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Studiesonhaploidyinvolvemanyimportantmattersbothintheoryand

application(cf.KatayamaandNei,1964),andrecentlymarkedprogressis

beingmadeinbothareas.Haploidsarespontaneouslyformedinordinarily

grownplants,andinprogenyfrominterspecificorintergenericcrosses.They

arealsonoticedintwinsandtriplets(cf.Kawakami,1967).Artificialmeans

ofinducinghaploids:pollinationofX-rayirradiatedpollengrains(Katayama,

1934);delayedpollination(Kihara,1940);selectionofspecificstrainsorgenotypes

(Chase,1949);andtheuseofanaliencytoplasm(KiharaandTsunewaki,1962)

havebeenreportedtobeeffectiveincertainmaterials.Moreover,thesuccess

ofanthercultureinDatuya(GuhaandMaheshwari,1964)hasinspiredmany

investigatorstostudytheexperimentalproductionofhaploids.Forthepractical

useofhaploidsinplantbreedingitisessentialtoobtainalargenumberfrom

asingletreatment.Recentadvancesinthemethodsofhaploidproduction

towardthisgoalarereviewedhere,andprospectsforthefuturearediscussed.

1.Successofantherculture

Althoughthepossibilityofusinghaploidsforplantbreedingwaslongago

pointedout,therehasbeennomeansofobtainingthelargenumberofhaploids

necessaryforpracticalbreeding.Inreviewingthestudiesonhaploidybefore

1964,KatayamaandNei(1964)conclusivelysuggestedtheideaofproducing

haploidsbypollenculture.Inthesameyear,successintheanthercultureof

DatuyawaspreliminarilyannouncedfromthelaboratoryofProf.P.Maheshwari

ofIndia,andatangiblereportonthiswasmadein1966(GuhaandMaheswari ,
1964,'66).Encouragedbytheirwork,Tanakaetal.obtainedalargenumber

oftobaccohaploidsinthesummerof1967atHatano,Japanbyculturing

theanthers.Furthermore,theydoubledthenumberofchromosomesintlle

haploidsbycolchicinetreatment,andproducedhomozygousdiploids.Results

werereportedatthesemiannualmeetingoftheJapaneseSocietyofBreeding

intheautumnofthesameyear(TanakaandNakata,1967,'68),andwere

publishedintwosuccessivepapers(NakataandTanaka,1968;TanakaandNakata,

1969).Aftertheseachievementswithtobacco,NiizekiandOono(1968x,b)

succeededintheanthercultureofthericeplantatHiratsuka,Japan ,and
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publishedintwopapers.Atalmostthesametime,theproductionoftobacco

haploidsbyanthercultureWassuccessfulinFrance(BourginandNitsch,1967;

Nitschetal.,1968;NitschandNitsch,1969).Plantspeciesinwhichllaploids

HavebeenobtainedsofarbyantherculturearelistedinTable1.

Table1.Speciesinwhichhaploidplantshavebeenreportedtobeproduced
bythecultureofanthersorpollenl)

Order

DICOTS

Rhoeadales

Geraniales

Tubiflorae

Family

Cruciferae

Geraniaceae

Solanaceae

Genus

Brassica

Arabidopsis

Pelargonium

Atyopa

LycopeYicon

Capsicun2

Datura

Nicotiaiaa

Solarum

「一一

Species

oleyacea

ofeyaceaxalboglabra

thaliana

、乃07渉07Z4〃Z

belladonna

esculentuna

1ρ'〃Zρ'π61〃 ∫0〃 π〃Z

annuum

znnoxza

i

i
'rnetel

l

mateloides

(tabacum

rusticat

b≠0ρ 乃oya
I

ll

9〃t〃nosy(4n)i

sylvestris

alata

suaveolens

,glaucaxlangsdoyffii

clevelandii*

sanderae*I

verrucosum*

nigyuyyt*

dulcamaya*

Reference-}卜)

Kameya&Hinata1970

//

Gresshoff&Doy1972b

AboEl-Nil&Hildebrandt1971

1Zenkteler1971

Sharp,Dougall&Paddock1971,

Gresshoff&Doy1972a,Sharp

etal.1972,Debergh&Nitsch

1973

Debergh&Nitsch1973

Wang,Sun,Wang&Chien1973

1Guha&Maheshwari1964,1966,

1967.Nitsch1972_Nitsch&1"

