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1.Introduction

Oneofthepurposesofplanttissueandcellcultureistoinduce

shootsonexplantsandtoregenerateplantsthroughinm'trotissue

culhretechnique.Almostauusefulplantshavepresumablybeen

experimentallytestedforshootregeneration.Thetheorythat

shootregenerationfromtissuesin anumberofplantscouldbe

controned by the combination and the concentrations of

phytohormonesinvitroculturewasproposedbySkoogandMiller

(1957).However,significantvariationshavebeenobservedby
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Severalresearchersamongvarieties,species,andgenera h

regardstoplantregenerationcapacity.Inaddition,theproblemof

enhancingtheregenerationcapacityofrecalcitrantplantsbythe

geneticcontrolisasyetunsolved.Geneticstudies血 regardsto

plantregenerationhavebeenperformedforseveralcrops(e.g.,

rice;QuimiOandZapata1990,Taguchi-Shiobaraetal.1997,

wheat;Lazaretal.1984,BenAn eretal.1997,maize,･Willmanet

a1.1989,Armstrongetal.1992,barley;Komastudaetal.1989,

Komastudaetal.1993,Manoetal.1996,tomatoes,･Koornneefet

al.1987,Koornneefetal.1993,alfalfa;YuandPauls1993).

Koornneefetal.(1993)introducedthesuperiorregeneration

capacityofLycopersiconperuvianumintothecultivatedtomatoL.

esculentumbybackcrossing.Theyreportedthatthiscapacitywas

controlledbyadominantL.peruvianumallelesatalocus(Rg･1)

nearthemiddleofchromosome3.Toreuietal.(1996)obtaineda

CDNA(G36)from acultivatedtomatobythemRNAdifferential

display method,which exhibited thetypicalfeaturesofa

morphogeneticmarker.

InthisChapter,Wefocusedonthehighshootregeneration

capacityofoneofthewndtomatospecies,L.chilense,usingthe
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backcrossgenerationsandanalyzedthenewmolecularmarkers

thatmayhavepotentialrolesinregulatingtheabovementioned

trait.

2.Materialsandmethods

2.1Plantmaterials

ThewildspeciesL.ChiIensePI128644(whichwasprovidedby

thelnstituteofRadiationBreeding,NIARMAFF)wasusedasthe

pollenparent.L.esculentumcv.EKyoryokuOgataToko'(ROT).was

usedasaseedparent.InterspecifichybridsF1-44(ROT X

PI128644),andtheirbackcrossgenerations,BCIF1-44(ROTX

F1-44),andBC2F1-44-15(ROTXBCIFl･44)wereusedforthe

segregation analysis of PCR-based markers and shoot

regenerationcapacity.ThedevelopmentoftheFlandtheBCIFI

wasdescribedinChapterⅡ.BC2F1-44-15plantswereobtahed

fromabackcrossofROTwithaself-compatibleplant(BCIF1-44-

15)withthehighshootregenerationcapacitybeingselectedoutof

theBC]F]-44plants.TileSeedsoftheKOTXBC]F1-44-15in the

reddishfruitsappearednormal,buttheembryosintheseedswere
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almostimmatureorwereaborted.Thenormalembryoswere

dissectedandculturedonanMSmedium(MurashigeandSkoog

1962)withoutanygrowthregulators.

2.2Shootregenerationcapacityofrootexplant

TenKOTplants,and10ofthePI128644,6oftheF1-44,220f

theBCIF1-44,and113oftheBC2F1-44-15plantswereusedto

evaluateshootregeneratio.ncapacity.ROTandPI128644W℃re

germinatedaseptically.Allplantsweremaintainedinvitrocut.ting

onanMSmediumwithoutgrowthregulatorsh a200or300ml

Erlenmeyerflask.Rootsegments(approximately1cmin length)

Wereexcisedfromthemiddlepartoftheadventitiousrootsof1

weekoldshoot.TherootexplantswereculturedonanMSmedium

whichwassupplementedwith1mg/1ofzeatinriboside(ZR),2%

sucroseand0.8% agarin a100mlErlenmeyerflask.Theflasks

wereputinacultureroom atapprox血ately25℃ under16-hr

photoperiodswithfluorescentinuminationat20001ux.Theshoot

regeneration(SR)rate(%)wasdetermined4weeksafterbeing

cultured.TheSRrate(%)referstothenumberofrootsegments

withadvent止iousshoots/thenumberofrootsegmentsculhlred.
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Theexperimentwasperformedinarandomizedblockdesignwith

threeblocks.Eachexperimentalplothad5to6rootsegmentsfrom

oneplant.

2.3DNAisolation

GenomicDNAforPCRwasisolatedfromleaftissuefrom in

vitroplantsaccordingtosimplemodifiedmethodofB6hm etal.

