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Geneticapproachinmutantscreeningisanimportanttoolforstudyinggene
function inplant.Weselectedphenotypically distinctplantsin theactivation
taggedlinesandchoseamutant, (InflorescenceGrowthInhibitor1)for
furtheranalysis.SegregationratiooftheF2generation,TAIL-PCRwalkingand
genotyping PCR showed thata single T-DNA was inserted atthe 200bp
upstream ofthe coding region.RealtimePCR indicatedthatthe
expressionlevelof genewasincreasedapproximatelyby1,000to3,000
foldin homozygousmutant.Thehomozygousmutantdisplayedabnormal
phenotypes during reproductive stgage and was sterile.The heterozygous
mutant plants produced primary inflorescence with short internode, and
secondaryinflorescencesbegintoemergestraightandaxillarybranchingwas
dramatically increased.WeattemptedRNA interference(RNAi)torevertthe
phenotypebyreducingthemRNA levels. expressionlevelwasdecreased
inRNAilinesof heterozygousmutants,andthephenotypesoftheRNAi
linesweresimilartothoseofwildtypeplants.Theresultshowed mutants
phenotypes were caused by overexpresssion ofthe gene.Auxin and
cytokininareinvolvedinshootbranchingandapicaldominance.Inthecytokinin
andauxinresponse, mutantsshowedoppositephenotypesintheaxillary
meristem development.Thetranscriptlevelofauxin biosynthesiscomponent,
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wasincreasedinthe mutants.Inthecelldivisionandcallus
greeningtestforcytokininresponse, mutantsshowedsimilarpatternwith
wildtype.HistochemicalanalysisbyGUSstainingshowedtissue-specificgene
expressionintheanther.Theexpressionlevelsofthe geneinapicalpart
andflowerwerehigherthaninotherparts.TheIGI1possessesprolinerich
domain in N-terminalregion and kinasedomain in C-terminalregion.The
proline rich domain in N-terminalregion interacted with SUB1,which is
negativeregulatorofthephotomorphogenesisandregulatespositiveregulator
HY5inthephotomophogenesis.TakentogetherwiththefactthatHY5binds
thepromoterregionof gene,myresultssuggestthattheremightbea
noblepathwayfortheaxillarymeristem developmentthatinvolvesIGI1andis
modulatedbylightregulatedpathway.
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ⅠⅠⅠ...IIInnntttrrroooddduuuccctttiiiooonnn

AAA...PPPlllaaannntttaaarrrccchhhiiittteeeccctttuuurrreee

Plant architecture is influenced by genetic control and environmental
conditions such as light,temperature,humidity,nutrientconditions and etc.
During vegetativephaseshootapicalmeristem producesleafprimordia,and
inflorescence meristem is initiated from shoot apicalmeristems and then
inflorescence meristem develop into flowers orbranches during reproductive
phase(Smithetal.,2004;McSteenetal.,2007).
Flowering plantshavedeterminateandindeterminatetypeforinflorescence

architecture.Theinflorescencesareindeterminateshoot,and theflowersare
determinateshoots.Determinateinflorescensesarisewhentheterminalmeristem
isconvertedtoaterminalflower.Theflowersinanindeterminatemeristem are
of lateral origin (Singer et al.,1990).Wild type have an
indeterminate growth patten.The plantgenerally produces 5 to 15 normal
flowersinprimaryinflorescenceandthenterminateswithaflower.Schultzand
Haughn (1993)divided the developmentofthe shootinto four
stagesbasedonnodemorphologyatmaturity:juvenilerosette,maturerosette,
earlyinflorescence,andlateinflorescencestage.Intheearlyinflorescencestage,
the apical meristem initiates severallateral branches.After the primary
inflorescencecameoutfrom apicalmeristem,lateralinflorescence(rosetteand
caulineleaveinflorescence)isinitiatedintherosetteandcaulineleaveaxils.In
thelateinflorescencephase,nodeslackleavesandlateralmeristemsdevelop
into flowers (a numberoflateraland terminalflowers)instead oflateral
inflorescence (Fig.1).The disorder of a gene involved in inflorescence
architecturecausesthechangeofinflorescencestructuresbetweenindeterminate
anddeterminate.ArabidopsisTFL1(terminalflower)playsanimportantrolein



maintainingproperfunctionoftheapicalmeristem oftheinflorescence(Schultz
andHaughn,1993). mutantdevelopsaterminalflowerattheapexofthe
inflorescence(Ohshimaetal.1997). initiatesfloweringearlyandterminates
theinflorescencewithfloralstructuresandthephenotypesweresimilartothat
ofthe mutant. doublemutantterminatestheinfloresccencewithout
developmentoflateralflowers. gene productregulates the meristem
responsetolightsignalsaffectingthedevelopmentoftheplant.TFL2function
influencesdevelopmentalprocessescontrolledbyAPETALA1(AP1),whichis
flowermeristem identitygeneandpromotesthetransitionfrom inflorescenceto
floralmeristem (Weigeletal.,1992;Larssonetal.,1998).



FFFiiiggguuurrreee111...GGGeeennneeerrraaallldddeeevvveeelllooopppmmmeeennntttooofff CCCooollluuummmbbbiiiaaa...



BBB...PPPhhhoootttooorrreeeccceeeppptttooorrrfffooorrrllliiiggghhhtttpppeeerrrccceeeppptttiiiooonnn

Thelightisoneofthecrucialenvironmentalsourcenotonly forenergy
during photosynthesisalso forplantdevelopmentand growth such asseed
germination,de-etiolation,phototropism,andflowering.Planthaveatleastthree
majorphotosensoryreceptors:red/far-red(600-750nm)absorbingphytochrome
(PHY), blue/UV-A (320-500 nm) absorbing chyptochromes (CRY) and
phothotropins(PHOT),and UV-B(282-320nm)absorbingunknownfactors.In

,therearefivephytochromemembers,atleastthreecryptochrome
members,andtwophototropinmembers(Neffetal,2000;NagyandSchafer,
2002;LinandShalitin,2003;HuqandQuail,2005).

111...PPPhhhyyytttoooccchhhrrrooommmeeesss

The phytochromes are dimeric chromoproteins consisting of polypeptide
subunitsthatcarryatetrapyrrolechromophoreintheamino-terminaldomain.
Thecarboxy-terminaldomainfunctionsindimerisationandcontainsaregion
withsequencesimilaritytoprokaryotictwo-componenthistidinekinases.The
photosensory activity ofthephytochromemoleculeresidesin itscapacity to
undergoreversible,light-inducedinterconversionbetweentwoconformers:the
biologically inactive, R-absorbing Pr form and the biologically active
R-absorbingPfrform.ThephytochromesarecytosolicallylocalisedintheirPr
form,butaretriggeredtotranslocateintothenucleusuponphotoconversionto
theirPfrform (Quail,2002).



222...CCCrrryyyppptttoooccchhhrrrooommmeeesss

CRY werecharacterizedin with mutantthatwasisolated
from T-DNA taggedlines.WhengrownunderblueorUV-A light, mutant
showedalongerhypocotylthanwildtype(AhmadandCashmore,1993).CRY1
showed sequence similarity to photolyases and the gene encodes a protein
familythatmediaterepairofUV-damagedDNA (Sancar,2003).CRY1protein
affects anthocyanin production,chalcone synthasegene expression,flowering
timeandhypocotylelongation.CRY2alsoaffectedhypocotylelongation.(Ahmad
etal.,1995).Analysesof doublemutantandover-expressionphenotype
ofCRY1 and CRY2 showed thatthese two CRY play redundantroles in
photomorphogenicresponsetobluelightresponse(Ahmadetal.,1998;Linetal,
1998).Inseedlingstage,GUS fusionproteinGUS-CRY1waslocalizedinthe
nucleusunderdark condition.When theseedlingsweregrown underwhite
light,theGUS-CRY1wasdepletedfrom thenucleusandprimarilyfoundedin
thecytoplasm (Yangetal.,2000).Incontrast,CRY2(secondmemberofthe
Arabidopsiscryptochromefamily)waslocalizedinthenucleusinbothlight-
anddark-grownseedlings(Guoetal.,1999).

333...PPPhhhoootttoootttrrrooopppiiinnnsss

The PHOT was mostrecently characterized blue/UV-A lightabsorbing
photoreceptors in plant.The PHOT proteins have two distinctdomains,a
C-terminalserine/threoninekinasedomain and and N-terminalregion which
encodetwoLOV (Light,Oxygen,Voltage)sub-domain.TheLOV domainof
POHT,whichbindthechromophoreflavinmononucleotide(FMN),isinvolved
in aresponseforbluelightabsorption (Kagawa,2003).PHOTshavebeen



knowntoregulatephototropism andchloroplastrelocationmovementinreponse
tobluelight(Sakaietal.,2001).Analysesofcombinatorialmultiplemutantsof
bluelightreceptors( , , , mutant)andmicroarrayanalysis
suggestedthatCRYsplaymajorroleswhereasPHOTsplayminorrolesinthe
transcriptionalregulationofblue-light-responsivegenes(Ohgishietal.,2004).

CCC...AAApppiiicccaaallldddooommmiiinnnaaannnccceeeaaannndddbbbrrraaannnccchhhiiinnnggg

111...AAApppiiicccaaalllDDDooommmiiinnnaaannnccceee

Theshootapexaffectvariousdevelopmentalprocessesincludingaxillarybud
growth,theorientation oflaterals,thegrowth ofrhizomesand stolons,leaf
abscission,and others(ImreA.Tamas).In ,apicalbud
generally initiate atshootapex in shootapicalmeristem.The apicalbud
controls (inhibits) lateral bud outgrowth.The phenomenon is the apical
dominance.MG Cline divided apicaldominance and its release into four
developmentalstages:(I)lateralbudformation,(II)impositionofinhibitionon
lateralbudgrowth,(III)releaseofapicaldominancefollowingdecapitation,and
(IV)branchshootdevelopment.TheinitialbudoutgrowthoccursinStageIII
duringthefirstfew hoursofrelease,whichisinhibitedbyauxin.Thelateral
budoutgrowthcontinuesinStageIV duringdaysorweeksafterdecapitation,
whichmaybepromotedbyauxinandgibberellin(Fig.2)(Cline,1997).



