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Abstract

So血aticchromosomesof'Tritici侃turgidum、(2n=28,AABB)andT.ti〃LoP1乙 εω ム(2n=

28,AAGG)werestudiedbyC-banding.Sincetherewasacloseresemblancebetween

theC-bandedkaryotypesofT.turgidumandtheAandBgenomesofcommonwheat,every

chromosomeofT.turgidumwascorrectlyidentified.NinechromosomesofT.timopheevi

hadprominentbandsandtheresthadfaintbands.Althoughsevenheavilybandedchromo-

somesofT.ti〃topんeeviwereassumedtoconstitutetheGgenomeandtheremainingseven

theAgenome,nodecisiveallocationtowheathomeologousgroupwaspossible.Amethod

ofallocatingtheT.timopheeuichromosomeswasdiscussed.

1.Introduction

Tetraploidwheatsaredividedintotwogroups,theEmmergroupandthe

Timopheevigroup.TheEmmerspeciessharetheAandBgenomeswith

hexaploidcommonwheats(Kihara1924),whereas,assuggestedbyLilienfeld

andKihara(1934)andothers,theTimopheevispecieshastheAgenomeincom-

monwiththeEmmerandcommonwheatsandthesecondgenomeispartially

homologoustotheBgenome.LilienfeldandKihara(1934)designatedthegenome

constitutionofT.timopheeuiasAAGG,suggestingadiphyleticoriginof

theEmmergroupandtheTimopheevigroup.Bycontrast,manyworkerspro-

posedamonophyleticoriginofthetetraploidwheatsthroughdifferentiationin

chromosomestructure(Sachs1953,Tanakaeta1.1979)orthroughmutationsof

genescausingasynapsisinaheterozygouscondition(Wagenaar1961,1966).

StudyingthechromosomepairingofFIhybridsbetweentelocentriclinesofT.

aestivumcv.`ChineseSpring'andtheamphidipoidT.timopheevi-T.tauschii

(Ae.squarrosa),Feldman(1966)concludedthatalthoughtheBgenomechromo-

somesmoreoftenfailedinpairingwiththechromosomeofthecorrespondinggenome

(Ggenome)ofT.timopheevithantheAgenomechromosomes,theGgenomeis

sufficientlycloselyrelatedtotheBgenometobedesignatedasBt.Astothe
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originoftheGgenome,ShandsandKimber(1973)foundahighlevelof

homologouspairinginhybridsofT.timopheeviandAegilopsspeltoides,sug-

BestingthatAe.speltoidesisthedonorofthesecondgenomeofT.timopheevi.

Inadditiontothestudiesofthechromosomepairinginmeiosis,adifferent

approachtotheoriginofthetetraploidwheatswasattemptedincharacterizing

thechromosomesatthemitoticmetaphase,byinsituhybridization(Gerlachet

al.1978)orbychromosomebanding(ChenandGill1983,Noda1983).Although

thesestudiesproducedsuggestiveresultsconcerningtheoriginoftheBand

Ggenomes,moredetailedchromosomebandingworkswouldberequiredfordetermi-

nationofthehomologyorhomoeologyofeachoftheT.timopheevichromosomesto

thechromosomeoftheEmmerandcommonwheats,andforfurtherunderstandingof

thephylogeneticdifferentiationinthetetraploidwheats.

Inthisstudy,karyotypesofanEmmerwheatandaTimopheeviwheatwere

studiedindetailbyC-banding,asabasisofaninvestigationtoallocatethe

chromosomesofT.timopheevitothewheathomeologousgroups.Themethodof

theallocationwillbediscussedinthispaper.

II.MaterialsandMethods

TriticumturgidumL.var.nigro-barbatumandT.timopheeuizhuk.var.typi-

cumwereusedinthisstudyasrepresentativesoftheEmmergroupandthe

Timopheevigroup,resepectively.Theseedstocksofbothofthespecieswere

kindlyprovidedbyDr.1.Ohtsuka,KanagawaUniversity,Yokohama,Japan,

andthestrainofthelatterspecieswasthesameaswasusedasatesterstrain

(KU-107-1)inthestudybyKawaharaandTanaka(1977)onchromosomalinter-

changesintheTimopheevigroup.

Somaticchromosomesofthesespecieswerestudiedinroot-tipcellsatmetaphase

bytheC-bandingtechniquemodifiedbyEndo(1986).

III.ResultsandDiscussion

A.C-bandedkaryotypes

BothspecieshadtwopairsofSAT-chromosomes,andtherestofthechromo-

somesweremetacentricorsubmetacentric,withconstrictionssporadicallyob-

servdinregionsotherthancentromereandsatellite(Fig.1).Itwasimpossi-

bletodistinguishbetweentheT.turgidumandT.timopheevichromosomesstained

inanordinarywaywithacetocarmine.

TheC-bandingproducedadistinctivebandorbandsinallbutoneofthe

chromosomesofT.turgidum.Thebandingpatternscloselyresembledtheal-

readyidentifiedN-orC-bandingpatternsoftheAandBgenomechromosomes

incommonwheatsandadifferentEmmerspecies(Endo1986,EndoandGill19

83,1984).Therefore,itmaysafelybesaidthattheidentificationoftheT.

turgidumchromosoeswasabsolutelycorrect,asshowninFig.2a.Althoughthe

allocationofthechromosomes4Aand4Bwasreverseinthepreviousstudies,
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thereviseddesignationproposedbyDvorak(1983)andChenandGill(1983)

wasadoptedinthisstudy.

