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CHAPTER1 Generalintroduction

Inthelateofthiscentury,populationexplosionhasbecomeoneofthemostserious

problems,besidesforestdestruction,environmentalponutionandshortageofnatural

resources･Ithasdemandedmorefoodproduction,henceplantbreedershavetried to

improvemajorcropsforhighyieldingability･Thebreeders'effOrtshavepartlybeen

fulBnedinGreenRevolution-thedevelopmentandspreadofhigh-yieldingvarietiesof

two majorCereal crops,rice and wheat,revolutionized agriculturalproduction･

Introductionofsemi-dwarfandhightnleringplanttype,suchas ÌR8'ofriceand

M̀exican Varieties'ofwheat,greatlyincreasedtheyields･Bychanginglongculmand

heavypanicletypetotheshortculmandlargenumberpanicletype,moredensecultivation

becamepossiblewiththeimprovedmechaniZadonoffieldworks･GreenRevolutionthus

greatlycontributedtoincreaseinfoodproduction･

GreenRevolution,however,broughtaboutsomeserioustroublesandnegative

effects/Thecompletedisplayofthehigh yieldingabnityneededtheintensivelycontrolled

cultivadonsystemsuchasfullirrigationsystemandheavyuseofagrochemiCalincluding

nitrogenousfertilizerandpesdcides.Suchcontronedcultivationsystemsofarhasbeen

difBculttoadoptinmanyunder-developingcountries,andonlythecountrieswith

developedagnculturaltechnologycouldeffectivelycultivatenewdevelopedvarieties.As

theresult,thedifEerenceinthecapadty ofagriculturalproductionamongcountrieshas

becomelarger,andtheagro-economiCal superiority in foodproductionhasbeen

established･Furthemore,thegreatchangesin thefieldecosystem disturbedbalance

betweencropsandmicrobialpestsandinsectpests(Smi th1972,Nickel1973)･rrhehigh-

yieldingplanttypespromotedrapidspreadofplantdiseases andinsectpests,andalso

adventofnewpestsadaptivetosuchvarieties･Ricebrownplanthopperisoneofthemost

r甲reSentativeinsectpestsstimdatedbyGreenRevolution･

Atpresentbrownplanthopper(abbreviatedasBPH),NilapaⅣata由陛 Stal,is

regardedasoneofthemostvirulentinsectpestsofrice,andiswidelydistributed

throughoutthetropICSandthetemperate areasin easttosouthAsia,Micronesiaand

An stralia(Dyckand¶10maS1979,SaxsenaandBarrion1985)･Before1970'S,outbreaks

1



ofBPHoccurredinfrequentlyonlyineasttemperateAsiaincludingJapan,Koreaanda

partofChina･Thewidespread ofmany tilleringricevarietiessupphedgood

environmentsforBPH,becauseBPHgrowgregariouslyandsurviveonricestemsjust

neartheground･BPHsucksthesapofmostlyfromthephloemofriceplantsandcauses

severedamagesymptom,corrmonlyreferredashopper-burn(SaxsenaandBarrion1985)･

BPHalsotranSmitsricegrassystuntvirus(Riveraetal･1966)andriceruggedstuntvirus

(Lingetal･1977).Bothofthesedirectfeedingdamageandthetransmittedviraldiseases

causeconsiderableyieldlossesinriceproduction(Heimich1979)I

ProtectionagainstpestinsectsinCludingBPHhasdependedmostlyoninsecticides

inthepest･Butthedevelopmentoftolerancetoinsecticideshasoftenbeenrecognized･In

thecaseofBPH,itsinsecticidetolerancewasflrStlydetectedinthelate1960'S(Nagata

andMoritani1974,Endo1996)･Inthemiddleof1970'S,BPHdevelopeditstoleranceto

someorganicphosphoricinsecticides,andtheLDvaluesbOmmefourtotwentytimes

higherthan thosein1967Undo1996)･In1979,tolerancetocarbamateinsecticides

becameapparent(K皿in etal･1981)･Inaddition,resurgence,aphenomenonofpest

populationincreaseafterapplicationofinsecticides(SuenagaandNakatsuka1958,

Heinrichsetal11982),hasoftenbeenreported.¶10ughthesafetyofagrochemiCalhas

increased,theremaybeadangerofponudnganddamagingnaturalenvironmentsbytheir

excessiveuse･Consideringthesenegativeeffects,plantprotectionsolelybyinsecticides

shouldbecriticizedandtheprotecdonsystemnotdependingonagrochemiCalisneeded

(ChelliahandHeimichs1980)IInviewofthispoint,thenaturalhostplantresistance

shouldbesearchedforandtheresistantvarietiesshouldbebredandu仙zedas an

importantaltemativeintheintegratedpestmanagement･

As thefirstStePforbreedingofinSectresistantplant,genedcanalysishasalways

beenessemial･Onrice,genedcanalysisofinsectresistancebegunaftertheSecondWorld

WarandsomeJapaneseresearchersreportedresistancetostemborerandstemmaggot･

Themostpromhentexamplewasthestudyonresistancetoricestemmaggot.Yuasa

(1952)concludedthatresistancetoricestemmaggotwascontronedbyan incomplete

dominantgene,anditspnmarymechanismsantibiosissothatthelaⅣaediedafter

incursionintotheculmofrice･But,asthedamagebythesepestsdecreasedwiththe
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developmentofeffectiveinsecticides,researchinterestininsectresistanc declinedin

Japan･However,inthesoutheastAsia,IntemationalRiceResearchlnsdtute(IRRI)was

foundedinthePhilippinesin 1960,andstartedextensiveresearchonpestinSectsand

plantdiseases･Pathak(1969)reportedthataricevarietyTKM6wasfoundtoberesistant

tostemborers･HebredIR20,ahighyieldingvarietyresistanttothispestinsect,usmg

TKM6asthedonorofresistance(IRRI1970).Followingthisfirstattempt,theresearch

andbreedingforBPHresistancewasstrengthened･

nLeCOnrPtOfhostplantresistancetopestinsectswasproposedbyPainter(1941)･

Heclassi丘edthehostresistanceintothefonowingthreeategOries,i･e･non-preference,

antibiosisandtolerance･'Non-preference'wasdefinedasthenegativeactionofinsectsin

approaching,feedingandovIPOSition･̀Antixenosis'laterwasusedasatermincrop

plan ts(Kogan andCktman 1978)･̀Antixenosis'iscausedbyplantmorphologysuchas

plantform,colorandtissuecharacteristics.̀An tlbiosis'wasde丘nedas theplantfunction

affectingInsectgrOWth andreproductiveability.'An tibiosis'ismosdydisplayedby

chemiCalsubstancesandinsomecasesinspecialorgansorseqetedonepidermstocatch

laTVae･̀Tolerance'wasusedinthecasethatplantsaredamagedahttle,1nspiteofthe

infestationwiththenumbersofinsectpeststhatseverelydamagessusceptlbleplants･The

hostplantresistanceismediatedbyhostreacdonagainstinfestadonorvirulenceofinsect

pests,andisexpressedasaresultofinterrelationofvariousfactors･Physiological

conditionsofhostplants andinfesdvityoftheinsectpe stincludingitsgrowthstagesand

livingcondibonsaremostimportantamongthem･Qltheresist弧αteStSinthelaboratory,

forexample,insufBcientlightweakensexpressionofresistance?gamstwheatstem

sawfly蜘 59inGiiiS)inwheat(Platt1941), andagainstaphid(蜘 peFSicae)in

sugarbeet(I,i)We1974,TingeyandSingh1980)･Therefore,Weshouldpaymuch

attentiontothesefactorsinstudiesofmechanismsofpestresistance(Kmeda1987)･

GenetiCanalysisofBPHresistancewasfirst00nductedbyAthWaletal･(1971)in

IRRI･juterdevelopmentofbulkseedlingtestforBPHresistance,manyBPHresistant

varietieswereidentified･AthWaletal･(1971)reportedthatBPHresistanceinan Indian

localvarietyMudgoandtwootherbreedinghesCO22andMrU15wascontrolledbya

singledominantgene,andtheresistanceinabreedinglineASD7byasinglerecessive
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gene･Thesegeneswereconsideredtobecloselylinkedorallelicbecausenorecombinants

weredetected(AdlWaletal.1971,Alhwal andPathak1972,medaandKaneda1981)･

ThedominancegenewasreferredtoBphl andtherecessivegenebph2Crable1)･BPH

resistancewasobservedinindiLaVarietiesbutnotinjaponlCaVarietiesatan･IR747-B2-6,

aBPH resistantvarietyfoundinthefieldofIRRI,wasbredfrom acrossoftwo

susceptibleparents･MartinezandKhush(1974)suggestedthatTKM6,Oneparentof

IR747andsuscepdbletoBPH,possessedbothBphilandiA l(inhibitorofBphl),

becauseTKM6couldproduceafew resistantF2fromcrosseswithsomesusceptible

varietiessuchasIR8.In1974,thefirstBPHresistantcultivarIR26witha lwas

released,butitsgeneticresistancewasbrokendownwithinthreeyearsaftertherelease

duetotheoccurrenceofanewBPHbiotypeinthePhihppinesandodlercountries(Feuer

1976,Anonymous 1975,Stapley1975)･AnotherBPHresistantcultivarlR36bredto

carrybph2wasalsosuccumbedtomorevirulentBPHbiotype(IRRI1982)･

Tocopewithsuchaproblemofresistancebreakdownassociatedwithoutbreaksof

newbiotypes,addidonalgeneticsourcesweresearchedforwidemingthegeneticbase.

TwonewBPHresistancegeneswereidentified,i,e.,塾由3inaSriL弧kalocalvariety

RathuHeenad,andbph4inanotherSriLmkalocalvarietyBabaweethatiscloselylinked

oranelicto亀虫3(L血shminarayanaandKhush1977,SidhuandK山sh1978,1979,

IkedaandKaneda1981)･m ushetal･(1985)furtheridentifiedbph5inARC10550which

isresistanttoBangladeshBPHbiotype.ni§genewasnoteffectiveagainstBPHwild

typeineastAsiaandindependentfrom4genes,軸出 tobph4･KabirandKhush(1988)

identifiedBph6inSwarnalata,andbph7inT12togetherwithbph5･medaandKaneda

(1986)andNemotoetal･(1989a),usingthreedifferentbiotypesandtworesistant

varietiesthatcarryBph3and妙 4,identiBedanewrecessiveresistancegene蝉 in

TC5(ThaiCollection5),TCIOandChinSaba,andanewdominantgeneBph9inthree

Sribnkalocalvarieties,Pokkah,BalamaweeandKaharamana.Furthermore,awild

relativeofrice,QlauStraliensis,alsoprovidedadominantresistancegeneBphlO叫,that

wasintrogressedintoani血 breedingline(Ishiietal･1994)･

Ithasbeenconsideredthattherewinbenopossibnity,inJapan,ofappearanceof

newBPHbiotypesthroughcultivationofresistantvarieties,becauseBPHcannotsurvive
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Table1-1CharactersofBPHresistancegenes

ResistanceYearof Note TrisomicRFLP

gene identification analysisanalysis

Bph1 1967

hph2 1971

Bphま 1977

bph4 1977

bphi 1988

Bph丘 1988

bphl 1988

bpha 1986

Bph皇 1986

BphlO(t) 1994

closelylinkedoral1elictobph2 a)chr.4 chr･12

1inkedtod2,recombnationvalueof39.4% chr.4

closelylinkedorallelictobphA chr･10

linkedtotk2,recombnationvalueof30.3% chr.10

resistantonlySouthAsianbiotype

resistantonlySouthAsianbiotype

resistantonlySouthAsianbiotype

identifiedinwildrelatives,oryzaaustraliensis chr.12

a)chr.indicateschromosome
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winterseasoninJapan･However,asBPH migratestoJapan fromsouthernpartsof

ChinaorsoutheastAsiainrainyseasoneveryyear(Kisimoto1971,Kisimoto1976),

thereremainsadangerthatotherbiotype SmigratetoJapan(Nishiyamaetal･1975)･In

factin1991,abiotypewhichcanattackIR26witha lwasfToundinaBPHpopulation

inKyushu(Sogawa1992)･nerefore,WeneedtoprepareawidergeneticbaseofBPH

resistanceforprobableinvasionofnewbiotypes(Kaneda1971,Kanedaetal･1977)ATo

date,fourBPHresistantlineshavebeenbredinNa丘onalAgricultureResearchCenterand

registeredbytheMinis廿yofAgriculture,ForestryandFisheries･rmeywereNorin-PI3

withBphlfromanlndian localvarietyMudgo(Kanedaetal･1985),Norin-PL4with

bph2fromalineIRl154-243(Kanedaetal･1986),Norin-PL7withbphi4fromaSri

LmkalocalvarietyBabawee(Nemotoetal･1988),andNorin-PLIOwithBph3from

anotherSriLankalocalvarietyRathuHeenati(Nemotoetal･1989b)･

Thelink喝ereladonshipofBPH resistancegenetosomeotheragronomically

import弧ttmitswasobservedintheprocessofintrogressionofBphlinMudgo(Kaneda

1984)･Theplantsshowingmorej呼Onic冬-type Characterisdcsamongthesegregating

populationexhibitedalowerpossibnity toberesistantrandomlyselectedplants･The

genesforlowfertility,longculm andunfavorablequalityofhuuedri∝werestrongly

linkedto軸出.An ongthem,longculmwasthemostdifBcultprobleminbreedingof

Norin-PL3(Kanedaetal･1985)･

IdentiBcadonofthericefactorscontrolhngBPHresistancehasbeenattemptedfora

longtime･SogawaandPathak(1970)reportedthatBPHonresistantvarietyMudgocould

pierceandpeneb'ateitsstylettosuckasfrequendyasBPHonsusceptiblevariety,but

couldexcretemuchsmaneramountofhoneydewonresistantvariedes･TYledifference

betweensuscepdblevarietyandBphi1-carrylngresistantvariety,hasbeenconsideredtobe

notduetostructuraldifferencesoftissuesbutatleastpartlyduetodifferencesinsome

chemiCalCompoundsinthephloemsap.ThericesubstancesascontrolfactorsofBPH

suckingwereclassはeddividedintothreecategories,i.e.substancesthats也mulate

probing(probingsdmulants)andpromoteorpreventsucking(suckingstimulan tsand

suckinginhibitors).ProbingisaBPH actiontosearchforsuckingspot･Probing

stimulantsmaybespecificflavonoidcompoundssuchassalicylicadd(Sogawa1974,
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Sogawa1976,Kin 1979)･Suckingstimulantsincludeglucose,amajornutrient

