明:大多数OsGSK 基因在水稻全生育期都有较高的表达量并且受多种激素 (如脱落酸、生长素、油
菜素内酯)和逆境(如干旱和盐胁迫)胁迫诱导表达,表明OsGSK 基因家族在水稻发育和逆境适应过程中可能

起重要作用。
关键词 GSK;植物激素;非生物逆境;表达谱;蛋白激酶
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