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Abstraet  

Seedsordirrerentdlploまd，t¢traPloidand hexaplo主d Aひ肌αSpeCies，StOred ror eigh＝o nine  

lれOnthsafterharvesもing，WereCuttranSVerSelylnと0抽OpleCeSatthre8di汀erel－Ldistanc¢SrrOmい鳩  

baseorem加yoa扶achment・Embryonatedandembryolessendosp¢rmpleCeSOrthreedifrerent  
sizesthusp‡Ⅵar¢dwerecomparedrortl－eabil如toproduceα－amylaseinとhe absenごe a11d  

pi・eSenCeOfgibberellinÅ。（GA3）．Theab肋yortheendospermrorα・amylaseproductionwas  
estimatedbytheaetivityorα・amylaseexudedtoan咽armediumrromtheeutsurraceoran  
endospermduringthreedaysincubationat30℃inthedark・   

Theembryonaもedendospermscutneartheembryoproduceda払聯amOuntOrα－amylaseand  
thosecutattheまniddleornearもhehpendprodueedasmalleramountorα－amylase・T圭一eSame  
trendwasobservedirlallspぬes．   

Theembryonated¢】－血spermsoralldiploidspぬes produced a rela巌elylar酢amOunt Or  

a－amylase，inspiteoftheirsmallsize・Alargeamountof a－amylasewa＄prOduced by the  
embryonated endosperms o∫species such a＄もetraploids，A・わαrわα妬A・UαぴiZouiα花αandノ1・  

αわッぷぶよ花毎hexaploids，A．わッgα柁£よ花α，A．βα£緑αandノ亀・花㍑ぬallofwhichhavingnodormancyor  

r81easedrromもileSeCOndarydormancy・While，aSmallorn曙1igibleamounもOrα－amylasewas  
producedbytheembryonatedendosperm＄OfA・magna，A・mLLTP妙，A・fatuaandA・Slerilis，au  
ortlleSeSpeCiesbeiれgStま11irlSeCOndarydorm8．nCy・   

O11もheotherhand，theembryolessendospermsprodueednoαramylaseinallspecieswithone  
exc叩tioll．Namely，tl－eembryolessendospermsorノl・Ue柁£㌻ぬ0含αprOducedalotofα－amylase  

r曙ardle＄SO＝】leirsiz臥   

AdditionorGA。もOthe medium caused anincreasein α－amylase productionin both tlle  

embryonaもedandembryolessendospermsoranysize・ThiserrecもOfGA3WaSlesspronouncedin  
th¢embryonatQdthanembryolessendosl）ermS・Thesameもrendwasobs肝Vedhallspecies・   

Theseresultsarediscussedinrelationtogenealogylnthe酢nuSノ1ue几α，SeCOndarydormancy  
andtllephysiologicalroleorembryosorall血ノe7もαSpeCiesaswellasもhatofendospermorA‘  
！ノど花£㍗£coぶαinα－amylasQPrOduction．  
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werLenOtdormantproducedaconsiderableamountofa－amylasewithoutGA8．While，theembryonated  

halrs¢edsofノ互．ル£㍑αbeingilla SeCOrldary dormancy at30◇c produced only a smallamounもOr  

α－amylaseev8nillthepr8SenCeOrGA3，arldα・amylaseproducとionbyGAさWaSlesserinもheembryorlated  

thanembryolesshalfseeds8・7〉．wealsofound8）thatA・！ノe花王ricoぶα，A・αわッsぷ£花ieα，A・わγ2α花血αandノ1・  

ぶαまiuαdid noとshow a secondary dormancylrlSeed g・e王－minatま0Il，While A．最「£㍑J仕 A．∽£eぷ軋 A．  

dαmαβCe乃α，A．mαg托α，A．mi↓呼んッよ，A．ノb£比αandノ4．ぶよだ㍗£～iぶWereCharacterized by a d¢叩SeCOrldary  

dormarley．Ⅰとhasbeenwelldocumenもedぬatscutellartissues produce（Z－amylaseinimbibed barley  

seedsまntheinitialstepoftheirgerminationl刷l〉，andthata－amylaseproducとionisinducedbyGA3inthe  

aleuronelayersorbarley endosperma・12・一再．Thus，iとSeemSlikely thatLheabilltyorthe¢ndosperm to  

produce a－amylaseuponimbibitionand／ortheresponsivenessofα－amylaseproducingsystemin the  

elldospermtoGAaareimplまcaとedintheinもerspecificdi汀erenceamong血eg・enuSAue托αinthodegre80r  

