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トマ ト属 (GenusLJyCOPeL･sJ'con)における遠縁種間雑種の育成および高再分

化能力の遺伝的分析

要約

トマト栽培種と p̀eruvI'anum-COmplex'の間には強い交雑障害が存在し,雑種獲得

が非常に困難である.また,その戻し交雑世代の獲得においても交雑障害が存在する.

本研究では,まず最初に p̀eruvJ'anum-COmPlex'に属する種々の系統について, トマ

ト栽培種との交雑不親和性を評価するために腫珠選抜培養法を用いて Fl世代および

BCIFl世代の獲得を試みた.

トマト野生種群 p̀eruw'anum-complex'に属するLJyCOPerSjconpeL･utq'anum5系統,

i.peI･utq'anumvar.humJ'fusum2系統,i.chl'Jense2系統を花粉親に,栽培種2品種

を種子親に用いた.Fl雑種およびFl雑種を花粉親とするBCIFl戻し交雑種は腫珠選抜

法によって育成した.Fl雑種およびBCIFlの獲得効率はGOF(果実あたり発芽数)によ

り評価した･Fl雑種および1994年と1995年のBCIFlについてGOFの栽培品種間の

相関係数を求め,さらに,それらを組合わせた相関係数を求めたところ,正の有意な

値となった (r-0.750**,d.f.-ll).年次間においても組合わせた相関係数は有意な正

の高い値となった (r-0.907*,d.f.-3).Fl雑種とBqFl間相関係数は,供試系統の中

の1系統(LA2575)を除くと正の有意な相関係数が得られた(強力大型東光:r-0.754*,

d.ど.-5;EarlyPink:r=0.924*,d.f.=3).

得られた相関係数の結果は,栽培種に対する野生種の交雑不親和性は,野生種系統

間で差があり,さらにBCIFlの獲得において野生種の各系統の交雑不親和性がFl雑種

の場合と同じように現れることを示している.供試した系統の交雑不親和性を3グル

ープに分けると次のよ うになった.最 も交雑不親和性の高いグループに L

peI･utq'anum var.humJ'fusum の2系統が入っており,中間のグループは全て L.

peruvJ'anumであった.最も交雑不親和性の低いグループはL/.chJ'1enseの2系統であ

った･一方,Fl雑種とBCIFl間のGOFの回帰直線は,Y(BCIFl)-0.108X(Fl)+0･336:

強力大型東光,Y-0.105X+0.037:EarlyPinkとなった.この結果から,予想に反し

てBCIFlの獲得効率がFl雑種よりも小さいことが推察された.しかしながら,全ての

組合せからFl雑種が得られ,ほとんどのBCIFlも得られたことから,腫珠選抜法が

1V
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LperuvJ'anum-complex'の雑種獲得に広く有効であることが示された.

トマ ト野生種 p̀eTutdanum-complex'は,高再分化能を持つ.本研究では,つぎに

p̀eruvI'anumcomplex'を構成する野生種の1つL/.chI'Jenseの高再分化能に注目し,先

に得られた戻し交雑世代を用い,高再分化能を持たない栽培種にこの形質を導入し,

遺伝的メカニズムを解析するため,高再分化能に連鎖する分子マーカーの探索を行な

い,連鎖地図の作成を試みた.

まず,BCIFl,BC2Fl世代を用いて,この形質に連鎖する分子マーカーの探索を行な

った.再分化能の判定は,根切片を1mgnzeatinriboside,2%sucroseを含むMS培

地で4週間培養して行なった.BCIFl世代における再分化能の分離は2頂分布を示し

たが,BC2Fl世代では全体の70%を超える86個体が栽培種と同じ0%を示し,残りの

27個体が100%まで連続的な分布を示した.BCIFlおよびBC2Fl世代における野生種

特異的 RAPDマーカーと酸性インベルターゼ遺伝子()'nv)の分離を調査した結果,高

い再分化率を示した個体中には高頻度で存在し,再分化率0%の個体中にはほとんど

存在しない3つのマーカー (OPAO2-1,OPA20-3,1'mfhi)を見出した.Mann-Whitney

のU検定の結果,これら3つのマーカーと再分化率の関係が 1%水準で有意であるこ

とが示され,再分化能遺伝子とこれらのマーカーが連鎖する可能性が示唆された.し

かしながら,これらのマーカーには分離の歪みが観察され,再分化率の分離もどの理

論比にも適合しなかったため遺伝様式については検討できなかった.