translocatinginthephloem(SakaiandSogawa1976),sevenaminoacids,i･e･aspartic

acid,glutamicacid,alanine,serine,leucine,asparaginandvahe(Sogawa1970,Sogawa

1972),andorgamicacidssuchassuccinicacidandmalicacid(Sogawa1982)･Kin

(1979)extractedtransacomitacid asasuckinginhlbitoragainstBPH from mnlet･

Yoshiharaetal･(1979)showedthatresistantvarietieshadhigherconcentrationsofoxalic

acidtoserveassucking-preventionfactorthan thesusceptiblevariedes. However,

transaconitacidcanbedetectedataverylowconcentrationinriceplantsandoxahcacidis

averycorrmonorganicaddfoundinrnanyplants･Kinetal･(1994)suggestedthatthe

suckingpreventionwascausedbymorethanthesetwocompounds･Thechanceof

contaminationofforeignsubstancesmightnotalsoberuledout･rmerefore,itseemstobe

di雌culttostudyrealsubstaJICeSin thetranSlocadonsystem･Infact,wheattranslocation

substancesextractedbyonemethodinthephloemsaps,particularlyaminoacids,was

muchdifferentfromthoseextractedbyothermethods(SimpsonandDd止ng1981)･But

fromsuckinginsects,morepurephloemsapcouldbeobtained･mringmsectsucking,an

applicationoflaserbeamcancuttheirstyletspenetratingtothephloem,thus thephloem

sapovernowingthroughstyletscouldbecollected･Usingthismethod,Shigematsuetal･

(1982)analyzedphloemsaps丘omapairofnearisogenicricehnescarrying墨p出 and

suscepdble,andfoundthattheresistant血estranslocatedhigherconcentrationsofβ-

sitosterolandlowerconcentradonsofasparticacid.But,itisdifficulttoconceivethatone

geneBp出 couldcontrolcomponentsoftwofactors,β-sitosterolandasparticacid.

Inspiteofmuchefforts,ithasbeenhardtodetemi nethemostessentialandcridcal

factorofBPHresistance.n ecloningandexpressionanalysisofBPHresistancegenes,

therefore,willthrowoneadditionallightonthisproblem･As the丘rststeptowardcloning,

chromosomalasslgnmentWasattemptedforfiveBPHresistancegenes･IkedaandKaneda

(1983)triedtoidemifythechromosomescarryingtwoBPHresistancegenes,Bphland

bph2･TbeyreportedthatBphlandbph2werelinkedtòebisu'dwarfgene,_d2,0n

chromosome4witharecombinadonvalueof39･4%.Thschromosomeasslgnment

agreedwihtheresultbythetrisomiCanalysis(kedaandKaneda1983)･Trisomic

analysisalsosuggestedthatBph3and蝉 arelocatedonchrom osome10,andalinkage
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of吐坦_toaroundkemelgene,fg2,wasindicatedwitharecombinationvalueof30･3%

(Ikeda1985)AHowever,BphlfromabreedinglineTKM6andfroman Indian local

VarietyMudgowaslatelynappedonchromosome12bylinkageanalysesusmgRFLP

(restrictionfragmentlengthpolymorphism)markers(HirabayashiandOgawa,1995,

Tooyamaetal･1995)･BphlO仲 fromQi邸Straliensiswasalsonappedonchromosome

12byRFLPmapping(Ⅰshiietal･1994)･

As mendonedabove,Onlytwogenessofarhavebeentaggedand/ornappedby

RFLPmarkers･Therefore,inthisstudyamapplngOffourotherBPHresistancegenes

w asattempted･Todothis,genedcanalysesofBPHresistancegeneswerealsoconducted

uslngthesegregatingpopulations.
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CHAPTER2 AnalysisofBPHresistancegeneimPL7

1.Introductiom

Inourcountry,theoldestrecordofBPHdamagesonricecanbetracedbacktothe

year694.FromthattimeBPHoutbreaksoccurredsporadicanyuntonow.Kyoho-famine,

inwhichoveronemillionpeoplediedforstarvation,OuurredbyalargeoutbreakofBPH

in1732(SuenagaandNakatsuka1958)･An anotheroutbreakin1897causedyieldlosses

of960,000もandoutbreakin1966Causeddamagesover780,000haandyieldlossesof

350,000ton(msimato1980)･

FourBPH resistantlineshavebeenbredinourcountry(Table2)･First,

introductionofBphlffom an Indian localvariety Mudgointoj旦pOmicacultivarwas

attemptedinNationalAgricultureResearchCenterinJapan:thebreedingwasimitiated

usingan originalcrossofajaponicavarietyHoyoku andMudgoin1968(KaLledaetal･

1979,1980)･Forsixteenyears,backcrosseswithsusceptiblevarietiesand self

pollinationsfollowedbyselectionforBPHresistancewerecarriedout.rnleflrStBPH

resistantline,Norin-PI3(hereafterabbreviatedasPL3),wasbredandregisteredbythe

MinistryofAgriculture,ForestryandFisheriesin1984(Kanedaetal.1985)･Following

thisfirstattempt,introgressionbreedingforthreeotherBPH resistancegeneswere

initiatedandperformedsimultaneously.An IRRIbreedinghneIR1154-243wasusedas

thedonorofbph2,crossedwithajaponic_avarietyAsominoriin 1973,andNorin-PIA

(PLA)wasbredandregisteredin 1985(Kanedaetal･1986)･TwoSriId alocal

varietiesRathuHeenatiandBabaweewereusedasthedonorsofBph3andbph4,

respectively･TheywerecrossedbothwidlajaponlCaVarietyTsukushibarein1976,and

Norin-PLIO(PLIO)with亀垂3andNorin-PL7(PL7)withbpb4werebredandregistered

in1988and1987,respectively(Nemotoetal･1988,1989b)･

ExceptforIR1154-243,alldonorindiGaVarietieshaveverysb･Ongphotoperiod

sensitivity･Particularly,allSriLmkavarietiesdonotdifferentiatepaniclesatal1inJapan･

血lofthesedonorsalsoshowhybridsterihtyinαosseswith j呼Onicavarieties･Red

kernels,verylongleavesandculms,etc.aretheiradditionalundesirabletraits･Inthe

breedingofPI3,becausetheeh nadonofinferiortraitsfromMudgowasverydifficult,

9



Table2-1BPHresistantlinesbredinJapan

Resistancegene Resistantline a)Donorvariety Initiationof Registration

bedigree) breeding

Bphl Nofin-PI3

ぐ)F6324/Aktsuho/rrsukushibare)

bph2 Norin-PL4

Mudgo 1968

IR1154-243 1973

(Asominori*3/IR11541243)

Bphi Norin-PLIO RathuHeenati 1976

(Tsukushibare//qsukushibare辛3偲athuHeenati〝rsukushibare)

bphA Norin-PL7 Babawee 1976

(Ts血 shibare*2/Babawee)

1984

1985

1988

1987

a)Donorvariety:MudgoisalocalvarietyinIndia,IR1154-243isabreedinglineofIRRI,

andRathuHeenatiandBabaweearelocalvarietiesinSriLanka.

b)F6324;Hoyoku/mudgo//Kochikaze//nR781-1-94/4佃oyoku
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fivesusceptiblevarietieswereusedasrecurrentparents.juthoughotherthreebreeding

lineshadonlyonevariety asrecurrentparents,somebackcrosseswereneededfortheir

breeding･Tbeseintrogressionlinessofarcouldbe∞nsideredasBPHresistantjaponica

lines,andutilizedasnearisogeniclines.

As mentionedabove,onlytwogenes,BphlandBphlO(t),havebeennapped,and

doningofBPHresistancegeneshavenotyetbeenachieved･Somepreliminarystudy

showedthatPL7expressedstrongerandmorestableBPHresistancethan PLIO,sothat

BPHresistancegeneinPL7,supposedlybph4,wasFlrStanalyzed･Sincebph4was

reportedtobeallelicorcloselyhnkedtoBph3,theanalysisofbphi4wasexpectedto

provideinformationon旦垂3･

Inthischaptertheresultsofmolecularmappingofbph4withRFLP(res出ction

fragmentlengthpolymorphism)markers(McCouch1988,Saitoetal･1991,Kurataetal･

1994)orRAPD(randomampli61edpolymorphismDNA)markers(Winiamsetal･1990)

arereported･

2.Geneticanalysts

1)MaterialsandMethods

Plantmaterials

Aculdvar'Tsukushibare'wasusedasasusceptibleparentintheanalysisofBPH

resistancegenein PL7･Tsukushibareisahigh-yielding,widelyplantedcultivarin

Kyushu,andusedasar弧IrrentParentOfPL7･Intheprogeniesderivedfromcrossesof

TsukushibarewithPL7,theexpressionofBPHresistancegenewasexpectedtobestable,

thustheyprovideacriticalmaterialtotestfTorBPHresistance.

In1991,firstcrossesweremadeintheNationalAgricultureResearchCenter･

FourcrossesofTsukushibarePL7designatedasK5toK8, andtheF2 Seedswere

harvested.HaⅣestedseedsweredriedfor5days,andheat-treatedat500Cforaweekto

breakseeddormancy･IndividualsofF2 Seedhgsweretransplantedinthericefieldof

KobeUniversity;asingleseedlingperhimwithspacingof25･Ox15･Ocm･Acompound

fertilizer(12.･12:12=N:P:K)wasaddedbeforeseedingat40g/m2.
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CultuT･eOfBPH

An originalcolonyusedinthisexperimentwasamixtureofBPH populations

obtainedfromKyushuAgricultureExperimentStationandHyogoPrefecturalAgricultural

Institute･Both oftheseBPH colomieswerepredominantlyofbiotype1.BPH was

culturedinagrowthchamberunder15hhght:9hdarkatandday-nighttemperaturesof

30-25oC.About2,500to3,500BPHnymphsatthesecondtofourth instaqstageswere

infestedforthebulkseedhgtest.As itwasdesirabletouseBPHnymphsofthesame

stageforthebulkseedlingtesも150to200adultsofBPHwereselectedforovIPOSitionon

newseedlingtrays.

BulkseedlingtestsofBPHresistance

As thethirdinstarnymphswerereportedtobethemostadequateforthebuk

seedlingtest(Kaneda1975a,1975b),18-day-OldBPHsafterovipositionwereusedfor

thetesting.About30seedsperentryweregemi natedinapetridishat30oCinthedark.

nerapidgrowlnglineswerekeptundercoolerconditionstoadjusttheirgrowth･

Seventeengermhatedseedsatthesimilargrowthstageweretransplantedwiththeline

spaceofO･8cminaseedlingtrayof29･Ox29･0Ⅹ2･5cmwithsternizedsoil,and

seedhgsweregrowninthebiochamber.BPHnymphswereinfestedtotheseedlingsat

therateof7to10nymphsperseedling･

At9to10daysafterinfestation,damagesontheseedlingsofeachrow were

comparedwiththecontrolrowstojudgetheirphenotypes･PL7andTsukushibarewere

usedastheresistantandsusceptlblevarieties,respectively･Generally,seed血gsshorter

than 4cm,withthinstem,witheredleavesanddarkbrownleafcolor,werejudged

susceptible･Wh ileseedlingswithover8cminheightthickstemandgreenleafcolor

wereregardedasresistant･F2 individualswerealsotesteddirectlyunderthesame

conditionsfortheirresistance.

AILetismtests

FortheallelismtestofresistancegenesinPL7andPIA,PL4possessingbph2was

crossedwithPL7andaBphlcarrier,PL3.mecrossofPL3andPL7wasnotsuccessful.

12



Inthecrosses,emasculationwasmadebysoakingpaniclesofseedparentsinthehot

waterof43oCfor7minuetsjustbeforeflowering.A鮎rpollination,eachearwas

coveredwith asackofvitriolpapertopreventcontaminationofotherponens･

Hybridi2ationwasdoneinaveryhumidconditionbecausepouenscouldbeeasily

damagedbydrying(Yamada1987)･

2)Results

BPHresistancesegregationwasdeterminedinTsukushibareRL7bytwodifferent

tests･Inthe丘rsttest,genotypesof191F2individualsderivedfromcrossesK5toK8

weredeterminedbasedonthesegregationofresistanceinF3linesCrables2-2,Appendix-

1)･Inthesecondtest,genotypesof1,138F2individualsweredetermineddirectly(Table

2-2)･n eresultsoftheseanalysesclearlydemonstratedthatPL7carriesadominantgene

forBPHresistance･SincetheF3ratioBttedtoIRR:2RS:1SS,the&equencydistribution

ofresistantprogemiesinthesegregatingF3hneswasanalyzed･Theanalysisshoweda

widerangeofthefrequencydistribudonwithamodeof65-75%resistantprogenies(Fig･

211)･Thefrequencydistributionwasskewedtowardsthelowerpercentagesofresistant

progemiesthanthatexpectedbasedonthecompletedominance.