(1993)withthefouowingmodifications.Approximately0.1gof

fresh leaftissuewasgroundin liquidnitrogen with 3 ul

mercaptoethanolin Eppendorf tube 1.5 mlushg handy

homogenizerS-203(Ikedarikaco.)andhomogenizedin700ト110f

extractionbuffer(Appendix5).Thehomogenatewascentrifuged

at18000gfor10min.Afterdecantedthesupernatant,thepellet

carefullyresuspended88tAlofextractionbufferwith88tlloflysIS

buffer(Appendix 5)and 30 lLlof5% (W /V)sodium N-

dodecanoylsarcosinate.m esuspensionwasincubatedfor20min

at65℃.Thesolutionwasextractedwithchloroform･isoamyl

alcohol(20:1(V/V))andcentrifugedfor10min and18000gat

4℃.Thesupernatantwastransferredintoanewtubeandnucleic

acidswerepreclpitatedfromthesupernatantbyaddhg1volume
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ofisopropanol.Aftercentrifugedfor10minand18000gat4℃,

thepelletwasrinsedby70%ethanol.Thepeuetwasdissolvedin

TE(10:1)buffer.

2.4RAPDanalysュs

TheBCIFい44andBC2F1-44･15plantswereevaluatedh

regardstothesegregationoftheRAPD markers.TheRAPD

markersweredetectedfrom apreliminaryexperimentin which

boththeparentsandtheFlhybridsoraBCIFl･44-15plantwere

used.KitA(OperonlO･merKit)wasusedtoanalyzeBCIFl･44

plants,whilepr皿erKitsA andK wereused也 analyzethe

BC2F1-44-15plants.Tenド′lofreactionmixturewascomposedof10

mMγris-HCl(pH8.3),50mMKCl,2.0mMMgC12,0.2mMeachof

dNTPs,0.25UTaKaRaTaqDNApolymerase,0.4LIMprlmer,and

10 ng template DNA.The amplification conditionswere

programmedonaGeneAm pPCRSystem2400(PerkinElmer)as

follows:lcycleat93oCforaminand45Cyclesoflminat93℃,

1.5min atthe40oC and2minat72℃,and5min atapost

extension of72℃ .ThePCR productswereseparated by

electrophoresish a2% agarosegelandwerestahedwith
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ethidiumbromide.

2.5PCRforacidinvertasegene

A士T-1(5'･CGGTGAAAAACATTCAATGAG -3')andA士T-2(5'-

TCCACAATrGAGTGATCCAC･3')(Haradaetal.1995)wasused

toamplifytheacidinvertasegene(inv).DNAamplificationswere

donebyaTaitecGeneThermoU血tGTU-1605.Fi氏een直reaction

mixhrewascomposedof10mM Tris-HCl(pH8.3),50mMKCl,

3.0mMMgC12,0.4mM eachofdNTPs,0.5UTaKaRaTaqDNA

polymerase,1.8トIM eachofprlmerS,and40ngtemplateDNA

usingthefollowingmethod:5minofpreheating94℃,45cycles

o∫lmh 50secat94℃,2mh at58℃,and2mh at72℃

following10minatapostextensionof72℃.ThePCRproducts

wereseparatedbyelectrophoresis血a4%NuSieve3:1agarose

gelandwerestahedwithethidium bromide.Thesizeofthe

amplifiedfragmentswerecalculatedbyaGelReader(vcr.2.05,

UniversityoHllinois).
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3.Results

3.1Segregationofshootregenerationtrait

SmallgreencauiappearedontheroottipsideoftheROTroot

explantsapproximately2weeksafterbeingcultured.However,

thecauisoonbecamebrownandnoshootregenerationwasfound

(Fig.3-1).Ontheotherhand,greencauidevelopedonbothendsof

theexplantsofPI128644andFIWithin oneweekafterbeing

cultured.Afteronemoreweek,severalshootswereformedbston

thecal上ofthestem-sideofthesegment,andthenontheopppsite

side(Fig.3-1).TheSRratesofPI128644andtheF1-44plantswere

morethan80%(Fig.3-2A).TheSRratesoftheBCIF1-44plants

showedatwo-peakdistributionoffrequency.BCIF1-44plantsare

dividedinto3groupsinregardtotheSRrate:the丘rsthasanSR

rateofO%(similartoatomatocultivar),thesecondhasarateless

than30%,andthethirdhasaratethatismorethan80%,similar

tothewildparentandFlplant(Fig.3･2A).InBC2F1-44･15,about

70% (86plants)ofallplantsdidnotform anyshoots,andthe

others(27plants)thatshowedshootregenerationindicatedaflat

distributionoffrequencymorethanO%tolOO%Fig.3-2B).
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3.2SegregationofPCR-basedmolecularmarkers

SegregationoftheRAPDmarkersinthe20BCIF1-44plants

wasdeterminedfor20randomOPAprimers.Theheterogeneityof

thesegregationratesoftheplantsinregardstothe22RAPD

markerswasnotsignificant(x2=21.72,0.05<p,d.f.=21).Thetotal

ratioof'presencetoabsence'fortheRAPDmarkerswas261to179,

andwasskewedsigni丘Cantlyfromanexpectedratioof1:1withan

increaseddeviationtowardsthepresenceofthebands(I2=15.28,

p<0.005,d.∫.=1)(Table3-1).