INorreel1973

1Narayanaswamy&Chandy1971,
Nitsch1972,Iyer&Raina1972

国itsch1972

Bourgin&Nitsch1967,Nakata
F&Tanaka1968

,Nitsch&Nitsch
!1969,Sunderland&Wicks1969,

;Tanaka&Nakata1969,Burk
1970,Carlson1970,Melchers&

jLabib1970,Devreuxetal.1971,
Nakata1971,Sunderland1971,
[

Sunderland&Wicks1971,Sharp,

Dougall&Paddock1971

Nitsch1969,1972

jCollinsetal.1972,Collins&I

Sadasivaiah1972

Nitsch1969,1972

Bourgin&Nitsch1967,Noth&

Abel1971,Nitsch1972

Nitsch1969,1972

Smith1973

//
';V
ysko&Novak1974

//

jlriliura&Sakaguchi1972
i

Harn1971.1972
,

Zenkteller1973
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Table1.‐(continued)

MONOCOTS

Graminiales

Liliales

Gramineae

ILiliaceae

iO7ツ ㌶

五〇〃um

Lolium

xFestuca

Hordeum

Tyiticicm

Tyiticale

Aegilops

Setayia

Lilium

lI

I

i
i..'
,sativa',Niizeki&Oono1968,Guhaetal.

1970,lyer&Raina1972

吻%1〃 ノ.locum!Clapham1971

繍 撒 弩IX)Nitzsch・97・
1「

ρ"9α7θ'Clapham1973
'aestivzcmpuyang

・Hu・Chuang&Tseng
　

11973,Wang,Chu,Sun,Wu,Yin

,&Hsu1973
i　 　

iIIWang,Sun,Wang&Chien1973i

caudataxumbellulataIKimata&Sakamoto1972　'italicaBan
,Kokubu&Miyaji1971

10ngifloYUmSharp,Raskin&sommer1971

一{一)FromSmith(1974) .ThefivespecieswithasterisksareaddedtoSmith'slist.

一;一)References
,exceptforthoseaddedfivespeciesandthosereferredtointhetext,

arenotlistedinthereferencesofthepresentpaper,

Twoprocessesthroughwhichhaploidsareproducedfrompollenareknown.In

one,youngpollengrainsintheanthers,whichareculturedunderappropriate

conditions,continuenucleardivisionafterthefirstpollenmitosisandform

multicellularembryoidswhichdirectlydevelopintohaploidplantlets.This

processisknowninDatuYa(GuhaandMaheshwari,1967);Nicotiana(Nakata

andTanaka,1968;Nitsch,1969);andAtropa(RashidandStreet,1973).Inthe

other,immaturepollengrainsoncededifferentiateintohaploidcallus,from

whichhaploidplantletsredifferentiate.ThisprocessistypicallyseeninOyyza

(NiizekiandOono,1968a).Inbothcases,thenucleusmustgoondividing,so

thatthepollengrainmaydevelopintoahaploidplant,insteadofdifferentiating

intogenerativeandvegetativenuclei,andceasingtodivide.InNicotianaand

Datuyatheembryoidisformedchieflybycontinuousdivisionofthevegetative

nucleusafterthefirstpollenmitosis,andthegenerativenucleusdegenerates

orplaysonlyavestigialrole(SunderlandandWicks,1971;lyerandRaina,

1972).

Thecompositionoftheculturemediumandtheculturecondtionsareofgreat

importancetothesuccessofantherculture,buttheyarenotsocrucialasthe

selectionofthemostfavorablestageindevelomentwhenanthersareexcised

intothecultures.AccordingtoNakataandTanaka(1968),tobaccoembryoids

andhaploidplantletsaredirectlyformedfrompollengrainsattheone-nucleate

stagejustafterthetetradstage.SunderlandandWicks(1969)believethat

thefirstpollengrainmitosisisthecriticalpointatwhichthetransitionto

plantletformationtakesplaceintobacco.togeneral,thecrucialstagewhich

determineswhetherthemicrosporescontinuetodivideseemstooccurimmediately

before,oratthetimeof,thefirstpollenmitosis.Manysuccessfulanther
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cultureshavebeenachievedbyusingantherscorrespondingtotheabovepollen

stages.