Consideringveryweakresistanceof鞄垂3in PLIO,itwas postulatedthatthe

dominantresistancegeneinPL7wasidenticaltoBp出.rmerefore,PL7wascrossedwith

PIA(acarrierofbph2)andthegenotypesofF2Progeniesweredeterrmi ed･Theresultof

thisanelismtestwhencomparedwiththeresultobtainedbetweenPI3(acarrierofBphi)

andPEA,stronglyindicatedthattheresistandegeneintrogressedinPL7isinfactBphl

(Table2-3)･

3･RFLPaha)ysISandmapplngOrresistancegeneinPL7

1)MaterialandMethod

Plantmaterials

NinetyF3linesderivedfromK5toK80fTsukushibareGL7(descnbedin21211)

WereusedasasegregatingpopulationinRFLPanalysis･GenotypesofBPHresistance

13



Table2-2SegregationofBPHresistanceinF2individualsandF｡lines

derived丘omacrossofTsukushibare/PL7

F2test NumberofF2individuals

Resistant(RR,Rr) Susceptible(SS) Total

Tsukushibare/PL7 850

Tsukushibare 0
PL7 67

F｡test b)NumberofF,lines

RR Rr SS Total

TsukushibarePL7 40 101 50 19lc)

a)x 2for3:1=0･06(P>0･75)

b)An averageof61individualsperlinewereassayedforBPHresistaLICein

morethan threetim esoftests･RRincludesF31ineswith morethan 85%

resistantprogeniesandSSincludesuneswithlessthan5%resistantprogenies

(seeFig･2-1)I

C)x2for1:2:1=1.68(p>0.45),for3R:1S=0･14(p=0･72)
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Table2-3AllelismtestsoftheresistancegeneinPL7withBphl

ofPL3andbph2ofPL4

Cross NumberofF2individuals

Resistant Susceptible Total

PL7/PL4 116

PL3/PL4 99

PL7self 95

PL3self 90

PL4self 182
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geneweredetemi nedbybulkedseedhgtest(describedin212-2):thepopulationwas

determined either as resistanthomozygotes and,heterozygotes and susceptible

homozygotes.As controlmaterials,DNAs ofPI3,No.53,血chi97,Hoyokuandthetwo

resistancedonorvarieties,BabaweeandMudgo,weresubjectedtotheanalysis･No･53

w asan earlierbreedinglineforBphl,Aichi97wasarecentbreedinglineforBphl,and

HoyokuwasaBPHsusceptiblejaponicaCultiVarandoneoftherecurrentparentsusedin

thebreedingforPL3･

DNApT･eParation

A鮎rgenotypesoftheF2individualsweredetermined,totalDNAs fromF3lines

andthebothparentswereisolatedinbulksofabout20seedlingsperline･Theirtotal

genomicDNAwasextractedfromseedlingsofeachF,linewhosegenotypesofBPH

resistancewerepre-determined･ACTABmethod(Murrayandrmompson1980)was

appliedonalargeandasmallscale.

Alargescaleprocedureformorethan 1gleaveswasappliedwhenalargeamount

ofpureDNAwasneeded,e･g･forbulkedsegregantanalysis,southem hybridization,

and/ormappinganalysiswithRFLPmarkers･Averageamountof80to90jLgOfDNA

couldbeextractedfrom1gweightfreshleavesonlargescaleextraction･Asmallscale

procedurewassimplerandcouldbeBnishedinashortertime,althoughthequantitywas

less.

SoutheT･nhybridization

AnprocedureswerethesameasthemethodsbyKurataetal.(1994)･TotalDNA

wasdigestedwith8restrictionenzymes(BLamHI,BglII,kcoRV,LindIII,AaI,迦 Ⅰ,

EGORIand軸 I)･mgestedDNAwaselectrophoresedthroughO･6% agarosegeland

blottedontonylonmembrane(BoehringerMannheim)in0･4NNaOH･TYlemembrane

waswashedin2xSSC,air-driedandbakedat120oCfor20min.DNAprobesusedfor

Southemhybridi2ationwereobtainedafteramplifiCadonbyPCR･Southemhybridization

andsignaldetectiOnweremadebyECLmdirectnucleicacidlabelinganddetectionsystem

(Am ersham)･RecombinationvaluesbetweentheresistancegeneandRFLPmarkerswere
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CalculatedbyMAPMAKERVersion3･0(hIlderetal･1987)andconvertedintogenetic

mapdistance(Kosambi1944)･

ButkedsegT･egantanalysis

Bulkedsegregantanalysis(Michelmore1991)providesamethodtodeteminethe

chromosomalreglOnSOfinterest.Alsoitisamethodforrapidlylocatingchromosomal

regionsWhicharelinkedwiththegeneofinterestinpopulationsusedtogeneratethe

geneticmap.

RFLPmarkersareusuallyconsideredasco-dominantmarkers･BymlXmgPooled

DNAsamples,exceptthereglOnCloselylinkedtothegenesofinterest,thereishde

differenceinthehybridi22Ltionpattemsamongtheprogenies･nisprocedureefBciently

identi丘esmarkerslinkedtothegenesofinterest,allowingtheirrapidplacementona

geneticmap･

BulkedDNAs werepreparedbypoolingDNAsamplesfrom 10individualswith

thesamegenotypeidentifiedintheresistancetests.Inthefirstscreening,DNAsamplesof

eachparentandthetwobukedgenotypes(resistanthomozygousandsusceptible

homozygous)wereusedforhybridi2ation,andthehybridizedpatternswerecompared･In

thesecondscreenlng,therx)lymorphismoneachofthepooledsampleswasanalyzed･

2)Results

Basedontheresultsoftheabovesegregationanalysesandanelismteststogether

withan availableknowledgeaboutthecarrierchromosomeof句血1(Hirabayashiand

Ogawa,1995,Tooyamaetal･,1995),apolymorphismsurveyw ascamiedoutusing34

RFLPprobesonchromosome12andDNAs fromPL7,Tsukushibare,andtwoF,buks

representingresistanthomozygousandsusceptiblehomozygousderivedfromacrossof

TsukushibarexPL7･TYleStudyshowedthat8probes,G148,R1709,R2708,R3106,

R643,C2808,S2545andC751,Werepolymorphicbetweensusceptibleandresistant

materials(Fig･2-2)･rmeywerefurtherhybridizedwithDNAs from90F3hes,andal1

showedcoISegregationwiththeresistancegene(Fig･2-3)･Afew recombinantscanbe

detectedinFig･2-3,i･e･1,land2recombinantsinresistanthomozygous,susceptible
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homozygousandheterozygouslines,respectively.Thelinkageanalysisshowedthatthe

resistancegeneinPL7locatesdistalto6markers,G148,R1709,R2708,R3106,R643

andC2808,ontheNipponbare/KasalathmapdevelopedbytheNationalInsdtuteof

AgrobiologiCalResources,Japan(Kurataetal･,1994)･Norecombinantsweredetected

amongthesemarkerscovering5･7C叫 buttheresistancegenewaslocatedatl･7cMfrom

theclosestmarkerG148thatis16･1cM from onearm end(Fig･2-4)･Twoother

proximalmarkers,C751andS2545,werelocatedat3.2cMfromtheresistancegene:the

distancewasmuchsmallerthan that(17･0-22･7cM)betweentheseandtheabove6

markersontheNipponbare他 Salathmap.

Toconflrm thesourceoftheresistancegeneinPL7,thepresence/absenceofthe

sequencedetectedbythecloselylinkedRFLPmarkerG148wasstudiedinPL7,PL3,No･

53,血chi97,Hoyokuandthetworesistancedonorvarieties,BabaweeandMudgo.The

presenceofthehomologoussequencesin % 1carriers,PL7,No･53,血chi97and

Mudgo,buttheabsenceinabph4carrier,Babawee,unequivocallydemonstratedthatthe

resistancegeneinPL7wasderivedfromMudgo(Fig･215)･

4･RAPDanalysis

1)MaterialandMethod

PlantmaEeT･ials

DNAs from135F3linesderivedfromK5toK80fTsukushibare/PL7(described2-

2-1),including32resistanthomo野gOuS,68resistantheterozygous and35susceptible

plantsweresurveyedforRAPDanalysis.Tsukushibare,fourparenthesandtheir

donorsexceptforIRl154-243wereusedascontrol.

DNApreparationandbutkedsegTegantanalysis

TemplateDNAs forRAPD-PCR wereextractedbythesam eprocedures as

describedin2-3-1･ThreedifferentbulkedDNAsampleswerefurtherpreparedbymlXmg

theDNAsamplesfromthreerepresentativegenotypegroupsconsistingof10resistant,17

segregating,and15susceptibleF,linesrespectively･
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(cM) Ch.12 (marker)
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Fig･214 Alocatbnoftheresi紬 ncegeneBphlinPL7ontheNippo血are瓜as血 hmap

anddeducd strucbreofchrom(方Ome12ofPL7.Solidbarsindicatechrom(方Ome

segmerdsderivdfromPL7･
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RAPD･PCRl･eaCEion

Atotalof540randomlO一merprimers(OperonTechnologiesInc･)weresurveyed

fordetectingRAPDmarkershnkedtotheresistancegenes,andalsotodetemi neitsdonor

ofthemiS-introgressed鞄出 ･Am plificationwasperformedinPerkinElmerCetusGene

Am pPCRSystem9600programmedat93oCfor30see,followedby40cyclesof

denaturationat93oCfor20see,fastesttransitionto50oC,transitionto40oCwitha

rampof70see,to36oCwitharampoflOOsee,andprimerannealingat36oCfor60

see,fouowedbyprimerextensionat73oCfor120see.Apost-extensionwasat73oC

for120sec･(Kanedaetal･1996)･

2)Results

RAPDmarkerslinkedtotheBPHresistancegeneinPL7weresearchedforbythe

bulkedsegregantanalysis･Twenty-nineprimersamong540,thatampl氾edpolymorphic

fragmentsbetweentheparents,wereusedin RAPDanalysisofDNAsamplesfrom135

F3lines･Oneprimer,OPB-15,amplifiedafragment(OPB1555｡)thatco-Segregatedwith

suscepdbnity(Fig･2-6).Furtheritwasshownthatthemarkerislinkedtosusceptibihty

(in吐au totheresistancegene)withamapdistanceof4･8CMinahomozygousresistant

populationand3･OcMinaheterozygousresistantpopulationCTable2-4)･Themarker,

however,couldnotbenappedontheNipponbareノKasalathmap,becauseitwas

monomorphicinthetwoparents.

nepresenceofOPB15550W aSalsostudiedinotherresistantbreedinglinesand

theirresistancedonors(Fig･2-6)･Tbemarkerwaspresentintworesistantlines,PIA

with吐h2andPLIOwithBph3,butabsentinPI3with均血1.Themarkerwasabsentin

alldonorvarietiesexceptforIR1154-243,adonorof妙 ZinPL4･

4.Discussion

Inthisstudy,twoseriousproblemarosethatshouldbeavoidedorsolvedin any

introgressionbreeding･rnleBrstproblemwasthemiS-introgression.Theworkwa5aimed

atmapplngOfonerecessiveBPH resistancegeneb由4thatwassupposedtobe

introgressedinabreedinglineNorin-PL7fromaSriL弧kalocalresistantvariety
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Table2-4LinkageanalysisofOPB15,5.withtheresistance/susceptibilitygeneinPL7

F,group

(genotype)

OPB1555｡ Genetic

Present Absent Total distance(cM)I)

Resistanthomozygous(RR) 2

Segregating(Rr) 42

Susceptiblehomozygous(SS) 28

29 31 3.3

28 70 2.4

0 28 <0.08

a)CalculatedaccordingtoKosambi(1944)

26



Babawee･Inaseriesofgeneticanalysis,however,itwasfoundthattheresistanceinPL7

isgovemedbyasingledominantgene(Tables212,Appendixl1).A皿elismtestsfurther

indicatedthattheresistancegeneinPL7isidentiCaltoR lderivedfroman Indian local

resistantvarietyMudgo(Table2-3)･Furthermore,ananalysisusinga丘ghdylinkedRFLP

markerG148(Fig･2-5)unequivocallydemonstratedthatnotBabaweebutMudgoisa

sourceoftheresistancegene･ThemiS-introgressionresultinginthecompleteelimination

ofgeneticcondbutiOnofBabaweecouldhaveoccurredatanystagesofthebreeding

program,perhapsbysimplemistagging･Chanceofmistaggingmightbelargeinmany

differentbreedinglinesaregrownsimultaneouslyinthenearbyenvironment･However,

recogmitionandcorrectionofsuchmistakesrequlremuchefforts･nLerefore,tOavoid

suchmiS-introgression,DNAmarkerscloselyhnkedtotheresistancegenesconcemedare

needed･BPHbiotypesdistinguishingresistancegenes(IkedaandKaneda,1986)could

alsobeusedeffecdvelyforthispurpose,althoughunfortunatelysuchbiotype shadbeen

lost.Alessonffom thisresultisthatmol㊤cularmarkersarenotOnlyusefulbutalso

necessarylnmOnitoringintrogressionofagronomiCallyimrx)rtantgenes･

DespitetheabovedifficultiesseveralpromlSlngresultswereobtainedinthepresent

mappingstudyofBPHresistancegenes.LinkageofBphlwasalreadyreassignedfrom

chromosome4tochromosome12andthegenewas rr･appedin thefonowingtwo

independentstudies･nleBrstmappingwasdonebyHirabayashiandqgawa(1995),and

amarkerXNpb248waslocatedatamapdistanceof10.7cMontheKasalathPL134(SS)

map(Saitoetal･,1991)･Tooyamaetal･(1995)alsolocatedBphlinaregionspanning

17･4cMbetweentwomarkersW326andG148ontheNipponbare/Kasalathmap･Inthe

presentstudy,atighterlinkagewith6RFLPmarkerswasdetectedwithaclosestmarker

G148beingatl･7cMfrom拠 (Fig･2-4)･Themapdistancesbetweenthesemarkers

estimatedin Tsukushibare/PL7werehighlycondensed ascomparedwith thoseon

Nipponbare瓜asalathmap,indiGatingthepresenceof山udgo-derivedchromosomal

region(S)actingasalargeblockofcrossing10VerSuPPreSSer･However,Sincea

recombinantbetween句血1andG148wasdetected,alinehomozygousforBphlloca血g

onashortchromosomalsegmentcan beselectedlater. Furthermore,ifthemarkeris

generanypolymorphicagainstjaponlCa,itisexpectedtoprovideausefulmoleculartagin
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breedingofBPHresistantj卑POruCaCultivars.