Ontheotherhand,Wedetected8RAPD markersinthe

BC2F1-44-15population using OPA and OPX pr血ers.The

segregationof5ofthe8RAPDsshowedanenormousslgnificant

distortiontowardthereductionofthemarker.Itiscontrastedwith

thesegregationin3ofthe8RAPDmarkersthat丘ttedtheexpected

ratioof1:1intheBC2F1-44･15(Table3-1).

ThePCRproductsofthewildparent,L.ChilensePI128644,

whichwereamplifiedbyA士Tprimer,wereabout10-14bplonger

insizethanthoseoftomatocultivarROTwhichwas188bpinsize

(Fig.3-3).TheBCIF1-44-15plantcharacterizedtohaveahighSR

ratewasheterozygotein theinvlocus.TwentyoftheBCIF1-44
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plantssegregated13plants(heterozygote)and7(homozygoteof

invesc)ones,whichshowedadeviationwhichincreasedwiththat

hadinvchi.IntheBC2Flgeneration,thesegregationofinvchi

showedaveryslgnificantdistortionsimilarto5ofthe8RAPDs

(Table3-1).InadditionthePCRproductsoftheheterozygous

plantsthatwereamp岨edbyAITpr皿erCOntainedathirdband

whichwerelongerthantheothertwoparentsbandsinbpsize.

3.3Relationshipbetweenshootregenerationcapacityand

molecularmarkers

ÌntheBCIFい44andBC2Fい 44-15plants,theRAPDmarkers

whichweredesignatedOPAO2-1,OPA20-3andtheinvchiwere

foundinplantswithhigherSRrates,butwerehardlyfoundinthe

plantsthatwereunabletoregenarateshoots(Table3-2,Fig.3-3,

3-4A and3･4B).BCIF1-44andBC2F1-44-15populationswere

dividedintotwogroups,respectively:Onehavingthemarkersand

theotherhavhgnone;andevaluatedbytheMann-Whitneytest

l■
(Yonezawa1988)hregardtotherelationshipbetweenthethree

markersandtheSRrate(Table3･3).Theresdtsindicatedthatthe

threemarkersinBC2FIWereSignificantat1% level;in addition,
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theOPAO2-1andOPA20-3inBCIFIWereSignificant.This

suggeststhatOPA02-1,OPA20-3,andinTf'hiarelinkedwithoneof

thegenesthatcontrollthehighshootregenerationcapacity.

4.Discussion

Severalresearchershavepohtedoutonthedominanceofthe

shootregenerationcapacityofL.peruvianum(Frankenbergeret

al.1981,AdamsandQuiros1985,ThomesandSmith 1985,

Koornneefetal.1987,ChenandImanishi1991,Koornneefetal.

1993).Inthepresentexperiment,theshootregenerationcapacity

ofL.chilense,whichisaspeciesofthe"peruvianum-complex",was

dominantagalnStL.esculentum,similartoL.peruvianum.

BCIF1-44plantscouldbedividedinto3groupsinregardstotheSR

rate.Ontheotherhand,theBC2F1-44-15plantscouldnotbe

dividedontheSRrate.Theseresultssuggestthatatleast2locior

moremaybehavecontributedtothiscapacityofL.Chilense

PI128644.Koornneefetal.(1993)describedtheRg-1dominant

genenearthemiddleofchromosome3.Rg-1controlstheshoot

regenerationcapacityincombinationwiththedominantauelesat

oneortwootherlociwhich areeitherL.peruvianum orL.
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esculentuminorlgln.Ourresultsunfortunatelywerenotadequate

toconstructageneticmodel.

W edetectedthreenewmolecularmarkers,OPAO2-1,OPA20･

3andinT7Chi,whichmaybecloselylinkedwiththehighshoot

regenerationcapacitygeneswhichwerederivedfrom thewild

species,L.ChilensePI128644.Twoofthesemarkers,OPA20-3and

inT7Chi,showedaskewedsegregationstowardsthereductionofthe

marker,Correspondingtothereductioninthenumberofplants

withahighshootregenerationcapacityhtheBC2Fい44･15.Asa

result,thelinkagerelationshipsamongthemarkersandthe

relationshipbetweenthemarkersandthelocithatarerelatedto

shootregeneration capacity gene could notbe completely

evaluated.However,thePCR･basedmarkersthatwedetectedmay

fac山tatetheselectionofplantswithhighshootregeneration

capacityineffortstointroducethistraitintothetomatocultivars.