Figure2.Developmentalstagesofapicaldominancebeforeandafterreleaseby
decapitationoftheshootapex(Cline,1997).



222... gggeeennneeesssiiinnnvvvooolllvvveeedddiiinnnbbbrrraaannnccchhhiiinnnggg

The function of Petunia DAD (decreased apical dominance) regulating
branching in plant architecture have been identified by plant grafting,
morphology studies, double-mutant characterization, and gene expression
analysis.The mutation in gene caused an increase in basalaxillary
branchesandadecreaseinplantheight(Napoli,1996;NapoliandRueeau,1996,
Napolietal,1999).Recentstudiesshowedthat isan ortholog ofthe

(MoreAxillaryGrowth4)in and (Ramosus1)gene
in pea(Sorefan etal.,2003;Snowden etal.,2005). MAX4has
homology to carotenoid cleavagedioxygenasesrequired to producea mobile
branch-inhibiting signal,acting downstream ofauxin (Sorefan etal.,2003).

encodesaplastidicdioxygenasethatcancleavemultiplecarotenoids,and
isrequiredforthesynthesisofanovelcarotenoid-derivedlong-rangesignal
thatregulates shootbranching (Bookeretal.,2004).MAX2 is an F-box,
leucine-richrepeat-containing memberoftheSCF familyofubiquitinligases
(Stirnbergetal.,2002).MAX1controlsvegetativeaxillarybudoutgrowthby
the regulation ofthe flavonoid pathway,acts downstream ofMAX3/4 to
produceacarotenoid-derivedbranch-inhibitinghormone,andencodesamember
of the CYP450 family,CYP711A1.Analysis of the mutants
demonstratesthatbranching isregulated by atleastonecarotenoid-derived
hormoneandfour genesactinginasinglepathway,withMAX1,MAX3,
and MAX4 acting in hormone synthesis,and MAX2 acting in perception
(Bookeretal.,2005).

Anotherbranching signalcomponentBRC1(branched1)involvedin MAX
pathway encodes TCP transcription factorin closely related to

( ) of maize. expression was localized in
developing buds and down-regulated in branch outgrowth. RNAi (RNA



interference)anddoublemutantexperimentindicatedthat geneprevents
rosette branch outgrowth and controlbranching in downstream of MAX
pathway. Also, it is required of auxin induced apical dominance
(Aguilar-Martínezetal.,2007).
The (supershoot)mutanthasmassive-overproliferation ofshoots.
geneencodesacytochromeP450and mutantshowedincreasedlevelsin
Z-type cytokinins.The result indicates that SPS might modulate shoot
branchingbyregulatingcytokininlevelsatsitesofbudinitiation(Tantikanjana
etal.,2001).

333...HHHooorrrmmmooonnneeeeeeffffffeeeccctttsssooonnnbbbrrraaannnccchhhiiinnnggg

It has been well-established that auxin among the plant hormones is
involvedinshootbranchingandapicaldominance(Fig.3).Theoutgrowthof
lateralbuds was suppressed in decapitated plants with an auxin treatment
(Thimannetal.,1933).Ithasbeenknownthatotherfactorssuchascytokinins
alsoregulateshootbranchingandapicaldominanceassecondmessengers(Liet
al.,1995,Tantikanjana etal.,2001).Cytokinin application to axillary buds
inducedbudoutgrowthof (KingandVanStaden,1988).When
endogenous cytokinin levels was increased by overexpression ofcytokinin
biosynthesisgenes,isopentenyltransferase,axillarybudisreleasedintobacco
(Medfordetal.,1989).

Dun etal.(2006)explained the branching controlinto three hypothesis,
classicalhypothesis,auxintransporthypothesisandbudtransitionhypothesis,
involvedarolefortheplanthormoneauxin(Fig.4).Theclassicalhypothesis
suggests auxin functions to regulate shoot branching with secondary
messengerssuchascytokinin(SachsandThimann,1967;Bangerth,1994;Liet
al.,1995).Theauxin transporthypothesissuggeststhattheshootbranching



controlisaffectedbyauxinmovementintheauxintransportstream opposedto
theactualauxinlevel.Theauxinintheshoottipofthemaininflorescence
generally is loaded into the polarauxin transportstream and moved in a
basipetalofplant.Theaxillarybudoutgrowthisinhibitedentirelybytheauxin
transportedinthemaininflorescence(Morris,1977;LiandBangerth,1999).The
budtransitionhypothesissuggeststhatthebudentersdifferentdevelopmental
stagesthathavevaryingdegreesofsensitivityorresponsestolong-distance
signalsincludingauxin(Stafstrom andSussex,1992;Shimizu-SatoandMorris,
2001;Morrisetal.,2005).
Theshootbranchingwasincreasedandplantheightwasdecreasedin

mutants.Themutantseedlingsareresistantto2,4-DichlorophenoxyaceticAcid
(2,4-D)andIndolyl-3-aceticacid(IAA)thanwildtype(Lincolnetal.,1990).
Theoutgorwthoflateralinflorescencesfrom excisedcaulinenodesofwildtype
plantsisinhibited by apicalauxin,but nodesareresistantto the
inhibition.Themeansthattheauxinmayinhibitbudoutgrowth(Stirnberget
al.,1999).

An activation-tagging vector, pSKI015 contains four multimerized
transcriptionalenhancersderivedfrom thecauliflowermosaicvirus(Fig5).The
fourmultimerized transcriptionalenhancerscan inducetheoverexpression of
genesneartotherandomlyinsertedT-DNA,causingnew phenotypes.(Weigel
etal.,2000).A phenotypicallydistinctplant, (InflorescenceGrowthInhibitor
1),wasselectedintheactivationtaggedlines.Themutantwasheterozygous
line,andthehomozygousmutantlinesweresterile,withnoinflorescenceand
no seeds.The mutantalso displayed abnormalflowerdevelopment.In
heterozygous mutant the internode elongation was reduced in the primary
inflorescence.Additionally,secondary inflorescencesbegin to emergestraight
from theaxilsofbothrosetteandcaulineleaves,and,asaresult,themutant
interestingly showed increased axillary branching pattern.These phenotypes
wereinducedbyoverexpressionofageneencodingproline-richextensin-like



receptorkinase(PERK)namedIGI1. geneexpressionlevelswasdecreased
and genewasoverexpressedin themutants.SUB1(shortunder
bluelight)andLSH1(Light-dependentShortHypocotyls1)wasidentifiedby
yeast-two-hybridscreening,and mutantsshowedsimilarpatternwithwild
typeinhypocotylgrowthunderdarkcondition,suggestingthatIGI1modulate
axillary branching through notonly theplanthormoneauxin butalsolight
signal.



Auxin

Cytokinin

Auxin

Cytokinin

XXXX

FFFiiiggguuurrreee333...TTThhheeesssccchhheeemmmeeeooofffaaauuuxxxiiinnnaaannndddcccyyytttoookkkiiinnniiinnnfffuuunnnccctttiiiooonnniiinnnttthhheeecccooonnntttrrrooolllooofff
bbbuuuddd ooouuutttgggrrrooowwwttthhh...The axillary buds were suppressed by auxin signaland
cytokinininducesbudoutgrowth.



FFFiiiggguuurrreee 444...MMMooodddeeelllfffooorrrrrreeeggguuulllaaatttiiiooonnn ooofffssstttaaagggeeesss ooofffbbbuuuddd ooouuutttgggrrrooowwwttthhh...The classical
hypothesis is illustrated in a,b,c,and d;the auxin transporthypothesis is
illustratedineandf;analternativeinterpretationoftheauxintransporthypothesis
isillustrateding;hypothesizedfeedbackinteractionsareillustratedinh,j,k,andl;
andthebudtransitionhypothesisisillustratedina,b,c,d,g,h,i,j,k,andl.
Arrowheadlinesindicatepromotionandflat-endedlinesindicateinhibition.Location
of cytokinin is not specified.Long-distance feedback regulation of cytokinin
resultingfrom theperceptionofSMS (shootmultiplicationsignal)byRMS4(not
depicted explicitly)refers to xylem-sap cytokinin,whereas auxin regulation of
cytokininoccursinshootsandroots.Feedbackregulationofauxin,whichmaybe
from anindependentfeedbackprocess,isnotshownbecauseitmayaffectauxin
levelsortransport(Dunetal.,2006).



FFFiiiggguuurrreee555...TTThhheeemmmaaapppooofffpppSSSKKKIII000111555vvveeeccctttooorrr...Activation-taggingvector,pSKI015
constructedbyIgorKardailskyintheWeigellab(Weigeletal.,2000).This
vectoriscomposedwiththeCaMV 35S enhancers,bastaresistancegenefor
selectioninplants,andampicillinresistancegeneforplasmidselectionin
andin .



ⅡⅡⅡ...MMMaaattteeerrriiiaaalllsssaaannndddMMMeeettthhhooodddsss

AAA...PPPlllaaannntttmmmaaattteeerrriiiaaalllsssaaannndddgggrrrooowwwttthhhcccooonnndddiiitttiiiooonnnsss

Columbia-0(Col-0)wasusedasthewildtype.Seeds
weresurfacesterilizedwith70% Ethanolcontaining0.05% tritonX-100and95%
Ethanol.Afterplatingonthemedium,theplatewaswarpedwithaluminium foil
andcoldtreatedat4℃ for3days.Allseedsweregerminatedonhalfstrength
MurashigeandSkoog(MS)medium supplementedwith1% sucrose(1/2MS․
1S)andtheantransferredtosoil.Transferredplantsweregrowninthegrowth
room at22℃ under16hrslightand8hrsdarkcycle.

