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Mutation Rate and Spectrum with SpecialRe托rence to   

AgronomicalT用itsInduced by X－raySin Dry Seeds  
OデRice，0伴Zα∫αg′yαL．  

Yasuo KowYÅMÅ＊，Yoshilliko YAMÅDA＊＊ともnd Tsuneo KAWASg＊  

111trl）llllCtilIll  

DryseedsarethemostsuitableandthemostwidetyusedplantmaterialsfbrradiobioIoglCalresearchand  
practicalworksonmutation breedingofcropplants．In fact，alargeportionofnewvarjetiesrcleased  

throughinducedmutationshasbeenderived打・Omdryseedstreatedwithphysica王or chemicalmutagens9）．  

Thisis due to the following versatile characteristics ofdry seeds：（l）large populations can be rcadily  

hand！ed，（2）normalviability o触n can be maまntained under severe envirollme】1taiconditions such as  

COmPletedesiccationandvacuum，Variousgasatmospheresathighpressureandextremelowtemperature，  

aIld（3）p王1ySicala王1ddlemicalreactions＼Vithcel‡ularmacromoleculesartel・irradiationcanoccurinthenear  

abseIICeOrmetabolism．FromthesepoinもSOrView，mutagellice租cierlCyOrdrys8edtreatmenthasa】so  

beenemがOyedasastalldardcl▲iterionfbrcomparlngWitht】1ee爪cje王1Ciesorvarioustreatmentsindi能re！1t  

materialsorplarltpartS．   
Alteringthemutationspec机王minapredjctabtemamneraIl（1there－byachievillgthedirectionalmutagensis  

ヱIreこIn u11imこItCilndinlPOrtllnlgoilljElmululiollbl－CCding orhigllCr Ptこ＝lS．ThellunlerOuSilttCnlPtSIo  

COntrOlthedirectionofinducedmutationshavebeencarriedoutbytreatingdryseedswithdi馳rentkind  

OrmuはgeJ】Sandw油theircombinatiorlS，andhavereveaiedsome degreesormutagenspeci鮎ityl，5凡17〉  

Muはgenictreatmentsor（10rmantSeeds，however，areCOれ餌edtothecel王satintrerp】1aSeOrGlOr Gzヱ）．  

BesidestlleSeattemPtS，ithasbeenreportedinbarleyandricethatmutager血treatmentsorthegerminating  

Seeds atく霊i鮎rent phases or cellcycle glVe rise to the speci薫c mutation spectrai、or the respective  
I）hこISeS（’’lJ11＝’t’ ．Thcsesludiesdeこ山wilhlhcsrleCtl■unlCOnCCl．ningthc＼′ilt．ious killds orchloroIlh）！11nltltil－  

tions，becauseortheireaseint】1edetectionandtherrequentappearanceartermuはgenictreatment．How－  

ever，iモSeemSmOrejmporta】1tfl・OmpraCticalpoj郎OrViewwhethertbedirectionalmtltationsoragronomical  

traitscouldbeinducedbythe】ⅥutagenS．There払Ⅰ■e，rLlrthersとudiesmightberequiredjbrexamlnlngthe  

Cejまcyciespeci鮎きty肋var主ousagroれOmica】tra壬ts．Thepresentexperiment＼VaSurldertakentoexamine  

themutatiolln■equenciesandspectrumwithspecialre托renc¢tOagrOnOmicaltraiモSinadditiolltOChlorophyll  

m油症onsiilM2卵ne】、aモjo罰a鮎rX－rayi汀adja‡始点Ordryseedsinol・（】ertocomparewithtboseobtainedby  

theirradiationsatdi馳rentcelトcyclestagesormi10Sisandmeiosis．  

MaterialsamdMetbods  

Threericecultivars，‘Sensho’，’Aichi・Asahi’andちAkamai’werechosenasexperimentalmateria王s，because  

apre！imilはⅠ■yexperimefl【showedtIlatihedryseedsorthesevarie‡ie5eXbibitedjow，加ermediateandJligh  

r孔diosensitivities，reSpeCtive重y．The dry seeds equi董ib】・ated toll．3％water content were subjected to  