Someattemptstoattainhigherefficiencyinhaploidformationbyanther

culturehaveattractedourattention.Theseare:coldtreatment(Wangetal.,

1974)topollenatthefirstmitosis;addingirontothemediumastheferric

saltofethylenedianline-di-0-hydroxyphenylaceticacid(FeEDDHA)(Chopraand

Rashid,1969);andtheapplicationofachemical,para-fluorophenylalanine(PFP),

tothemediumtoobstructthegrowthofdiploidcallus(NiizekiandKita,1973).

ThecultureofisolatedpollenfromtheantheristhefinalGoalofanther

culture.Thisinethedcouldresolvetheproblemsassociatedwiththecultivation

ofintactanthers,whichoftenresultsintheproliferationofdiploidcallus

derivedfromtheantherwall.Moreoveritoffersamorerefinedmethodfor

studyingmutationandselection.Sharpcatal.(1972)firstobtainedhaploid

clonesoriginatingfromindividualtomatopollengrainsbyusinganurseculture

procedureinwhichasinglepollengrainwascultureduponanintactanther.

Itisgenerallyrecognizedthatthecoexistenceoftheantherandpollengrains

isnecessaryforsuccessfulanthercultures.Thisimpliesthatsomespecific

substancesareexudedfromtheantherwallwhichstimulateyoungpollengrains

tofurthercelldevision.Therefore,theidentificationofthesesubstances,if

theyexist,isoneoftheforemostproblemsthatberesolvedforcomplete

successinthecultivationofisolatedsinglepollengrains.

Successinantherculturehasgivenrisetomanydiscussionsonitsapplication

tohaploidbreedingmethodsandtosomebranchesofbiology,e.g.mutagenesis

andgenetics(KatayamaandTanaka,1969;Sunderland,1971;Melchers,1972;

Niizeki,1972).Thisisbecauseofsomeuniqueadvantagesofanthercultureas

amethodofhaploidformation,i.e.beingabletoproducemanyhaploidsatone

time,oratleast,ofhavingthepotentialityofbecomingageneralmethod

applicabletoeveryplantspecies.

2.Embryocultureinbarley

ForalongtimebreedersofbarleyhadtriedcrossesbetweenHoy'deu〃z

vulgareandH.bulbosum.TheiraimWastotransferdesirablecharacterssuch

asresistancetodisease,winterhardinessandthecrosspollinatinghabitfrom

thewildspeciesH.bulbosurntothecultivatedbarleyH.vulgate.Thereare

diploid(2n=14)andtetraloid(2n=28)cytotypesinH.vulgareandH.bulbosunZ,

respectively.AlthoughatriploidFIhybridbetween・[1.uulgare(2x)and11.

bulbosum(4x)wasoncereportedbyKuckuck(1934),realsuccessinobtaining

viableFIhybridsfromthecrosseshasbeenachievedonlysincetheembryo

culturetechniquehasbeenused(Konzaketal.,1951).Hybridseedsfrom

crossesbetweenH.vulgateandH.bulbosurndevelopvigorouslyforaboutten

daysafterfertilization,butafterthattheystarttoshrivelandabort.However,

ifthehybridembryosareremovedfromcaryopsesandareplacedincultivation
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intentofourteendaysafterpollination,theycontinuetogrowtoviable

seedlings.Bythismethodofembryoculture,ithasbecomepossibletoobtain

viableplantsfrommostofthecrosscombinationsbetweenthediploidand

tetraploidformsofH.vulgayeandH.bulbosurn(Davies,1958;Morrisonetal.,

1959;Symko,1969;KashaandKao,1970;Lange,1971a;SubrahmanyamandKasha,

1973).

FromsixoftheeightpossibleinterspecificcrosscombinationsbetweenH.

vi〃gaye(2x,4x)andH.bulbosu〃z(2x,4x),Lange(1971a)couldobtainviable

plants.Someofthecrossesgaverisetohaploidsordihaploids(derived.from

theautotetraploids)besidesthenormalinterspecifichybrids.Allthehaploids

anddihaploidsresembledH.vulgaye,regardlessofthedirectionofthecrossl'.