BBB...MMMuuutttaaannntttsssssscccrrreeeeeennniiinnngggaaannndddssseeellleeeccctttiiiooonnn

111...TTThhheeessscccrrreeeeeennniiinnngggfffooorrrmmmooorrrppphhhooolllooogggiiicccaaalllmmmuuutttaaannnttt

Activation-taggedcolumbiaseedswereprovidedbyDr.SooYoung Kim
(Chonnam NationalUniversity),andtheplantswerescreenedbyexamining
morphologicalphenotypesonsoil.Selectedmutantswereback-crossedwith
Col-0forsearchingsinglecopylines.Themutantswerethenback-crossed
againwithCol-0toconfirm singlecopyintegrationandcomparedwiththe
originalmutantphenotypes.



CCC...TTTAAAIIILLL---PPPCCCRRR

111...PPPlllaaannntttgggeeennnooommmiiicccDDDNNNAAA ppprrreeepppaaarrraaatttiiiooonnn

TheDNeasy plantminikit(QIAGEN)wasused fortheplantgenomic
DNA preparation.Plantleaf(0.1g)wasgroundinliquidnitrogentoafine
powderusingthemortarandpestle.Groundplantsweretransferredintothe
1.7㎖ microtube,and400㎕ ofbufferAP1and4㎕ ofRNaseA stocksolution
wereadded.Themixturewasincubatedfor10minat65℃.130ulofbuffer
AP2wasaddedtoatubecontainingthelysate,andthetubewasincubated
for5min on theice.Thelysatewastransferred tothespin column and
centrifugedfor2minatthemaximum speed.Theflow-throughfractionwas
transferredtoanew tubeandadded1.5volumesofbufferAP3/Ethanolto
theclearedlysate.Againtheflow-throughwastransferredtoanew column
andcentrifugedatthemaximum speed.Towash,bufferAW wasaddedto
thecolumnandcentrifuged.100㎕ ofpreheated(65℃)bufferAEwasdirectly
added onto the membrane,and itwas incubated for5min atthe room
temperatureandcentrifugedfor1minforelution.

222...TTTAAAIIILLL---PPPCCCRRRcccooonnndddiiitttiiiooonnn

TAIL(ThermalAsymmetric Interlaced)-PCR (polymerase chain reaction)
(Liuetal,1995)wasperformedwithlongspecificprimersontheT-DNA
and shortarbitrary primerson thegenomicDNA (Table2).ThreePCR
reactionsarecarriedoutbyusingtheLB150,LB100,andLB50(Table1).
Figure6showsthatT-DNA specificprimers-LB150,LB100,LB50,andAD
primerpairsmakethespecificproductofthegenomicsequenceflankinga
T-DNA insertion.The lastamplification band is eluted and carried out



sequencing.T-DNA insertionsitesofthetransgeniclineswereidentifiedby
basiclocalalignmentsearchtool(BLAST)search.

DDD...GGGeeennnoootttyyypppiiinnnggg

T-DNA insertion sitesand insertedT-DNA direction weredetermined by
PCR procedureusing T-DNA primersandgenomicDNA primers.Also,the
TAIL-PCRresultsgiveustheinformationwhetherthelinesarehomozygousor
heterozygous.Figure 7 shows the principle ofGenotypting.Ifthe T-DNA
present,thePCR productisn'tpresentwhenthePCRreactionwascarriedout
with agenomicF primerand R primers,and when thePCR reaciton was
carriedoutwiththeT-DNA primer(RB andLB primer)andgenomicprimer
(RandFprimer)thePCRproductispresent.Ifitwasaheterozygous-line,the
PCR productisalsopresentwhenthePCR reactionwascarriedoutwiththe
genomicFprimerandgenomicRprimer.



FFFiiiggguuurrreee666...TTTAAAIIILLL---PPPCCCRRR ppprrroooccceeeddduuurrreeefffooorrrttthhheeessspppeeeccciiifffiiicccaaammmpppllliiifffiiicccaaatttiiiooonnnooofffgggeeennnooommmiiiccc
ssseeeqqquuueeennnccceeeffflllaaannnkkkiiinnngggaaaTTT---DDDNNNAAA iiinnnssseeerrrtttiiiooonnn...T-DNA specificprimersandgenomic
random primerwereusedforTAIL-PCR.TAIL-PCRtertiaryreactionproducts
are sequenced and T-DNA insertion sites ofthe transgenic line can be
analyzedbyBLAST search.



TTTaaabbbllleee111...CCCyyycccllliiinnngggcccooonnndddiiitttiiiooonnnsssuuussseeedddfffooorrrttthhheeeTTTAAAIIILLL---PPPCCCRRR(Liu ,1995).

Reaction File
no.

Cycle
no. Thermalcondion

Primary

1

2

3

4

5

1

4

1

14a

1

93OC(1min)→95OC(1min)

94OC(45sec)→62OC(1min)→72OC(2.5min)

94OC(45sec)→25OC(3min)→ramp to 72OC in 3min
(0.3OC/sec)→72OC(2.5min)

94OC(20sec)→68OC(1min)→72OC(2.5min)→94OC(20sec)
→68OC(1min)→72OC(2.5min)→94OC(20sec)→
44OC(1min)→72OC(2.5min)

72OC(5min)

Secondary

6

5

11a

1

94OC(20sec)→64OC(1min)→72OC(2.5min)→94OC(20sec)
→64OC(1min)→72OC(2.5min)→94OC(20sec)→
44OC(1min)→72OC(2.5min)

72OC(2.5min)

Tertiary
7

5

20

1

94OC(38sec)→44OC(1min)→72OC(2.5min)

72OC(5min)

Note.Theprogram filesineachreactionwerelinkedautomatically.aTheseare
nine-segmentsupercylces.



TTTaaabbbllleee 222.Arbitrary degenerate(AD)primerson thegenomicDNA and long
specificprimers(LB150,LB100andLB50)ontheT-DNA (Liuetal,1995).

arbitrary degenerate
primers on the genomic
DNA

AD2 5'-NGTCGASWGANAWGAA

AD5 5'-SSTGGSTANATWATWCT

long specific primers on
theT-DNA

LB150 5'-CACGTCGAAATAAAGATTTCCG

LB100 5'-CCTATAAATACGACGGATGCT

LB50 5'-ATAATAACGCTGCGGACATCA
N=A,T,CorG S=CorG W=A orT



FFFiiiggguuurrreee777...AAA gggeeennneeerrraaalllppprrriiinnnccciiipppllleeeooofffGGGeeennnoootttyyypppiiinnnggg...Incaseofhomozygousline,
the PCR productis notpresentforthe T-DNA insertion when the PCR
reactionwascarriedoutwithagenomicFprimerandRprimer.But,whenthe
PCRreactionwascarriedoutwiththeT-DNA primer(RBandLBprimer)and
genomicprimer(R and F primer),thePCR productispresent.Ifitwasa
heterozygousline,thePCRproductpresentwhenthePCRreactionwascarried
outwithagenomicFprimerandR primer.AlsowhenthePCR reactionwas
carriedoutwiththeT-DNA primer(RBandLBprimer)andgenomicprimer(R
andFprimer),thePCRproductispresent.



EEE...CCCooonnnssstttrrruuuccctttsss

111...RRReeecccaaapppiiitttuuulllaaatttiiiooonnn

pMN20vectorincludingthefourenhancerswereusedforrecapitulationof
phenotypes(Fig.8)(Weigeletal.,2000).The genewereproduced

bythePCRamplification.PCRreactionsarecarriedoutbyusingthe50KC1F
(5'-AActgcagA GGT ATC TGT TAC TTT CAC CTA-3')and50KC1R
(5'-TTctgcagG CCCATCTAG ATT TCA CAT CAT-3').PstIrestriction
siteswasusedforcloningthe gene.ThecloneswereconfirmedbyPCR
reactionwithgenomicpartprimerandT-DNA partprimer,digestionwith
severalrestrictionenzymesandsequencing.

222...CCCooonnnssstttrrruuuccctttsssfffooorrrgggeeennneeesssiiillleeennnccciiinnnggg

The pHANNIVAL vector was used for gene cloning (Fig.9).Intron
containing hairpin RNA constructshowssilencing oftargeting gene.KpnI
restrctionenzymeisusedforsenseorientationinsertionandBamHIrestrction
enzymeisforanti-senseorientation.PCR amplificationswerecarriedouton
cDNA.The sequence of the PCR primers were:for the sense strand
amplification,aforwardprimer5'-CGggtaccA GAA TGT CTA ACA CAT
GCA GC-3'namedRIKpnI2F andareverseprimer5'-CGg gtaccT AGC
GCC GGA ATA TGC ATC A-3'namedRIKpnI2R,andfortheanti-sense
strand,aforwardprimer5'-CGggatccA GAA TGT CTA ACA CAT GCA
GC-3'namedRIBamHI2Fandareverseprimer5'-CGggatccT AGC GCC
GGA ATA TGCATCA-3'namedRIBamHI2R.Theseamplificationproducts
weredigestedwithKpnIandBamHIrestrctionenzymesanddirectlycloned
into the pHANNIVAL.The constructwere digested with SacIand PstI



restrcitonenzymes.ThefragmentsubclonedintothepUC18multicloningsite
ofabinaryvectorpCAMBIA1302(Fig.10andFig.11).Allconstructswere
confirmedbyPCRreaction,enzymedigestionandsequencing.