ReantlyBphlhasbeennappedagainusinganotherbreedinglineontheCornell

Universitymap(Huangetal･1997)･Themapposition,however,couldnotbedirectly

comparedwiththepresentlydeterminedmapposidonbecauseofthedifferentnatureof

themaps･Integradonofdifferendyconstructedmaps(constructionofdieconsensus

maps)isnecessaryforfuturemap-basedcloningofBPHresistancegenes･
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CHAPTER3 AnalysISOfBPHresistancegeneinPL4

1.IntroductiotI

ItwasdemonstratedthatabreedinglinePL7,inwhicharecessivegene蝉 w as

supposedtobeintrogresed,possessedadominantgeneBphlfromMudgo･Despitethis

unfortunatemiS-introgression,弛 inPL7wasmappedonchromosome12withmore

closelylinkedmarkerthanthosereportedinotherBp出 mappingstudies･Themappingof

bph2inPL4wasthereforenextattempted･

bph2was earlierreportedtobelinkedtoebisu-dwarfgene_d20nchromosome4

(KanedaandIkeda1976,kedaandKaneda1977,kedaandKaneda1983)･Buttheir

recombinationvalueof39･4% wasquitelarge･A trisomicanalysisconductedalso

showedthatbph2locatedonchromosome4(IkedaandKaneda1983)･Sincebph2was

reportedtobeeitheral1elicorcloselyhnked to軸出 (血hwal etal･1971),on

chromosome12,bph2wasexpectedtobelocatedalsoonchromosome12･Inthisstudy,

theresultsofmappingOfbph2anditsgenedcbehaviorweredescribed･

2.Geneticanalysis

1)MaterialsandMethods

Plantmaterials

Genedcanalysiswasconductedinthesegregatingpopulations(F2,F3) derived

fromacrossofTsukushibarePLA.TsukushibareandPIAwereusedascontrol.In1994,

TsukushibarewascrossedwithPLlinKobeUniversity,andtheFIPlantsweregrownin

thene幻surrmer･TheF2Segrega血gpopulationwasplantedinD紅ember1995inHyogo

PrefacturalAgriCulturalInstitute,andtheirF3Seedswereharvestedin1996･

CultureofBPHandbulkseedh'ngtests

瓜lprocedureswerethesameasdescribedinChapter2･Inthebulkedseedlingtests,

PLIwasusedasaresistantstandard,andTsukushibareasasusceptiblecontrol.

29



2)Restllts

SegregationofBPHresistancewasstudiedinF2individualSandF3linesderived

fromacrossofTsukushibare/PL4･AlthoughthenumberofF2individualstestedwas

small,nearly10,000individualsweretestedforresistancein159F3linesderivedfrom

thiscross･Theresultshowedthatthesegregationofresistancedidnotsignificantly

deviatefrom3R:1Sinbothcases,demonstratingthedominantnatureofbph2打ables3-1,

Appendix-2)･However,SincetheF3ratiodidnotfittoIRR:2RS:1SS,thefrequency

distributionof

resistantprogeniesinthesegrega血gF3lineswasfurtheranaly2X:d･rmeanalysisshowed

awiderangeofthefrequencydistributionwithamodeof65-75%resistantprogenies(Fig･

3-1)･rolefrequencydistributionwasfurtherskewedtowardsthelowerpercentagesof

resistantprogeniesthanthatexpectedbasedonthecompletedominance･

3･GraphicalgenotypingandlinkageanalysisofPL4withRFLPmarkers

I)MateriaJsandmethods

Plantmaterials

Forthegraphicalgenotyping(YoungandTanksley1989)ofPu ,theparental

varieties,AsominoriandIRl154-243,wereusedasreferences.Tsukushibarethatwas

usedtoproducethesegregatingpopulationwasalsousedas3aPOnlCaCOnb'ol･Forthe

linkageanalysis,90F,linesderivedfromacrossofTsukushibare/PTAwereused･

GT.aPhicatgenoOpingandlinkageanalysis

AnproceduresofDNApreparationandSouthem hybridi22Ltionwerethesameas

descrlbedinChapter2.GraphicalgenotypingofPIAwasconductedusing98RFLP

markersrandomlychosenfrom12chromosomesofthericegenome(Kurataetal･1994)I

RecombinationvaluesbetweentheresistancegeneandRFLPmarkerswerecalculatedby

MAPMAKERVersion2･0(underetal･,1987)andconvertedintogeneticmapdistan ce

(Kosambi1944)･
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Table3-1SegregationofBPHresistanceinF2individualSandF,linesderived

fromacrossofTsukushibare/PL4

F2test NumberofF2individuals

Resistant(RR,Rr) Susceptible(SS) Total

Tsukushibare/PL4 35

PL4 51

Tsukushibare 0
F,test b)NumberofF,lines

氏良 Rr SS Total

Tsukushibare/PL4 28 96 35 159C)

a)x2forlR:3S=49.0(p<0.001),for3R:1S=1･64(p=0･18)

b)An averageof61individualSperlinewereassayedforBPHresistancein

triplicatedtests･RRinCludesF3lineswithmorethan 90%resistantprogenies

andSSincludeslineswithallsusceptibleprogemies(seeFig･3-1)･

C)x2forlRR:2RS:1SS=7.47(p=0.025),for3R:1S=0･76(p=0･38)･
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2)Results

GT･aPhicalgenotypingofPL4

Tocon血m thattheresistancegeneintrogressedinPIAisbph2derivedfromthe

resistancedonor,IR11541243,agraphicalgenotypingofPIAwasconductedusmg98

RFLP markersrandomlychosen丘om 12 chromosomesofthericegenome･A

comparisonofRFLPpatternsamongPLA,IR1154-243,AsominoriandTsukushibare

showedthatalargeregionspanningCa･60cMonchromosome12inPL4wasderived

fromIR1154-243(Fig.3-2).Sixpolymorphicmarkersweredetectedinthisregion(Fig･

3-3A)･Fourotherregionswerealsoderivedfrom IRl154-243(Fig･3-3B)Inreeof

themonchromosomes1,4andllwerepolymorphicbetweenTsukushibarearLdPL4and

betweenAsominoriandIRl154-243,butaregionOnChromosome2wasmonomorphic

amongtheresistantlinesandTsukushll)areandpolymorphicwithAsominori･Regions

definedby15markersweremonomorphicanongal1theunesandtheotherreg10nSWere

fromAsominori･neresultclearlydemonstratedthatIR1154-243wasthedonorofthe

resistancegene,thustheresistancegeneinPL4wasidenticaltobph2･

Linkageanalysis

Basedonthecon丘rmationoftheidentityofbph2inPLl,alinkageanalysiswas

conducteduslng90F,linesderivedfrom aq･ossofTsukushibarePu.SixRFLP

markersonchromosome12co-segregatedwithBPHresistance,whilemarkersonfour

otherchromosomessegregatedindependently(Fig･3-4).bph2wasnappedat3･5cM

fromtheclosestRFLPmarker,G2140,0nchromosome12(Fig.3-5)･Themapposition

ofhph2 was ca. 30 cM apart from thatofBphl previously determined on

Nipponbare/Kasalathmap(Murataetall1997).

4･PyramidingofRp血1and如血2

1)Plantmaterialsandgeneticanalysis

TbecrossesofBphlJbA 2werealsoperformedin 1994surm erseason･TheFI

plantswereplantedin1995,andF2individualsin1996･Geneticanalysiswasconducted
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ch.12

Fig･3-5 Mappositbnsoftheresisbncegenes,Bphlandbph2･Thecentralmapof

chrom岱Ome12isfromNippord)are促asahthmap･Mapsandboxesonbothsidesofthis

standardmapindicatethechromcsomalreglOr岱introgressedfromtheresistancedonorsto

thebreedhglines,PL7(軸山)andPL4Q2Ph2)･ThemappositbnofBphlisfromMurata

etal･(1997)
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inF2POPuhtion(seeTable213)and573F,linesderivedfromcrossesofPI3RIAand

PL7PL4,weresubjectedtotheBPHresistancetests.

2)Results

Bphlandbph2weretriedtobepyramidedbycrossingtwointrogressionlinesof

艶hil(PI3 andPL7)withPL4andresistancein F3he§wasanalyzedCTable3-2)･

Contrarytotheexpectationbasedontheconsiderablemapdistancebetweenthesetwo

BPH resistancegenes,neidlerSuSCePdbleF3 linesnorhessegregatingsuscepdble

progeniesweredetectedafterbioassaysofca･8,600F,individualsfromthecrosses･

5.Discussion

¶leSegregationanalysisofBPHresistanceinF2individualSandF,linesfromthe

crossofTsukushibarePu demonstratedthattheresistancegeneinPIAbehavedasa

majordominantgene(Tables3-1,Appendix-2andFig･3-1)･Theresistancegeneintwo

japonicabreedinglinesderivedfromPL4wasalsoreportedtobeadominantgene(Takita,

1996)･ToprovethattheresistancegeneinPu isidentiCaltobph2,weconducted

graphicalgenotypingofPL4･rmestudyclearlydemonsb'atedthepresenceofalarge

chromosomalsegmentthatwasderivedfromthedonorofbph2,i･e･IR1154-243(Fig･3-

2)･Moreover,thisregioncoISegregatedwithBPHresistmCeinthemappingpopulation･

SofartwodominantBPHresistancegeneshavebeenintrogressedfromindiGariceinto

japonicaricebreedinglines･rmelocadonofBphilisGa一30cM frombph2(Fig･3-5)･

Anotherdominantgene,Bph3,aswellasarecessivegene,bph4,haverecendybeen

nappedonchromosome4(Khush,personalcorrmumicadon;MurataChapter6)IItisthus

conclusivethatthegeneintrogressedinPL4isbph2･

bph2wasfirstfoundinASD7(Amwaletal.,1971)･Astudyontheresist弧Ce

segregationinalargenumberofF2andF3PrOgemiesfromthecrossofTaiChungNative1

(TNl)/ASD7,clearlydemonstratedtherecessivenatureofbph2(Amwaletal･,1971)･

hter,alineIR1154-243thatwasderivedfromacrossinvolvingtwosusceptiblecultivars,

IR8andZhith,wasfoundtopossessbph2(MartinezandKhush,1974)･B∝auseofthe

susceptibilityofbothparents,theypostulatedthepresenceofadominantinhibitorgene,
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Table312SegregationanalysisofBPHresistanceinF,1inesfromcrosses

ofPL3andPL7(introgressionlinesofBphl)n'L4

Cross NumberofF,lines

Resistant(RR) Segregating(Rr)Susceptible(SS)Total1)

PL3Pu 309 0 0 309

PL7/PL4 264 0 0 264

a)An averageof15individualSperlinewereassayedinduplicatetestsinbothcrosses･
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perhapsinZenith,ontheanalogyofthecaLSeOf̀TKM6'whichwasFlrStfoundasa

susceptibleBphlcarrier(MartinezandKhush,1974)･

Itiswellknownthatmanyrecessivegenescontrolresistmcetopathogensand

insectpests.Am ong10BPHresistancegenessofaridentified,4havebeenreportedtobe

recessive･Afundamentalquestionishowtherecessivegenescanconferthehost-specific

resistance･Accordingtothegene-for-genetheory,host-specificresistanceiscontronedby

thecomplementarygenesofthefunctionalrace-specifichostresistancegeneandthe

funcdonalpestavirulencegene(Flor,1971)･Recentlyonenovelresistancemechanism

hasbeendemonstratedinthatdefecdve,recessiveanelesofthegeneRoareconferring

theresistanceonbarleyplantsagainstpowderymndew (Buschgesetal･,1997)･The

monogenicresistancemediatedbytherecessivemiQallelesconfersabroadspectrum

resistancetoalmostal1knownpadlOgenisolatesandisdurablein thefielddespite

extensivecultivation(Jorgensen,1992)･However,thisisapparendynotthecaseinBPH

resistanceconferredbyrecessiveBPIlresistancegenes･

Iftheresistanceiscontrolledbyafunctionalalleleencodingafunctionalprotein,the

criterionforthedominanceorrecessivenessshouldsolelydependonthephenotypeofthe

heterozygotes,i･e･,ifdieheterozygotesshowresistantphenotypediegeneisreferredto

dominant,whileiftheyshow susceptlbihtythegeneissaidtober∝essive･The

dominanceorrecessivenessmightwenbedeterminedbythepenetranceofthegene

involved･Infact,manycaseshavebeenreportedwhererecessiveresistancegenesbehave

asdominantgenesunderdifferentenvironments,particularlyunderdifferenttemperattqe

condidons,indifferentgeneticbackgroundandwithdifferentpathotypes(races)or

biotypes･Becauseofthis,theCatalogueofGeneSymbolsfbrWh eat,forexample,

recommendstousecapital letterstodesignateallresistancegenesirrespectiveof

dominanceorrecessiveness(Mclntosh1988)･Ouranalysisonthe丘equencydistnbution

ofBPH resistantprogeniesinF, linesderived丘om acrossofTsukushibarePIA

suggestedtheincompletedominanceofbph2inPIA(Fig･3-1)･Alsobph2mightbehave

differendyinin血 andjaponicabackgrounds.n eproblemofdominance/recessiveness

ofbph2addressesan interestinghypothesisthatagivenSlngleresistancegenebehaves

differentlyunderdifferentenvironment,differentgeneticbackground,and/oragainstBPH
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biotypeswithdifferentvirulencepropeれy.Geneticallydefinedbiotypesandresistant

hostsareundoubtedlythemostcriticalrequlrementtOtestthishypothesis･

OurmapplngStudyindicatedthatBphilandbph2locateataconsiderabledistance

(ca･30cM)onchromosome120nNipponbare/Kasalathmap(Fig･3-5)･nesegregation

analysisinalargenumberofF3linesderivedfromcrossesoftwoBphlcarriersandPL4,

however,didnotshow anysusceptiblelinesandlinesthatsegregatedsusceptible

progenies(Table3-2)･TYleresultofnorecombinationsbetweenthetworesistancegenes

con血medthepreviousreport(A血Waletal,1971)･ThemapdistancesbetweenRFLP

markersinthereg10nSCarryingBphilandbph2inourstudyweremuchshorterthan those

inthecorrespondingregionsonNipponbare/Kasalath map(Fig･3-5)･Althoughthe

physicaldistanceremainsunknown,itcanbesuggestedthatsomestructuralOrfuncdonal

constmintpreventscrossmg-oversintheregionCOVenngthetwoBPHresistancegenes･

ForpyramidingBp出 andbph2,someotherstrategyhastobeadopted.
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CHAPTER4 AnalysisofBPHresistancegeneinPokkali