X十raySOr5to40kRatdoserateor2i5R／1Ⅵinus血gaX－rayge貴ertOrOperatedat280kVp，川mÅwith  

al．OmlⅥaluminu】Ⅵ創ter．Thenumbel・OrSeだdsorthel・eSpeCtivevarietyusedineachexposurewas500  

to1200dependingupontheestimatedsurviva】1◆a妃S．Tllejrradiatedseedswerea】lowedtogernli幻atea亡  

ReceivedJune5，j9β5   

＊椚ant迅reedingLaboratory，Fac．Agrj．，MieUniv．，Tsu514，Japarl   
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300ConIⅥOistenedb10tterpaperinPetridjshes払rabout24ilrar絶rexposure．Germiれatedseedswere  

thensowninanurserybedand46daysoidseedlingsweretransplantedtothefield．Atmaturity，three  

to魚vep鋸1icles＼祀reharvested鉦omeacb Mlplant．Radiosensitivityoreachvarietywasestimated by  

measurlrlgtberootlengtb，S¢e81i喝beiglltandsurvivalrateon4，30and45daysartertheseedsoIV】ng，  

i・eSpeCtively，andMlplan【飴rtiiityatlⅥaturity．  

1n tllC rOl】owing）／CとIL－，thrcc pilnielc－P［－OgCnics pcr Mlplこ1nt＼＼√CrC SCPilrこItel）・T■とIiscdiIlこInurSCr）・tlCdこIS  

M21iま1eS．Attheseedlingstage，numbersorchioro沖yllmutantsandnormaiplafltSWereCOuntedineach  

lrei11nlenl〔一rthclllrCC＼・之u－ieties．The M二tines del■i＼：一Cd ol11）・rL－Om thc＼・・とITliet〉r‘Aichi－Asahi、≠■Ct－C tJ－LlnS－  

p】aIユtedtothefieldamdgrowntothematurity．Headh針datevariants，mOrphoIoglCalandsterilemutants  

WereSCOredぬro一喝hぬeperiod什omh組di喝tOmaturity．Wh¢ntWOOrmOl・eSegregantSWeredetected  

inalineandtheirfbatureswereidenticaiwithoneanother，theywereregaYdedastruemutants．Mutatior）  

frequ¢nCyWaSeSt主matedbythenumberofmutantsperl，OOOM2Plants．  
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Fig．i．X－raydoseresponsesorMldamagesasmeasLlredbyrootleng恥seed】inghe主帥t，SurVival  
ra紐andseedfもrtiIityarterseedi汀adiationorthericevar呈ety‘Aich呈・Åsahi’．   
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Results   

AsshowninFig．1，rOOtlengthandseedfbr｛ilityofMまPlantrespondedtoX－raydosesinasimilar  
manner，inwhichtheirredtlC冒onsIVerealmostlinear＼Vithincreasingdoses．Halrreductiondoses（D50）  
丘汀rOOtgrOWtllandseedf加ilityorthevar主ety－AichトAsahi，wereabout25kRand27kR，reSpeCtively・  
On theotherhand，Seedlingheightands∽・vivalrateshowednotsocIearreductionastherootien帥1  
andtheseed托rtj王ity．Thesimi加t陀ndsorthese紬urendpointsrorestimatl喝theradiosensitivitywere  
alsoobservedintheothertwovarieties．   

The鉦equenciesorchlorophylImutationobsel・VedinM2generatioれOrthreedi馳rentvarietiesareglVen  
illTablel，andtheseresuItsarepresentedgraphica】lyinFig・2・Åmong抽8Variouskilldsorchlorophy‡1  
mutants，a‡billaappearedmost鉦equentlywitbaboutぬIrtheproportionoダtotalchloropilyllmutants，  
ね1lowedbyviridisandxantba．Sけiataandothe】・typeSOrmutantincludi∫1gt≦grlna，maCulata andaト  
boviridiswereねuれdwitllVerylow触quency．T】1etOtalch始rophylimutation丘・equenCyⅥ壷cllWaSpOOled  
withdi能rentkindsormutants，anda王bina鉦equencyincreasedinanon－1inear払shionwithillCreaSlng  
Xィaydosage．Fromcalculationorthebest触edparametersinthepower－1awequationyニkI）n，Where  
yiscblorophyllmutationrrequeれCyper㌔000M2plants，DisX－raydosealldkisaconstantぬreach  
equation，itwasr8Vealedtbattbe抒equenciesortota王chlorophy”mutationandalbinaincreased pro－  
portiona絶1ywithdosetothepowerl・42andl・83respectively・Furthermore，nOSi卯泊cantd瀧㌻槻Cein  
thesec】1血ophy11mutationftequeれCieswasobservedamo喝threerjcevarietiesoverailthedosesemployed・  
TheXTraydoseof32kRwhichcausedsterilityofabout60％inMIPlant，gaVe20to30chlorophyllmutants  
perj，000Mヱplants．   

