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Introduction

Substitutionofaliencytoplasmsforthecytoplasmofwheathasbeenintensively

investigatedbyseveralworkers(Maan1973,PanayotovandGotsov1975,Tsunewaki

etal.1976).ThecytoplasmsubstitutionwasachievedbybackcrossingFIhybrids

betweenalienspeciesasfemalesandwheatasmalestotherecurrentpollenparents

ofwheat.Intheprocessofbackcrossing,especiallyintheearlierbackcrossgenera-

tions,manywheatderivativespossessingoneormorealienchromosomeswereob-

tained.Recently,somesuchalienchromosomeswerefoundtoprovokeatypical

breedingbehaviorinwheat:Whenalienchromosomeswereaddedtowheatin

monosomiccondition,theycausedgreatreductionofseedfertility,andviableoffspr-

ingproducedbythebackcrosswerealwaysoftheparentaltype.EndoandTsune-

waki(1975)isolatedtwosuchchromosomesseparatelyfrom/1鯉 ∫10カstriuncialisand

synthetictriuncialisintocommonwheat.Thesechromosomesweredistinguished

fromthoseofcommonwheatbytheirsubterminalcentromeres.Maan(1975)also

reportedtwootherAegilopschromosomesshowingsimilarbreedingbehaviorin 　
commonwheat,onederivedfromAe.longissimaandtheotherfromAe.sharonensis.

Theseworkersindependentlystudiedthemechanismofthepreferentialtransmission

ofthoseAegilopschromosomesaccompaniedbythelowseedfertility,andreached

thesameconclusion:Whenthecritical/1磐f妙schromosomeispresentincommon

wheatinmonosomiccondition,onlythegameteswiththealienchromosomeare

functional,whilegameteslackingitcannotfunction,resultinginthepreferential

transmissionofthischromosome.

Thetriuncialischromosomewasfoundtohavebeensuccessfullysubstitutedfora

wheatchromosomeaswellastohavebeenaddedtothechromosomalcomplementof

commonwheatindisomiccondition.Usingthesedisomictriuncialischromosome

substitutionandadditionlinesofcommonwheat,thepresentinvestigationwascon-

ductedtodeterminewhichcommonwheatchromosomewasreplacedbytheAe

triuncialischromosome,andtoconfirmthehomoeologousgroupofthischromosome.

Theresultsarereportedhere.
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MaterialsandMethods

Achromosomeof/1磐fZoρstriuncialis(2n-===28,CCCuCu),whichcausesselective

gametophytesterilityincommonwheat(2n===42,AABBDD)wasisolatedintocommon

wheattogetherwiththetriuncialiscytoplasmineithermonosomicadditionorsub-

stitutionconditionafterseveralbackcrossesofFIhybrid,ノ1θ.triuncialis(♀)x

commonwheat(a),tocommonwheat.Asthetriuncialischromosomeincommon

wheatwaspreferentiallytransmittedtotheoffspringofeverybackcrossgeneration

byvirtueofthesterilityoftheeggcellslackingthischromosome,nospecialeffort

wasneededtoretainthechromosomeincommonwheat(rf.EndoandTsunewaki

1975).Thedisomictriuncialischromosomesubstitutionplantswhichhad20pairsof

commonwheatchromosomesandapairofthetriuncialischromosomeswereproduced

simplybyselfingthemonosomictriuncialischromosomesubstitutionplants:The

disomicalienchromosomesubstitutionplantsusedinthisworkwerederivedfrom

twomonosomicsubstitutionlineswhosepedigreeswereAe,triuncialis/cw3/T,

aestivumcv.SelkirkandAe,triuncialis/cw3;'T,speltavar,duhamelianum3,respectively.