したがってつぎに,BCIF2世代を用い同様の解析を行った.任意に培養した42個体

のBCIF2世代は,3:1に分離し(再分化率20%以下と40%以上で),この形質が優性の

主働遺伝子 (Rg)によって支配されていることを示唆した.また新たに見つかった3

つの M D マーカーを加え計6個の分子マーカーが,全て同一連鎖群に属すること

が示され,再分化遺伝子RgはRAPDマーカーOPAO2-900とOPB12-480の中間ほぼ

5cM の位置にあることが示された.RFLP分析の結果,この連鎖群が第3染色体上

に座乗することが示されたことから,L,.chLIJensePI128644の Rg遺伝子は L.

peL･utq'anumの再分化能を支配するRg-1(KoornneefetaJ.1993)と同じ遺伝子座であ

る可能性が得られた.

Ⅴ



ChapterI

Chapter I

Introduction

1.Tomato

1.1Economiclmportance

Tomatoesareanimportantsourceofmineralsandvitamins

(Hobson andDavies1971).Globauy itisoneofthemost

intensivelyproducedvegetables･Worldtomatoyieldwasmore

than78,282thousandbnes;thelargestproducerwastheUSA

(ll,000kt)followedbyChina(8,928kt),Turkey(7,150kt),Egypt

(5,-050kt)andItaly(4,860kt)(Japan760kt)(FÅo1995).The

yieldofbmatoproductionper1000m2 wasthehighesth

Denmark(26.2t)followedbytheNetherlands(24.5t)andFinland

(20.1t).Theyieldper1000m2h Japanwas5.2t(FÅo1986).

NorthernEuropeancountrieshavemanyhorticulturalfacilitiesso

thattomatoescanbeproducedinallseasonsastheyareinJapan.

MosttomatoesthatareproducedinJapanareeatenfresh.

Japanesetomatoconsumptionwas7.4kgperpersonthatwas

aboutoneeighthinGreek.Tomatoconsumptionisincreasmgin

Japanbecauseofmoderneatinghabits.
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1.2Taxonomyoftomato

ThecultivatedtomatoorlglnatedintheNew World.The

Andeanareaisthoughttobetheoriginofwildtomatospecies.

However,thedomesticationoftomatoesoccurredinMexico.The

mostlikelyancestorofthecultivatedtomatoisthecherrytomato

(Lycopersiconesculentum var.cerasiforme).Lycopersiconisa

relativelysmallgenuswithintheextremelylargeanddiverse

fam止ySolanaceae･ThegenusLycopersI'conconsistsof9species

thatareLycopersiconesculentumMiller,L.pimpinellifoh'umMiu.,

L.cheesmaniiRiley,L.hirsutum Humb.and Bonpl.,L.

chmielewskiiRick,Keaicki,FobesandHolle.andL.parvit7orum

Rick,Fob.andHolle(whichareincludedinthe"esculentum-

complex")andL.peruvianum(L.)Mdl.,L.chilenseDun,andL.

pennelliiD'Arcy,whichareincludedinthe"peruvianum-complex"

(Ricketal.1990).

ThewildspeciesofthegeusLycopersiconareriChgenetic

resourcesthatcanassist也theimprovementoftomatocultivars

(Ricketal.1987;Daunayetal.1991;Kalloo1991).Manyuseful

andcommercialtraitshavebeenintroducedtotomatoesfromwdd

speciessuchasFusarium wilt(BohnandnlCker1940)and

2
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Pseudomonastomato(Pilowsky1982)from L.pimpinemfolium,

JointlessfromL･Cheesmanii(Rick1967),highersugarandhigh

vitaminCcontentsfromL.chmielewskii(Rick1973,Chmielewski

etal.1964).

1･3"peruvianum-complexn

The "peruvianum-complex"isthemostvariable genetic

resourcesforthecultivatedtomato(Rick1979a).Researchershave

observedresistanceinthisspeciestocostlytomatodiseasessu,chas

bacterialcanker,Corynebacteriummichiganensis(Laterrotetal.