Table2showsaveragesegre脚tionratiosortherespectivecllIorophyま1mutantsin Mヱpanicle－prOgeny  
atthreedi飴reれteXPOSuredoses．Fourtypesorthemutant，i息，albina，Viridis，Xanthaandtheother  
misce】laneouschlorophy里imutants，WereSegre脚tedwitharatioorabout20％wit蚤－COnSiderab崖ywide  
variance，indicatingtぬattheratiowassliめtlylowertbantheexpectedratioor25％丘omrecessivegene  
mutatiorlatOn¢locus．Striata，OntheotherhaIld，ShowedIowsegregationratio，4．1％onaverage，No  

Tab盲el．Cま110rOp】1yllmuねtion打equencyimMヱgenerationarterX・rayir】－adiationordl■ySeedsin  

threedif托rentvarietiesorric¢．  

Numberorc－1loro由1】mutant   Number Number  
Variety 簑冒芸崇ふs慧‰  

per 1OOO 
uscd obscrvcd A［binil ViT・idis XこHILhこISlrhlこI OthelLS Totこ11M！P）11ntS  
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＊Viridismutantswerenotcounted，becausetheywerenotdistin糾ishab18鉦om】10rmalplantswith   

paIegre¢nleavesatseedlingstage．   
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Fig．2．Doseresponses oFtotalchlorophy】lmutation rrequency and albjna紆equencyin thrce  
幻cevarieties，i．e．，ÅichトÅsalli（⑳），Sensho（○）andAkamai（×）．  

Tab】e2．Segre脚tionratiosorcll】oropllyIimtltanlinM2generationa鮎rX－rayirradjationordry  
Seedsinthericevaま・iety‘AichトAsahi’  

S喝regationra“0（％）  
Dose  
（kll）  AIbina  Viridis   Xamtha  Striala  Olbers   

21．7土 6．5  1．4土0．j  20．3＝L3．6  

1（§．9嘉 7．6  2．9土0．2  20．8＝と9．0  

2王．5土＝．8  7．9dニ5．3  2l．0ニヒ臥3  

20．0＝ヒ2．2  4．1土2．8  20．7去0．3  

1】，】  19．9土11．3  18．1士 7．6  

22．2  17－1土 8．1  j8．7ニ】ニ 9．1  

32．3  22．9土】0．5  19．6：と10．3  

111ean  20．0土 2．4  18．8± 0．6  

S唱ni点じant（ii飴reれCeinぬesesegregationratioswas払undamongtheexposuredosesorX－raySemployed  

int！1epreSenteXperiment．   

ThcmしItiltion rT－equetlCiesorこIgrOnOnlic＝lililSLIctectcdin the flctd a］．CSunl111ilrizc（lin Tilblc3．SleriZc  

mL）tilnlS、、・hichinc）udcboIhl）lLrliこ11ilndcompLetcsterililics≠・CrCObse［l、一C（王、、・ith thehighest h－CquCnC〉・．ilnd  

amountedtoabout】0％orM2p】antsat32kRX－rayeXpOSure．ShoI・トCulmand（‡warrmutar舶Werealso  

indueed＼＼・・illlとICOnSidcrab】y high n■equCtlC〉l．WhcrcilSIong一乙lⅥ′nCd mutこIntSilnd tlle OtllelltyPC Or mOl・－  