Adisomicalienchromosomeadditionlineinwhichapairofthetriuncialischromo-

someswereaddedtothefullcomplementofcommonwheatchromosomeswas

obtainedbyself-pollinationofamonosomicalienchromosomeadditionplantwhich

hadthepedigreeofAe.渉7伽7zo毎 〃s/cw1/T.aestivumcv.ChineseSpring6(cwdenotes

commonwheatotherthanthoseusedinthelaterbaclscrosses).Inspiteofpossessing

thecytoplasmofAe.triuncialis,thedisomicalienchromosomeadditionandsubstitu-

tionplantshadnormaloralmostnormalpollenfertilities,andcouldbeusedaspollen

parents.

Inordertoidentifywhichcommonwheatchromosomehadbeenreplacedbythe

triuncialischromosomeinthedisomicsubstitutionlines,allofthe21monosomiclines

ofChineseSpringwerecrossedasthefemaleparentswitheitherofthetwodisomic

substitutionlines.Flplantshaving41chromosomeswereselectedbythecytological

observationofroottipmitoses,andtheirmeioticconfigurationwasstudiedinthe

PMCsatMIoftwotofourplantsforeachof21FIlines.

Inthisexperimentthetriuncialischromosomewaseasilyrecognizedbyitsex-

tremlysubterminalcentromereatthemetaphaseofroottipmitosis.Theobservation

ofmeiosisandmitosiswascarriedoutbytheusualaceto--carminesmearandsquash

methods,respectively.

Reaulta

Identificationofthewheatchromosomesubstitutedwiththetriuncialis

chromosomeinthedisomicaliensubstitutionlines

AsthedisomictriuncialischromosomesubstitutionplantswerenullisoInicfora

certainwheatchromosomeanddisomicforthetriuncialischromosome,their2n=41

progeniesfromthecrosseswithrespective21monosomiclineswereexpectedtohave

oneofthefollowingtwomeioticconfigurations:Inthecriticalline,inwhichthe
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substitutedwheatchromosomeoftheformerishomologoustothemonosomicchro-

mosomeofthelatter,theplantsshouldshowameioticconfigurationof20"-E-1';in

thenon--criticallines,inwhichthosetwochromosomesarenon-homologous
,the

2n=41plantsshouldhavea19"一}-3'chromosomeconfiguration
.

Thecytologicalstudyofthe21hybridsbetweenall21monosomiclinesandthe

disomicsubstitutionlineofChineseSpringrevealedthatonlythe2n-=41FIhybrids

fromthecrossinvolvingthemono-3Dhadameioticconfigurationof20"-F-1'inall

fourplantsexamined(Fig,1) ,Allother2n-41FIplantsfromthecrossesinvolving

monosomicsotherthanmono-3Dalwayshad19"-E-3'(Fig .2).TheFIplantswith

20"十1,,whichwerenullisomicforwheatchromosome3Dandmonosomicforthe

triuncialischromosome,hadanormalgrowthvigor,buttheirseedfertilitywasvery

low(31・3%whencrossedwithnormalpollenand23.8%whenselfed)
.Almostall

theFIoffspringfromselfingthe20"-F-1'FIplanthad42somaticchromosomesin-

cludingtwosubterminaltriuncialischromosomes(290utof31plantsexamined)
.

Theseresultsclearlydemonstratedthatthetriuncialischromosomehadbeensubsti-

tutedforwheatchromosome3Dintheoriginalalienchromosomesubstitutionlines

ofcommonwheat,andhassomegeneticaffinitywithchromosome3D .

Table1.SeedandpollenfertilitiesofFIhybridsmonosomicforboth

awheatandthetriuncialischromosome

Monosomic

wheat

chromosome

Crossedseedfert.* Selfedseedfert.*

No.floretsNo.seedsset%No.floretsNo.seedsset%

Pollenfert.**

%

A

B

D

A

A
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176

146

124

158

188
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臼
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■
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「0

「D

り0
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n乙

30.7

21.9

25.0

21.5

13.3

624

552

336

424

672

167

112

104

91

61

26.8

20.3

31.0

21.5

9.8

46.0

50.0

48.0

46.7

45.3

*:1stand2ndfloretswereexamined .
**:Pollengrainswithtwosickle-shapedgermnucleiandonevegetativenucleusweretaken

asnormal.