Symko(1969)obtainedmanyseedlingsfromthecross,・CZ.ゐ 〃bosun〃(2x)♀ ×

ゐr.v〃Bare(2x)♂,usingembryoculture,andcytologicalexaminationrevealed

thatalltheplantshad2n=7chromosomes(Table2).Successivecountsat

intervalsofaboutonemonthrevealednochangeinchromosomenumber.The

vegetativecharactersofmostofthesehaploidsatthetilleringstagewere

intermediatebetweenthoseofthetwoparentalspecies,whereasallthehaploids

hadthespikecharactersofH.vulgate.KashaandKao(1970)producedmany

haploidsexclusivelyfromthecrossreciprocaltoSymko's,i.e.∬.o〃9α76(2x)

♀ × 丑.ゐ 〃bosum(2x)♂,usingembryoculture(Table2).Theysuggested

thatthosehaploidsalwayshadtheH.vulgaregenome,forallwerevigorous

vLilgaye-likeplants.Kashaetal.(1970)alsoreportedthatnearlyallthe

haploidsordihaploidsproducedfrominterspecificcrossesbetweenH.vzzlgare

(2x,4x)and刀 「.伽1ゐosz槻(2x,4x)containedthegameticcllromosomecomplement

ofH.vulgaye,regardlessofwhetherH.vltilgaYewasusedasthemaleor

femaleparent.

Table2.ResultsofreciprocalinterspecificcrossesbetweenHordeunivulgare

(2n=14)andH.bulbosum(2n=14)usingembryoculturetechniques

Female

Crossparent

No,used

H,bulbosurn,='xi7

H,vulgayeb

鼠 鷲 蒲
∫漉+)… ・9

-.____.一_一 一 一,トー

十)FromSymko(1969).

-i1

No.ofspikes

orflorets

ipollinated…

1455spikes→iDI
Ii

:1

!1,238florets:
Il

No,of
seeds

induced

97

638

No,of

embryos

cultured

97

209

No,of

haploids

59

23

FromKashaandKao(1970)

唱十)Eachspikehad12toユ8florets.

Asthemechanismforproducingthevulgate-likehaploidsordihaploidsfrom

interspecificcrossesbetweenH.vzflgareandH.bulbosuna,Davies(1958)and

1)TheseresultswritteninEnglishareapartofLange'sextensivestudiesofinterspecific

crossesbetweenthediploidandtetraploidcytotypesofH,vulgateandH,bulbosum

presentedin1968and1969inDutch.



116MemoirsoftheNaraUniversity,No,3

Symko(1969)consideredthepossibilityofmaleparthenogenesis(merogonyor

androgensis),whileKashaandKao(1970),KaoandKasha(1970),Kashaetal.

(1970)andLange(1971a)allsuggestedselectivechromosomeeliminationduring

haploidproduction,i.e.fertilizedeggs,containingbothmaleandfemalegenomes,

underwentselectiveandgradualeliminationoftheirchromosomesintoahaploid

numberduringembryogenesis.Ithasbeencytologicallyobservedthatembryos

whichwereexpectedtogiveriseto2n=7haploidscontainedcellscarrying

variablenumbersofchromosomes(fromfourteendowntoseven)intheirearly

development.Thefrequencyofhaploidcellscarryingsevenchromosomes

increasedastheembryosdevelopeduntilfinallymostoftheircellspossessed

sevenchromosomes(Lange,1971b;Kashaetal.,1972;SubrahmanyamandKasha,

1973)(Table3).

Table3.Chromosomevariationsandabnormalitiesinembryoswithlvazlgareandl

bulbosumgenome

Agei:N。.。f

濫ys}§翻OS!

1

3

　

4

5

6

7

8

9

10

11

6

No,ofcountablecellswithchromosome
numbersof+)

13

14

15

17

17

10

5

4

7-fr)

3

(42.85)

8

3

106

(37.03)

2614

(52.00j

6816

(68.68)

16011

(90.90)

17741

(77.29)

21813

(90.45)

43122

(93.69)

9

1

4

5

10

2

11

7

7

10

2

4

3

3

2

2

11

2

2

1

1

1

12

1

1

1

13

1

2

1

1

14

Total

No,of

count-
able

cells

1

1

1

i,

11

27

50

99

%ofcellsMean
withINo.of
extra-Icells

chromatinper
materialembryo

I

176

229

241

460

50.30

30.26

16.70

・ ・

9.70

7.98

4.54

3.39

2.36

37

75

199

370

772

1178

2306

4710

7430

十)FromSubrahmanyamandKasha(1973).

十ト)Percentagesgiveninparentheses.