1.htroduction

ThevirulenceofBPH qgainstricevarietiescan differentiateinmanybiotypes･

Biotype1de丘ned asthepredominantwildtypeinsoutheastandeastAsiacanfeedonly

onvariedeswithoutanyresisbncegene.Biotype 2andbiotype 3canfeedon旦p出 and

bph2carriers,respecdvely,andsusceptiblevariedes(Kaneda1990)･¶lebiotypesin

southAsiadifferfromthoseinsoutheastAsia.Forexample,mostofthevarietiescarryng

Bphilandbph2aresuscepdbletoBPHinsouthAsiaincludingIndiaandSriLmka

(Khush1984)･L血shmin arayanaandKhush(1977)identified塾虫3inaSriLmkanlocal

varietyRathuHeenadandbph4in anotherSriLmkanlocalVarietyBabawee･Theyare

resistantagainstallofAsian biotypeS･Fouowingthat,bph5,墨ph6andbph7were

identiaedusingBangladeshbiotypes･

Wh ileinJapan ,biotypes2andbiotype3wereselectedbycontinuousculturingof

thewildtypeBPH(predominandybiotype)onMudgocarryingBphlandASD7carrying

bph2,respecdvely(KanedaandKisimoto1979,ItoandKisimoto1981)･Kanedaetal･

(1981)classifiedmanyvarietiesintothreegroups,i･e･susceptiblevarieties,Bphl

carriersandbph2carriers,byusingtheselectedbiotypes･ButbeauseR 3and妙

werebothresistantagainstbothbiotypeS,theycouldnotbeclassifiedonlybybiotype

reacdon･Sothat,integratedidentificationsystem combiningtestcrossandbiotype

reactionwasdesignated･IkedaandKaneda(1986)demonstratedthat,amongthe

resistancevariedestoallofthreebiotypeS,Balamawee,KaharamanaandPokkalihad

unidendfieddominantgene,andCollection5Thailand(ThaiCol･5),TbaiCol･ll and

Chinsabahadumidentifiedrecessivegene･Nemotoetal･(1989a)reportedthatnaiCol･

lland5andChinsabapossessasamerecessivegene,bph8,andthalanotherthree

varietiesincludingBalamawee,KaharamanaandPokkalipossessasamedominantgene

旦由9,afteral1ehsmtestsanongthem･However,breedingofresistancelinespossessmg

bph8andBph9havenotbeenconducted,andnoanalysisfortheirchromosome

asslgnmenthaveyetbeenmade.

Inthischapter,mappingOfBph9inPokkalibyRFLPanalysisisdescribed･The
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resultontheidentiBcationoftightlylinkedRAPDmarkerswasalsodescribed･

2.ChromosomeasslgnmentandmapplngOf旦p立至byRFLPanalysis

1)MaterialsarLdMethods

Plantmaterials

SegregadngpopulationsfTor墨由9werederivedfromacrossofPokkaliandNorin-

PL9.PokkaliisaSri Lmkan local variety carryingBph9･Norin-PL9Pereafter

abbreviatedasPL9)hascrosscompatibilitywith皇曲 riceandissusceptibletoBPH･

Consideringpossiblehybridsterilityin由盛La-japonicaCrosses,PL9wasusedasafemale

parent･

In1992,BrstcrossesofPL9/PokkaliweremadeinKobeUniversity.Thenumber

ofharvestedF2Seeds,however,weretoosmautocarryoutgeneticanalysisin thenext

year･nerefore,forthegenotype determinationofF2individuals,notonlyF,linesbut

alsoF.lineswereused･

BulkseedlingtestsofBPH resistance,DNApT･ePaTdioIZandSouthe川

hybridizatien

血lprocedureswerethesameasdescribedinChapter2･

DNAs from 41lineswhoseBPH resistancegenotypesweredeterminedwere

prepaledforthemappmganalysis･DNAs fromF,1inesandbothparentsWereisolatedin

bulksofabout10seedlingsperline.

RecombinationvaluesbetweendieresistancegeneandRFLPmarkerswere

calculatedbyMAPMAKERVersion2･0(Lmderetal･1987)andconvertedintogenetic

mapdistance(Kosambi1944)･

Butkedscgregantanalysis

BulkedDNAs werepreparedbypoolingDNAsamplesfrom4F3individualswith

thesamegenotypeidemifiedin theresistancetests.IntherlrStSCreerung,theDNA

samplesofeachparentandthetwobulkedgenotypeS(resistanthomozygous and
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susceptiblehomozygous)wereusedforhybridization,andthehybridizedpattemswere

compared･

2)Results

TYLebulkedsegregantanalysissurveywasconductedusmg106RFLPmarkers

randomlychosenfrom12chromosomesandDNAs fromPL9,Pokkali,andtwoF,bulks

representingresistantand suscepdblehomozygotesderived from thecrossesof

PL9ノPokkali･AcomparisonofRFLPpatternsanongthemshowedthatonly9probeson

chromosome12,R1709,R643,R3106,C2808,C449,S2545,G2140,C443,andR617,

Werepolymorphicbetweensusceptibleandresistantmaterials(Fig･4-landFig･4-2)I

Thisregionspannedca_45cMonNipponbarentasalathmap.ExceptforR643andC449,

theywerefurtherhybridizedwithDNAs from65F,lines,andallshowedco-segregation

withtheresistancegene(Fig･4-3)･As thelociofR643andC449werenappedatthe

samelociofR3106andS2545,respectively,theywerenotusedformapplng･The

linkageanalysisshowedthattheBph9inPokkalilocatesbetweenS2545andG2140with

ageneticdistanceof11･6and13･OcM,respectively(Fig･4-4)･

3.RAPDanalysis

1)MaterialsarLdMethods

Plantmaterials

SegregatingF3individualsderivedfromcrossesofPL9mokkaliweresurveyedby

RAPDanalysis･F4lineswereusedforBPHresistancetests,andtheirgenotypeswere

determined.

DNAprcpaT･atl'onatZdbutkedsegregantanalysis

TemplateDNAs forRAPD-PCRwereextractedbythesaneproceduresdescribed

in2-3-1･EachofthetwobukedDNAsamplesforbothresistantandsusceptible

homozygoteswerefurtherpreparedbymlXlngthepooledDNAsamples･
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RAPD-PCRreaction

Atotalof240random10-merprimers(OperonTechnologiesInc･)weresurveyed

fordetectingRAPDmarkerslinkedtotheresistancegene.Am plificationconditionwas

describedin2-4-1.

2)Results

AfterdeterTmnmgthegenotypesof32F3individuals,bulkedsegregantanalysis

wasperformedusingbulkedDNAs from 10resisbnthomozygotesand9suscepdble

homozygotestogetherwithparental DNAs .Polymorphicfragmentsassociatedwidl

resistanceorsusceptibility wassurveyedbyRAPD-PCRwith240primers,resultingin

thedetectionof22RAPDmarkerslinkedeitherindsorin吐anstoBph9(Table4-land

Fig･415)･An ongthese,13markerswerefoundtobepolymorphicbetweenNipponbare

andKasalath.

4.Discussion

lnthe丘eldofplantpathology,thegene-for一genetheorywasproposed asthemost

fundamentalexplanadonoftheinterrelationbetweenhostplantsandpathogens･TYLis

theorywasappliedtosomeinsectresistance,assumedinsectbiotypesaspathogenraces･

ThestudyofHessian flyresistanceinwheatwaswellknownasamodelofthe

interrelation(HatchettandGallum1970)･Now,26Hessian flyresistancegeneand14

Hessian nybiotypeshavebeenidentiBed(Carlsonetal･1978,Hatche比andGill1983,

Gnletal.1986,Maasetal.1987,αannietal.1988,Friebeetal.1990,Shamaetal.

1992,Rauppetal･1993,Pattersonetal.1994,CoxandHatchett1994)･TheBPH

resistancegeneinPokkahanalyzedinthisstudywasidemiBedbyapphcationofthegene-

for-genetheory(keda1985)･

TbebukedsegregantanalysiswithRFLPmarkersshowedthatBph9inPokkali

wasonchromosome12, anditwasnappedbetweentwoRFLPmarkersS2545and

G2140･¶lisnappedpositionwasnearthelocusofbph2alreadynappedon

chromosome12(Murataetal.1997b)･墨ph9wasconsideredtobedifferencegenefrom

Bphlandbph2becauseoftheresistancereactionstobothBPHbiotype2and3(meda
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Table4-1AlistofRAPDmarkerslinkedinGisandiniLanStO｣軸旭

ah linkage Bandsize h吐出迫linkage Bandsize

OPA-07 0.9kbp

OPB-08 2.4*

OPC-14 0.7

0PE-11 1.6*

OPE-14 1.9*

OPp-04 1.6*

Op又-02 2.2

Op又-20 0.6

OPT-04 0.6

0PU-01 0.5*

OPA-02 1･3kbp

OPC-10 1.8*

OPC-12 1.3

O㌣D-03 2.0*

O㌣D-04 1.1*

O㌣D-11 0.8*

OPD-18 0.7

OFF-15 1.1*

OPQ-01 1.7*

Op又-04 1.2*

OPU-09 0.7

0PU-12 1.1*

8)Gislinkagemeansthat.themarkerandBph皇locateonthesam echromosome.

b)止皿丘linkagemeansthattheylocateonthetwohomologouschromosoem･

*indicatespolymorphicmarkersbetweenNipponbareanedKasalath.
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1985,Nemotoetal･1989)･juthoughlkeda(1985)demonstratedthattheF2POPulations

ofPokkali(鞄血9)収athuHeenati(句血3)andPokkaM3d)awee也血4)segregatedinto

expectedradoof15resistantto1susceptibleand 13resistantto3 susceptible,

respectively,Pokkalihavenotbeencrossedwithj重出 andbph2_varieties･

Itisveryinterestingthat4resistancegenes,Bphl,bph2,Bph9 andBphlO(I)
among10BPHresistancegenesidentifiedhavebeennappedonsamechromosome12･

InthestudyofHessian fly,Ohmetal･(1995)reportedthat8resistancegenes,E3,h6,

H9,且旭,且12,H⊥5,H16and且17among26resistancegenesidentifiedhavebeen

nappedonsam echromosome5A Toclarifywhetherthegenesonthesamechromosome

havesimilarsequence,andexpresssimnarfunctionornot,cloningsofthesegeneshave

tobeaccomplished.

10RAPDmarkerswereshowntobeco-segregatingwiththeresistancegeneand12

othertranS一正nkedmarkershavebeendetected(Table4-landFig･4-5)･Since13such

markerswerefoundtobepolymorphicbetweenNipponbareandKasalath･rrhesewillbe

nappedandprovideusefulmoleculartagsinintrogressionbreedingfor包垂9inPokkali･
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CHAPTER5 AnalysisofBPHresistancegeneinPLIO

1.Introduction

nleflrStBPHresistantsemidwarfcultivar,IR26withR l,wasreleasedbyIRRl

in1973･Itssourceofresistancewas&omTKM6.FollowingIR26,fourlinesofIR28,

IR29,IR30andIR34Werebred ashighyieldingsemidwarfvarieties,allpossessmg

軸 出･IR32wasalsobredtopossess妙 2.Inthosedays,thebreedingprogram for

resistancetoBPH wasbasedonthesetwogenes,i･e･Bphlandbph2･However,

resistanceinIR26wasbrokendownwithinafewyearsaftertherelease;in1975in

PhilippinesandSolomonIslands(Anonymous1975,Stapley1975)andin 1977in

Indonesia(Harahap1979)･nLeO∝urrenCeOfnewbiotypeS,therefore,necessitatedthe

iden雌cationofnewgenesforBPHresistance.L血shminarayanaandKhush(1977)

identiBedasingledominantgeneconveyingBPHresistanceinaSriL血kan localvariety

RathuHeenad,andasinglerecessivegeneinanotherSriLmkanlocalvarietyBabawee･

ThedominancegenesegregatedindependentlyofBphilandwasdesignated asBph3･

Similarly,therecessivegenethatsegregatedindependentlyofbph2wasdesignatedas

bph4.