抽eirsecondarydormancy．ThepurposeortllepreSenもstudy was toinvesとig・ate the difrerence among  

difrerent diploid，tetraploid and hexaploid．4ug花αSpeCiesin the abま1ity or ondosp8rm tO prOduc¢  

α－amylaseinrelationtotheg・rOWthorseedli】1g・SrrOmembryosandtheresponseとOeXOg・enOuSGA3．  

MaもeIlialsandMethods  

Seeds（Caryopsis）ordirferentAue托αSpeCies（diploids；A．最㍗£㍑Zα，A．∽£eg軋A．ぶ£「£goぷα，A．c～α㍑血，  

A．pi～0ぶα，A．！ノe托£㌻£cosα，A．～0托gig～㍑771宣ぶandA．dαmαβごe乃α，tetraploids；A．わαrわα藍α，A．uαU£gouよαJiα，A．  

αわッsぷf花王cα，A．mqg花αandA．m㍑叩ゐッ王，hexapioids；A．カ£㍑α，A．ぶ£er£ヱ；ぶ，A．わッ2α托££花α，A．ぶα£よuαVar．  

Aurora and王iold¢u and A．花㍑dα），StOr¢d aもroom Lemperature ror eig・ht to nille mOnths，Were Cut  

けallSV紺Selyinも0もWOpleCeSaもdifferentdjsはncesrl・OmthebaseorembryoatはChmenも，aSShowninyig・．  

1．BothembryonatedandembryolessendosperrIlpleCeSObtai王1edbycut貢ngtheseedsnearthescuもellum  

aredesignaもedasBpieces，thoseatthemまddleasMandthoseneartheapicaltipasApieces，reSpeCtively．  

Thererore，thesizeorembryonatedBendospermpieces was the smallesもandもhaLofA pioces was the  

larg・eSも，andtherevel、SeWaStileCaS8ぎorthe¢mbryoles＄endospermpleCeS．   

The embeyonated and embryoless endosperm piQCeS prepared as abov¢Were S廊ilized w汀h70％  

eもhanolandl％sodiumhypochlorite，and washed  

thorougblywithsterまユizedwaもer．でen mlora hot  

SOlutioncontainまngO．5％starch，1％ag・arandlppm  

GAawaspouredinto a flat petridish of9cmirl  

diametertocreateasolidiriedg・elmediumorO．5cm  

indeptil．ThecontrolmediumwithoutGA3WaSalso  

prepaヱ、ed．Fivoorsixembryonatedandembryoless  

endospermpleCeSWereplacedonthemedium so as  

とO keep their c山SurraCe Closely contact to the  

mediu軋 Theywerethenincubatedat30℃inth¢  

dark ror three days，aでter which the ac艮viとy of  

α－amylaseex11dedrromtheendospermpユeCeStOthe  

medium was measured．Iodine soluもion cげ10再N  

was pouredもO the surrace ofthe medium to8tairl   

鋸  A  

Fig．1．Schematまcpresenもationofcut血gsiとeor  

Aue托αSeed．IntacもSeeds（1ermost）were  

Cuもatvarioussiもestomakeembryorはもed  

and ernbryoless B，M and A pieces or  
dirrerentsize，  
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unhydrolizedstarch，andthcdiameterofunstainedcircularareasaroundtheendospermpleCePlacement  
wasmeasuI・edwitllmilimetersection paperlaidbeneaththedisht Themeandiameもerofriveもosix  

endospermpleCeSperdishwaspresenもedasanindexoぎα－amylaseproductionperendospermpleC臥でhe  

len離horrootsandcoleoptilesdevelopedrromembryoswasalsomeasured，andthesumorrootsand  

coIeoptile18ngもhswasusedasagrowthparameterorseedling・S・  

Result＄   

か函南痛ぬ   

Theamountofa－amylaseproducedintheembryonatedandembryolessendospermpleCeSOfdiploid  

spQCiescuも雨val・ioussiとesintheabsenc¢al－dpresenceofGA：｝isshowninFig・2t Growthor8e8dlingsis  

alsoshownillthesame軸ure凱  

WithouもGA3，the embryonated B endosperm pleCeS prOduced thelarge＄t amOunもorα－amylasc，  