TheembryocultureofhybridseedsfromcrossesbetweenH.vulgaye(2x)and

H.bulbosurn(4x)producedviabletriploidhybridswithstablechromosome

numbers(Lange,1971a;KashaandSadasivaiah,1971).Thisimpliesthatchromo-

somestabilityintheembryocellsofthehybridsdependsontheirgenomic

constitutions.Nomatterwhatthebasisforselectivechromosomeelimination,it

isageneralfactthatembryosinitiallycontaininggenomesintheratioofl

vulgayetolbulbosumgraduallylosetheirbulbosumchromosomesduringthe

earlystageofdevelopment,whiletriploidembryoswithlvulgateand2bulbosuna
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genomesarerelativelystableintheirchromosomenumbers(Subrahmanyamand

Kasha,1973).

AlthoughbothSymko(1969)andLange(1971b)indicatedthatchromosome

eliminationmightalsohaveoccurredintheH.vulgayegenome,variousstudies

conductedbyKashaandothersatGuelph,Canadahavepresentednoconclusive

evidencefortheeliminationofanyvulgaycchromosomes.Thatis,ofthe

approximately4,000progenyfromH.vulgaye(2x)xH.bulbosurn(2x),roughly

99%werehaploidsresembling、[1.vulgayeandtheother1%wasmadeupof

diploidinterspecifichybrids;nohaploidsofH.bulbosumbeingobtainedeven

whenH.bulbosumhadbeenusedasthefemaleparent.Noembryocellswere

observedtocontainlessthanthehaploidnumberofchromosomes,onlyvurgare

typechromosomes(thoughonlythreechromosomes,5,6,and7weredistinguished)

wereexhibitedinsomaticcellsofhaploidanddihaploidseedlings.Themarker

genesonthevulgatechromosomesconsistentlyexpressedtheireffectsinthe

haploids(cf.SubrahmanyamandKasha,1973).Thechromosomenumberinthe

endospermandplanttissuewaslessstablethanthatintheembryo,andalso

dependeduponthegenomeconstitution(Lange,1971b;Subrahmanyamand

Kasha,1973).

Similarsituationsasintherelationbetweenthebalanceoftheparental

genomesandchromosomeeliminationinbarleyhybridshavebeenknownbefore,

i.e.therestrictedF2recombinationintobaccoandcotton.Intobacco,rec-

ombinationsofcorollacharacters,suchastubelengthandlimb-width,inthe

F2'sofNicotianaalataxN.langsdoyffii(Anderson,1939)orN.langsdoyffii

×!V.∫ α12467α6(Smith,1950)werestudied,anditwasshownthattherecombi-

nationsofthesecharacterswerenotfree,butwererestrictedtogivingriseto

offspringmoreorlesslikeeitheroftheparentsortheFIhybrid.According

toStephens(1949),FIhybridsofGossypiuynhirsuturn(2n=26)andG.barbadense

(2n=26)showedregularformationof26bivalentsandwereapparentlyfully

fertile.However,freerecombinationdidnotoccurbetweentheparentalcharac-

ters,andtheneteffectofinbreedingwastheestablishmentoftypespractically

indistinguishablefromtheparentspecieswithouttheestablishmentofinter-

mediatetypes.InbackcrossesoftheFlhybridsasnorerapidaccumulationof

therecurrentparentgenotypeoccurredthanwasexpected,asaresultofrandom

segregationandrecombination.

TheselectivechromosomeeliminationinHoydeumisverysimilartothe

phenomenoninwhichsomaticcellhybridsbetweenahumanandamouse

progressivelyloseonlytheirhumanchromosomesduringcultivation(Weissand

Green,1967;Matsuyaetal.,1968).Thecauseofselectivechromosomeelimina-

tioninbothcasesmaybethesame.
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3.Useofaliencytoplasms

In1958,MazotiandM曲1enbergrecognizedtheeffectofanaliencytoPlasm

onparthenogenesisinmaize(Chase,1969).Theyexaminedthefrequenciesof

haploidsinpairedstocksofthesamegenotypemaize,whichdifferedonlyin

thatonecarriedthemaizecytoplasmandtheothertheteosintecytoplasm.The

resultwasthatstockwiththemaizecytoplasmproduced1.69haploidsper1,000

progenyandtheotherwiththeteosintecytoplasmgaveriseto2.2per1,000.