19.78);collarrot,AIternan'asolani(HodosyandKiss1975);

Verticillium wilt,Verticillium dahliae(Saccardoetal.1981);

Cucumbermosaic,cucumbermosaicvims(CMⅥ (Jacquemond

andLatterot1981);Curlytop,Beetcurlytopvirus(Martin1970);

Tomatoyeuowleafcurl,Tomatoyellowleafcurlvirus(Pilowsky

andCo虹en1990);Tobaccomosaic,tobaccomosaicvims(TMⅥ

(Alexander1963);Tomatospottedwiltvirus(TSWV)(Stevenseta1.

1992),IandRoot-knotnematode,Meloidogyneincognita(Gilbert

andMcGuire1956,Doganlaretal.1997),Meloidogynejavanica

(VeremisandRoberts1996);Fusariumwilt,Fusan'umoxysporum

3
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f･radicislycopersici(Yamakawa etal.1987);Leafmold,

Cladospon'um fulvum (Yamakawaetal.1988);Corkyroot,

Pyrenochaetalycopersici(Hogenboom 1970).L.peruvianum is

potentiallytherichestsourceforthedevelopmentofhighascorbic

acidlevels,(Rick1979b)andsalttolerance(でal1971)and shoot

regenerationcapacity(Koornneefetal.1989,1993)incultivated

tomatoes.Saccardoetal.(1981)foundseveralusefultraitsinthe

progenybetweenL･esculentumandL･peruvianum,including

dwarfplanthabit,largenumbersofnowersperinflOrescence,皿ale

sterility,highsolublesolidcontentoffruit,uniformripening,and

brown seedswhich isausefulmarkerforFlhybrid seed

production.

1.4SexualhybridizationinthegenusLycopersicon

ThewddspeciesofthegenusLycopersiconhavethesame

numberofchromosomes(2n=2x=24)asthecultivatedtomato,L.

esculentum.Recently,Tanksleyetal.(1992)developedahigh

density molecularmapfrom thecrossL.esculentum X L.

pennemi'LA716.Theorderofthemolecularmarkersongenetic

maps(whichwasbasedoninter-andintra-specificcrosses)is

4
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co血er,which suggestsastrongsyntenywithin thegenus

Lycopersicon(GrandnloandTanksley1996,Lindhoutetal.1994,

Maliepaardetal･1995,Patersonetal.1990,Patersonetal.1991,

VanHeusdenetal･1995,VanOoijenetal.1994,Zamiretal.1994).

ThissuggeststhatthefertilehybridsbetweenL.esculentumand

otherwildspeciesandtheirprogenythatcanimprovethetomato

cultivarsarenotalwaysdifficulttodevelop.

Ifatomatoisusedasthefemaleparent,Flhybridscanbe

easuyobtainedbycrossingL･esculentum andwildspeci9SL.

plmPlneluolium,L.Cheesmanii,L.parvit7orum,L.chmielewski'i

an.dL.pennemi(Rick1979C).FlhybridsbetweenL.esculentumas

afemaleparentandL･hir･sutumarerelativelyeasytoproduce;

theFlhybridplantsareo洗ensterilebutcouldbebackcrossedwith

L.esculentumasfemaleparent(Hogenboom1972).

Ontheotherhand,itisextremelydimculttoobtah an

interspecifichybridbetweenL.esculentumandL.chilenseorL.

esculentumandL.peruvianumbecausetheembryosabortduring

fruitdevelopment(Hogenboom 1972,BarbanoandTopoleski

1984).Here,thepollen-tubegrowthtofertilizationisnormal,but

post･zygoticcongruityappearstoberare(Choudhury1959).

5
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Un血teralincompatibility(UI)occursinthereciprocalcrossing.

Manyshdieshaveattemptedtoovercomethebreedingbarriers

betweenL･esculentumandL.peruvianumorL.chilense.Bohn

(1948)foundthatL.esculentumandL.peruvianumwereinter-

crossableif4nL.esculentumwasusedasthefemaleand2nL.

peruvianumasthemale.Differenttechniqueshavebeenusedto

obtainhybridsbetweenL.esculentumandL.peruvianumorL.