333...CCCooonnnssstttrrruuuccctttsssfffooorrrhhhiiissstttoooccchhheeemmmiiicccaaalllaaassssssaaayyyooofffGGGUUUSSSaaaccctttiiivvviiitttyyy

Thepredictedpromoterregionofthe genewasamplifiedfrom wild
typegenomicDNA bythePCR amplificationwiththeprimers5'-TCggat
ccG GCG ACT CGC CTA AGT CTG ACA T-3'named KCPCF6 and
5'-AGg gatccT ATA CTA AGA TCA CGT TAC TTG CC-3'named
KCPCR5.ThePCRproductwasdigestedwithBamHIrestrictionemzymeand
thendiretlyclonedintopBI101.2binaryvector(Fig.12).



FFFiiiggguuurrreee888...TTThhheeemmmaaapppooofffpppMMMNNN222000vvveeeccctttooorrr...Thevectorincludes4copiesofCaMV
35Senhancerandareusedtoconfirm activation-taggedgenes.Alsothevector
containsnptIIgeneforplantselectiononMSmediaandspectinomycingenefor
plasmidselectionin and .



FFFiiiggguuurrreee999...TTThhheeemmmaaappp ooofffpppHHHAAANNNNNNIIIBBBAAALLL vvveeeccctttooorrrfffuuunnnccctttiiiooonnnaaalllrrreeegggiiiooonnn...ThePCR
fragmentcouldbeinsertedinthesenseorientationintotheXhoI.EcoRI.KpnI
polylinker and in the anti-sense orientation into ClaI.HindIII.BamHI.XbaI
polylinker.The constructwillproduce an hairpin RNA forsilencing with
targetinggene.



FFFiiiggguuurrreee111000...GGGeeennneeerrraaalllssstttrrruuuccctttuuurrreeeooofffpppCCCAAAMMMBBBIIIAAA vvveeeccctttooorrr...ThepCAMBIA vector
backboneisderivedfrom thepPZPvectors.pCAMBIA vectorsofferhighcopy
numberin E.coliforhigh DNA yields,pVS1 replicon forhigh stability in

,bacterialselectionwithchloramphenicolorkanamycin,andplant
selectionwithhygromycinB.



FFFiiiggguuurrreee111111...SSSccchhheeemmmaaatttiiicccdddiiiaaagggrrraaammm fffooorrrRRRNNNAAAiiicccooonnnssstttrrruuuccctttsss...TheKpnIandBamHI
fragmentforgenesilencingisclonedintothepHANNIVALandsubclonedinto
thebinaryvectorpCAMBIA1302.



FFF...PPPlllaaannnttttttrrraaannnsssfffooorrrmmmaaatttiiiooonnn

AllclonedvectorswereintroducedintotheA
) GV3101stainbyfreezeandthaw method.Competentcellof
wasmixedwithabout1㎍ DNA inmicro-tube.Themixturewas

frozenwithliquidnitrogen(LN2)for2minutes(min)andmovedin37℃ water.
Themixturetubewasincubatedfor5mininwaterbathtomelt.Thestep,
freezeandmelt,wasrepeatedonemoretime.Thetubewasincubatedinice
for30min.Afterincubationinice,Thecellmixturewasspreadedwithabent
glassrodonYEP (Bacto-peptone10g/ℓ,Bacto-yeastextract10g/ℓ,and
NaCl5g/ℓ)platescontainingantibiotics.Colonieswereconfirmedbydigestion
andPCRreaction. -mediatedtransformationwascarriedoutbya
dipping transformationprotocolby Kim Hanson 5/95forVacuum Infiltration,
andadaptedfrom protocolbyAndrew Bent( Network1/11/94based
onworkofNicoleBechtold,JeffEllisandGeorgesPelletier)withsuggestions
from PeterDoernerandTakashiAraki.Agrobacterium wasgrowntomid-log
phaseinYEPmedium,pelletedandresuspendedwithinfiltrationmedium (Half
strengthMSsalt,Gamborg'svitamin112㎎/ℓ(Duchefa,G0415),and0.44uM
benzylaminopurine).Plantswasinvertedin infiltration mediafor15minute.
Immediately,theplantswereloosely covered with plasticwrap to maintain
humidity.Theplasticwrapwasremovedafteraday.Thesoilwassufficiently
driedaboutaweekandthanwatered.T1seedswereselectedonthe1/2MS
medium withantibioticstogettransformedplant,T2toselectsinglecopylines,
andT3todistinguishhomozygousandheterozygouslines.



GGG...RRRNNNAAA ppprrreeepppaaarrraaatttiiiooonnnaaannndddcccDDDNNNAAA sssyyynnnttthhheeesssiiisss

TotalRNA was isolated from planttissues using Trizolreagent (Life
Technologies).100㎎ oftheplanttissuewashomogenizedbyfreezingwiththe
liquidnitrogenandgroundtotheveryfinepowder.1㎖ ofTRIzolreagentwas
addedtohomogenizedtissuesamples,mixed,incubatedfor10minattheroom
temperature.0.2 ㎖ chloroform was added to those samples,mixed and
incubatedfor3minattheroom temperature.Thesampleswerecentrifugedat
13,000 rpm for15 min at4℃ and a colorless upperaqueous phase was
transferred to thenew tube.0.5㎖ ofisopropylalcoholwasadded to the
samplesandthesampleswerecentrifugedat13,000rpm for10minat4℃.The
supernatantwasremoved,thepelletwaswashedwith70% ethanolanddried.
cDNA was synthesized by using the superscript Ⅱ reverse-transcriptase
(Invitrogen).4㎕ (about2㎍)oftotalRNA and1uloftheoligodT (500㎍/
㎖)weremixedinthereactiontubeanditwasheatedat65℃ for10min.
Theenzymewasaddedintothetubeandincubatedat42℃ for50min.The
reactiontubewasincubatedat70℃ for15minforinactivation.

HHH...RRReeeaaalll---tttiiimmmeee(((QQQuuuaaannntttiiitttaaatttiiiooonnn)))PPPCCCRRR

Real-timePCRamplificationswerecarriedoutusingcDNA from mutantsand
wildtype.Forthe geneamplification,theforwardprimer5'-AGG CGA
TTG AAG ATC TTG AGA CGG AGG A-3'named EPKF and areverse
primer5'-ATG TCA GAC TTA GGC GAG TCG CCG AGT TCT-3'named
EPKR.AlltheprimerswereselectedbycomputeranalysiswiththePRIME
program.WeusedQuantiTectSYBR GreenPCR Kit(QIAGEN)containing2x
SYBR Green PCR Master Mix with ROX as a passive reference dye,



HotStarTaqDNA PolymeraseanddNTPMix.5pmolofbothprimers(Forward
andReverse),1㎕ cDNA andRNase-freewaterwereadded.For gene,
PCRamplifiedwithadenaturationof15minat95℃ 40cyclesat95℃ 20s;5
5℃ 20s72℃ 40s;andafinalextensionof5minat72℃.Itwasmeasuredon
areal-timeDNA detectionsystem (Corbettco,RG-3000,Australia).Forthe
multiple branching control genes, cytokinin response genes, and auxin
biosynthesisgenesprimerpairsweredescribedinTable3.

III...HHHiiissstttoooccchhheeemmmiiicccaaalllaaannnaaalllyyysssiiisss

ForGUS activity assay,MUG assay wasperformed.Samplewasground
with150㎕ extractionbuffer(50mM sodium phosphatebuffer(pH 7.0),10mM
EDTA,0.1% triton X-100,0.1% sarcosyl,10 mM β-mercaptoetahnol).The
sampleswerecentrifugedat13,000rpm for10minat4℃ andupperaqueous
phasewastransferredtothenew tube.Proteinconcentrationismeasuredwith
Bradfordreagentusing25㎍ sample.8㎕ MUG stocksolutionwasaddedto
thesamplesandthemixturewasincubatedfor1hourat37℃.After1hour,
40㎕ samplemixtureand160㎕ 0.2M Na2CO3weremixedtostopreaction,
andtheactivitywasmeasuredat420nm wavelength.
Histochemicalanalysis using GUS staining was performed by incubation

tissue in GUS staining buffer containing 2 mM cyclohexylammonium salt
(Duchefa),100mM sodium phosphatebuffer(pH 7.0),10mM EDTA,0.5mM
potassium ferrocyanide,0.5mM potassium ferricyanide,and0.1% tritonX-100
(volumeinvolume,v/v).Sampleswereincubatedfor16hoursinthereaction
bufferanddestainedwith70% (v/v)ethanol.



JJJ...DDDeeecccaaapppiiitttaaatttiiiooonnneeexxxpppeeerrriiimmmeeennnttt(((AAApppiiicccaaallldddooommmiiinnnaaannnccceeettteeesssttt)))

Arabidopsiswildtypeplants,Col-0,weregrownunderlongdaycondition.
Afterprimaryboltscomeout(<10cm),theprimaryshootwasremoved.RNA
wasextractedfrom decapitatedplantsin0hour(hr),1hr,2hr,4hr,8hr,12
hr,24hr,36hr,and48hrafterdecapitation.Theexperimentwasrepeatedtwo
times.



FFFiiiggguuurrreee111222...pppBBBIII111000111...222TTT---DDDNNNAAA rrreeegggiiiooonnn...Thevectorcontainspromoterless,1.87kb
GUScassette,andbacterialandplantselectionwithkanamycin.



TTTaaabbbllleee333...PPPrrriiimmmeeerrrsssfffooorrrdddeeettteeeccctttiiiooonnnssseeevvveeerrraaalllgggeeennneeeeeexxxppprrreeessssssiiiooonnnllleeevvveeelll.