HomoeologyofthetriZCnciali.schromosomewiththewheatchromosomes

ofhomoelogousgroup3

Thesuccessfulsubstitutionofthetriuncialischromosomeforwheatchromosome

3Dimpliedaclosegeneticrelationshipbetweenthetriuncialischromosomeandthe

wheatchromosomesofgroup3.ThreemonosomiclinesofChineseSpringthatwere

monosomicforchromosome3A,3B,and3D,respectively,and,ascontrols,twoother

monosomiclinesforrespectivechromosomes,IAand5Awerepollinatedwiththe

disomictriuncialischromosomeadditionlinewith22".Hybridsfromthecrosseswith

respectivemonosomicswerecytologicallyexaminedinroottipcells,andtheplants

with42somaticchromosomesincludingonesubterminaltriuncialischromosomewere

selected.Theywerefurthercheckedatmeiosistohaveameioticconfigurationof

20"十2'(Fig.3).Itwasconfirmedbythereducedseedandpollenfertilitiesthatone
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ofthetwounivalentsofthoseF,'swasalwaysthetriuncialischromosome(Table1).

F20ffspringwereobtainedfromse脆ngF2plantswith20"十2',andweresubjected

tocytologicalstudyofmitosis.
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Figs.1--4.:Fig.1.Meioticconfigurationofa41-chromosomeFIhybridfromthe

crossbetweenmono-3D(?)andthedisomictriuncialischromosomesubstitution

line(( .)ofcommonwheat,20"十1',theunivalent(arrowed)beingthetriuncialis

chromosome.Fig.2.Meioticconfigurationofa41-chromosomeFIhybridfrom

thecrossbetweenmono-4A(?)andthedisomictriuncialischromosomesubstitu-

tionline(δ)ofcommonwheat,19"十3',oneoftheunivalentsbeingthetriuncialis

chromosome.Fig.3.Meioticconfigurationofa42-chromosomeFlhybridfrom

thecrossbetweenmono-3D(?)andthedisomictriuncialischromosomeaddition

hne(δ)ofcommonwheat,20"十2',oneoftheunivalentsbeingthetriuncialis

chromosome.Fig.4.SomaticchromosomeconstitutionofanF2plantwith42

chromosomesincludingtwosubterminals,obtainedbyselfinganFihybriddoubly

monosomicforwheatchromosome3Dandthetriuncialischromosome.Thetwo

subterminalchromosomesfarrowed)arethetriuncialischromosomes.

Beforedescribingtheresults,weshouldconsidertheuniqueactionofthe

triuncialischromosomeonacommonwheatcultivar,ChineseSpring.Thedataof

reciprocalcrossesbetweeneuploidChineseSpringanditsmonosomictriuncialis

chromosomeadditionline(21"-F-1')revealedthatthetriuncialischromosomewas

transmittedtoalmostalltheoffspringthroughfemalegametes,whileitwastransmit-

tedtoabout40%oftheprogenythroughmalegametes.Thecrossedseedandpollen

fertilitiesofthemonosomicadditionlinewere16.4/and46.7/,respectively.It

seemslikelythatthetriuncialischromosomeinChineseSpringexerteditsgam-

etocidaleffectonalmostallthefemalegameteslackingthischromosome,butthe

effectwasnotextendedtoallthemalegameteswithoutthealienchromosome.
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Table2.'rheexpectedchromosomeconstitutionsofmaleandfemale

gametesproducedbyFIplantsdoublymonosomicfora

wheatchromosomeandthetriuncialischromosomeandof

FZprogeniesfromselfing

1
Female

gamete

Malegamete

20 21(ltr) 2122(2tr)

21(ltr)

22(ltr)

41(ltr)

42(ltr)

42(2tr)

43(2tr)

42(ltr)

43(ltr)

43(2tr)

44(2tr)

Note)ltrand2trinparenthesesindicatethepresenceofoneandtwotriuncialis

chromosomes,respectively.