Thevariedespossessing皇p出 andbph2wereresistanttosoutheastandeastAsian

biotypesbutnottosouthAsian biotypes･However,asboth旦睡3andbphi4expressed

resistancetoallofthesebiotypes,adangerinbreakdownofresistancewasexpectedtobe

smau as far astheseresistancegenesareconcemed(Nemotoetal.1989b)･PLIO

(Tsukushibare///Tsuknshibare*3侭athuHeenati〝托ukushlbare),aj_響 )niaintrogression

lineofBph3from RathuHeenati,wasbredinNadonalAgriculturalResearchCenter

(Nemotoetal･1989b)･Althoughintrogressionofarecessivegenebphi4inBabaweewas

triedatthesametime,abreedinglinePL7,unfortunately,wasfoundtopossessBphl

fromMudgoinsteadofbph4(Murataetal･1997a)･Inthischapter,theresultsofgenetic

analysisofaresistancegeneinPLIOaredescrlbed･Sincesomeprelimin arystudyshowed

thatPLIOexpressedmuchweakerBPHresistancethan anyother34P_0mlCamtrOgreSSion

lines,theresultsofpreferencetestssupplementaryconductedarealSoreported･
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2.GeneticanalysisandpreferetlCetests

1).MaterialsandMe仙ods

Plantmaterials

TbeplantmaterialswerepreparedsimnarlytotheanalysisofBPHresistancegene

inPL7descnbedinChapter2.FourcrossesofTsukushibaTePLIOdesignated asKlto

K4,andtheF2SeedswerehaⅣestedinNationalAgricultureResearchCenter･Individuals

ofF2SeedlingsweretransplantedinthericefieldofKobeUniversity(SeeChapter2)･

CultureofBPHandbulkseedlingtests

瓜Iprocedureswerethesam easdescribedinChapter2･Inthebulkedseedlingtests,

PLIO,PL7andRathuHeenatiwereusedasresistantstandards,andTsukushibareas

susceptiblecontrol.

PreferencetestsofBPH

ToconfirmthelevelofresistanceinPLIOandthedonorvariety,preferencetests

wereconductedinthefonowingmanner.Fiveorsevenseedlingsofthesamestagewere

line-plantedinaseedlingtraywith3･Ox3･Ocmspace,andinfestedwithnymphsatthe

secondtofourthinstar･TYLen,thenumberofnymphsonplantswasrecordedevery12

hours.Atotalof5testswereconductedwithdifferentcombinadonsofvariedes and

differentnumbersofinfestednymphsatdifferentseedlingstages(Table5-1)･

2)Results

Geneticanalysis

Atotalof96F3linesofKltoK4weretestedfordetermlnlngBPHresistance

genotypeS･Mostofthelinesdidnotshow clearSegregation.Moreover,PLIO,the

standardresistantvarietywithBph3,didnotindicateclearresistancereactiontoBPH･

AlsoinF2POPulatiOnsofKltoK4,thesegregationofresistancedidnotindicatethe

presenceofadominantresistancegeneinPLIOCrable5-2)･
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Table5-1TheconditionsofBPHpreferencetestsfわrPL10

TestNo･Testedvarieties(xlines) BPHnymphs/ Seedlingstage

R:resistant,S:susceptible seedlings

良:PL7,PLIO,

Babawee,RathuHeenati

S:Tsukushibarex2

氏:PL7,PLIO,

Babawee,RathuHeenati

S:Tsukushibarex3

R:PL3,PL4,PL7,PLIO

S:Tsukushibarex4

R:PL3,PL4,PL7,PLIO

S:Nipponbarex3

R:PL3,PL4,PL7,PLIO

Babawee,Rathulieenati

S:Tsukushibarex3

210/30 second

420β5 third

480/40 也ird

600/49 fourth

700/70 a)fTourth

(onlystem)

i)Testaftercuttingal1leafbladesoffatthefourthleafstage.
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Table5-2BPHresistancetestsonF2individualsderivedaomcrossofTsukushibareGLIO

FヱteSt NumberofF2individuals

Resistant Intermediate Susceptible Total

Tsukushibare/PL10

PLIO

PL7

RathuHeenati

Tsukushibare

11 48 212 271

29 3

34 0
44 0
0 1

1 33

0 34

0 44

33 34
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PT.efel'enCetests

PreferencetestswereconductedafterobtainingtheresultsofresistancetestsofKl

toK4.TheirprogeniesdidnotshowanyclearsegregadonofBPHresistance･Therefore,

testsweremadetodetermineexperimentalconditionsinthatresistantplantswithR 3are

clearlydistinguishedfromsusceptibleones.

Figures5-1Ato511Eshowtheresultsoffivepreferencetests･Thepreferenceisthe

proportion(%)ofBPHontheplantsamongthetotalnumberofBPH･Thepercentageof

suscepdblecheckwasdividedbythenumberofreplicatedrows.Figs･5-1A -1Band-1E

showedthattheintrogression止nePLIOwasmoreeasilyinfestedthan出藍Laresistance

varieties･Inalltests,thepercentagepreferenceofPLIOwasrelativehigherthan thoseof

otherresistancevarieties･Thedifferencebetweenresistantandsusceptiblevarietiesstarted

toappearat24hoursafterinfestation.Ataround60hoursafterinfestationatthesecond

andthirdleafstage,andataround80hoursafterinfestationatthefourth1eafstage,

seedhgsofaleSuSCePdblecheckbeganyellowlng,thoseofresistanceexceptforPLIO

notyellowingbutgrowmg･ButPLIOdidnotbeginyellowing,andnotgrowmg,wilting

withgreenleaves.

3.Discussion

BPH resistancedidnotexpressindieProgeniesofTsukushibarePLIO;the

resistantindividualscouldnotbeclearlydistinguished丘omsusceptibleones.Thiswas

contrastingtotheclear-cutresistanceintheprogeniesofTsukushlbarePL7･Inthebuked

seed止ngtests,Suscepdblecheckplantsgenerallystopgrowmgaround24hoursafter

BPHinfestation,andbecameyellowishandwntedaround5daysafterinfestadon.Qlthe

contrary,resistantcheckplantslikePL7continuedtogrowanddevelopedleaves,thus

theywerenotapparentlyaffectedbyBPHinfestation･

InthecaseofPLIO,however,leafdevelopmentwashinderedandleavesbecame

witheredbutdidnotturnyeuowishandwilted･IntheF2 POPuladonofthecross

Tsukushibare/PLIO,mostoftheprogenyplantsappearedtobesusceptibleorintermediate･

IrLF3 lines,itwastoohardtodistinguishresistanthomozygouslinesfrom resistant

heterozygousones･ResearchersinAichiAgriCulturalResearchCenterreportedthat,
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althoughtheytriedtointrogressBph30fPLIOtosuperiorbreedinghe§,noresistance

couldbeidentifiedaftersomebackcrosses(CropResearchInstitute,AichiAgricultural

ResearchCenter1994)･TheysuggestedthatthelevelofresistanceinPLIOwasnothigh

enough.ButalienfragmentsseemedtobederivedfromRathuHeenatiweredetectedin

thegenomeofPLIObyourRAPDanalysis(Fig･5-2)･

ResultsofpreferencetestsexceptintestlindicatedthatPLIOwasresistanttoBPH

basedonthecomparisonat24hoursafterinfestation(Figs･5-1Bto5-1E)･Butitwas

consideredthatitsresistancewasreladvelyweak,becausePLIOwasgenerallymore

preferredthanotherresistantlinesintheyoungerseedhgstage.nenumberofBPH

nymphsonPLIOrapidlyincreasedwhenthatonthesusceptiblevarietystartedtodecrease･

ThissuggestthatbecausethelevelofandbiosisisnothighenoughinPLIO,PLIOwill

sufferfromBPHmigratingfromsusceptibleplantswhichhadalreadybe00mepoorhosts･

Therefore,thetimeforrahngresistancemustbesetearlier,usingSeedlingsofthelater

growthstages,assuggestedbypreferencetest(Figsl5-1Cand-1D)･Afewernumberof

nymphstobeinfestedwillalsohelpcleaTtherating.

Inthisstudy,molecularanalysisof旦由3wasnotconductedbecauseofunclear

determinationofgenotypesofsegregadngpopul血ons･Improvementofmethodsto

idendfygenotypesofresistanceisessentialformolecularanalysisofR 3inPLIO.PLIO

wasbredbyfivetimescrosseswithTsuknshibare.ConsideringthatBPHresistaJICein

RathuHeenatiwasalsocontronedbyadditionalminorgenes,thereplicatedbackcrosses

mighteliminatedthem.AdditionalmaterialsweremadeafterthecrossofTsukushibare

収athuHeenatiin1994･rrhesematerialsmightprovidealtemativemeansfortestingthis

resistancegene.
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CHAPTER6 GeneticanalysisandRFLPanalysisofBPHresistanceinthe

progeniesfromoriginalcrossesinvolvingBph3andRFLPanalysisorhph4

CarrlerS

1.Introductiom

AseriesofmappmganalysisofBPHresistancegenesin JaPOnlCaintrogression

linesshowedthatBphlinPL7andbph2inPIAloαteonchromosome12･Neither負担3

norbph4,however,couldbenappedbecauseofsometroublesintheintrogressionlines･

Newbreedingprogram wasneededforwideninggeneticbaseofBPHresistanceandfTor

mapplnganalysis･Therefore,someoriginalcrossesbetweenJaponicaSuSCePdblevarieties

and血血 aresistancevarietiescar ryingBph3andbph4wereconducted･Andalso,IR24

wascrossedwith Babaweecarrylngbphi4toobservethedifferencebetween由盛La-

JaPOmCaCrossand呈由 一皇曲 cross.

Inthischapter,theresultsofgenedcanalysisonF2POPuhtions,andF3Segregating

linesderived from two crosses,TsuknshlbareBabaweeand IR24侶abawee,are

described.

2･GeneticanalysisonF2POPulationsandF3Segregation)inesderivedfrotn

crossesinvolving旦幽 andhph4carriers

1)MaterialsandMethods

PlantmateT･ials

VarietiescarryingBph3andbph4includingSriLmkan localvarietiesRathu

Heenati,Muthumanikam andHoranaMaweeas皇由3carriers,andBabawee,Kakurwee

andVenaiIuankaliasbph4Carriers(SidhuandKhush1979)Weretested･Threejaponica

varieties,Tsukushlbare,NipponbareandHinohikari,andan indiabreedingline,IR24,

WerepreparedasBPH susceptibleplantmaterialS･rrhesesusceptll)1evarietieswere

randomlycrossedwiththeresistancevarietiesasponenparents･血lofFIPlantswere

short-daytreated,andF2SeedshaⅣestedwereusedingeneticanalysis･Fertnityofeach

Flalsowasinvestigated･
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CultureofBPHandbulkseedlingtests

AmprocedureswerethesameasdescribedinChapter2.RathuHeenatiand

Babaweewereusedasresistancecontrols,aJldTsukushibareandIR24assusceptible

control.

2)Results

lnordertoobtainmoreplantmaterialsforfurthergeneticstudies,crosseswere

madeasshowninTable6-1･FIPlantspossessingBph3wereproducedbythreejaponica一

皇曲 αosses･FIPlantspossessing辿 werederivedfromfourjaponica適地 crosses

andoneinaiLa-inaiLaCrOSS･AuoftheseFIPlantsheightover120cm,beingmuchtaner

thansusceptibleplants.Am ongshowedplantsuscepdblevarietiesusedasmotherparents,

crosscompatlbilityandhybridfertilityofHinohikariwasextremelylow,andthenumber

ofharvestedF2Seedswassosmallthattheirprogemiescouldnotbeanalyzed･

AuFIPlantswereshort-daytreatedat15hoursdarkforharvestingF2Seeds･Table

6-1showedthefertilityofFIPlantsand theresultsofgeneticanalysisofBPH

resistanceinF2POpulationsderivedfrom6japonlCa一皇幽 andone地 a一由幽 crosses･

SegregadonradosofBPHresistantandsusceptibleprogeniesweresignificandydifferent

amongthreepopulationsof旦!畠3fromtheexpected3R:1S･Nosusceptibleplantswere

observedinF2pOPuladonderivedfromTsukushibaremoranaMawec･Also,onlytwo

suscepdbleplantsweredetectedinTsuknshibare侭athuHeenati･ThefertihtyofFIPlants

fromwhichthesetwoF2POPulationswerederivedwasequivalenttothatoftwocontrol

varieties,RathuHeenadandBabawee･Contrarytothis,aF2POpuladonderivedfrom

Nipponbare仙 thumanikan segregatedin2resistant:1suscepdble･n efertnityofFl

fromthiscrosswasnearlyonehalfofthoseofthecontrolvarieties.

Wh ileaF2populationderivedfrom NipponbareNellai Illankalishowed the

expectedsegregadonoflR:3S.However,othersshowedsignificantdifferencesfromthe

expectedratio･Pardcularly,a･F2populationderivedfromTsukushibare促akurwee

segregated3resistant:1suscepdble,despitethattheresistancegeneinthisvarietywas

reportedtobearecessivebphi4･TwoF2pOPulationscrossedwithBabaweesegregated

nearer1resisbnt:1susceptible･FIPlantsderivedfromcrosseswithTsukushibarewith
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Table6-1ThefertilityofFlplantsandgeneticanalysisofF2POPulalionsderivedfromseveralorlglnalcrosseslbrBPHresistance

Cross Resistance Numberof a)Fertility(%) NumberofF2individuals a)x2Value

gene FIPlants (b)harvestedseeds)Resistant SusceptibleTotal (probabi一ity)

Tsukushibare/RathuHeenati

Tsukushibare/HoranaMawee

Nipponbare/Muthumanikam

Tsukushibare/Kalukurwee

Tsukushibare/Babawee

IR24/Babawee

Nipponbare/Vellailllankali

Hinohikari/Ve】la主lllankali

RathuHeenati

Babawee

Tsukushibare

Bph3 1

Bph3 3

Bph3 2

bph4 1

bph4 8

bph4 9

bph4 9

bph4 1

Bphi 3

bph4 3

S 5

73･1(365) 30 2

71･5(1314) 40 0

34･2(388) 39

76･1(485) 112

62･0(2869) 85

NA⇒ 112

38.9(3067) 71

0･42(3) NAc)

74･6(1704)

70･9(1719)

91.2(4104)

0

/LU

1

0

7

5

4

0ノ

2

3

1

1

1

32 6･0(P=0･015)

40 13･3(p<0･001)

59 2･49(p=0･11)

149 200.0(p<0･001)

235 15･6(p<0･001)

258 46･6(p<0･001)

262 0.62(p=0･45)

a)Fertilityisbasedontheproportion(%)ofripeseedsamongtotalofcaryopsesintheplant･

b)Harvestedseedswerethetotalnumberofseedsfromal1FIPlantsonsamecrosscombination･

C)NAindicatesnotanalyzed･

d)x 2 valueswerecaluculatedwithexpectedratioof3resistant:1susceptibleinthecaseof旦睡3,

and1resistant:3susceptibleinthecaseofbph4･



妙 carriersexpressedahigherfertilitythancrosswithNipponbare･

3･ GeneticandRFLPanalysisofhpL4inBabawee

1)MaterialsandMethods

PLantmaECT･iats

Segregating populationsfor辿 were derived from two crosses of

Tsukushibare/BabaweeandIR24侶abawee(see6-2-1)･AuF2individualsderivedfrom

IR24侶abaweewereplacedundershort-daycondidonof15hoursdarkattwotofour

tdlersstageforfourweeks･F2individualsderivedfromTsukushlbare侶abaweewere

sameshort-daytreatmentforfiveweeks.