GGGeeennneeennnaaammmeee PPPrrriiimmmeeerrrnnnaaammmeee PPPrrriiimmmeeerrrssseeeqqquuueeennnccceee(((555'''→→→333''')))

MAX1
(At2g26170)

MAX1F
MAX1R

ACATCAATGGTGGGAAGTTCTTGATCCA
ACCATAAGAGATGGCCATATATACCA

BRC1 BRC1F
BRC1R

TTCCCAGTGATTAACCACCAT
TCCGTAAACTGATGCTGCTC

BRC2 BRC2F
BRC2R

TCAAAGAGAAGAACAAAGACTATGGA
CCGAGGTCTCAAATAATCTCATC

CYP79F1
(At1g16410)

SPS1F
SPS1R

ACATCATGATGAGCTTTACCACATCAT
GGAGTTTATGGTGATGGCACGGATGCCGGC

CYP79F2
(At1g16400)

CYP79F2F
CYP79F2R

TGGCCGACCAGGATGGCCCATCCTCGG
TGTCTCCAATGGACTCTACGATGGAAAGT

REV
(At5g60690)

REVF
REVR

AGTGTTGTTCGTTCAGAGTCTTCAA
AGACCAACGACATGTGGATACGAGA

ARR4
(At1g10470)

ARR4F
ARR4R

AGCTCGTCTATGGCCAGAGACGGTGG
AGGCATACAGTAATCAGTGATGATC

ARR5
(At3g48100)

ARR5F
ARR5R

CCCGAGATGTTAGATATCTCTAACGAC
ATCCAGTCATCCCAGGCATAGAGTA

CYP79B2
(At4g39950)

CYP79B2F
CYP79B2R

TGTGGCTATAACCTTAGTGATGCTACT
GCCGTTAGAGAGGATCTTCTGAGCGTAAG

CYP79B3
(At2g22330)

CYP79B3F
CYP79B3R

ACGACCAAGTCAAGTCTCGGAATGTCGT
GGGATCACGTGAGTGTTTCCTAGACGCA



ⅢⅢⅢ...RRReeesssuuulllttt

AAA...MMMuuutttaaannntttssscccrrreeeeeennniiinnnggg
Geneticapproachinmutantsscreeningisanimportanttoolforstudyinggene

functioninplant.Wegotmorphologicalmutantplantsintheactivationtagged
lines and chose a mutant.The mutantexhibited a numberofphenotypes:
smallersilique,semisterility,bunchy stem and shortened inflorescence.When
selfed, three phenotypic classes of progeny were observed with an
approximately1:2:1ratio.Thefirstclasswassterileandseverelydefective,the
secondclasshadmanybranchinglikeoriginalmutant,andthethirdclasswas
normal,similarwith wildtype.Toconform singlecopy,back-crossing with
wild typetooriginalmutantwasperformed.In F1generation,theprogeny
showedasegregationratioofapproximately1:1(survivalplants:deadplants)
inbastaplate.Allsurvivalplantshowedphenotypessimilartooriginalmutant
insoil.InF2generation,thesevenplants,whichsurvivedinF1generation,the
progenyshowedasegregationratioofapproximately3:1ratio(survivalplants:
deadplants)inbastaplate(Table4).Theviableplantsalsosegregatedseverely
defective phenotypes and resemble phenotypes with originalmutant with
approximately1:2ratioinsoil.Theseresultsindicatethatoriginalmutantwas
single copy line and heterozygous,and three phenotypic classes in next
generationoforiginalmutantcorrespondedtoplantscontainingahomozygous,a
hetetozygous,ornomutation.Upon selfpollination,plantslooking wildtype
producedonlywildtypeprogeny,whereasalloriginalmutantsegregatedout
threephenotypicclasses.In heterozygousmutant,thephenotypeof
young seedlings is similarto wild type,and homozygous mutant
showedcurledandsmallerleaf(Fig.13A).Thehomozygousmutantshowed
sterilityandhadnoinflorescence,noseedsandabnormalflowerorganafterthe
plants startto flower(Fig.13B).The heterozygous mutantplants produce



primary inflorescence with reduced internode elongation, and secondary
inflorescencesbegintoemergestraight.Thenumberofinflorescencedeveloping
from therosetteleavesin wild typeisusually 1to5and fewerthan 10
includinginflorescenceofcaulineleaves.Incontrast,heterozygousmutantplants
continuetoproduceaxillary inflorescencefrom theaxilsofbothrosetteand
cauline leaves. Consequently, the heterozygous mutant have dramatically
increasednumberofaxillarybranches(Fig.14).



TTTaaabbbllleee444...SSSeeegggrrreeegggaaatttiiiooonnnrrraaatttiiioooooofffttthhheee ppprrrooogggeeennnyyy...Screenedmutantdidn'thave
singleT-DNA.Afterthemutantwasback-crossedwith wildtypeandthe
genotyping PCR wasperformed in F2generation forsearching singlecopy
lines.Afterfixing theoriginalmutantwhich havesingleT-DNA insertion,
againthemutantwasback-crossedwithwildtypetotestthesinglecopyline
or not.After seedling heterozygous mutant(expected)in 1/2MS
medium containingbasta20mg/l,theplantswerecounted.

Plant(s)/cross
Numberofplants

Similarwith
wildtype

Defective
phenotype deadplants

Theoriginalmutant( )/self 226 119 150

×wildtype
F1
F2(7plants)

38
1638

-
910

31
941



A B

FFFiiiggguuurrreee111333... mmmuuutttaaannntttsssppphhheeennnoootttyyypppeee...A.10dayoldplants.B.25dayoldplant.
From lefttoright, heterozygous,and homozygous
mutantplant.



A B C

D E F G

FFFiiiggguuurrreee 111444...AAAxxxiiillllllaaarrryyy bbbrrraaannnccchhhiiinnnggg pppaaatttttteeerrrnnn iiinnn mmmuuutttaaannntttsss...A.Wild-type
axillaryinflorescencefrom rosetteleaves.20day-oldplant(B)and40day-old
plant(C)of homozygousmutantareshown.Thehomozygousmutant
have no inflorescence and abnormalflowers.D-F. heterozygous
mutant axillary inflorescence from rosette leaves. G. Multiple axillary
inflorescencesemergefrom eachcaulineleafof mutant.



BBB...CCClllooonnniiinnngggooofffttthhheee

TodetermineT-DNA locusofthemutants,weextracted genomicDNA
from heterozygousmutant,andperformedthermalasymmetricinterlaced-PCR
(TAIL-PCR)using arbitrary genomic primers and T-DNA specific primers.
Segregation ratio analysis,TAIL-PCR walking and genotyping PCR results
indicatedasingleT-DNA insertionatthe200bpupstream ofthe
codingregionintheBAC F5O8(Fig.15).Wereferredto geneas

(inflorescence growth inhibitor1)and the mutation as for
heterozygousand forhomozygousmutant.AfterdeterminingT-DNA
insertion site by sequencing of TAIL-PCR products containing the
T-DNA/plantgenomic DNA junction,Genotyping PCR was carried outto
identifywhethertheplantassayediswildtype,homozygousorheterozygous
mutant.Figure16isresultsofthegenotypingPCR ingenomicDNA samples
ofthewildtypeandigi1mutants.Becausewild-typeplantsdon'thavethe
T-DNA,therearenobandinthelane3andlane5.Whenonlythegenomic
DNA primerpairswereused,thePCR productin mutantdidnot
amplifybecauseofT-DNA insertion(lane2),butitwasamplifiedin
mutant.Thehomozygousandheterozygousplantswereselectedbysegregation
analysis and genotyping PCR reaction, and T-DNA direction also was
determined.
AftertheT-DNA positionanddirectionweredetermined,expressionlevels

ofnearbygenesflankingT-DNA wereinvestigatedbyRealtimePCRreaction.
Theexpressionlevelfor , genewasincreasedapproximatelyby
1,000to 3,000fold in homozygousmutantand 500to 1,000fold in

heterozygousmutant(Fig.17).Expressionofotherneighboringgenes
alsoincreasedin ,butnotin mutant.Theseresultsindicate
thattheover-expressionofthe genecausethe mutantsphenotypes
suchassteriility,lackofinflorescenceandseeds,andabnormalflowerorganin

mutantand dramaticially increased axillary branches in
mutant.



1kb

AT1G23540AT1G23540AT1G23540AT1G23540AT1G23530AT1G23530AT1G23530AT1G23530 AT1G23550AT1G23550AT1G23550AT1G23550 AT1G23560AT1G23560AT1G23560AT1G23560

FFFiiiggguuurrreee 111555...TTT---DDDNNNAAA pppooosssiiitttiiiooonnn iiinnn ttthhheee mmmuuutttaaannntttsss...BAC F5O8 clone are
shown.ThereisT-DNA insertioninthe200bpupstream ofthe
genecodingregion.



M      1      2       3      4      5       6M      1      2       3      4      5       6M      1      2       3      4      5       6M      1      2       3      4      5       6

M: maker

1: Col0

2: igi1/igi1

3: igi1/IGI1

4: Col0

5: igi1/igi1

6: igi1/IGI1

F primer + R primer R primer + LB primer

FFFiiiggguuurrreee111666...TTThhheeegggeeennnoootttyyypppiiinnngggrrreeesssuuullltttfffooorrrTTT---DDDNNNAAA lllooocccuuusssiiinnnttthhheee mmmuuutttaaannntttsss...
GenomicDNA wasamplifiedbyforwardandreversegenomicprimersinlain1
to3,andbyreversegenomicprimerandT-DNA specificprimerinlain4to6.