Inaddition,Rg-1iscloselyhnkedwiththeRFLPmarkersof

TG39landTG222,andr(yeuowfruit)geneonchromosome3

(Koornneefetal.1993).Likewise,thergeneiscloselyhkedwith

thesucrgeneofacidinvertase(inv)(Chatelatetal.1995).Ⅰn

general,theLycopersiconspeciessharesthesamelocionthesame
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locationin eachchromosome(Bonnemaeta1.1997).Therefore,

intf'himayhavealinkagewithoneofthedominantgenesthat

controlshighshootregenerationcapacityonRg･1locusornearthe

Rg-1in L.ChilensePI128644.Therefore,oneofthedominant

genesthatcontrolshighshootregenerationcapacitylSClosely

relatedtothenew molecularmarkersthatareinvolvedin L.

ChilensePI128644andmaybeonRg-IlocusorneartheRg-1.
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M 1 2 3 4 5 6 7 8 9 10 M

ー267bp

Fig.3-3SegregationoftheacidinvertasegenedetectedbyAIT
prlmer

Thepercentageintheparenthesisindicatetheshootregenerationrate･Lane

num berM;PHYmarker,1;L.esculentumcv.Ryoryokn OgataToko'(0%),2;

L.chi'lensePI128644(100%),3;BCIF1-44-1(95%),4;BCIF1-44-15(87%),

5;BCIF1-44-5(0%),6;BCIF1-44-7(0%),7;BC2Fト44-15-12(100%),8;

BC2Fト44-15-43(83%),9;BC2Fト44-15-18(0%),10;BC2Fト44-15-19(0%)
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一一1107bp
◆~926bp

- 658bp

■-489bp

●~267bp

Fig.3-4A SegregationoftheRAPDmarkerOPAO2-1.
Thearrow headsindiはtetheRAPD markerOPAO2-1 (0.9kb).The
percentageintheparenthesisindicatetheshootregenerationrate.Lane
num berM;PHYmarker,1;L.esculentumcv_ⅨyoryokuOgataToko'(0%),2;
L･chi'lensePI128644(100%),3,IBCIF1-44-1(95%),4;BCIFl-44-15(87%),

5;BCIF1-44-5(0%),6;BCIF1-44-7(0%),7;BC2Fl144-15-12(100%),8;
BC2F1-44-15-43(83%),9;BC2F1-44-15-18(0%),10,･BC2F1-44-15-19(0%)
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M 1 2 3 4 5 6 7 8 910 M

◆･4870bp

■~2016bp

I-1360bp
.1107bp
-926bp

I-658bp

-489bp

◆-267bp

Fig.3･4B SegregationoftheRAPI)markerOPA20-3.
ThearrowheadsindicatetheRAPDmarkerOPA20-3(0.62kb).Lane

num berM･･PHYmarker,1;L･esculentumcv･̀KyoryokuOgataToko',2;LI

chilensePI128644,3;BCIF1-44-1,4;BCIF1-44-15,5;BCIF1-44-5,6;BCIF1-

44-7,7;BC2F1-44-15-12,8;BC2F1-44115-43,9;BC2F1-44-15-18,10,IBC2F1-

44-15-19
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ChapterIV

IdentificationofRgLocusControllingtheSuperiorShoot

RegenerationCapacityDerivedfrom L.chilenseinthe

BCIF2Generation

KeyWords:L.chilense,shootregenerationcapacity,PCR-based

marker,RAPD,Acidinvertasegene(inv),BCIFl,

BCIF2,RFLP,linkagemap.

1..Introduction

Thetotipotencyofvariousplantshavebeenshdied,butthe

geneticandphysiologlCalmechanismthatinduceshootand/orroot

regenerationfromplanttissueshavebeenyetunclear.Agenotypic

componentintheresponseofplantstoinvitrocultureisobserved

invirtuallyalltissueculturemanipulations.Inmoststudies,the

natureofthegenotypICeffectisonlyvaguelyde丘ned,becausethe

relative,notdirect,responsesofdifferentgenotypestoaparticular

tissueculturetechniquehasbeenevaluated.Inrecentyears,the

rapidprogressinmolecularbiologyhasgraduauychangedthe



+u ⊆===-■■■■■■■■
⊂= i

ChapterIV

directionoftheareaofstudiesintogeneticanalysisandgene

cloninglnregardtoplantregeneration.

Theintrogressionofthesuperiorregenerationcapacityofthe

wildspeciesLycopersiconchilensePI128644tocultivatedtomato

hasbeenprogressedbybackcrosshg(ChapterⅢ).BCIFland

BC2Flgenerationsweredeveloped.Thesegregationanalysisof

PCR-based markers, two RAPD markers (OPAO2-900 and

OPA20-620)andacidinvertasegene(invchi),linkedtothe

superiorshootregenerationcapacityofL.ChilensePI128644were

describedinChapterⅢ.