ProminentbandsappearedinnineoftheC-bandedchromosomesofT.timopheevi.

Theremainingfivechromosomeshadsomefaintbandsthatwereseenonlyinwell

stainedcells.Thus,allthechromosomesofT.timopheeviweredistiguished

fromoneanotherandfromallofthechromosomesofT.turgidum.Thesechro_osomes

weredesignatedasaton(Fig.2b)becauseacompleteallocationcorresponding

totheAandBgenomechromosomesoftheEmmerandcommonwheatspecies

wasimpossibleonthebasisofthebandingpattern.

SevenheavilybandedchromosomesofT.timopheevi,htonwererethersimilar

inbandingpatterntotheBgenomechromosomesandthereforewereattemptedto

beplacedinthecorrespondingpositions.Thesechromosomesprobablyconstitute

theGgenome,thisgenomeisdemonstratedtobepartiallyhomologoustotheB

genome(LilienfeldandKihara1934,andothers),andisconsiderdtohaveorig-

inatedfromAe.speltoideswhosesevenchromosomesallhavemanyheterochromatic

bands(ShandsandKimber1973,ChenandGill1983,Noda1983).Consequent-

ly,theAgenomeofT.timopheeuiispostulatedtoconsistofthechromosomes

atog,butitishardlypossibletofindanyresemblanceinbandingpattenbe-

tweenthetwoAgenomesofthedifferentgroupsoftetraploidwheats.

ItisworthnoticingthattherewasonlyoneSAT-chromosomeinthesup-

posedGgenome,whosebandingpatternseemstocorrespondtothatofthe6B

chromosomeofT.turgidum.TheotherSAT-chromosome,designatedasa,was

notlikechromosomeIBatallandplacedintheassumedAgenomeofT.

timopheevi.ThisfactagreeswiththeobservationbyFeldman(1966)thatthe

chromosomeofT.timopheeviwhichpairedwiththeIBLof`ChineseSpring'

wasnotsatellited.ThesatelliteregionofaGgenomechromosomecorrespond-

ingtochromosomeIBmayhavebeentranslocated㌧'intoaAgenomechromosome

duringtheevolutionofT.timopheevi.Anyway,thereisalimittothediscus-

sionbasedononlythebandingcharacteristics,andthehomologyorhomoeology

betweenthechromosomesoftheEmmerwheatandtheTimopheeviwheatmustbe

identified.

B.AllocationofthechromosomesofT.timopheevi

TheFIhybridbetweenT.turgidumandT.timopheevishowsahighlevelof

chromosomepairingandfemalefertility,althoughitismalesterile,andthe

backrossedoffspringaremostly28-chromosomeplants(Ohtsukapersonalcommunica-

tion).Thisfactenablesustostudythehomologyorhomoeologyofthechromo-

somesofT.timopheevitothoseofT.turgidum.

Becauseofthehighlevelofpairinghomologybetweentheparentalspecies,

translocatedchromosomesinvolvingchromosomesofthetwospeciesareexpected

tooccurintheB1-plants.Therefore,identificationofthechromosomesin-

volved.inatranslocationwillhelpidentifythehomologyorhomoeologybetween

thechromosomes.
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Also,completeobservationsonthechromosomeconstitutionofasufficient

numberoftheBlplantswillhelpdeterminethehomologyorhomoeologybetween

thechromosomesoftheparentalspecies.SupposetheFlhybridisbackcrossed

withT.turgidum.WhenaT.timopheevichromosomeisfoundinaBIplantwith

normalgrowth,itshomologousorhomoeologousT.turgidumchromosomeisexpected

toexistinthemonosomiccondition,neverinthedisomiccondition,inthesame

plant.Ontheotherhand,whenbothhomologuesofaT.turgidumchromosomeare

presentinaBlplant,itshomologousorhomoeologousT.timopheevichromosome

isexpectednottobefoundinthesameplant.Thus,mostoftheT.timopheeui

chromosomeswillbeabletobeallocatedsuccessfully.
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FigureLegends

Fig.1.Somaticmetaphasechromosomesof(a)T.turgidumand(b)T.timopheevi,The

chromosomeswereidentifiedonthebasisofheterochromaticbandsappearinginthe

samecellstreatedbyC-bandingafterbeingtakenthesephotographs(cf .Fig.2).

SinceitwasdifficulttodistingushamongchromosomesctogofT .timopheevi,

becauseoftheirfaintbands,theywerenotdesignatedinFig .lb.Bars=10,um.

Fig.2.C-bandedkaryotypesof(a)T.turgidumand(b)T.timopheevi.lnFig.2a,A

andBrepresentthegenomesandlto7homoeologousgroupsofT.turgidum.The

chromosomesofT.timopheeviwereratherarbitrarilydesignatedasatoninFig.

2b.Thechromosomesizesinthesefiguresdonotcorrectlyshowtheactualrelative

sizesbecausethechromosomeswerecollectedfromdifferentcells.Thehorizontal

linesindicatethecentromereregionsandthearrowsthesecondaryconstrictions.
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