FFFiiiggguuurrreee111777...TTThhheeeeeexxxppprrreeessssssiiiooonnnllleeevvveeelllooofffnnneeeiiiggghhhbbbooorrriiinnnggggggeeennneeesssnnneeeaaarrrttthhheeeTTT---DDDNNNAAA...
RealtimePCR resultshow that genetranscriptwasdramatically
increased in mutants.Actin wasused fornormalization and errorbars
indicatedstandarddeviation.



CCC...RRReeecccaaapppiiitttuuulllaaatttiiiooonnn

To rescue the mutants phenotypes, recapitulation construct was
generated.Recapitulationvector,pMN20,includingthefourenhancerswasused
(Weigel ,2000)forthis experiment.3.3kb gene containing own
promoterwasamplifiedby PCR reaction from wildtypegenomicDNA and
clonedintothe IrestrictionsiteofpMN20vector(Fig.18A).Toconfirm the
construct,itwasdigestedbyseveralrestrictionenzymes, I, I,and I
(Fig.18B).Aftercloned,theconstructwastransformedtothewildtypeplant.
T3 homozygous lines were generated from T2 individuals carrying single
insertion,whichwasidentifiedin3:1segregationratioonantibioticsmedium.
ThemRNA leveloftherecapitulationmutantswasanalyzedby quantitative
real-timePCR. recapitulationlines#1( )and #5,which
showedhigherandmiddleexpressionlevelsamong otherrecapitulationlines,
wereselected.Theexpressionlevelsof genewerelowerin and

thanthatof mutants(Fig.21).Figure19andFigure20show
thephenotypesof and .Unexpectedly,wedidn'tfindsame
phenotypes with mutants in population ofrecapitulation mutants.The

mutantshowedsamephenotypewithwildtype.However,
showed phenotypes somewhat similar to those of mutant.
Significantly,the inflorescencenumberwas increased and plantheightwas
reduced in mutant(Fig.22).Itcouldn'tcompletely rescue
mutantsphenotypespossiblybecauseoflowerexpressionlevelsinrecapitulation
mutants.
Weattemptedtorevertthephenotypeof plantsbyreducingthemRNA

levelswithRNA interference(RNAi).The300basepairs(bp)of gene
cording region wereamplifiedfrom wild typeplantusing primersthatwas
added Isiteontheendsofoneproduct(sensestrand)and HIsiteon
the ends ofone the otherproduct(anti-sense strand).These amplification



productsweredigestedwith Iand HIrestrctionenzymesanddirectly
clonedintothepHANNIVAL (Fig.23).Theconstructwassubclonedintothe
binaryvectorpCAMBIA1302(Fig.24)andtransformedinto mutant
plants to revert the phenotype of mutants.The cloning region of
pHANNIVAL vector contains a intron which induced selfcomplementarity
betweenthesenseandanti-sensetargetingRNA strand.
To selectthe mutant,segregation testin the medium

supplementwith hygromycin forRNAisingle locus (data notshown)and
genotypingPCRfor locusinF2generation(Fig.25)wereperformed.
expression level was efficiently decreased in RNAi transformed mutant,

(Fig.27),andthephenotypeshowedsimilartowildtype(Fig.
26).ThephenotypewasrevertedbyreducingthemRNA levels,suggestingthat

mutantsphenotypeswerecausedbyoverexpressionofthe .



AAA

nptII IGI1
(genomic DNA including promoter)

PstI PstI

enhancer

LB RB3.3kb

14.3kb

BBB

M M M M 1         2         3 1         2         3 1         2         3 1         2         3 

M: maker

1: PstI

2: EcoRI

3: KpnI

11kb, 10.5kb, 11.7kb 

3.8kb
3.3kb

2.6kb

FFFiiiggguuurrreee111888...TTThhheeemmmaaapppaaannndddcccooonnnfffiiirrrmmmeeedddiiimmmaaagggeeefffooorrr cccooonnnssstttrrruuucccttt...A.The
constructforrecapitulationcontaininggenomicpartincludingthegenepromoter.
B.DNA fragmentsof I-, RI-,and I-digested constructin
1% agarosegel.Therestrictionenzymesitesof Iwaschosentoconfirm the
insertsizes.Thelowerfragmentsinlain1indicatetheinsert.M,1kbDNA
sizemaker;1, Irestrictedfragment;2, RIrestrictedfragment;3, I
restrictedfragment.



Igi1/igi1Col0 Igi1/IGI1 IGI1RC#1 IGI1RC#5

FFFiiiggguuurrreee111999...RRReeecccaaapppiiitttuuulllaaatttiiiooonnnppplllaaannntttsssppphhheeennnoootttyyypppeeesss...Theplantsweregrownfor15
days (upper panel)or 20 days (below panel).From leftto right,Col-0,



25 days plants

FFFiiiggguuurrreee222000...RRReeecccaaapppiiitttuuulllaaatttiiiooonnnppplllaaannntttsssppphhheeennnoootttyyypppeeesss...Theplantsweregrownfor25
days. From left to right, Col-0,

.



Col0 igi1/IGI1 igi1/igi1 IGI1-RC#1 IGI1-RC#5
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FFFiiiggguuurrreee222111...RRReeelllaaatttiiivvveeeeeexxxppprrreeessssssiiiooonnn llleeevvveeelllfffooorrrrrreeecccaaapppiiitttuuulllaaatttiiiooonnn llliiinnneeesss...Actin was
usedfornormalizationanderrorbarsindicatedstandarddeviation.
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FFFiiiggguuurrreee 222222...TTThhheee ppplllaaannnttthhheeeiiiggghhhttt(((AAA)))aaannnddd nnnuuummmbbbeeerrrooofffiiinnnffflllooorrreeesssccceeennnccceee (((BBB)))in
40-day-old mutantand .Errorbarsrepresentthestandard
errorsofthemeans.



AAA

6.4kb

IGI1 kinase part

pHANNIVALKpnII BamHI

SacISacISacISacI PstIPstIPstIPstI

CaMV35S promoter Intron OCS terminator

IGI1 kinase part

pHANNIVALKpnII BamHI

SacISacISacISacI PstIPstIPstIPstI

CaMV35S promoter Intron OCS terminator

BBB

M : maker
1: KpnI (pHIGI1KB)
2: BamHI (pHIGI1KB)
3: KpnI(pHANNIVAL only)

M M M M 1      2       3   1      2       3   1      2       3   1      2       3   

6.1kb, 6.4kb 

0.3kb

FFFiiiggguuurrreee222333...TTThhheeemmmaaappp aaannnddd cccooonnnfffiiirrrmmmeeeddd iiimmmaaagggeeefffooorrr iiinnnttteeerrrmmmeeedddiiiaaattteee
cccooonnnssstttrrruuucccttt...A.TheconstructmapforRNA interferenceincludingtargetingsite.
B.DNA fragments of Iand HIdigested intermediated
constructin1% agarosegel.Therestrictionenzymesitesof Iand HI
werechosentoconfirm theinsertsizesofsenseandantisensefragment.There
arenolowerfragment(0.3kb)inlain3(vectoronly).M,1kbDNA sizemaker;
1, Irestrictedfragment;2, HIrestrictedfragment;3, Irestricted
fragmentwithvetoronly.



AAA

Hygromycin®

LB RB

promoter promoter mGFP5MCS

promoter Intron terminatorSacI PstI

BBB

M: maker

1: SacI and PstI

2: SpeI

3: EcoRI

M M M M 1          2          3 1          2          3 1          2          3 1          2          3 

11.5kb, 15kb, 13.6kb 

3.5kb

1.4kb

FFFiiiggguuurrreee222444...TTThhheeemmmaaappp aaannnddd cccooonnnfffiiirrrmmmeeeddd iiimmmaaagggeeefffooorrrIIIGGGIII111---RRRNNNAAAiiicccooonnnssstttrrruuucccttt...A.
TheconstructmapforRNA interferenceinbinary vectorpCAMBIA1302.B.
DNA fragmentsof I, I, I,and RIdigested construct
in1% agarosegel.Therestrictionenzymesitesof Iand Iwerechosen
toconfirm theinsertsizes.Thelowerfragmentsinlain1shouldbeinsert.M,
1kb DNA sizemaker;1, Iand Idoublerestricted fragment;2,SpeI
restrictedfragment;3, RIrestrictedfragment.



M 1 2 3 4 5 6 7 8

FFFiiiggguuurrreee222555... mmmuuutttaaannntttgggeeennnoootttyyypppiiinnnggg fffooorrr lllooocccuuusss...ThePCR
reactionwasperformedwithgenomicprimerpairs(lain1,3,5,and7),and
genomicprimerandT-DNA primer(lain2,4,6and8).M,1kbDNA size
maker;lain1and2,Col0;lain3and4, ;lain5and6, ;lain7
and8, .



FFFiiiggguuurrreee 222666...TTThhheee ppphhheeennnoootttyyypppeee ooofff mmmuuutttaaannnttt...Col-0, ,
,and (lefttoright).
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FFFiiiggguuurrreee222777...RRReeeaaalll---tttiiimmmeeePPPCCCRRR rrreeesssuuullltttfffooorrr mmmuuutttaaannnttt...Actinwas
usedfornormalizationanderrorbarsindicatedstandarddeviation.