Ⅰ）hologicaL mulこLntS＼＼∫Cre Lbund＼、′‖＝′er）・）o“・・rre〔luCnC）r．T（一tこ11rl－e〔luCnCy OrSIcriIciln（1nlOTIPhoIogicこ11  

muta罰tSincreasedcarvilinearllya主要ain5ttheX－raydose．   

MutatiorlSpeCtraWhichwerecalcuまatedfromtherespectivemutatioll鉦equenciesatthreedi能rentdoses  

arepresentedinFig．3，Itisnoticeable＆omthjs録gurethatthel．eisnosigni貢cantdi馳re11Ceinthespectra  

among the紬ree doses．SterilelⅥutantSaCCOunted fbr55．6％ora】1themutants detectedi11M2pIarlt  

populatiom，SllOrt－Culmmutants侮r27．1％andc】1lorophyll】ⅥutantSねrlO．4％，OnaVeragereSpeCtively．  

Dwarrandlong－aWnedmuはntswere3．7andl．4％respectively．FromapracticaIpointofview，itisれOte－  

WOrthyt量1atanumberoragronomical】yp柑mlSlngmutantSWerei11ducedbytheprese‡1teXpel・ime叫ねr  

instance，飢eMヱiinesorearlyheadings，tWOline＄OrShorトCuimwithれOrlllallengthofthepa罰icale，and  

One）i11COrdcnsegrこIinこI11（Iofg）こIbt－OuSmutant．   
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TこIb）c3．Fl・eqし1CllC）・OrSIC］・ilcこIndnl（l［l一hし山一gieこILmuL；lti（一nSinh／1，gt：nCrこItionこInerX・rこIyiJ、l’こIdi乙Ition  

Ordryseedsinぬeric¢VarietyiAiehi・Asatげ  

rl◆  Numberormutant  
。。Se  

per 1OOO （kR）  panicle plant   
sLrこIin obserYed SICri］c Sho11cuLnl D≠・こu・r ＾＼＼・】1ed Otht；］lS TolこII M二l止InLS  

0  101   2626  】7  6  0 ■  0  0  23  8．76  

‖．1  3i3  8093  397  170  13  2  7  589  72．78  

22．2  367  9274  465  324  28  16  27  860  9ユ．73  

32．3  388  9578  954  355  104  36  28  1477  154．21  

0  20  40  60  80  100  

11．1kR  

22．2 kR  

32．3 kR  

Average  

ShorヒーCulnl  

mutan七   

Dwarf mu七an七  

Chloro如11  
mu七an七   

Sterile mutanじ  

！ここl   

●  

こ  

□  

Long－aWn  

mu七ant   

OヒllerS  

敬  

邑  

Fig．3．MutationspecモrainM之gellerationaneI・X－】・ayirradiatio110rdryseedsinthericeval●iety  

‘AichトAsahi’．  

DiscllSSioII  

Althoughradiation－inducedr8ductio王1inrootgrowtha重1dM2plant托rtilitya托erirradiationorriceseeds  

；lre（一riginこIte（1rromlhe dilTbrcntl■adi乙Itioninjuries．viz．、rT－Om mitoticinhibilioTlatldchl－omOSOnllllilbc［－－  

riltionsre叩CCti＼，C）y右川・…．tllCdoscrcspollSCOrM．plこInt rCrtilit）・WilSSimi）nrto thこ11OrrOOtlcngthinlhe  

rice variety‘AichトÅsahi｝．ThisimpIies that an approximate balrィeductio】1dose（D5。）紬r Mlp電aれt  

蝕もilitycould beestimated丘・Om theroot growthreduction at theseedtingstageoraricevarieモywith  

如¢㌻汀主ediatera（】iosellSj“v鍾y．   

UKAI岬ex払minedthevarietaldi翫renceinchbropilyllmutation抒equenciesamor噌SeVenricevarieties  

ha＼・ing（lin七Ilent rildiosensiti＼・ilicsmcこISured by thcrcduelionin）－OOtlenglhこIrtCrX－T・こIyin・こIdiiltion ordr〉′  

Seeds，andpointedoutthattIlereWaSnOSign摘cantcorr81ationbetweencblorophy11mutation丘eque】1Cies  