However,theskewnessofsegregationwereo洗enobservedin

theprogeniesbetweenL.esculentumandwildspecies(Vauejos

andTanksley1983,ZamirandTadmor1986,Patersonetal.1988,

Patersonetal.1991,Paranetal.1995,Foolad1996,Grandilloand

Tanksley1996).Theskewnessalsowasobserved血 theBC2Fl

generation(describedinChapterⅢ).Therefore,thegeneticmodel

oftheshootregenerationcapacityandtherelationshiponlinkage

betweenthemarkersandthetraitwerenotsufficientlyevaluated.

InthisChapter,itwaspursuedtodetectanothernewRAPD

markerswhichlinkedwiththeshootregenerationcapacity,andto
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constructalinkagemaponthetraitandmarkersusingtheBCIF2

generation.

2.MaterialsandMethods

2.1Plantmaterials

ThewildspeciesL.ChilensePI128644,tomatocultivarL.

esculentum'KyoryokuOgataToko',F1-44plantsandtheBCIF1-

44･15plant,andtheirprogenyBC2F1-44-15populationwereused

(describedh ChapterⅢ).Inaddition,BCIF2-44-15population

wasused.Thispopulationwasobtainedfrom aselfingofthe

BCIF]-44-15plantwhichhavehighshootregenerationcapacity

likethewildspecies.

2.2DNAisolation

GenomicDNAforPCRanalysiswasextractedfrom0.1gof

freshleaftissuesfrominvitroplantsbyCTABmethodthatwas

simplymodified(B6hm etal.1993)(describedin ChapterⅢ).

GenomicDNAforsouthernhybridizationwasisolatedasfollows:

0.1-0.2goffreshleaveswerepulverizedweninliquidnitrogen

with2-4両ofmercaptoethanolandasmallamountofquartzsand

⊂::i
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血 amortarandwerehomogenizedh 700両oftheextraction

buffer(Appendix3-1).Thehomogenatewasincubatedfor1-2

hoursat37℃.Afteradding250ulofphenoland250卜lof

chloroform,thesamplewasvortexedfor30seeandcentrifugedat

13000gfor5min.Thenafteradding500lLlofCIA(chlorofom :

isoamylalcohol=24:1)血tothesupernatant,thesamplewas

vortexedfor30secagain andcentrifugedat13000gfor5min.

NucleicacidswereprecIPitatedfromthesupernatantbyadding0.1

volume3Msodiumacetateand2volume100%ethanol.Thepellet

wasrinsedby80%ethanolaftercentrifugedat13000gfor5min

at4℃.m epelletwasdissolvedin 300トーlofTEbufferand

incubatedfわr10mhat65℃.A氏eraddinglO直ofRNaseA,the

samplewasincubatedfor30min at37℃,then300plofCTAB

bufferwasadded,thesamplewasincubatedfor15minat65oC

again.Thereafter,thesolutionwasextractedwith500[LlofCIA

andcentrifugedfor5minand13000gataroomtemperature･

Nucleicacidswerepreclpitatedfromthesupernatantbyaddhg

600両ofisopropanol.Thepeuetwasrinsedwith80%ethanoland

wasdissolvedintheTEbuffer.
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2.3PCRanalysis

RandomprimerOPBandOPCkitswereusedtodetectthe

newRAPD markersthatlinkedwithhighshootregeneration

capacity.Apreliminaryexperimentwasdonetodetectthewild

species-specificRAPD markersuslngROT,PI128644andthe

BCIF】-44-15plant.TherelationshipbetweentheRAPDmarkers

detectedandshootregeneration capacity wasevaluated by

comparing2groupsofBC2FIPlants:Onewascharacterizedwith

highSRrateandtheotherwith0% ofSRrate(describedh

ChapterⅢ).NinetyplantsoftheBCIF2-44-15generationwere

evaluatedin regardstothesegregationoftheRAPD markers

lmked with high shootregeneration capacity.PCR-W D

conditionwasasfollows:15両 ofareactionmixturewas

composedoflOmM Tris-HCl(pH8.3),50mM KCl,2.OmM

MgC12,0.2mM eachofdNTPs,0.375UTaKaRaTaqDNA

polymerase,0.4LlM primer,and15ngtemplateDNA.The

amplificationconditionswereprogrammedonaTaKaRa

PCRThermalCyclerTP2000asfollows:1cycleat93℃

for3minand45cyclesoflminat93℃,1.5minatthe

40℃ and2minat72℃,and5minatapostextensionof
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72 ℃.

TheinvgenewasamplifiedaccordingtoChapterⅢ

with the following modifications.Twenty 直 reaction

mixturewascomposedoflOmMTris･HCl(pH8.3),50mM

KCl,1.5mMMgC12,0.2mMeachofdNTPs,0.5UTaKaRa

TaqDNApolymerase,0･3uM eachofprimers,and20ng

templateDNA.TheDNAproductswereanalyzedasshown

inChapterⅢ.