DDD...IIIGGGIII111gggeeennneeeiiisssssstttrrrooonnnggglllyyyeeexxxppprrreeesssssseeedddiiinnnaaannnttthhheeerrr

Tostudytheexpressionpatternofthe gene,wedevelopedaconstruct
forhistochemicalGUSreporterassay.Inordertoinsertpredicted promoter
region intopBI101.2binary vector,PCR wascarried outforpredicted
promoterregion.ThePCR productand pBI101.2vectorweredesigned with

HIrestricting enzyme(Fig.28).Thesetwofragmentswereligatedand
namedas .Toconfirm the construct, HIand I
restecitonenzymeswereused(Fig.29).Lane1andlane2werethefragments
of HI-and I-digested Theconstructwasintroducedinto
wildtypeplant.In matureplants,GUS expression wasdetectedstrongly in
antherpartanddetectedrarelyinupperpartofstem,immaturesiliques,and
root.HowevertheGUS expression wasnotdetected in otherpartsuch as
rossetteandcaulineleaves,maturesiliques,andmiddleandlowerstem.
Theexpressionwasdetectedatlow levelinonlyhairzoneofprimaryroot

and notdetected in otherpartof5-day-old seedlings (Fig.30A-D).The
expressionwasdetectedmorestronglythan5-day-oldseedlingsinhairzoneof
lateralrootbutwasnotdetectedinprimaryrootof10-day-oldseedlings(Fig.
30E-G). expression also observed only flowerparts when the
plants are aboutto startbolting (about20 days after seedling).In the
33-day-oldplants,theexpressionwasstrongly observedinantherofflower
organ and weakly observed in upperstem and immaturesiliques(Fig.31).

expressionshowedtissue-specificgeneexpressionwhichstrongly
expressedintheantherpart.Toconfirm theexpressionpattenof gene,
theexpressionlevelwasexaminedindifferenttissuesbytherealtimePCR.
Theexpressionlevelinflowerpartwasmuchhigherthaninotherpartssuch
astherosetteandcaulineleave,andstems(Fig.32).



NPTII

RB LB

β-glucuronidase NOS-TerMCS

BamHI BamHI

Predicted IGI1 promoter

FFFiiiggguuurrreee222888...TTThhheeecccooonnnssstttrrruuuccctttmmmaaapppfffooorrrGGGUUUSSS rrreeepppooorrrttteeerrraaassssssaaayyyiiinnnbbbiiinnnaaarrryyyvvveeeccctttooorrr
pppBBBIII111000111...222...The promoterregion of gene was amplified with genomic
specificprimerscontainingthe H Irestrictionsiteanddirectlyclonedinto
binaryvectorpBI101.2.



M : maker
1: BamHI
2: XbaI

M M M M 1      2  1      2  1      2  1      2  

12.2kb, 12.6kb 

0.9kb

0.5kb

FFFiiiggguuurrreee222999...DDDNNNAAA fffrrraaagggmmmeeennntttsssooofff HHH III---aaannnddd III---dddiiigggeeesssttteeeddd
cccooonnnssstttrrruuuccctttiiinnn111%%% aaagggaaarrrooossseeegggeeelll...Therestrictionenzymesitesof H Iand

Iwerechosen to confirm theinsertsizesand orientation.Thelower
fragmentsin lain 1shouldbeinsert.M,1kb DNA sizemaker;1, H I
restrictedfragment;2, Irestrictedfragment.



A B C D

E F G

FFFiiiggguuurrreee333000...EEExxxppprrreeessssssiiiooonnnpppaaatttttteeerrrnnnooofffttthhheee gggeeennneee...Theexpressionpatternwas
detectedwithGUSreportergeneundercontrolof genepromoter.A-D.5
dayoldplant.E-G.10dayoldplant.



A B C D E F

G H I J

FFFiiiggguuurrreee333111...EEExxxppprrreeessssssiiiooonnnpppaaatttttteeerrrnnnooofffttthhheee gggeeennneeeiiinnn333333dddaaayyyooollldddppplllaaannnttt...The
expression pattern showed tissue specific gene expression. A. Primary
inflorescence.B.Secondaryinflorescence.C.Primaryinflorescencewithsilique.
D.Matureseed.E.Middlestem.F.Root.G-H.Flower.I-J.Anther.
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FFFiiiggguuurrreee 333222...TTThhheee rrreeelllaaatttiiivvveee eeexxxppprrreeessssssiiiooonnn llleeevvveeelllsss fffooorrr gggeeennneee iiinnn dddiiiffffffeeerrreeennnttt
tttiiissssssuuueeesss...The flowerparthashigherexpressionlevelthanotherparts.Actin
wasusedfornormalizationanderrorbarsindicatestandarddeviation.



EEE...IIIGGGIII111iiinnnttteeerrraaaccctttwwwiiittthhhLLLSSSHHH111aaannndddSSSUUUBBB111

The geneconsistsof8exonswith over2,800basepair(bp).The
predictedIGI1proteincontains720aminoacidresiduespossessedprolinerich
domaininN-terminalregionandkinasesignaturedomaininC-terminalregion
(Fig.33andFig.34).
Toinvestigateprotein-protein interactions,yeasttwo-hybridscreening was

performedwithIGI1prolinerichdomainintheN-terminalandkinasedomain
intheC-terminalasbaits.Table5summarizestheproteinwhichidentifiedby
theyeasttwohybridscreening.Interestingly,lightresponseproteinSUB1and
LSH1wereidentified.LSH1do interactwith both prolinerich domain and
kinasedomainintheyeasttwo-hybridscreen.TheSUB1interactswithonly
the proline-rich domain in the N-terminal,implying thatIGI1 mightbe a
nuclearreceptorand the lightsource may influence the phenotype of
mutants.

FFF...HHHooorrrmmmooonnneeesssaaannndddaaaxxxiiillllllaaarrryyybbbrrraaannnccchhhiiinnnggg

To investigatetheapicaldominanceand bud outgrowth,decapitation was
performedwithwildtypeplant.Afterprimaryboltscomeout(<10cm),the
primary shoot was removed.After Decapitation,lateralbud outgrowth is
stimulatedbytheapicalsourceasauxin(IAA)orvariouscomponentingenetic
pathway in lessthan severalhours.The geneexpression levelswere
markedlyincreasedin4hoursafterdecapitation. alsohighlyincreasedin
4hoursafterdecapitation(Fig.36).
Differentgeneexpressionprofileswereanalyzedin mutantstotestthe

expressionofthegenewhichisrelatedaxillarybudoutgrowthorbranching.



Therearenovisibledetectableincreaseintheexpressionlevelsofbranching
components,such as , , , ,and and cytokinin
responsegenes,suchas and ,cytokininsignalingcomponent.In
contrast,theexpression levelofauxin biosynthesis component is
significantly increased, and flower meristem identity component is
decreasedin mutants(Fig.35,Fig.37,Fig.39).
Cytokininnormallystimulatecelldivisionandgreeningofhypocotyl-derived

calli(Higuchietal,2004).Totestcytokininsensitivity,callusinductionassay
wasperformed.Forthecallusinductionassay,theplanthypocotylsgrownin
dim lightfor15dayswereexcisedwithscissorsandculturedfor20daysin
1/2MS․1S supplemented with 50 nM 2,4-D and varying concentrations of
kinetin.The , mutantsrespondednormallytocytokinininthe
assay(Fig.38).
Whengrownindark,Col-0and mutantshowedsimilarpatternsin

hypocotylgrowthandin2,4-Dandkinetindoseresponse.Interestingly,theroot
growthshowedinhibitionpatternin mutantunderlightcondition(0nM
hormoneconcentration)andtherelativedeferenceinrootgrowthbetweenCol0
and mutantdiminishedinBAPdoseresponse(Fig.40).Inthemedium
supplementedwith2,4-D,thegrowthshowednoresponse(Fig.41).Theeffect
oftheauxinandcytokininonrootselongationwasexaminedin7daysgrown
seedlings.



500bp

intron

exon

ATG TGA

FFFiiiggguuurrreee333333...DDDiiiaaagggrrraaammm ooofffIIIGGGIII111gggeeennnooommmiiicccDDDNNNAAA...The geneconsistsof8
exons(blackrectangles)and7introns.



Protein kinase region * ATP binding region signature ★ active site signature

proline

**** ***** *

★

FFFiiiggguuurrreee333444...AAAmmmiiinnnooo aaaccciiiddd ssseeeqqquuueeennnccceeeooofffttthhheeeIIIGGGIII111...Thepredicted IGI1protein
contains720aminoacidresiduescomposedprolinerichdomaininN-terminal
regionandkinasedomainsignatureintheC-terminalregion.TheATPbinding
regionsignatureismarked(★),theproteinkinaseregionisunderlined,and
acivesitesignatureismaked(*).



TTTaaabbbllleee555...TTThhheeerrreeesssuuullltttooofffyyyeeeaaasssttt---tttwwwooohhhyyybbbrrriiidddssscccrrreeeeeennniiinnnggg...Theproteinidentified
from thecDNA libraryinArabidopsis.