こInd Lhc rool・Jel唱th rとIdioscnsili＼・吊es、though his dillこIO［lthcnlu（tltion ra（e＼＼・・Cre bこISe（IonこISingZe（lose  

exposuretoX愉rayS，Ålsointhepresentexperiment，threevarietieswithdi馳rentroot－1engthradiosensi“  

tivityexhibitednovarietaldi馳renceindoseresponseofchrlorophyllmutation鉦equency．Theseresults  

indicatetbatmitoticinhibiもion，Whichisaradiation－induceddam王将eleadingtovarietaldi飴renceinthe  

rooト1ength radioserlSitivity，has no relationship with occurrence of chlorophylimuモation a托er X・ray  

汗t・こIdialionorriccseeds．FL＝lthcltl11O］le、Ihcprescnlcxperimcntsho≠一CdlhこItrrCquCllC〉′OrtOl11Iehloroplly＝  

nlulationincrcilSedilSdoscIothcpo＼＼・Crl．4ユ乙川datbinilrT・CquenCytlこIdLldosccxponcntorI．S3inthcp〔岬er－  

lawequation．TheexponentialirlCreaSeinthechlorophyllmutationn・equenCyWithX－raydosagesuggests  

lhこItChlorophyIlmutこItion．inpilTllicul乙l）－i11bin乙InlutalionoccuT－SrrOmt＼＼・O－hile＼・・CntOrril〔1ialion．＼・iz‥rrOIll  

aminuteinterstitialdeletion orchromosomefbllowingX－rayirradiationordryseeds．Thererore，C壬】Io－   
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ropbyllmutationsasweIlasthereductionorMlplantfbrtili電ya撤汀X－rayeXpOSureOrriceseedsseemto  

bcilSCribednolto＝1CPOintnlutこIlion bultotheinducednlinuteclll・On10S〔）mi11こIbertIi11ions．   

AYerageSeg陀gationratiosindi恥rentkindsorc】1loroph測mutatmswere19．88％intheM2panicle－  

PrOgCn）′・Thcsこ1111CIてIngCOrthcscgregとIlionratiollとISbeenl・CI）OT・tedin M。gCLICIlこItionilrteril・Iladi；11ionor  

dormantriceseeds，e．g．，tObe19．75％ねrvarjotlSkindsorchrolophyllmutants13〉and20．50％払ralbinalO）．  

Thef畠Ctthatthesegre脚tio】1ratiosinMヱprOgeniesares如i鮎aれt】ylessthantheMe】1deIianexpectationor  

25％basbeenexplainedascontributionormorethanoneinitialcelisintわecorpustoc量1imaeric紬Tmatioll  
inanMlpanicle7〉・Ontheotllerhand，Striatashowedverylowsegregationratioor4，1％，SuggeStingthat  
thismutationis ascribednot to arecessivegenemutation．FuKUl3）studied theinheritance and mor－  

phogenesisofstriatamutantinrice，andsuggestedthatthestriatamutantorlglnateSn・OmaCytOplasmically  
intleriledchloroplこIStmutとItjon．   

Tlle什equencyormutationwithregardtoagronoiⅥicaiモraitsincreasedⅥ雨hincreasingdosageorX－rayS，  

thoughitsdoseresponsewasmotsoc】earbecauseorsmallerlluIⅥberofMヱplantsobserved，thantbator  

Seedlingsusedrorcountingorcblorophyllmutants・Fromtbecompa】・isonogmutationspectraatti甘ee  
difrbrentdosesofX－rayS，itwasrevealedthatsterilemutantsamountedmorethan50％ofallmutants  

detected albotb th¢Seediingstageand maturity，irrespectiveortheexposuredoses．YÅMAGATAand  

SYÅKUDO12〉alsor叩Ortedtbatpartiallyorcompletdysterilemutantswhichwereinducedbygamma－ray  
irradiationofriceseedsラOCC岬iedthemos毛part ormutated M2plantsoveralltbedosagesemployed．  
Thisreportagrees we】1withtheresultspresentedllere・Theseexperimentalresultsindicatethatsteriie  

nlutat呈o11Sarer¢adilyin8ucedbyradiationexposureorかyseeds，andthatthemajngeneticale馳ctor  

radia毛iol－OndorlⅥalltSeedsis血etotbecb柑mOSOma‡aberratiol－S・prOmpraCticalpolnt OrView，itis  

desirabletoreducetheinductio】10r Chromosomalaberration asloⅥ′aS pOSSible，¢ither by any pre欄Or  