GeneticanalysisofBPH l･eSZ'stanceby bulk seedlI'ng testsand the

investigationoffcTtitiEy

Allprocedureswerethesam easdescribedinChapter2･

Thhy-twoF3linesderivedfromacrossofIR24侶abaweeand80F,linesderived

fromacrossofTsukushlbareBabaweeweresurveyedforgenetiCanalysis･Furthermore,

106F3 linesofIR24侶abaweeweretested(Kawaguchietal･1997)･Inthebuked

seedhgtestsoftwotypesofF,止nes,PL3(carrierof塾出土)andBabaweewereusedas

resistantcontrol,andTsukushibareandIR24assusceptiblecontrol･As thefertnityof

eachF2individualofTsukushibare侶abawee,theproportion(%)ofripeseedsamong

totalofcaryopseseveryplantwasinvestigated.

DNApreparationandSouthernhybridization

AllprocedureswerethesameasdescribedinChapter2.

DNAs from64F2PlantsofIR24侶abaweeandfrom72F2PlantsofTsukushibare

侶abawee,whoseBPHresistancegenotypesweredetemi ned,werepreparedforthe

mapplnganalysis･DNAs fromthreeparentswereisolatedinbulksofabout5plants･

BalkedsegT'egantanalysisandlinkageanalysiswithRFLPmaTkeTS
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BukedsegregantanalysiswasconductedusingF,linesofIR24侶abawee･Buked

DNAs werepreparedbypoolingDNAsamplesfrom8F2individualsofIR24侶abawee

withthesamegenotypeidentifiedintheresistancetests･IntheflrStscreening,theDNA

samplesofeachparentandthetwobulkedgenotypes(resistBLnthomozygousand

susceptiblehomozygous)wereusedforhybridi22Ltionto97RFLPmarkersrandomly

chosenfrom 12chromosomesofthericegenome,andthehybridiZedpattemswere

compared.

AlinkageanalysiswasconductedwithF3hesofTsuknshibare侶abawee,whose

genotypesweredetermined,usingRFLPmarkersdetectedascoISegregationwithBPH

resistancegeneinBabawee.juSO,106genotypesofF3 linesofIR24/Babawee

detemi nedbyKawaguchiweresurveyed.

RecombinationvaluesbetweentheresistancegeneandRFLPmarkerswere

calculatedbyMAPMAKERVersion2･0(Landeretal･1987)and00nvertedintogenetic

mapdistance(Kosambi1944)･

2)Rest)Its

Geneticanalysis

TheresultsofgeneticanalysisusingtwoF3止nesderivedfromIR24/Babaweeand

Tsukushibare侶 abaweeareshowninFigure6-1(andTableAppendix-3)andFigure6-2

(T曲IeAppendix14),respecdvely.Bothofthetwohistogramsdidnotshowclearborders

ofregionsofresistanthomozygous(RR)andheterozygous(RS)progeniesand

susceptiblehomozygousprogeny(SS)･Especially,inF3linesofTsukushlbare侶abawee,

thedistnl)utionwascontinuous(Fig･612)･AnothersetofF3linesofIR24βabaweew as

testedbyKawaguchi(Kawaguchietal･1997).TheresultshowninFigure6-3

demonstratedthatthedistributionisalsocon血uous･Toexplainthepossibleinvolvement

ofsegregation distortion,thefertnity ofF3 linesofTsukushibare侶abaweewas

investigated(Fig･6-4andTableAppendix-4)･

ButkedsegrcgantanalysisandLinkageanalysis

Tbebulkedsegregantanalysissurveywasconductedusing97RFLPmarkers
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randomlychosenaom12chromosomesandDNAs fromIR24,Babawee,andtwoF3

bulksrepresentingresistantandsusceptiblehomozygotesderivedfrom crossesof

IR24侶abawee･AcomparisonofRFLPpatternsamongthem showedthatonlyone

markeronchromosome4,C891,waspolymorphicbetweensusceptibleandresistant

materials(Fig･6-5),although 39RFLPmarkersamongof97weremonomorphic･

SinceBPHresis血ICegenebph4inBabaweewasstronglysuggestedtobeon

chromosome4,mappmgof血egenewas00nductedusingtwoF3lineswithsomeRFIJ

markersonchromosome4･InthesurveyusingF3滋nesofTsukushibare/Babawee,the

linkageoffourmarkers,CllOO,R1783,C335andC513to吻垂4wassuggested,the

closestRFLPmarkerC513beinglinkedto蝉 withamapdistanceof36･2cM(Fig･6-

6A)･However,inthesurveyusingF3linesofIR24/Babawee,inwhichbulkedsegregant

analysiswere00nducted,themapdistancebetweenbpb4andC891wassofar40･4cM

(Fig･6-6B)･

4.Discussion

TwoBPH resistancegenes,Bph3and幽 Wereconsideredtobeanehcor

closelylinked(bkshminarayanaandKhush1977,SidhuandKhush1978,1979,Ikeda

andKaneda1981)･Themappingsofthesegeneswereattemptedusingtwoj年POnica

introgressionlines,itbecameimpossibletocarryouttheoriginalplanforsometroublesin

theseintrogression狙nes･PL7supposedtocarryhph4inBabaweepossessedBphlfrom

Mudgo,andPLIOwasfoundnottoexpressstableBPHresistance.Becauseofth ese

someindiGaVarietieswithBph3andbph4werecrossedwithsomeiaponicasuscepdble

varieties.

InjaponlCa-由由 crosses,FIPlantsfromcrosseswithTsukushlbareshoweda

consideratelyhighselfferdhty(Table6-1)･nLefertnityofthoseFIPlan tswassimilarto

thoseofindiGaCOntrOIs,RathuHeenati andBabawee.However,theferdlity ofF2

individualsusedforhnkageanalysisdifferedquitesigniBcantlyamongthem･Thefertihty

ofFIPlantsfrom crosseswith Nipponbarewaslowerthan thoseofallparents･

Furthermore,FIPlantsfromacrosswithHinohikariwasmostlysterile,andevencross

hybridizationwithHinohikariwassodifBcult.InabreedingprocessofPL3拠 ),it
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B
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C891 31.4 CllOO

Fig･6-6MapposltlOnSOftheresistancegene,弛 inBabawee.
Themapofchromosome4isfromA:Tsukushibare/Babawee,B･.IR24/Babawee

(Kawaguchietal･1997)andC:NipponbareKasalathmap.
TwoRFLPmarkersR374andC891aremonomorphicbetweenTsukushibare
andBabawee･OnlyoneRFLPmarkerC891ispolymorphicbetweenIR24andBabawee･
cMand%indicatethegeneticdistanceandtherecombinationvalue,respectively･
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wasreportedthatunfavorabletraitsincludinglow fertnitywereexcludedfrom the

progemiesofacrosswithTsukushibareafterafew generations(Kaneda1984)･An

advantageofTsukushibareasparentmaterialwasthussupportedinthepresentstudy･

ThefertnityofFIPlantsofIR24/Babaweewaslowerthan bothparents,despiteofinaiLa-

inaiGaCross(datenotshown)･

ThefactoraffectingthefertilityseemedtoaffectthesegregadonofBPHresistance,

asnon-transmissionofspecificchromosomalreglOn･As Bal)aweepossessesarecessive

BPHresistancegenebph4,F2 populationfromthecrosswithsuscepdbleplantwas

expectedtosegregate1resistantand3suscepdble･ButthefrequencyofBPHresistance

inbothF,linesofcrosseswithTsukushibareandIR24didnot丘ttothisratioshowed

continuouslydistribution(Fig･611andFig･6-2)･F3linesofcrosseswithIR24judgedby

Kawaguchi(Kawaguchietal･1997)alsoshowedcon血 uousdistributionofsegregation

(Fig･6-3)･Sothat,allofthreesetsofF,linesfromcrosseswithBabaweedistortedfrom

expectedsegregationratios.

Since,someF3hescouldbedeterminedasresistanceorsusceptiblehomozygous,

bulkedsegregantanalysiswasconductedusingthese止nes.Theresultsdemonstratedthat

王坪h4wasonchromosome4becauseonlyoneRFLPmarkerC89lonchromosome4co-

SegregatedwithBPHresistance(Fig･6-5)･

Accordingtothisinformadonofbphi4,i.e.itlocatesonchromosome4,the

linkageanalyseswereconductedusingtwoF,hes,detemi ned･InthecaseofusingF3

1inesfromcrossesofIR24/Babawee,themapdistancebetweenbp辿 andC891wasso

far40･4cM,recombinationvaluewas27.7%(Fig.6-6B).Wh neinthecaseofusingF3

1inesfromcrossesofTsukushibare/Babawee,the如h4w asnappedat36･2cMfromthe

closestRFLPmarkerC513･Thedistancebetween妙 andC891andC513weremuch

longerthan,thedistancebetweenC513andC891(11･4C叫)(Fig･6-6C)･

Segregadngdistortioncausedbynon-transmissionofspecificchromosomalreglOn

and/orexpressionoflethalfactorsshouldbeconsidered.However,tocarryoutmore

precisemappinganalysis,breedinglinessuchasrecombinantinbredlines(RIL)ornear

isogeniclines(NIL)shouldbemadeandutilized･

TheprogeniesfromthefivetypesofFIPlantspossessingBph3orbphi4willbe
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subjectedmoredetailedgenetiCandlinkageanalyses･Nosusceptibleplantsweredetected

ontheF2 populationofTsukushibare佃oranaMawee,andtheF2 populationof

Tsukushibare/Kalukurweeshowedsegregationthatfittedtoadominantgene(Table6-1)･

Theiranalysiswinappearedthelinkagerelationshipof旦由3and吐岳4and/orthedegree

fTorconBdenceofgeneidenti丘Cationbysomebiotypesreactions･
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Chapter7 Generaldiscussion

Sofar,10majorresistancegenesandsomevirulentbiotypeshavebeenidentifiedin

BPH-riceinteraction(Table1-1)･¶lefirstattemptsofchromosomeassignmentwere

conductedbytrisomiCanalysisandtestcrosseswithmorphologiCalmarkertraits･By

thesemethods,bph2inPIAand蝉 inPL7wereassignedtochromosome4and10,

respectively(kedaandKaneda1983,Ikeda1985)･However,theselinkageassignments

werecorrectedby the laterlinkageanalyses using molecular(RFLP)markers

(HirabayashiandOgawa1995,Murataetal･1997a)･Juthough廿isomicanalysisisoneof

theeffectivemeansofchromosomeassignmentespeciallyindiploidspecies(Iwataand

Om ra1975,1976),dlereisadangerofmis-identificadonduetovariabletransmission

ratesoftheextrachromosomesthroughmaleandfemalegameteSandpossibledistortion

ofchromosometransmissionundervariousenvironments.Althoughcautionhastobe

paidforsegregationdistortioninanytypesoflinkageanalysis,molecularunkageanalysis

ismoreeffectivetodetemi nelinkngerelationship.