Chilenseaszygoterescueafterfertilization:embryoculture(Smith

1944),embryocallusculture(ThomasandPratt1981),Ovule

selectioncultureasovuleculture(Imanishi1988,Chenand

Im'anishi1991);improvingcrossab山ty efficiency :Stigma

complementationofbudpollination(Gradz止andRobinson1991),

useofabridgeline(Poysa1990),gammaradiationtopouen

(Yamakawa1971),useofaself-compatiblemutant血e(Rick

1982).However,theprogenyoftheinterspecifichybridsbetween

L.esculentum andL.peruvianum orL.chilensestiufacethe

followingbreedingbarriers:F]hybridsareoftensterile(Lesley

1950,Rick1963)andembryoabortionoccursinthebackcrossing

withL.esculentum.Inasimilarfashion,variousresearchershave

observed significantvariationsbetween wild accessionsof

6
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"peruvianum-complex"inregardtotheefficiencyofobtainingthe

hybrids(Valkova-AchkovaandSotirova1981,Rick1983,PoysaI

1990,Imanishietall1993).Therefore,amethodofproductionfor

interspecifichybridsthatcanbeusedforL.esculentumandthe

wideaccessionsof"peruvianum-complex"inordertoutilizethe

valuablegeneticresourcesofthe"peruvianum･complex"thathave

notyetbeencompletelyut山zedinorderto血provetomato

cultivarsisdesirable.

2.Regenerationability

2.1Plantregeneration

Plantregenerationfromplanttissueculhreshavetwoways

thatareviaadventitiousshootandrootregenerationsandsomatic

embryogenesis.Theyaredifferentin regardtohowtheyform

shootandrootapexes.Somaticembryogenesisisnecessarytoform

shootandrootapexesonaregularposition(polarity)withaclose

connectionatthesameti血e,however,adventitiousshootandroot

regenerationsarenotnecessary.Adventitiousshootsareinduced

mainlyfromepidermalcellsorthesurfaceofcallusones.
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Thetechnicalbasisofplantbiotechnologyisplanttissue

culture･TheprlmaryPurposeOfplanttissuecultureisplant

regeneration･Plantregenerationfrom plantcells,tissueand

organsinvitTOisanimportantphenomenoninregardtoits

practicaluse也 agrlCulture,suchasthemicropropagationof

seed血gs,theproductionofvimsfreeplants,theproductionof

inter-Specificor-generichybridizationandtheproductionof

transformedplants･Inaddition,itisaveryImportanttOPicin

biologylnregardtoplantdifferentiationmechanismssuchasthe

growmgpoint,adventitiousshootandrootregeneration,somatic

embryogenesis,andsporophyticembryogenesis.

2.2Geneticanalysisofregenerationability

ThegeneticanalysュsOfplantregenerationbeganinthe1970'S.

Highregenerationabilitywasintroducedtoavarietywithlower

regeneration ability in alfalfa (Bingham etal.1975)by

backcrosshg and selection.Shce the late 1980'S,various

researchersusedstatisticalgeneticanalysュsWithdiauelanalysュs

inregardtoregenerationabilityofmanyplants(Ⅹeyesetal.1980,

Frankenbergeretal.1981,Beckertand°ing1984,Tomesand
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Smith1985,Willmanetal.1989,ChuandCroughan1990).They

foundthatthereweresomegeneswhichcontrolledregeneration

abilityandthesegenesindicatedadditiveeffects(summarizedby

Henryetal.1994).

Therearetwo strategleSmostO洗enusedtoapproachthe

redifferentiationmechanism:oneistodirectlyisolatethegenes

from the specificmolecularproductswhich are related to

redifferentiation,andtheotheristoidentifythelocationofthe

genesonthechomosomeswhicharerelatedtoredi飽rentiationby

geneticanalysュs.Utilizingtheformer,someCDNAcloneswere

isolatedthatpreferentiallyaccumulatein ayoungembryo:

DaucuscarotaL.(Satoetal.1995),Solanum melongenaL.

(Momiyamaetal.1995),BrassicanupusL.(Hecketal.1995),

HordeumvulgareL.(Hecketal.1993).Inthetomato,Torellietal.

(1996)isolatedspecificallyexpressedmRNA(G36)duringshoot

regenerationusingadifferentialdisplaymethod;thefunctionof

thisgene,howeverwasunknown.