POSトirradiationtreatmentordryseedsorbyatreatmentofanyotherplantpartthandormantseed．  

Summary   

Dryseedsorthreericevarietieswithdi能rentradiosensitivityweresu場ectedtoX－raySOr5to40kR，  
and theiⅥutation鉦equencies and spectrawere8Xaminedin the M2panicle－prOgeny，With theaim or  

COmParingmutagenicef督cienciesofthei汀adiationatdi恥rentstagesofmitosisandmeiosis．   

ChlorophylImutation丘equencyand，in particular，albinan・equencylnCreaSedexponentia11ywithin－  

CreaSlngdosageorX－rayS，S喝geStingthatthecblorophyllmutationsareor噌Inatedfromlninuteinter－  
Stiti乙11chro111OSOmedcIc（ionsinduccdbyt＼VO－hilc＼′Cnlsorlhcradiations．There＼VilSnO＼・al・ictaldi11b・CllCt；  

inthechlorophyllmutationfrequenciesamo】1gthethreevarietまes，lrreSPeCtiveoftheirradiosensitivities  
measuredbyroot壷ngthreduc扇0頂Orthei】・radiatedseeds．Ora11themutantsdetectedattheseedling  

Stageandmaturity，m（汀ethan50％weresterilemutants，mOStOrWhichseemstobeduetochromosolⅥal  

aberrations・Thepresent】・eSultsimplyth離ChromosomalaberrationsarepredominantlyinducedbyX－ray  

irradiationofdormantriceseedsandbringaboutb励proportion orsterile and cb‡orophy11de鮎ient  
mutatioIISintheM2generation．  
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摘  要   

イネ乾燥輝子のX線照射後代における農薬形質に関する突然変興率とそのスペクトラム  

神山 康夫・山田 薯彦・川瀬 恒男   

体細胞分裂周期や減数分裂期の様々のステージにおける突然変興併発効果とその突然変輿スペクトラムを比較する  

ことを目的として，本研究では衆然変興体調発に敢もよく用いられている乾燥梯子について調査した。   

放射線感受性が敗者に輿なる水稲の3品様について，乾燥種子に5～40kRのX線照射を行ない，M2 世代におい  

て基線霧突然変異体，不稔変異体および形態的変瀾体の頻度を調べた。その結果，葦線素突然変興体とくにアルビノ  

変異体の頻度は照射線厳に対して指数関数的に増加した肇から，これら基線紫突然変輿はX線照射による21ニット型  

事象に基づく染色体の中間部欠先から由来するものと考えられる。さらに葉緑素突然変輿率に関して3品種問で有意  

な差興が認められなかった解から，発芽時の根量で顕著に認められる放射線感受性の品種間差興をもたらす登園とし  

て染色体異常の誘発が直接的に関卑していないことを示唆している。   

M2 機代において可視的に検出されたすペての突然変異体のうち55．6％が部分不稔個体や完全不稔個体を分離する  

不稔変災体であり，これらの大判ま相互艦座や逆位などの染色体異常に由来するものと考えられる。さらに突然変興  

スペクトラムの内訳を見ると，塩狩変異体が27．1％，発振変異体が10．4％でその他燦俸や出穂調変輿体および展望変  

興体などが数％認められた。   

以上の結果から，イネの乾燥梯子に対する放射線照射においては染色体輿常が政も繍発されやすく，照射後代にお   
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いて染色体異常による不稔変輿漆や葉緑素突然変興体が商い剖食で飴ずるものと考えられる。従って将来飴姦を目的  

とする作物の突然変興育種においては染色体輿常を伴なわない遮伝子突然変輿体の効率的な誘発が望まれることから，  

梯子照射■よりもむしろ減数分裂期照射や受粉卵細胞の分裂周期別照射などのように植物体の照射ステージを考慮する  

ことが濃華であると考えられる。   