Theauthorsconcludedthatthedifferenceincytoplasmhadasignificanteffect

onthefrequencyofparthenogenesisinmaize.Theteosintecytoplasm,however,

wasnomoreeffectiveininducingparthenogenesisinmaizethanwereother

methods,suchasdelayedpollinationandtheselectionoffavorablegenotypes.

Kihara(1951)substitutedthecytoplasmof・4eg〃ohscazidata(genolneformula

CC,2n=14)incommonwheat(T.aestivu〃Z,AABBDD,2n=42)bysuccessive

backcrossinginordertostudytheeffectsoftheAegilopscytoplasmonthe

manifestationofthecommonwheatgenoYne.Duringthisinvestigation,haploids

weresometimesnoticedamongprogeniesof7'.aestzvuna67ッ 〃〃'osρ6γ 微`フ πwith

theAe.caudatacytoplasm.Theseamountedtonine(outof287examined)by

thethirteenthgenerationofthebackcross.Moreover,whenthesamealien

cytoplasmtivasintroducedintotheT.aestivuynstrainSalmon(whichisa6x

derivativeofthe8xTriticale,formerlycalledTaylor'sTriticale),thecytoplasm

substitutionlisleproducedhaploidsattheveryhighrateof52.90(nineoutof

seventeen)inthesecondgenerationofthebackcross(KiharaandTsunewaki,

1962).PureSalmonwiththecytoplasmofcommonwheatproducednohaploids.

Salmonwiththe/16.ca7TdatacytoPlasmhasconstantlygivenhaploidsatthe

rateof20.3to38.0%1nsubsequentbackcross

1974)(Table4).Thislinehasgivenriseto

haplo-diplotype)attherateof6.5to15.20,as

logicallyconfirmedthattheoccurrenceofthese

attributed.toparthenogenesisoftheeggcells,

subsequentfertilizationofthesynergid(Tsunewakietal

AsthenucleusofSalmonhasbeenbroughtintovarious

relatedspecies,ithasbecomeclearthatthecytoplasmcausing

inSalmonisnotconfinedtothatof.46.60z44α!o.

thegenusAegilopshavebeenproventohavethecytoplasm

haploidsandtwinsinsalmonatahighrate(Table4).

belongtothesectionPolyeides,inwhichtheCu

indicatesaclosegenomicrelationshipamongdonor

genesis-inducingcytoplasmstoSalmon(Tsunewakietal

istheonlyknownstrainwhoseeggcellscanparthenogenetically

embryosinaliencytoplasms,butT.machaseemstohavethesamecharacteristic

becauseT.machwithanAe.colmnariscytoplasmgaverisetofourhaploids

generations(Tsunewakietal.

manytwins(mostwerethe

well(Table4).Itwashisto-

haploidsandtwinscouldbe

and,lilthecaseoftwins,

.,1968).

aliencytoplasmsof

parthenogenesis

Atpresent,sixspeciesin

thatinducesboth

Fiveofthespecies

genomeisincommon.This

speciesofthepartheno-

.,1974).Todale,Salmon

developinto
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outoftwenty-fourplantstested(?VlriVlukai,personalcommunication) .

Table4.HaploidandtwininducingeffectsofsixaliencytoplamstoSalmonin

artificiallypollinatedoffsprings+)

Cyt・plasmd・n・rBackross
generation

l

Yeariδparent

Ae.caudata

Ae.unibellulata

Ae.tyiuncialis

Ae,colmnaris

Ae.kotschyi

Ae.variabilis

O

1

2

3

2

5

6

7

8

9

1

1

1

1

3

4

〃

B

B

B

B

B

B

B

B

B

B

B

B

5

6

2

3

4

1

1

1

〃

B

B

B

B

B

B

B

B

〃

〃

窯

審

鶴

雰

霧

饗

"
据

例
蜷

雛

粥

"
"
"

1

1

1

1

1

1

}ITwins%Haploids%
i

1S almon1

//
1

//
ll

ii

I〃1
　 　
Il

l〃

}〃;

//i

i//

11

//

I

IM
acha

-i

Salmoni
・コ 　

iCS+)×SalmonF1
　 　

Salmon
I

//

Salmon

l〃 ・

"1

Salmon

Salmon

Salmon

Tve

P168

JF

4

7

0

2

5

5

3

0

7

4

0

0

7

6

0

0

0

4

2

0

9

0

3

7

　

　

ロ

　

　

　

　

　

　

　

　

　

　

コ

　

　

　

　

　

の

　

コ

　

　

8

9

3

5

6

2

4

0

6

4

0

0

0

5

0

0

0

7

5

4

6

5

8

6

1
⊥

-
⊥

1

1

1

1

1

1
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→十)CS,Tve,P168,JFareabbreviatednamesofvarietiesofT.aestivuyn.