whiletheA pieces produced thel¢aSL  

amounもOfα－amylaseまnmostdiploid  

species．Inノ4．pよエ03αand A．ue托£㍗血βα，  

however，the amount of α・amylase  

producedin theM and A pieces was  

notdirrerentrromもhatintheBpieces．  

Seedlings werelarg・erintheMandA  

pleCeSthanthoseintheBpiec¢Sinall  

dlploid species．The embryoless er卜  

dosperm pl¢CeSin g・eneraldid noも  

produce α－amylase withouも add8d  
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Fig．2．ProdtlCtionofα－amyIaseinembryonated（circle）andembryolessel－dosperms（square）cutat  
basal（B），middle（M）aIldapicalsiもe（A）andgrolVthors¢edling（triangle）illdirferent  
diploidノiぴe花α SpeCies，A．最沈溺‰AⅧ諭痛烏，メ・ぎ£rigogα，A・Cヱα比れ A・β£エ0ざα，A・  
ぴe托わ、まcoぶα，A，£0花gfgg昆m£ぶandノ1・dαmαSCe托乱OpenandciosedsymboIsshowtheabsenceand  
presenceorGÅ3，reSpeChvely・   



18  YukiyoshiOGAWAandShojiTAC王寸1月ANA  

GAa．r曙ardless of the site of endosperm cut．However，any pleCe Of8mbryoless 8ndospcrms of  

A．ug托かぺ£coぶαWaSableもoproducealotorα・amylase．   

GA3Sとimulatedproductionorα一amylaseinboththeembryonaとedandembryolessendospermsorany  

Size，andseedlinggrowthaswellinalldiploidspecies．ThestimulatoryeffectofGA3WaSlesserin the  

embryonatedとhanintheembryolessendosperms．  

れか叩JofrJぶ   

The amount of a－amylase producedin the8rnbryonated and embryoless endosperm pleCeS Of  

tetraploidspeciescutatvarioussitesintheabsenceandpresenceofGA3isshownin Fig・．3．Growthof  

Seedling・Sisalsoshownin抽esameぎig・ureS．   

WithoutGA3，抽eembryonatedBendospermpiecesproducedalargeramountoざα－amylasethanth¢M  

andApiecesinalltetraploidspecies．Conv8rSely，grOWthorse¢dlまng・SWaSgreateSLintheApiecesand  

leastintheBpieces・TheembryonatedendospermpleC8S OrA．αわッぶぶ£几icαprOduced acompara豆vely  

larg・eamOunもOrα－amylase，WhilethoseorA．mαgれαandノi．m㍑叩九ッ£producedaverysmallamountor  

α・amylaseandaneglまgibleamountilltheMandÅpまeces．Theembryoless帥dospermpleCeSOfanysize  

did notproduce a－amylase without added GA3in alltetraploid species，although the B pieces of  

A，αわッぶぶ王托£cαprOducedasmallamountorα・amylase．  

Inclusio110r GAain the medium resultedin anincreasein α－amylase productionin bo沈もhe  

embryorはtedandembryolessendospermpiecesandinseedlinggrowthaswellina11tetraploidspecies．  

However，in A．mαg托αandA．m比叩／ひithestimulaもOryerfectorGA3WaSVery Smallin α－amylase  

productionbytheembryonatedMandApieces．  
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yig．3．ProductiollOrα－amylaseinembryonaもed（circle）andembryolessendosperms（square）cutaと  
basal（B），middle（M）andapicalsite（A）andgrow沈orseedling・（triangle）in difぎerenも  
t飢raploidノ4ue几αSpeCies，A，むαrわα£α，A．uαびよエouよα花α，A．αわプぷSよ柁£cα，A．mαgJもα and A，  

′m叩頭勇・Opena】－dclosedsymboIsshowtheabsenceandpresenceofGÅ3，reSpeCtively．   
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ガeぷ叩gO王d8   

でhe amount ofα－amylase producedin the embryonated and embryoless endosperm pleCeS Or  

hexaploid8p8eiescut汲もVarioussitesintheabsenceandpresenceorGA3isshownin】γig・4・Growthof  

seedlingsisalsoshowninthesamerig・urOS・   

WithouもGA3，沈eembryonaもedendospermorA．伽㍑αandA・g£er££iぷpmducedasmallamount or  

a－amylas8intheBpiecesandonlyatraceamountintheMandApiecesFIncontrast，theembryonated  

endospermsorA・むッzα托£i花αandthetwovari8tiesorA・βα如αprOducedalargeamountorα・amylase  

regardlessofthepleCeSize，althoughtheembryonatedpiecesofA・nudaproducedasomewhatsmaller  

amount．s¢edlings orthese species of any size also showed substanもialgrow沈・The embryoless  

endospermpleeeSprOducedonlyasmallorn¢gligibleamountofα・amylaseinallhexaploidspecies・   