Therefore,theFIlinesofChineseSpringdoublymonosomicforaparticular

wheatchromosomeandthetriuncialischromosomeareexpectedtoproducetwotypes

offemalegametesandfourtypesofmalegametes(Table2).Table2alsogivesthe

possiblesomaticchromosomeconstitutionsofF2.Femalegametesofthealienchromo-

someaddition(n=一=22)andsubstitutiontypes(n=21)areexpectedtofunctionin

aratioofonetothreeinalltheFIhybrids.Itisalsocertainthatchromosome-

deficientmalegametes(n=20)couldrarelyfunctioninevery20"-E-2'FIline
,and

thatmalegametesofthealienchromosomeadditiontype(n-=22)cannormallyfunc-

tioninfertilizationasshowninthemonosomicalienchromosomeadditionlineof

ChineseSpringmentionedabove.Formalegametesofthealienchromosomesubsti-

tutiontypewith20wheatandonetriuncialischromosome,twopossibilitiesarecon-

sidered:(1)thetriuncialischromosomehassuchclosegenetichomologywiththe

missingwheatchromosomethatmalegametesofthealienchromosomesubstitution

typefunctionnormallyinfertilization;(2)thetriuncialischromosomecannot

compensateforthemissingwheatchromosome,sothatalienchromosomesubstitution

malegametesarenobetterthanthechromosome-deficientgametes(n=20) .Thus

ifthetriuncialischromosomehasaclosegenetichomologywiththewheatchromo-

somewhichismonosomicintheFIwith20"一}-2',wecanexpectaconsiderable

numberofthedisomicalienchromosomesubstitutionplants(2n=42chromosomes

includingtwosubterminaltriuncialischromosomes)fromse脆ngtheF1's .Conversely,

ifthewheatchromosomemonosomicintheFIhybridshasnogenetichomologywith

thetriuncialischromosome,fewdisomicchromosomesubstitutionplantswouldbe

expected.

TheresultsaregiveninTable3.Highfrequenciesoftheseedlingswith42

chromosomesincludingtwosubterminaltriuncialischromosomes(Fig,4)werefound

amongalltheFZprogeniesfromtheparentsinwhicheachofthethreewheat

chromosomesofhomoeologousgroup3hadbeenmonosomic.Itisevidentthatthe

malegameteswiththetriuncialischromosomesubstitutedforchromosome3A
,3B,or

3Dcouldfunctionnormallyincompetitionwithmalegameteshaving21wheatchro-

mosomesandthoseofthealienchomosomeadditiontype(n=22) ,TheFiparents

monosomicforchromosomeIAor5A,however,producednoandonlytwoF2plants

with40wheatandtwotriuncialischromosomes,respectively .Thismeantthatn==21
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FrequenciesofvariouschromosomeconstitutionsintheF2generation

ofFIlinesdoublymonosomicforawheatchromosomeandthetriun-

cialischromosome

Monosomic

wheat

chromosome

Somaticchromosomeconstitution

41(ltr)42(ltr)42(2tr)43(ltr)43(2tr)44(2tr)OthersTotal

3A6

3B!

3D3

1A!
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6
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1
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1
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4
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Q
ゾ
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-
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9
自

9
自

4

り
4

0

り
白
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9

5

4

門0

「0
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Note)ltrand2trinparenthesesindicatethepresenceofoneandtwotriuncialis

chromosomes,respectively.

pollenwiththetriuncialischromosomeinsteadofwheatchromosomeIAor5Afunc-

tionednomorefrequently(1essthan2%ofpollengrainsfunctioned)thanthe

chromosome-de丘cientpollen.Therefore,thereisnodoubtthatthetriuneis〃schromo-

somehadaclosegenetichomologywithallchromosomesofhomoeologousgroup3.