Ontheotherhand,usingthelatterstrategy,Somegeneswere

locatedonthehighdensitygeneticmapofadvancedanalyzed

cropsasasinglegeneorQTL(QuantitativeTraitLoci):immature

9
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barleyembryo,Komatsudaetal･1993,1995,Manoetal.1996;

immaturecornembryo,Armstrongetal.1992;cornanther,

Cowenetal･1992,Murigneuxetal.1994,Beaumontetal.1995,･

riceseed,Taguchi-Shiobaraetal.1997;tomatoroots,Koornneefet

al･1993;alfalfapetioles,YuandPauls1993.Sugiyama(1997)

proposedageneticmodelbymappingthegenes(SRD1,2and3)

thatcontrolthecallusformationsandadventitiousshootandroot

formationinArabidopsisthalianaonthechromosomelbyusing

temperature-sensitivemutants.

2.3GeneticstudyofregenerationinTomato

Tomatoesarealsooneoftheplantsinwhichthehighest

densitygeneticmapwasconstructed.Koornneefetal.(1993)

reportedthat,usingthebackcrossingprogenyofthehybrids

between L.esculentum and L.peruvianum,the superior

regenerationcapacitythatwasderivedfromtheL.peruvT'anumof

aself-compatiblemutantcouldbecontrouedbyacombhation

betweenamajordominantgene(Rg-i)thatwaslocatedon

chromosome3andother1or2genesthatorlglnatedfromL.

peruvianumorL.esculentum.However,thegenesinneitherof

10
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theseplantshavebeenisolated.

2.4Problemsofgeneticstudy

Todate,theplantregenerationmechanism hasnotbeen

elucidated.Therefore,in ordertounderstanditclearly,itis

necessarytomakeahigherdensitygeneticmapofregeneration

genesformap-basedclonlngand/Ortointegratetheisolatedgenes

thatwererelatedtoplantregeneration.Geneticresearchhasonly

shownanelicdifferencesbetweentwogenotypes,whichdoes.not

excludethepossibilitythatmoregenesarehvolvedinother

genotypes.Therefore,itiscrucialwhenchosingtheexperimental

materialstoselectparentsthathave1)genotypesw此 whder

geneticdistanceinregardtoregenerationcapacity,2)many

molecularmarkerswhichindicatepolymorphism,3)germ-fertihty

andalsointheirhybridprogeny.

3.Contentofthepresentstudy

Therefore,inChapterⅡ,Weevaluatedovuleselectionculture

(Imanishi1988)(whichisrelativelyeasytoobtain theirFl

hybrids)inregardtoproducingF】hybridsandBClgenerations,

ll
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whichhavenotyetbeenobservedbetweenL.esculentumandthe

wideaccessionsofthe"perudanum-complex".

InChaptersⅢ andⅣ,Wefocusedononeoftheusefultraits

ofthewildspeciesL.ChilensePI128644whichhassuperiorshoot

regenerationcapacity.L.ChilensePI128644indicatedthatthe

highestlevelofshootregenerationcapacitywascontainedhthe

wildaccessionsoftheperuvianum･complex"thatwereusedin
〟

ChapterⅡ.Thissuperiorshootregeneration capacity was

deslgnedtointroducefrom L.chilenseintoL.esculentuml.L.

chilensePI128644isconsideredtobeavaluableresourcethatcan

improvetheregenerationabnityoftomatoes.Theregeneration

mechanisminthegenusLycopersiconisnotyetclearlyundrestood,

andtheregenerationcapacityofL.chilensehasnotyetbeen

analyzedgenetically.

InChapterⅢ,WeevaluatedthesegregationofPCR-based

markersandshootregenerationcapacityandwedetectedthe

molecularmarkersthatarelinkedwiththeshootregeneration

capacityofL.ChilensePI128644usingBC2Fl･44-15generation

whichwasobtainedbytheovuleselectionmethod,whichwas

describedinChapterⅡ.

12
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InChapterⅣ,Weproposedageneticregenerationcapacity

modelandwemadethelinkagemapofthegenesthatarerelated

toregeneration capacityusingBCIF2･44-15generation.We

characterizedaBCIFl･44-15with self-compatib山ty andthe

superiorshootregenerationcapacltythatwasderivedfrom L.

ChilensePI128644.
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ChapterH

EvaluationoftheCross-incompatibilityof"peruvianum-

complex"LineswithLycopersiconesculentumMill.bythe

OvuleSelectionMethod

KeyWords:ovuleselectionmethod,Lycopersiconesculentum,L.

peruvianum,L.chilense,L.peruvz'anumvar.humithsum, Fl

hybrid,BC]Fl,Cross-incompatibility.