Inthisstudy,mole001armapplngSOfBPHresistancegeneswereattemptedusing

severaljaponlCalntrOgreSSionlines.However,theseBPHresistantintrogressionlines

gavesomeseriousproblems･Tbe丘rstproblemwastheapparentmiS-introgressionof

亀虫皇for蝉 inPL7･rmemiS-introgressionmusthaveo∝urredatsomestageofthe

breedingprogram,andresultedinthecompleteeliminationofbph4fromPL7.Although

itwasstronglysuggestedthatPL7carries包出 ,itisnearlyimpossibletodetemi nethe

natureofmistake･Andmoreimportantly,itsrecognitionandcorrectionrequiredmuch

timeandefforts･1meresultshouldemphasizethenecessityofmolecularmarkersin

momitoringintrogressionofagronomiCallyimportantgenes･

Thes∝ondproblemconcemswiththegeneticnatureoftheresistancegene,i･e.,

dominanceorrecessiveness･Thesegregadonanalysisofarecessiveresistancegenebph2

inPIA,showedthatitbehavesasamajordominantgene(Tables3-1,Appendix-2and

Fig･311)･hph2wasoriginallyfoundinalineÌR1154-243'thatwasderivedfroma

crossinvolvingtwosusceptiblecultivars,̀IR8'and̀Zemith'(MartinezandKhush,1974)･
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perhapsinZenith,waspostulated.Ifsuchadominantandindependentinhibitorgenewas

presentinZenithandothersuscepdbleparents,crossesinvolvingtheseandIRl154-243

shouldhaveresultedinasegregationof13S:3RinF2･MartinezandKhush(1974)

reportedasegregadonof3S:1Rinallcombinationsofcrossesinvolving ÌR1154-243'

andsusceptibleindiGaVarieties･Ourresultonbph2inPIA,however,didnotshowthe

presenceofsuchinhibitoratleastinthe3aponlCaParent,Tsukushibare･Itshouldbe

interestingtoexamineifsomeoral1由盛Laricevarietiespossessdominantinhlbitor

gene(S)againstbph2･Anotherpossibleexplanadonfordlisdiscrepancymaybethata

singleresistancegenebehavesdifferentlywithBPHbiotypeshavingdifferentvirulence

activity･GeneticallydefinedbiotypesareundoubtedlythemostcritiCalrequirementinthe

rehablebioassaysforBPHresistance･SegregationdistortionorpreferemialtranSmission

and/ore上minadonoftheresistancegeneoritscarrierchromosomecan alsoexplainthe

discrepancy･Inacaseof吐出 possessedbythree地 avarieties(Babawee,Vellai

Illankali andKalukurwee),segregationofresistancein crossesinvolvingth ese and

vlapOnlCaandindiLaSusceptibleculdvarsdeviatedsigni丘CandyfromtheexpectedlR:3S

ratiodependingonthecrosscombinadons(Table6-1).Insomecases,thedeviation

occurredinadirectiontowardshighernumbersofresistantindividualS･Molecular

markersandbiggersegregatingpopulationshouldprovideadependablemeanstodetect

possiblesegregationdistortionindependentlyfromthebioassaysforBPHresistance･

ThethirdproblemisthedegreeofBPHresistance.Bulkseedlingtestsshowedthat

BPHresistanceinPLIO(軸坦)wassoweakthatgenotypesofF2andF3prOgemiesof

TsukushibarePLIOcouldnotbeclearlydetermined.However,RathuHeenati,aBph3

donorofPLIO,expressedstrongBPHresistance(Table5-2)･Thebreedingprocess

involvedfivebackq･ossesofTsukushibare収athuHeenatiwith Tsukushibarefor

exclusionofsomeunfavorabletraits.Itwasconsideredthatminorgenestopromoteor

supportexpressionofthemajorgene(Bph3)inRathuHeenaliwereexcludedtogether

withunfavord)letraitsduringthisprocess･Kaneda(1984)observed,in thebreedingof

PIA,thatafterthesecondbackcrossantibiosisoftheintrogressed吐h2becameweaker･

TotestthepolygencnatureofBPHresistanceinRathuHeenati,an originalcrosswas

madeagainbetweenTsukushlbare侭athuHeenad･BPH bioassayshowedthatinF2
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populationofthiscrossstrongresistanceandsusceptibilityclearlysegregated(Table6-1)･

Therefore,QTLanalysiswinbeneededtodetemi nethepresenceofminorgenesfor

expressionofBPHresistance.Somesegregatingpopulationscarrylng墨ph3preparedin

thisstudyshouldprovideausefulexpenmentalmaterialS･

Hessian flyresistanceinwheatisoneofthemostfamousmodelsattestingtothe

gene-for-generelationshipbetweenbiotypesofpestinsectsandresistancegenesofhost

plant(HatchettandGallum 1970)･Todate,23dominant,2incompletedominantand1

recessiveHessian flyresistancegeneswereiden也fiedinwheattogetherwith14different

biotypes(Carlsonetal･1978,HatchettandGm1983,Ginetal･1986,Maasetal･1987,

Obannietal.1988,Friebeetal.1990,Sharmaetal.1992,Rauppetal･1993,Pattersonet

all1994,CoxandHatchett1994)･rmechromosomeassignmentofHessianflyresistance

geneswasmostlyaccomplishedbymonosomicanalysis(GallunandPatterson1977,Gnl

etal･1986)･neexpressionofsomeHessianflyresistancegeneswasreportedtobe

affectedbyhightemprature･1もetempratureresponsealsoenablestoclassifyHessianfly

resistancegenes(SosaandFoster1976,M血setal･1987)･Forexample,awheatcultivar

Abecarryinga5wasresistanttosomeHessianfLybiotypesatatempraturelessthan200C

butlostitsresistancecompletelyat24oC,whnethegenes,ti9 andtuO,wereloo侮

effectiveevenat24oC (Maasetal.1987).Thegenen 8in Marqunloexpressed

resistancetoHessian flybiotypeDat16士2oC,butthegenewasineffectiveat20℃

(Maasetal･1987,Obannietal･1988)･InthecaseofBPHresistanceofrice,bph2was

reportedtobeaffectedbylow lightcondition(Kaneda1987)･rmegene-for-gene

relationshipbetweenBPHvirulencegenesandriceplantresistancegenesmightwellbe

affectedbyenvirorLmentalfactorssuchastemperatureandlight.

Afundamentalquesdonisifthegene-for-generelationshipcanbeapplicabletorice-

BPHinteraction･ItisforsurethetricegenomepossessesmajorBPHresistancegenes

andsomeminorgenesaswene･g･incaseofIR64(Cohenetal･1997)ICh theother

hand,itremainstobeansweredifBPHvirulenceincontrolledbymajorgenesorby

polygenes･ItisconceivablethatinfestationabilityandvirulenceofBPHagainstrice

plantswithmaJOrresistancegenes arecontronedbypolygenes･TheworkbyChengetal･

(1979)indicatinggene-for一genecouldnotberepeatedbyothers.TheresultsofSogawa
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(1981)wasinconclusive;hefoundapossiblemajorgeneforonebiotypebutpolygenic

inheritanceforanother･denHollanderaJldPathak(1981)clearlydemonstratedthe

polygenicbasisofBPHvirulence･lnourlaboratoryaBPHcolonywasselectedwhich

showsvirulenceagainstbphi8carriers,Ⅰ.e.ThaiCol.llandThaiCol･5(Ke也pearachchi

1998)･TheeffectivenessoftheselectionofBPH virulenceagainstagivenmajor

resistancegenemightsuggestthatthenumberofselectablegenesinvolvedindeterrmnmg

thespecificityofBPHvirulenceisrathersmal1･Apparendy,moreresearchisnecessaryto

findananswertothisimportantproblem･

Althoughthepresentstudyencounteredwithsomeseriousproblemsmendons

above,thelocioffourBPH resistancegenes,塾出 ,bph2,旦担9andbphi4,were

determinedonricelinkagemaps.Hiral)ayashiandOgawa(1995)alreadynappedBphlat

apositionlO･7cMfromoneRFLPmarkerXNpb248onaleKasalathPL134(SS)map

constructedbySaitoetal･(1991)･WedetectedaclosermarkerG148thatlocatesatl･7

cMfromBphl(Fig･214)･nemapdistancecoveringthesemarkersinTsukushibare/PL7,

however,washighlycondensedas comparedwiththatonNipponbare/Kasalath map,

indicatingthepresenceof̀Mudgo'-derivedchromosomalregion(S)actingasalargeblock

ofcrossing-oversuppresser.A recombinationbetweenBphlandG148ledto the

selectionofahnehomozygousforR l,havingashorterchromosomesegment

introgressedfrom'Mudgo'(Fig･2-4).

bph2was,fortheflrSttime,nappedonchromosome12ataposition3･5cMfrom

theclosestRFLPmarkerG2140(Fig.3-5)･bph2waspreviouslyreportedtobeeither

allelicorcloselylinkedtoBphl(Amwaletal･1971)･¶lePresentmappingstudyshowed

thatthesetwogeneslocateataconsiderabledistanceonricechromosome12.

Surprisingly,however,noF,linessegregatingsusceptibleindividuals(recombinants)

WeredetectedafterscreenmgofalargenumberofF,progeniesderivedfromcrossesof

PL∋xPLAandofPL7xPLA(Td)le312).Areasonforthisremainsunknown,butour

resultatleastsuggeststhepresenceofsomestructuralorfunctionalconstraintthat

preventscrossing-OVerSinthereglOnCOVenngthetwoBPHresistancegenes.

Inthisstudy,Bph9inPokkali,wasalsomappedforthefirsttimeonchromosome

12withtwointerposingmarkers,S2545andG2140(Fig･4-4)･nlismapposidon
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appearedtobeveryclosetothatofbA 2･As 包垂9resistancewaseasilydistinguishfrom

bph2usingBPHbiotype3,thesegeneshavenotyetbeensubjectedtotheanelismtests･

FourBPH resistancegenesincludingBphlO(t)thus havebeennappedonthesame

chromosome12･Analyzingtheprogeniesderivedfromcrossesamonglineswiththese

resistancegenes,willprovidefurtherknowledgeforlinkagerelationship･Additional

pyramidedlinespossessmgmorethan tworesistancegenesmayalsobeobtAmedfrom

suchcrosses.

bph4 in Babaweewasnappedonchromosome4usingthetwosegrega血g

populations･Butthemapdistancebetween妙 4andtheclosestRFLPmarkerC513was

36･2cM,ifestimatedinF2SegregatingpopulationofTsukushibare侶abawee(Fig･6-6A)･

IndieF2POPuladonofIR24A3abawee,bpb4waslocatedonchromosome4atamap

distanceof40･4cM from oneRFLPmarkerC891(Fig.616B).Theseresultsare

consistentwiththeinfomationthatBph3,apartnerofbph4,hasrecendybeennapped

onchromosome4(Khushpersonalcommumication).Inthepresentstudy,itwasnoted

thatthemapplngOfbphi4mightlikelybeaffectedbysegregadngdistbrtionassuggested

bylow ferdhty.Somelethal factorsorpreferential non-transmissionofthecamier

chromosomeorchromosomalreglOnmightalsobeinvolved.Formoreprecisemapplng

of蝉 Someisogeniclineswouldbenecessary.

L釦ely,acloningofricebhghtdiseaseresistancegene,玉il,wasa∝omplished

(Yoshimura1997)･TransformationbytheisolatedXd conferredresistanceonthe

susceptiblevarietyNipponbare.Completelengthof基a!is5,910bp,andthededuced

aminoacidsequencerevealedanucleicacidbindingsiteandleucinerichrepeats･No

insectresistancegenes,however,haveyetbeencloned.Toachievemap-basedcloningof

BPHresistancegenes,muchclosermarkersshouldbedetected.Amarkersystemssuch

asAn･Pwillhopefullybehelpfulinthisattempt･
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TableAppendixllResistancetestsofF,linesderivedBomTsukushibarePL7
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TableA-1･(continued)
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TableA-1･(continued)
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TableA-1･(continued)

Cross Line Numberofplan ts Res. F2

No･ No･ Res. Int. Sus. Total rate g enoty p e
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TableA-1･(continued)

Controlvarieties Numberofplants Genotype
Res. Int. Sus. Total

PL7 1102 62 108 1272 RR

Tsukushibare 19 28 1450 1497 汀

a)Res･,Int･andSus･indicateresistant,intermediateandsusceptible,respectively･

b)ResistantrateiscalculatedbyRes･/(Res･+Sus･)

C)F2genOtyPeSWereestimatedontheassum ptionthatPL7hasadominant

resistancegene(R;dominant,r;recessive)･
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TableAppendix-2ResistancetestsofF,linesderived丘omTsukushibaren'u

b)Res. C)F2
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TableA-2･(continued)
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TableAl2･(continued)
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TableA-2･(continued)

LineNo･ a)Numberofplants
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a)Res･,Int･andSus･indicateresistant,intermediateandsusceptible,respectively･

b)ResistantrateiscalculatedbyRes･/(Res.+Sus･)

C)F2genOtypeSWereestimatedontheassumptionthattheresistancegeneinPL4

functionsasadominanceresistancegene(R;dominant,r;recessive).
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TableAppendix-3ResistancetestsofF,linesderivedfromIR24/Babawee

LineNo･ a)Numberofplants b)Res･ C)F2

Res. Int. Sus. Total rate genotype
2902 8

2906 9

2910 12

2913 18

2918 31

2923 25

2927 18

2928 10

2936 7

2944 12

5710 8

5731 8

5741 9

5803 5

5806 0

5812 20

5817 8

5821 16

5903 27

5905 43

5911 0
5912 17

5914 26

5915 33

5928 16

5936 36

5938 73

5956 20

5962 30

5966 7

5968 76

5970 17

4 59 71

0 68 77

0 63 75

6 55 79

6 33 70

3 50 78

4 54 76

6 61 77

3 65 75

1 59 72

5 59 72

5 56 69

3 66 78

3 61 69

2 74 76

8 39 67

1 66 75

7 55 78

3 48 78

3 30 76

1 77 78

3 51 71

4 35 65

7 34 74

8 53 77

6 32 74

0 2 75

8 48 76

8 40 78

11 59 77

2 1 79

2 56 75

0.12 RS

0.12 RS

0.16 RS

0.25 RS

0.48 RS

0.33 RS

0.25 RS

0.14 RS

0.1 RS

0.17 RS

0.12 RS

0.13 RS

0.12 RS

0.08 SS

O SS

0.34 RS

0.11 RS

0.23 RS

0.36 RS

0.59 RS

O SS

0.25 RS

0.43 RS

0.49 RS

0.23 RS

0.53 RS

0.97 RR

0.29 RS

0.43 RS

0.11 RS

0.99 RR

0.23 RS

a)Res･,Int･andSus･indicateresistant,intermediateandsusceptible,respectively･

b)ResistantrateiscalculatedbyRes･/(Res･+Sus･)

C)F2genOtypeSWereShowedresistanthomozygotes,heterozygotesand

susceptiblehomozygotesasRR,RSandSS,respectively･
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TableAppendix-4PlantheightandfertilityofF2Plants,andresistancetestsofF,lines,
derivedfromTsukushibare/Babawee
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TableAppendix-4･(continued)

Line Plant Ripe EmptyTotal1)Fertility b)Numberofplants c)Res･d)F2

Res.Int.Sus.Total rategenotypeNo･ height(cm)seedsseeds
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TableAppendix-4･(continued)

Line Plant Ripe EmptyTotals)Fertility b)Numberofplants c)Res.a)F2
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a)FertilityiscalculatedbythenumberofRipeseeds/Total

b)Res･,Int･andSus･indicateresistant,intermediateandsusceptible,respectively･

C)ResistantrateiscalculatedbythenumberofRes･/(Res･+Sus･)

a)F2genOtyPeSWereShowedresistanthomozygotes,heterozygotesand
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