Thewheatplantsnullisomicfor3A,3B,or3Danddisomicforthetriuncialischromo-

someareexpectedtohavenormalgrowthvigor;thishasbeenconfirmedfor

chromosome3D.

Discussion

Inviewofthesuccessfulsubstitutionofthetriuncialischromosomeforwheat

chromosome3Dinmonosomicanddisomicconditions,andthenormalfunctionof

malegameteswiththetriuncialischromosomeinsteadofwheatchromosome3A,3B,

or3D,itbecameclearthatthetriuncialischromosomehasaclosegenetichomology

withthewheatchromosomesofhomoeologousgroup3.Ontheotherhand,male

gametesdeficientinchromosomeIAor5Aandmonosomicforthetriuncialis

chromosomerarelyfunctionedinspiteoftheadvantageofthegameteswiththe

図 襯o∫ 捌3chromosomeoverthosewithoutitingametogenesis.Thisfactimplies

substitutingabilityofthetriuncialischromosomeforspecificwheatchromosomes.

SuchaspecificsubstitutingabilityofalienchromosomeshasbeenreportedbyRiley

(1965)forryechromosomeII,byJohnson(1966)foranAgropyronchromosome,and

byRileyetal.(1966)foranAe.comosachromosome.Riley(1965),forexample,was

abletosubstituteryechromosomeIIforallthreewheatchromosomesofgroup6but

noothers.Theabilityofthetriuncialischromosometosubstituteforwheatchromo-

somesotherthanthosetestedinthepresentstudyisunderinvestigation.

Intheknowledgeoftheauthors,thisisthefrstreportdealingwiththesubstitu-

tionofachromosomeoftetraploid/1召gゴZoρ ∫speciesforallthreewheatchromosomes

ofaparticularhomoeologousgroup.Ithasbeenprovedbygenomeanalysis(Kihara

1940)thatAe,triuncialis(2n-=28,CCCuCu)originatedfromahybridbetweentwo

diploid/1忽 〃o∫)∫species,Z.e.,/1θ.caudata(2n=;14,CC)andAe.umbe〃ulata(2n・ 二=14,

C"Cu).Wecanthereforetracetheoriginofthetriuncialischromosome,orthegene



EndoandKatayama:OntheAllocationtotheHomoeologousGroup3 217

(s)causingselectivegametophytesterility,backtoeitherofthediploidparental

species,unlessthegene(s)onthetriuncialischromosomearosebymutationafter

theamphidiploidizationofthehybridbetweenAe,caudataandAe,umbellulata,

Althoughtheoccurrenceofchromosomessuchasthetriuncialischromosomehasnot

yetbeenfoundineitherAe,caudataorAe,umbellulata,thefollowingfactcanbe

consideredasindirectevidencethatthetriuncialischromosomeisdirectlyderived

fromoneoftheparentalAegilopsspecies:Achromosomeextractedfromasynthetic

triuncialisintocommonwheatwasprovedtobeverysimilartothetriuncialis

chromosomeinitsuniquefunctionandmorphology(EndoandTsunewaki1975);

thesynthetictriuncialisconcernedwasproducedasanamphidiploidoftheFIhybrid

Ae.caudata(♀)x.ge.umbe〃ulata(♂).onlyabout30yearsago(Kondo1941).In

thekaryotypesofAe,caudataandAe,umbellulatastudiedbySenjaninova-Korczagina

(1932)andTanaka(1970),wecanfindsubterminalchromosomessimilartothe

triuncialisoneinbothspecies.Soitisevidentthatthereisachromosomeofthe

samekindasthetriuncialischromosomeineitherAe,caudataorAe,umbellulata.