2.4Evaluationofshootregenerationcapacity

Themiddlepartoftheadventitiousroot(approximately1cm)

ofBCIF2-44-15 plants were used to evaluate the shoot

regenerationcapacityaccordingtothemethodinChapterⅢ.

Shootregeneration(SR)rate(%)wasdetermined4Weeksafter

beingculturedonMSmediumsupplementedwith1mg/1zeath

riboside.TheSRrate(%)referstothenumberofrootsegments

withadventitiousshoots/thenumberofrootsegmentscultured.

TheFl_hybridsandROTwereusedascontrol.Eachexperimental

plothad6rootsegmentsderivedfrom oneplantand the

experimentwasrepeatedtwot也es.



⊂:i

ChapterIV

2.5Southernhybridization

ForSouthernhybridization,10-15帽 OfDNAisolatedfrom

leavesweredigestedbyrestrictionenzymes;EcoRI,EcoRV,Hhd

Ⅲ,HaeⅢ,BamHIandPstI,accordingtothemanufacturer'S

(TaKaRa)血struction.Theenzymeswereappliedinratherexcess

(2･4-3･6U/tLgDNA)toensurecompletedigestion.RestrictedDNA

fragmentswereseparatedin 0.7% agarosegels(AgaroseLO3

TaKaRa).Followingdenaturationandneutralization,DNAwas

transferredontoPositiveChargemembranefilter(Boehringer

mannheim)using Bacu gene (Phamacia)according to the

manufacturer'S (Boehringer Mannheim) instruction. The

membraneswerebakedtofixat120oC for30min.Tomato

genomiccloneTG102andTG288wereusedasprobes.These

probes were labeled with digoxigenin (DIG) (Boehrhger

Marmheim)bytherandomprimingmethod.

Hybridizationwerecarriedoutat42℃ 血 Hybridization

solution(2%W/vBlockingreagent,0.1%W/vN･1aurylsarcosine

Nasalt,2×SSC,0.02%W/vSDS)for6to12h.Washingofthe

membrane丘lterswasperformedbytwoconditions:oneis2timesof
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10min,2×SSC,0･1%SDSataroomtemperatureandtheotheris

2timesof15mュn,0･1×SSC,0･1%SDSat42℃.Thesignalwas

detectedby chemiluminescencefouowing themanufacturer's

instructions(BoehringerMannheim)(Appendix7).

2.6Linkageanalysュs

MAPL(Ukaietal.1995)andMapmaker(Landeretal.1987)

wereusedtoconLqtruCtalinkagemap.

3.Results

3.1Segregationofshootregenerationcapacity

Forty-twooftheBCIF2-44-15plantsthatwerechosenat

randomwereevaluatedinregardstoshootregenerationcapacity.

TheSRratesofKOTandFlhybridwas0%and92%,respectively.

TheSRratesoftheBCIF2-44-15plantsindicatedthedistincttwo-

peakdistributionwhichweredividedhtotwogroups:onehas

morethan40%ofSRrateandtheotherhaslessthan20%(Fig.

4･1).Thesegregationratiowas31fortheformer:llforthelatter

andfittedtheexpectedratio3:1(I2=0.03,p>0.9),suggesting

thatthesuperiorshootregenerationcapacity derivedfrom L.
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ChilensePI128644wouldbecontrolledbyadominantmajorgene

thatcoulddesignateRg.Theplantswhichwerecharacterizedas

thosewithhighershootregenerationcapacityformedcalliOnthe

bothendsofrootsegmentsanddevelopedadventitiousshootson

thecalliofthestemsideofrootsegmentendslikethewildspecies

PI128644andtheF1-44plants.Ontheotherhand,theplantsas

thosewithnon-Shootregenerationcapacityformednoorfewshoot

butonlycallus.(Fig.4-2).

3.2SegregationofPCR-basedmarkerlinkedwithshoot

regenerationcapacity

UsingOPBandOPCkits,newllRAPDmarkerswhichwere

specificforthewildspeciesweredetectedin aBCIF1-44-15plant

(Table4-1).Threeofthem,OPA12-480,OPC02-450andOPC19-

680,werefわundonlyhthegroupofBC2Flplantscharacterized

withhighshootregenerationcapacity(Table4-1)･methree

RAPDmarkerswouldbelinkedwiththedominantmajorgene

relatedwithhighshootregenerationcapac止y･Thesegregationof

BCIF2-44-15generationwasdetermhedfb∫6markersincludhg

opAO2-900,OPA20-620and血vchi(describedb ChapterⅢ)･
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Table4-2showsthesegregationoftheRAPDmarkersand血vchi

in theBC]F2generation(refertoAppendix8).A co-dominant

marker,invchi,anddominantRAPDmarkersindicateagood丘tto

theexpectedratio1:2:1or3:1,respectively.