1.Introduction

Thegreenfruitedwildspeciesgroup,peruvianum･complex"is
〟

ver立richin geneticresources(AllenandRick1986).Ithasmany

usefulcharacteristicsinregardstodiseaseresistanceaswellas

otheragronomicallyimportanttraitsinregardstotomatobreeding

(Ricketal.1987,RickandYoder1988).An analysisofthese

characteristicsandtheirincorporationintoacultivatedtomato(L.

esculentum) have been hampered by the strict cross-

incompatibilitybarriersthatexistbetweenthecultivatedtomato

andthe"peruvianum-complex"(Hogenboom 1972).Thereare
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differencesamongthelinesofthe"peruvianum-complex"in

regardstocross-incompatibility,whichisassessedbytheratioof

thehybridsthatareobtainedbyusingtheovuleselectionmethod

(Imanishi1991,Imanishietal.1993).The"peruvianum-complex"

isalargeandgeneticauydiversepopulationwhichcontains,on

oneside,a species,L.pennellii',which hasa high cross-

compatibihtywithL.esculentumandproducesahybridwithL.

esculentumwithnohelpfrom eithertheembryoortheovule

culture(Rick1960,Hardon1967)and,ontheotherside,aspecies

(L.peruvianum var.humifusum)which hasastrictcross-

incompatibilitybarrierwithL.esculentumduetodisruptioninthe

earlierstageofahybridembryo(Taylor1986).Notonlythehybrid

embryobutalsothefirstbackcrosshybridembryotoL.escu]entum

areunabletodevelopintonormalseeds(ThomasandPratt1981).

In the Chapter Ⅱ,we discussesthe cross-incompatibility

relationshipbetweenFlandBCIFIWhentheyareobtainedbythe

ovuleselectionmethod.

15
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2.MaterialsandMethods

L･esculentum c･V･'KyoryokuOgataToko･andEEarlyPink,

wereusedasseedparents･ThèEarlyPink'thatwasusedhthe

presentstudy wasprovidedbytheDepartmentofGenetic

Resources(MARMAFF),Tsukuba,in1992.Ninelmeswhich

belongtoa"peruvianum･complex"wereusedaspollenparentsas

follows:L･peruvianumvar.humithsum (LA2153,u 2334),L.

peruvianum(LA1554,LA1722,LA2575,PI270435,PI126944),L.

chilense(PI128644,PI128652).W止dspecieswithanIJAnumber

werekhdlyprovidedbyDr.C.M.Rick(TheC.M.RickTomato

GeneticResourceCenter,University ofCalifornia).ThePI

numberswereprovidedbythelnstituteofRadiationBreeding

(NIARMAFF)in1977.

Theinterspecifichybridswereobtainedin1992andthefirst

backcrossingintoarecurrentparent(acultivatedtomato)was

carriedoutin1994and1995.Theseedsofbothparentsweresown

hlateMarchandgrownhpotsinaglasshouse.Thecultivated

tomatoesofthe seed parentswere transplanted hto an

experimental丘eldaftertheflowerlngOfthe丘rstinflOrescenceand

weregrowninacommodyusedcultivation.Thewildspeciesofthe
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pollenparentsweregrowninpotsintheglasshouse.TheFlhybrid

plantsforthefirstbackcrossingweremaintainedinvitroduring

thewinterandweregrowninpotsa洗eracclimatizationinMarch.

Fiveoftheflowersinthesecond,third,andfourthinflorescencesof

thecultivatedtomatoeswereponinatedwithcollectedpollenfrom

approximately5plantsineachwildspecies,accordingtoImanishi

(1988)･ReddishfnlitthatwasjustmahringwashaⅣestedand

immatureovulesthatwerecapableofgerminationwereselected

andculturedinaMSmedium (MurashigeandSkoog1962)

withoutanyphytohormoneaccordhgtotheovuleselection

method(Imanishi1988,Chenandlmanishi1991).About100to

2000Vuleswereselectedtobeculturedinacrosscombinationin

whichthereweremanyestimatedovulescapableofgermination.

However,nomorethan50ovules.Wereselectedinacross

combinationwhichhadlessviableovules.