Bait;IGI1N-terminal
Locus Description

AAAttt555ggg222888444999000 LLLSSSHHH111(((LLLiiiggghhhttt---dddeeepppeeennndddeeennntttssshhhooorrrttthhhyyypppooocccoootttyyylll111))) FFFuuullllll---llleeennngggttthhh
AAAttt444ggg000888888111000 SSSUUUBBB111(((SSShhhooorrrtttuuunnndddeeerrrbbbllluuueeellliiiggghhhttt111))) FFFuuullllll---llleeennngggttthhh

At5g08720 Partial
At3g25070 RIN4(RPM1-interactingprotein4) Full-length

Bait;IGI1C-terminal

Locus Description
AAAttt222ggg444222666111000 UUUnnnkkknnnooowwwnnn,,,hhhooommmooolllooogggooouuussstttoooLLLSSSHHH111 FFFuuullllll---llleeennngggttthhh

AAAttt555ggg222888444999000 LLLSSSHHH111(((LLLiiiggghhhttt---dddeeepppeeennndddeeennntttssshhhooorrrttthhhyyypppooocccoootttyyylll111))) FFFuuullllll---llleeennngggttthhh
At5g11740 AGP15(Arabinogalactanprotein1) Full-length

At2g21230 bZIPproteinsimilartoCREBprotein Partial
At3g02780 IPP2(Isopentenylpyrophosphate2) Full-length

At4g18610 Unknown Partial
At3g11100 Transcriptionfactor,6b-interactingprotein1 Full-length
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Figure40.Cytokinindoseresponseunderlightanddarkcondition.
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ⅣⅣⅣ...DDDiiissscccuuussssssiiiooonnn

Inplants,mutationscanbecausedby copying errorsorchanging mRNA
expressionlevelinthegeneticmaterialusingsomemethodssuchasexposure
toultraviolet,chemicalmutagenslikeEMS,oractivation-taggingusingT-DNA
(agrobacterim mediated transformation). Despite the limitations such as
functional redundancy and early embryonic or gametophytic lethality in
organisms,thelossoffunctionmutationtechniquestillplaysanimportantrole
instudyinggeneticpathway.Activationtagging,amethodthatenablesgainof
function mutation,can be used for genetic screening to overcome such
limitationsoflossoffunctionmutaion.Anactivation-taggingvectorcontaining
fourmultimerizedtranscriptionalenhancersderivedfrom thecauliflowermosaic
virus 35S gene was used to generate the gain of function mutants.
Over-expressionofthegenesneartotherandomlyinsertedT-DNA mayresult
innew phenotypes,andtherelevantgenescanbeidentified.TheT-DNA of
theactivation tagging vector,pSKI015,can enhancetheexpression levelof
neighboringgenesintheinsertionposition(Weigeletal.,2000).Additionally,
theT-DNA includingenhancerscaninduceknock-outofthegenebyT-DNA
insertion(Hwangetal.,2007). mutantshaveT-DNA insertionin200bp
upstream of gene start codon (Fig.15),that indicate gene
overexpression which was confirmed by Real-time PCR (Fig.17). The
phenotypewasrevertedbyreducingthemRNA levels(i.e.,RNA interference,
RNAi)(Fig.26).The recapitulation was failed in lines.This is
probablybecausetheexpressionlevelwasnothighenoughtorecapitulatethe
phenotype(Fig.21).Thehigherlevelexpressionmaybenecessarytogetthe

mutantsphenotype.
Auxinandcytokininareimportantphytohormonesforaxillarybranchingand

apicaldominance(Cline,1997).Themain inflorescencegrowsmorestrongly



thanotherrosetteandcaulineinflorescence.Apicalbudisstimulatedtogrow
whilethelateralbudsareinhibited.Auxintreatmentinhibitsthelateralbud
outgrowthofdecapitatedplantwhichisstimulatedbycytokinintreatmentand
overexpression of the cytokinin biosynthesis gene (Thimann et al.,1933;
Medfordetal.,1989).Thebranchingphenotypeswereobservedinauxinand
cytokinin mutants (Booker et al.,2003; Tantikanjana et al.,2001).The
phenotypeof mutantincludesincreasedbranchingandreducedplant
height(Fig.22).Totesttheeffectofendogenousauxinandcytokinininthe
mutants,the transcript levels of auxin biosynthesis genes and cytokinin
responsegeneswereexamined.In mutants,thetranscriptslevelofthe
auxin biosynthesis component, was increased and those ofthe
cytokininresponsegenes and weresimilarwiththatofwildtype
(Fig37,Fig39).Althoughthetranscriptlevelofauxinbiosynthesiscomponent
was increased, mutantshowed opposite phenotype in theaxillary
branchingpattern.Also,exogenous2.4-D didn'tinfluencetherootelongationof
the mutant(Fig.41).Cytokinininducedcelldivisionandgreeningof
hypocotyl-derivedcalliwerepartiallyinhibitedincytokininreceptormutantsuch
as and mutants(Higuchietal,2004).Whenthecytokininsensitivity
was tested with callus induction assay,the cytokinin response ofthe
mutants were slightly reduced in the greening and induction of
hypocotyl-derivedcalli(Fig.40).Thesephenotypeswerealsooppositeresponse
tocytokinin similartotheauxin responsein theaxillary branching pattern.
Theseresultsindicatenotonlythehormonalregulationbyauxinandcytokinin
butalsootherpathwayinfluencedtheaxillarybranching.
Decapitation,shoottipremoval,hasbeenusedtostudybudoutgrowth.After

removing the shoot tip,lateralshoot come out from axillary bud.The
outgrowth ofaxillary buds after decapitation may be essentialto provide
replacementsitesforreproductivedevelopment.Thebudoutgrowth couldbe
quickly led after decapitation and mightalso divertresources away from



reproductive structures developing elsewhere on the plant. This implies
communication between axillary buds and the shoottip (Shimazo-Sato and
Mori,2001;Christineetal.2003). transcriptwasdramaticallyincreasedin
4hourafterdcapitation(Fig.36).TheresultindicatesthatIGI1isinvolvedin
thecommunication between axillary budsandtheshoottipforaxillary bud
development.
Theincreasedbranching patternswereobservedin ,and

mutants.MAX-dependentcarotenoidhormonemovesuptheplantfrom rootand
preventsbudoutgrowth(Bainbridgeetal.,2005;Stirnbergetal.,2002).BRC1
and BRC2preventaxillary bud outgrowth in thedownstream oftheMAX
pathway (Aguilar-Martinezetal.,2007).SPS1 isthecytokinin biosynthesis
regulator(Reintanzetal.,2001;Tantikanjanaetal.,2008).Itisthoughtthatthe
pathwaythroughIGI1isnotconnectedwiththesepathwaylikeMAX andSPS
pathway.
Theaminoacidof containstheprolinerichdomaininN-terminalregion

andkinasedomainsignatureintheC-terminalregion(Fig.34).Theprolinerich
regionispresentinthereceptorproteinfamilysuchasPERK in .
Inthestudyusingthreedifferentapproaches,EST (expressedsequencetag),
MPSS (massively parallelsignaturesequencing),NASCArraysdetabases,and
RNA blotanalyses,by Alina Nakhamchik etal., proline-rich
extensin like receptorkinase ( )gene family was classified with 15
predicted receptorkinases.They classified into .The
basic structural features of conserved sequence regions is consisted of
proline-rich domain,transmembrane domain and kinase domain.Some of

memberswereidentifiedastissue-specificgeneswhileotherswere
morebroadly expressed.TheEST and MPSS dataindicated that
membershavevariableexpressionpatterns.Someweremorehighlyexpressed
based on thenumberofESTsdetected and thehigherMPSS values.For
example, and showedthehighestvalue, showed



no data,and showed low values in MPSS.Also,in
NASCArrays,strongexpressionwasseenfor and in
flowerbuds.RNA gelblotanalysesdemonstrated thatthemajority ofthe

famlyareexpressedinbuds(Nakhamchiketal.2004).Ourresults
alsoshowedsimilarresultswithPERK familyexpressionpatterns,whichwere
highlydetectedinflowerbudsbyrealtimePCRandGUSstaining.
Interestingly,lightresponse components such as SUB1 and LSH1 were

screened in yeasttwo-hybrid screening (Table5).SUB1isa Ca2+ binding
proteininvolvedincryptochromeandphytochromecoaction.The mutant
showednosignofphotomorphogenicdevelopmentinthedarkandhadsame
phenotypewiththewildtypeplantinredlight.The , and

doublemutantexperimentshowedSUB1actassignaltransducerof
cry1 and cry2 butas a modulatorofphyA signaltransduction.SUB1 is
apparently enriched in thenuclearperiphery region surrounding thenucleus.
Guo etal.proposed a hypothesis,which SUB1 is a negative regulatorof
photomotphogenesis,whereasthecryptochromessuppresstheactivityofSUB1
toactivatethelightresponse.Theanalysisof doublemutantindicated
that isepistaticto (Guo etal.,2001).SUB1interacted with only
N-terminalregionofIGI1includingprolinerichdomain,whichwasexpected
cytoplasmicregion,suggestingthatthereispossibilitythatIGI1isthereceptor
relatedwithasignaltransduction(Beckeretal.,2003).Thetransctiptionfactor,
HY5isthebZIPproteinandpromotesphotomorphogenesis(Quail,2002;Chenet
al.,2004;Oyamaetal.,2008).HY5bindingtargetstendtobeenrichedinthe
earlylight-responsivegenesandtranscriptionfactorgenes(Leeetal.,2007).In
the transcription factor-promoter interactions analysis by Gao et al.,the
promoterregionof geneexhibitedhighHY5bindingaffinity(Gaoetal.,
2004).AP1belongtotheclassA floralorganidentitygenes,whichisrequired
foractivationofB classandCclassgenes(Gomez-Menaetal.,2005;Sridhar
et al., 2006; Weigel and Meyerowitz, 1993). In mutant, is



down-regulatedbytheoverexpressionof gene(Fig.35),suggestingthat
thefunctionofIGI1isassociatedwithAP1expressioninthefloralmeristem
transition.TheseresultsindicatethatIGI1mightbethenuclearreceptorand
regulatedbythelightresponseandflowering.Thedevelopmentalphenotypesof
heterozygous mutantbecome noticeable after transition from vegetative to
reproductive phase. The heterozygous mutant plants produce primary
inflorescencewith reduced internodeelongation,and secondary inflorescences
begintoemergestraight.Theheterozygousplantscontinuetoproduceaxillary
inflorescencefrom theaxilsofbothrosetteandcaulineleaves.Consequently,
theheterozygousmutanthavedramaticallyincreasedaxillarybranches.These
resultssuggestthattheremaybeanoblepathwayoftheaxillarymeristem
developmentthrouth IGI1,which wasmodulated by lightregulated pathway
(Fig.43,Fig.44).
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애기장대에서 액아발생을 조절하는 IGI1의 분자유전학적 연구

영문 

IGI1 is involved in axillary branching in Arabidopsis thaliana
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