4.Geniccontrolofparthenogenesis

Itisevidentthattheoccurrenceofhaploidsiscontrolledbythegenetic

constitutionoftheplantaswellasbyexternalconditions,forthespontaneous

orinducedfrequencyofhaploidproductionlargelydifferfromgenotypeto

genotypeinaspecies,aswellasfromspeciestospecies.Forexample,in

maize,somestocksofcertaingenotypesproducegreaternumbersofhaplolds

thandootherswhenusedasthemaleorfemaleparentincrosses.Partheno-

geneticdevelopmentoftheembryoinwheatisordinarilyacharacteristicof

acertainstrainofT.monococcztinz(Katayama,1933,'60).Thishaploidinduction

byaliencytoplasmsisalsorestrictedtoaspecificstrainofT.aestivuna.There

hasyettobeareportshowingthattheoccurrenceofhaploidsiscontrolledby

adefinitegene(orgenes)orchromosome.
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Thereisthephenomenon,however,thatinalineofSalmonhavingAe.

tYiuzzcialiscytoplasmtheparthenogenesisofeggcellsseemstobecontrolled

byacertainchromosome.MostcytoplasmsubstitutionlineswiththeAe.

tyiuncialiscytoplasmshowlowcrossedseedfertility(ca.200),evenafterfive

orsixbackcrosses.Thislowcrossedseedfertilityorhighfemalesterilityis

intimatelyassociatedwiththepersistenceofachromosomederivedfromAe.

〃 加 ¢6♂o〃s(calledichrosome,hereafter),i.e.onlyeggcellscontainingthei

chromosomecanbenormallyfertilizedandproduceprogeny,whileeggcells

withouttheichromosomecannotbefertilized,orbecomelethalafterfertiliza-

tion(EndoandTsunewaki,inpress).Thissituationappearstobebrought

aboutbytheichromosomealoneindependentofthecytoplasmofAe.triuncialis.

Salmonwiththe、4e.tYiuncaa〃scytoplasmalsocontainsoneichromosomein

additiontothe42chromosomesofSalmon,itself.

WhenthecytoPlasmsubstitutionlinesofSalmonwerebackcrossedasfemale

tonormalSalmon,alargenumberofhaploids,twins(allhaplo-diplotype)and

atriplet(haplo-diplo-diplotype)wereobtained,asshowninTable4.The

chromosomenumbersofthesehaploidsandofhaploidseedlingsfromtwinsand

atripletwereexaminedinroottipcells.Thirty-fourexaminedhadtwenty-one

chromosomes,twohadtwenty,andthetworemaininghadtwenty-twochromo-

somes.Hence,atleastinSalmon,eggcellslackingtheichromosomeseemto

beabletodevelopparthenogenetically.

Supposethatthetransmissionrateofanichromosomethroughthefemale

gametesisabout25%,asintheordinaryunivalentsinthemonosomicsof

wheat;thentheexpectednumberof2n=22haploidscontainingtheichromosome

willbeeightornine.Thisfactindicatesthateggcellscontainingthei

chromosomehaverelativedifficultyindevelopingparthenogenetically,while

n=21eggcellsfreefromtheichromosomewerefavorableforparthenogenesis.

Thisphenomenonhastwointerpretations.Uneisthatwhilethecytoplasmof

.qe.triuncialis,itself,hadahaploidinducingeffectonSalmon,theichromosome

counteractstheeffectofthecytoplasminthegametes.Theotheristhatthe

ichromosomeinhibitsfertilizationoftheichromosomefreeeggcells(n=21)

asstatedabove,whichoftenresultsinparthenogenesisoftheeggcells.Hence,

therelativefrequencyof2n=21haploidsrises.Thoughnofurtherdetailed

discussiononthissubjectisgivenhere,itcanbeinferredthattheichromo-

somehassomecontrollingfunctionintheparthenogenesisi1TSalmon.