Maan(1975)alsonoticedduringsubstitutionofaliencytoplasmsintocommon

wheatthatanalienchromosomeonceisolatedintocommonwheatfromAe,longissima

(2n=14,SIS1)andAe,sharonensis(2ri=14,SIS1)couldnotbeeliminatedfromcom-

monwheatbybackcrosses.HedemonstratedthatbothoftheAegilopschromosomes

hadagametocidalactionofthesamemechanismaswasrevealedwiththetriuncialis

andsynthetictriuncialischromosomes.Bythecrossesofthedisomicalienchromosome

substitutionlinewiththeChineseSpringtelocentricstocks,thecriticalAe,longissima

chromosomewasprovedtohavesubstitutedforwheatchromosome4A(Maan1976)

BesidesthegametocidalchromosomesofAe.triuncialis,synthetictriuncialis,Ae.

longissima,andAe,sharonensis,somechromosomeofAe.cylindrica(2n=28,CCDD)

andoneotherchromosomeandachromosomefragmentofAe,triuncialisarealso

thoughttoinducesimilargametophyticsterilityandtransmitpreferentiallyincom-

monwheat.Itseemsthatthegene(s)causingselectivegametophytesterilityin

commonwheatislocatedondifferentchromosomesindifferentspeciesofthegenus

Aegilops.Studiesonthedistributionofthegene(s)andonthehomoeologyofthe

carrierchromosomeswillprovideanadditionalapproachtothefullunderstanding

ofthephylogeneticrelationshipsamongtheAegilopsspeciesandtheirevolutionary

processes.

Summary

ItisknownthatasubterminalchromosomeofAegilopstriuncialis(2n=28,CCCu

C")causesgametophyticsterilityincommonwheathavingthischromosomeinthe

monosomiccondition,throughmakinggameteswithoutitfunctionlessinfertilization,

resultinginitspreferentialtransmissiontooffspring.Thetriuncialischromosomewas

noticedtobeabletoreplaceapairofwheatchromosomes.Bycrossingall21

monosomiclinesofChineseSpringwiththedisomictriuncialischromosomesubstitu-

tionlinesofcommonwheat,thewheatchromosomesubstitutedwiththetriuncialis's
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wasdeterminedtobechromosome3D.

FivemonosomiclinesofChineseSpringforchromosomes3A,3B,3D,IA,and5A

werepollinatedwiththedisomictriuncialischromosomeadditionlineofChinese

Spring.TheFIhybridswith20"一}-2',whereoneofthetwounivalentswasthetri-

uncialischromosome,wereself-pollinated,andthechromosomeconstitutionsof

plantswereexaminedinroottipmitosis.Thetriuncialischromosomewasrecognized

byitsextremelysubterminalcentromere.Ahighfrequencyofthedisomicalien

chromosomesubstitutionplantsintheF2,whichwerejudgedby2n-=42somatic

chromosomesincludingtwosubterminalones,wasobtainedinalloffspringoftheFl

hybridsinwhichchromosomesofhomoeologousgroup3hadbeenmonosomic.On

theotherhand,twoFZoffspringfromthehybridsdoublymonosomicforthetriun-

cialischromosomeandawheatchromosomeIAor5Ayieldedfewseedlingswith

2n=42chromosomesincludingtwotriuncialischromosomes.Theseresultsclearly

indicatethatthemalegameteshavingthetriuncialischromosomesubstitutedforany

wheatchromosomeofhomoeologousgroup3couldnormallyfunctioninfertilization

incompetitionwithnormalwheatmalegametes,whilethosewiththetriuncialis

chromosomesubstitutedforchromosomeIAor5Ararelyfunctioned.Consequently,

thetriuncialis.chromosomecausingselectivegametophytesterilityincommonwheat

isconsideredtobehomoeologouswiththewheatchromosomesofgroup3.Iriad-

dition,thepossibilitywasdiscussedthatthegametocidalgene(s)onthetriuncialis

chromosomehadbeenderiveddirectlyfromeitheroftheparentalspeciesofAe.

triuncialis,namelyAe,caudata(2n-14,CC)andle,umbellulata(2n=14,CuCu).
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