3.ResultsandDiscussion

Ineachofthecrosscombinations,approximately20%ofthe

putativeFIPlants(shownbelowasF]andBCIF])failedtogrow

during ln Vitro cutting maintenance and subsequent
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acclimatizationinpots･TheFIPlantswhichfloweredinPotswere

abletoidentifytheirhybriditybecausetheFIPlantsbetweenL.

esculentumanda"peruvianum-complex"resembledawildspecies

asapollenparent(Nagataandlmanishi1984).AutheFlplants

were hybrids between the cultivated tomatoes and the

"peruvianum-complex"thatwasusedforthisstudy.As shownin

Table2-1,theFIPlantsin eachcombinationwereclassifiedas

follows:(IJA2153,L舶334),(IJA1554),(拙 575),(IJA1722),

(PI126944,PI270435,PI128644,PI128652).ThisindiQateS

possibleclassi丘cationamongtheparentheses･BoththeFlplantsof

LA2153andIJA2334weredistinguishedfromtheothersbythe

scentofJapanesepepper.DistinguishingbetweenIJA2153and

LA23340ramongPI126944,PI270435,PI128644,andPI128652

wasfoundtobedimcultunlessamolecularmarkerwasused.For

example,alltheFlplantsofLA1554orLA2575werefoundtobe

truehybridsin regardstophysiologlCalandmorphologlCal

identificationbecausetheyhadadistinguishingtrait(Table2-1).

Fromthis,itcanbeinferredthatnopollencontaminationoccurred

amongIJA2153andIA2334plantsoramongthoseofPI126944,

PI270435,PI128644,and PI128652.The identification of
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segregatedBCIFlplantsamongdifferentcrosscombinationswas

mored此cultthanwasthatofFlplants･ThebackcrossingofF】

plantsintocultivatedtomatoesrequiresstricterpollencontrolin

ordertopreventpollencontamhationthanthedevelopmentofa

Flhybriddoes.

Tables 2-2 and 213 show the resultsof interspecific

hybridizationandbackcrossingasthenumberofgerminated

ovulesinafruit(GOP).Table2-4shows3correlationcoefficients

between K̀yoryokuOgataToko'andÈarlyPink'in which.the

correlationcoemcientsinFlin1992andBCIFlh 1995werenot

slgTlificantbutthatinBCIFlin 1994werehighlyslgnificant.A

significant,combinedcorrelationcoefficientwasthenobtained

fromthe3coe凪Cientsaccordingtothestatisticalmethod(Snedecor

1956).Theseresultsindicatedthatbothofthecultivatedtomatoes

thatwereusedasseedparentsweregenerallysimilarinregardsto

cross-incompatibility expression with the lines of the

"peruvianum-complex".However,̀ⅩyoryokuOgataToko'showed

arelativelyhighGOFand'EarlyPink'showedalowGOFwhen

LA1722andPI126944wereusedaspollenparentsinorderto

obtainaF】_hybrid,asshowninTable2-2.Similarly,whenLA2575
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wasusedaspollenparents,Ⅹ̀yoryokuOgataToko,showeda

relativelyhighGOPand'EarlyPink'alowGOFin BCIF,,as

shownh Table2-3･mi§suggeststhatagiven血easapouen

parentmayhavedifferentcross･incompatibilitieswithdifferent

cultivatedtomatoesthataresemngasseedparents.

There was a highly slgnificant, combined correlation

(r=0･907*,d･f･=3)betweenthetwoyears(1994and1995)inthe

GOFofBCIFl(Table2･4).Twohighcorrelation coefficients

between1994and1995inboth̀KyoryokuOgataToko'and̀Early

Pink'WereobtainedfromthedevelopmentofBCIFlandthenthe

combinedcorrelation coefficientwashighlyslgnificant.mis

suggeststhattherewaslessenvironmentaleffectonthecross_

incompatibilityofalinebelonglngtO"PeruVianum-complex".

ThecorrelationcoefficientsbetweenFlandBCIF]inTable2-4

areO･324血 K̀yoryokuOgataToko',0.587in ÈarlyPhk',and

0.433h acombinedone.Theseresultsbythemselvesarenot

slgnificant.ItisbelievedthatIJA2575andLA1722differedfrom

eachotherasregardstheircross-incompatibilitywiththeseed

parent,̀KyoryokuOgataToko',asshowninTables2-2and2-3.In

addition,IJA2575ShowedadifferentGOFbetweenFlandBCIFl

20
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in 'EarlyPink'･ThosecorrelationcoefficientsbetweenFland

BCIFlthatexcludedLA2575arehighlysignificant:r司.754★

(d･f･=5)in K̀yoryokuOgataToko'and0.924☆(d.f.=3)in Èarly

Pink'.