3.3 Co-Segregation of RFLP markers with shoot

regenerationcapacityandinvertasegene

lntheTG102,ushgthegenomicDNAdigestedbyEcoRV,a

polymorphismbetweenL.esculentumandL.ChilensePI128644

wasdetected(Appendix9).BCIF1-44-15plantwasheterozygousin

TGIO2locusthatislocatedonthechromosome3(Tanksleyetal.

1992).ButanypolymorphismhavenotbeendetectedforTG288

locusthatisalsolocatedonthechromosome3afteruslngthe6

enzymes.Co-segregation ofTG102 and shootregeneration

capacityindicatesthatthereisacloserelationship(I2=13.46,

d.f.=2,p< 0.005)betweenTG102markerandthehighshoot

regenerationcapacity(Table4-3).An ditalsoindicatesthatthere

isacloserelationship(I2=47.6, d.f.=4,p< 0.005)between

TG102markerandinvertasegene(inv)(Table4･4).
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3.4Linkageanalysュs

ThelinkageanalysisintheBCIF2generationrevealedthatal1

6 PCR-based markersbased on about 90 plants, Shoot

regenerationcapacitybasedon42plantsandTG1020fRFLP

markerwerelocatedonthesamelinkagegroup.Thegenetic

lengthofthelinkagegroupwereabout51cM(Fig.4･3).Rgwas

nappedinthemiddlebetweenOPAO2-900andOPB12-480witha

distanceofabout5cM(Fig.4-3).

4.Discussion

BC2F1-44-15generationhdicatedhugeskewedsegregation

in somemarkers(describedinChapterⅢ).Thegeneticmodelof

theshootregenerationcapacitycouldnotbeevaluatedinthe

BC2F1-44-15generation,becausethefrequencyofdistributionin

regardtoSRratehadaflatandcontinuousdistributionanddid

notfitanygeneticmodel.Butitwassuggestedthatatleast2loci

wouldcontributetotheshootregenerationcapacity.Ontheother

hand,BCIF2-44-15generationdidnotindicateanyskewnessof

segregationin themarkerswhichlinkedtothesuperiorshoot

regenerationcapacity.m esegregationofBCIF2-44-15plantsin
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regardtoSRrat･eindicatedthatitcouldbeclearlydividedintotwo

groups:oneischaracterizedwithhighSRrateandtheotheris

withnonorlowSRrate(Fig.4-1).Andthesegregationratios丘tted

theexpectedratio3:1whichisthesegregationratioofadominant

geneinF2. Theseresultsareconsistentwiththattheshoot

regenerationcapacityofL.peruvianumiscontrolledbyamajor

dominantgene,Rg-1(Koornneefetal.1993).

Sugiyama(1997)reportedthemodelofredifferentiationin

thehypocotylcultureofArabidopsisthaliana.Hedividedthe

materialconditioninto3typesthatareincompetent(IC)for

differentiation,competentforrootredifferentiation (CR)and

competentfor shootand rootredifferentiation (CSR).The

hypocotylthatisinICcond山OnhastochangetotheCSR

condition.viaCRconditionto･redifferentiateshoots.Buttheroot

thatisalreadyinCRconditionhastochangetotheCSRcondition

toredifferentiateshootsbySRD3.Itseemsthatshootformation

from rootexplantsoftomatoissimilartothatofArabidopsIS

thalianathatiscontrolledbyamajordominantgene.

InthisChapter,new3RAPDmarkersweredetectedusing

OPBandOPCkitsthatconsistedof40randomprimers.Using4
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kits(OPA,OPB,OPCandOPX),19RAPDsthatarespecificforthe

L･ChilensePI128644weredetectedintheBCIFl･44-15plant.As a

resultofsegregationanalysisintheBC2F1-44-15andBCIF2-44-15

generations,total5RAPDmarkersthatlinkedwithRglocuswere

detected.Therefore,approximately onenew markerwillbe

detectedaboutperonekit.Anthedetectedmarkers,血vchiand5

RAPDs,thatarelhkedwiththeshootregenerationcapacity

segregatedwiththeratio3:Ionthesamelinkagegroup.This

suggeststhatthesuperiorshootregenerationcapacity,culturedon

MSmediumwith1mg/1zeathriboside,maybecontrouedbya

majorgeneand/Oradditionalpluralgeneswhicharelocatedwithin

thislinkagegroup.