GA3Stimulatedα－amylaseproducもioninboththeembryonatedandembryolessendospermpiec8SOf  

allhexaploidspecies；tOalesserextenもin班e如merendo＄perm8・Particularly，1ntheembryonaもedM  

andApiecesofA．わ加andA．g£er£ヱ£ざthesもimulatoryefrecもofGA3WaSVerySma1lornegligibleinboth  

α－amylaseproductionands8edlinggrowth・  
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Production of α－amylaseまn emb叩－  

onntcd（eircIc） an（1embr）POless cll－  

dosperms（square）cut at basal（B），  
middle（M）andapicalsite（A）and  
growth of seedli咽（もriangle）or  
di翫rent hexaploid Aue柁αSpeCies，A・  

．、・い・∴ ∴さ‥・－・‥－∴㌧ ∴∫・ご・ミ∫、予・∴ ●l・  

ぶα如α，Aurora，A．βα如α，Holdeuand  

A．花㍑血．Open and closed symboIs  
showth8absenceandpresenee ofGA3，  
respecもively．   
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Diseussion  

Thepresentstudyshowedthattheembryonatedendospermscutneartheembryo（Bpieces）produced  

alargeramountofa－amylasecomparedtothosecutmoredistantlyfromtheembryoattachment（M  
andApieces）inallAuenaspeciestested．Thisdifferencemaybeattributabletothedistancefromthe  

embryotothesiteofendospermcut；inthesma11estBpiecesa－amylaseproducedinthescutellumtissue  

adjacenttoembryoscanbemostreadilyexudedoutoftheendospermpleCeS．A possibilitythatwater  

influxfrom thecutsurfaceto near embryosin the A pieces wasinsufficient toinduce the enzyme  

productionseemsmostunlikely，becausethegrowthofseedlingsinthispleCeSWaSalwaysgreaterthan  

thatintheBpieces．Thedifferenceofseedling・grOWthinthedifferent pleCeSizewasprobablycausedby  

thedifferenceinmobilizableamountofcarbohydratereservestotheembryo．   

Generally，a－amylaseproductionbythe embryonatedendospermsseems to be associatedwiththe  

degreeofthesecondarydormancyofembryos，Whichisestimated，inmostcases，bytheextentofseed  

germinationas wellas the development of seedlings・Alldiploid species seeds released from the  

secondarydormancywerequiteactivein a－amylaseproduction，irrespectiveoftheirsmallsize8）・A  

greateramountofa－amylasewasproducedinthespeciesthatwerenon－dormantorreleasedfromthe  

secondarydormancysuchasA・わaT・bata，A．uauilouiana，A．abyssinica，A．byzantina，A．satiuaandA・  

nuda；Whilethespeciesthatseemedtoremainstilldormantproducedasmalleramountof a－amylase，  

asseeninA．Tnagna，A．TnuTPhyi，A．fatuaandA．steT・ilis．Thegenome AC，WhichA．magnaandA．  

muTPhyicarry，SeemStOCOntributetothelowabilityofa－amylaseproductioninA．fdtuaandAsteT・ilis  

thatcarrytheACDgenome．Acloserelationshipbetweentheabovetwogroupsofthe species has also  

beenproposedinthedegreeofsecondarydorma・nCyOftheseeds8）・   

As awhole，itcan beconcludedthatthe endospermswithembryosproduced alarger amount of  

a－amylase，While thosewithout embryos were able to produce a smallor negligible amount of  

a－amylase．Theseresultssuggestthattheembryohasarolein a－amylaseproductionintheendosperm．   

Exogenous GA3Stimulated a－amylase productionin both the embryonated and embryoless  

endosperms．It seems possible that endogenous gibberellins（GAs）in embryosisimplicatedin  

stimulatingeffecton a－amylaseproductionintheendospermlOI13）・Certainly，a－amylaseproductionin  

theembr・yOnatedpieces ofA．abyssinicaand A．satiua was blocked by GAs biosynthesisinhibitor，  

uniconazole（datanotshown）．   

A．uentricosawasunlquein a－amylaseproduction，aPparentlydependingneitherontheembryonor  