TheauthorsinvestigatedtheGOPoftheFlhybridsbetweena

cultivatedtomato('EarlyPink')andfourlines:LA2153,PI128644,

PI128652andPI270435(Ima山shi1991),Outofthoseusedinthe

presentstudy･GOFwasassessedbytheovuleselectionmethod.

TheresultingGOFwasO･34,2.00,1.00and1.04forI.A2153,

PI128644,PI128652andPI270435,respectively.Theseresults

werealmostsimilartothoseinthepresentstudy.mecorrelation

coefficientbetweenthemwashigh(r=0.9216,d.f.=2),althoughit

wasnotsignificant.TheGOFsofBCIFIWhichtheauthors

obtainedinthepreviousexperimentwere0.15,0.76and1.55fわr

LA2153,PI128644andPI128652,respectively(Imanishi1991).

Theserelativevaluesparalleledtheresdtsofthepresentstudy.

Thesignificantcorrelationcoefficientsbetweenthetwoyears

inBCIFl,between Ⅹ̀yoryokuOgataToko'andÈarlyPink',and

between Fl andBC]Fl(excludingLA2575)aswebasthe

comparisonofthepresentresultswithourpreviousones血dicate
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thedifferencesamongthelinesof"peruvianum-complex"as

regardsthecross-incompatibilitywithacultivatedtomato.The

linesofthe"peruvianum-complex"thatwereusedinthepresent

studycouldbeclassifiedbythedifferencesincross-incompatibility

(asassessedby theGOP) asfollows:thehighestcross-

incompatibilitygroupisIJA2153,LA2334andPI270435,thenext

groupisLA1554,IJA1722,LA2575andPI126944andtheleast

cross-incompatibilitygroupisPI128644andPI128652.

ThealternativerelationshipbetweenFlandBC]Flinregards

toGOFisshownasalinearregressionin(Fl:X,BCIFl:Y).The

linearrepressionsareY=0.108X+0.336andY=0.105X+0.037for

K̀yoⅣokuOgataToko',and ÈarlyPink',respectively.These

regressionssuggestamuchlargerGOFforFlthanforBC]Fl.

Thereareveryfewpapersthatdescribetheefficiencyof

obtainingBCIFlplantsin thefirstbackcrossingofF]plants

between"peruvianum-complex"andcultivatedtomatotorecurrent

parent.Yamakawaetal.(1978)obtained84BCIFIPlantsfrom

3301fruitsin thefirstbackcrossingof3FIPlantsbetweena

cultivatedtomato('Syugyoku')andL.peruvianumPI126944into

amalesterilelmeof'Syugyoku'.TheGOPoftheBCIF]plantsis
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0･025,whichislowerthantheGOPoftheFlplantsⅣamakawa

1971)･Imanishi(1988,1991)obtainedahigherGOFforBC.F.

andBC2FIPlantsthanFIPlantsin acrosscombinationofa

cultivatedtomatoandtheL･chilenselines.However,aBCIFlfrom

acrosscombinationofacultivatedtomatoandL.peruvianumvar.

humifusumwasmoredifGculttoobtainthanwasFl(Imanishietal.

1996)･Insummary,theGOFofBCIF】isnotalwayslargerthan

thatofFl･ThissuggeststhatthedevelopmentofBCIF】inacross

combinationofacultivatedtomatoanda"peruvianum-complex"is

asdifncultasitisinFl.TheF2populationthatisderivedfromthe

crossbetweenFlplantsisasself-incompatibleasFlandthew止d

speciespopulationsare.The F2plantsare usuauy cross-

incompatiblewithacultivatedtomato.Theincorporationofa

usefultraitofthe"peruvianum-complex"intoacultivatedtomato

requiresmanyBCIFIPlantsduetothesegregatinggenerationof

BCIFIWhileamh血umnumberofFlplantsarerequired.The

ovuleselectionmethodiseffectiveforinterspecifichybridization

betweenacultivatedtomatoandaperuvianum･complex"because
〟

ofthefeasibilityofmanyhybridfrults.
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