TheRg-1waslocatedwithadistanceof9cMfromTG2220n

thechromosome3usingthebackcrossprogenyderivedfrom L.

peruvianum(Koornneefetal.1993)(Fig4･4).TG222waslocated

onbetweenTG288andTG102(TG288-TG222is0.8cM,TG222-

TG102is5.6cM)intheF2populationofL.esculentum 冗 L･

pennelh'i(Tanksleyetal.1992)(Fig4-4).However,Chatelatetall

(1995)reportedTG288waslocatedonbetweenTG102andTG222

(TGIO2-TG288is1.9cM,TG288-TG222is5.5cM)andTG102was
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tightly linked to the sucr gene that is a recessive sucrose

accumulator gene in the backcross generation between L.

esculentum andL･chmi elewski'i･Acid in vertasegeneofthegreen

fru ited wild speciesisalsoa recessive sucrose accumulatorgene

and sucrwouldbean invertasegene(Chatelatetal.1995).The

geneticdistancesbetweenRFLPm arkersweredifferent.Theorder

ofRFLPm arker,TGIO2,isdifferentbetweenbackcrossprogenyof

L.esculentum X L.chmielewskiiand others.However,itwould

beconsideredthattheorderm aybeRg-1,r,andsucrwithTG102.

An dthereispossibilitythatRg･lofL.peruvianum (Koornneefet

al.11993)and Rg ofL.chilensein thepresentstudy arethesame

locus.

In thepresentstudy,though Chatelatetal.(1993)could not

resolve sucrand TG102,the distancebetween invandTGIO2 is

in creased about20 cM .Chatelat etal.(1993)poin ted out the

restraintofrecombinationinthisarea.M any researchersreported

thattherecombinationfrequencyisdifferentam ongtheprogenies

between L.esculentum andtheotherwild species(Paterson etal.

1988,1991;Van Ooijenetal.1994 ;Bonnem aetal･1997)･Inthe

BCIF2generation ofL･esculentum XL･ChilensePI128644,the
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recombinationcouldoccurmoreeasilyinthisareathaninthe

backcrossprogenyofL.esculentumXL.chmielewskii.Inthe

future,therelationshipamongTG66,TG542,TG605,r,OPAO1-

900,OPB12-480andRgmustbecleartodecidetheorderof

linkagemap.

ThesePCR-basedmarkersthatweredetectedh thepresent

studyareveryusefultointroducethesuperiorshootregeneration

intotomatocultivar.However,theregenerationgeneofL.chilense,

Rg,wasstinonabout5CMfromthenearestRAPDmarkersatboth

sides.Itisdesiredtodetectmoretightlylinkedmarkersandto

cohstructthehigherdensitymolecularmapformarker-assist

selectionandmap-basedclonlng.
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Table4-1

PercentageofmarkerpresentinhighSRrategroupand0%ofSR
rategroupintheBC2Flgeneration

Marker H ighSRrate 0 %ofSR rate

EE92 12

92(%)

92
100
92

al
g

｡
｡
｡

｡
｡
-3
相
調
諾

ほ
ほ
-

OPB12-480
0PCO2-450
0PC19-680

inTf'hi*

OPAO2-900☆
OPA20-620☆

OPBO3
0PC20
0PBll
OPB18
0PCIO
OPBIO
OPBO7
0PCO5

92
91
69
62
42
39
39
23
8
8

EiiZ)

1)consistof13plantswhidhshowedmorethan 60%ofSRrate

2)consistof8plants

*detectedinChapterII
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Table4-3

Co-segregationofRFLPmarkerTG102andRggeneand
I2testforcontingency

TG102

+ + 十一

Rg+ 4 6 0 10
Rg- 0 1 6 7

4 7 6 17

I2-13.46(d.f.-2):p< 0.005

Table4･4

Co-segregationofRFLPmarkerTG102andinvgeneand
I2testforcontingency

TG102

十十 +-

十十 4 0

1nV +- 0 13

0 3

4 16 9 29

I2=47.6(d.f.=4):p< 0.005

TG102;++:wildtype,十一:heterozygote,一一:tomatotype

Rg+:dominantgene,Rg-:recessivegene

inv:++:wildtype,+-:heterozygote,一一:tomatotype



ChapterIV

stet

nTSSiEX

SS

N

%
O
Z

Ⅵ
e
>

0

%
0
寸

Ⅵ
e
>

ON

%
0
9
Ⅵ
e
>

0寸

%
0

9Ⅵ
e

>

09

RangeofSRrate(a)

Fig.4-1
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Rootsegmentswithhightqhootregenerationcapacity
(BLF2-44-2O)

Rootsegmentswithnonshootregenerationcapacity

(ちIF2-44-55)

Fig.4-2

Shootregenerationfromrootsegmentsafter･4weeksofculttlre



ChapterlV

Recombination Distance M arker
frequency cM

(5.0%) 5.3-
(4.8%) 5.1-

(2.2%) 2.3

(5.4%) 5.8一一~■

(8.2%) 8.9-

(9.2%) 10.2-

(12.4%) 14.3-

ID Name

(1) OPAO2-900

(7) Rg

(3) OPB12-480

(2) OPA20-620

(6) mV

(4) OPC02-450

(8) TG102

(5) OPC19-680

LongestSeg 51.8cM

Fig.4-3

LinkagemapofRg,lnVand6molecularmarkers
inchromosome3
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