5.Concludingremarksandfutureprospects

Consideringthatgameteshavetotipotency,andthatthehaploidsofhigher

plantsareviableinspiteoftheirhalfgenicdoseincomparisonwithdiploids,

haploidproductioninhigherplantscanbeachievedbytwoapproaches.Oneis

tomakethetotipotencyofgametesmanifestWithoutfertilization.Asgametes

areusuallysuppressedsoasnottostartcelldivisionbeforefertilization,it
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maybepossibletoremovethissuppressionortoactivateparthenogenesisby

someappropriatemethod.Theotheristosupplynutrientstohaploidembryos

untiltheyarelargeenoughtosupportthemselves.Antherculture,forexample,

fulfillsbothoftheserequisitesintermsofculturinganthersinvitro.Inthe

embryocultureofbarley,genomicunbalancecauseshaploidembryosasaresult

ofchromosomeelimination,andtheembryocultureenablesthehaploidembryos

tobecomeseedlings.Compatibilityofdifferentgenomescoexistinginahybrid

hasbeenintensivelydiscussedintermsofdifferentcompatibilityinreciprocal

crossesbyKatayama(1933).AliencytoplasmsofAegilopsinducethepar-

thenogenesisofeggcellsthroughadisharmoniousinteractionwiththenucleus

of2【.α6s〃oz槻strainSalmorl.Thefollowingfertilizationofpolarnucleito

developendospermisnecessaryiftheparthenogenesisistoendinsuccess.

Disharmonybetweenthenucleusandcytoplasm,orbetweengenomesisulti-

matelyattribtuabletogenotypes,whichsuggeststhatagene(orgenes)is

concernedinhaploidinduction.AmongthevarioustivheatsonlyT.monococcz2na

hastheuniquepropertyfortheparthenogeneticdevelopmentofembryos

(Katayama,1933,'60).Thismaybeassociatedwithhaploidinducinggenes,or

aspecialchromosome.Themethodsofhaploidproductionreportedabovehave

theadvantageofproducingalargenumberofhaploids.Anthercultureisthe

mostusefulmethodforhaploidproductionatpresent,thankstoitswide

applicationtovariousplantspeciesanditshighefficiencyinproducing

haploids.

Ashaploidshavebeenobtainedinlargenumberandatahighrate,their

usefulnesshascontinuedtoincrease.Aboveall,whentheyarecombinedwith

therecentlydevelopedmethodofculturingprotoplasts,thevalueofhaploidsin

plantbreedingandgeneticsisconspicuouslyenhanced.Sincesuccessfulisola-

tionofprotoplastsfromthemesophylltissuesoftobaccowasachievedwith

someenzymes(Takebeetal.,1968),investigationsusingprotoplastshave

advancedrapidly.Protoplastsareabletoregeneratecellwallsandtoundergo

mitoticcelldivision(NagataandTakebe,1970).Takebeetal.(1971)and

NagataandTakebe(1971)succeededinregeneratingwholeplantsfromproto-

plastsisolatedfromthemesophyllcellsoftobacco.Aswithdiploids,flowering

haploidplantswerelaterregeneratedfromleafpt・otoplastsofthehaploid

tobaccoobtainedfromanthercultures(UhyamaandNitsch,1972;Bajaj,1972).

Ithasalsobecomepossibletofuseprotoplastsfromdifferentspeciestoproduce

hybridsomaticprotoplastsorcells(Poweretal.,1970).Carlsonetal.(1972)

reportedtheonlysuccessfulcaseofproducingamatureinterspecifichybrid

plantbythefusionofleafprotoplastsfromNicotianaglauca(2n=24)andN.

langsdoYffii(2n=18),i.e.byparasexualhybridizationbetweenthem.The

parasexuallyproducedmaturehybrid(2n=42)producedfertileflowersand

seeds,whichgerminated,andproducedseedlingssimilartoasexuallyproduced

amphiploidofthetwospecies.
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Thecombinationofanthercultureswithparasexualhybridizationmaybe

abletoreproducethe・1ifecycleoflowerplantsinhigherforms.Ifthisis

realized,revolutionarychangeswillbebroughtaboutinthemethodologyof

geneticsandinthebreedingofhigherplants.Itwillbepossibletoapplythe

powerfultechniquesofmicrobialgeneticstohigherplants,withtheefficient

screeningofusefulmutantsinashorttime.Infart,thissystemhasbeen

almostestablished`viththetobaccoplant.
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