On eXOgenOuS GA3．a－Amylase was produced evenin the embryoless endosperms separated from  

Sta．rChyreserveswithoutaddedGA3．Productionof a－amylasebytheembryolessoneswasnotreduced  

byuniconazolesomuchasintheembryonatedones（datanotshown）．Theseevidencesstronglysuggest  

thepossibilitythatendogenous GAs accumulatedin the aleuronece11s during seeddevelopmenthave  

remainedtobeactiveindriedseeds．   

GA3－induced a－amylase production was alwayslesserin the embryonated endosperms thanin  

embryolessonesinallAuenaspeciestested．ThereductionofresponsetoGA3ina－amylaseproduction  

wasmostmarkedinthe embryonatedendosperms of the species that seemed to be stillsecondary  

dormant，aSpreViouslyreportedforAjbtua6・7）．TheseevidencesuggeststhatGA3－induced a－amylase  

PrOductioninthe endospermisinhibitedbythe presence ofembryos，and theextent ofthis effect of   
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embryosvarieswiththespecies，OGAWAfound6〉thattheinhibitoryinfluenceofembryosinA・jbtuawas  

eliminatedbyheatlくilli咽theemもryoorscut¢11um，andsuggestedthattheinもactembryopartg・enerateS  

subsとancesthatcauseinhibiもionofα・amylaseproductioninducedbyGA3inth¢endosperm－   

Therei＄rnuCh evidence that endogenous abscisic acid（ABA）isinvolvedin theinduction and  

maまntenance ofseed dormancyin different plant species4）alld that ABAis a poもentinhibitor or  

α－amylase production by GÅ3in barley aleuronelayer cells2〉・‡nノl・カ£㍑αalso，ABAinhibited  

gQrminationorembryonatedhalfseeds5），andalsoα－amylaseproductionbyGA3intheembryoless  

紺dosp¢rm halves6）．These evidence suggests that embryos or Aue花αSeeds exert dualrunetions，  

promotionorinhibition，Ontheproduetionoぎα－amylaseil一班eendospermviatheactionsand／orthe  

interactionsorelュdogenousGÅsandABA．Presumably，therelaもivestreng●tborthesedualrunctionsor  

theembryocouldconけ01a・h汀111ng pOint or seedsin allノ摘花αSpeCjOSとO the酢rmまnation c汀the  

mainもemancein a dormantstate．  
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エンバク属の種子胚乳におけるα－アミラーゼ生産の稽間差異について  

小川 率持1・橘  呂司  

三盈大学生物資源学部  

収穫後8－9ケ片経過した2倍種，4倍稀およぴ6倍椰のエンバク偶の各種の椰子（えい巣）各胚に近い基部，中央  

部あるいは先墟部で械に切断して，胚が在る胚乳片と胚の細い胚乳片に分けた．この胚乳片によるα－アミラーゼの  

生産を種間差異および胚の休眠との関連について綱恋した．   

胚が在る胚乳酌ま，酬・般に基郎で切断した胚乳片は毅も多蒐のアミラーゼを生産し，先端部からの胚乳は最少の生  

産であった．   

2倍種の各種は休眠が終っていて，小さい胚乳片にもかかわらず多魔のアミラーゼを生産した．休眠がないか，終っ  

ている4倍稽のA．むαrわα拍，A．ぴαUiZouZα乃α，A．αあッぶぷi花ic勘6倍種のA．わッ2α花まi花α，A．βα£iuα，A．花㍑血は  

多傲のアミラーゼを生産した．他方，休眠がまだ残っている4倍種のA．mαg乃αとA．m㍑叩ゐッi，6倍種のA．  

カ由ほとA．β紬ri～fsは少数しか生産しなかった．   

胚が無いメ注乳糾ま，いずれの積もアミラーゼを殆ど生産しなかった．しかし，A，Ue托£ricoぶαは多蔑のアミラーゼ  

を生威した．   

GAきの供与は∴陸の存否に関係なくアミラー ゼ生産を著しく促進した．しかし‥胚が存る胚乳片における促進作月］  

は胚が無い胚乳片よりも常に劣った．   

これらの実験結果から，エソバク偶の種の系統，休眠軋胚乳のアミラーゼ生産に及ぼす胚の促進と抑制の二面的  

な作用，A，ぴe花£rico∂αの胚乳のアミラーゼ生産の特性について考察した．  

1三螢大学名密教授，514 津市観脅寄町799－43   




