
BuLl．Fae．Bioresources．MieU山v．  
No．9：89－95  

January29．1993  

SeedGerminationand針AmylaseProductioninEndosperm  
OfAび用ααあ〝gg～托ねα，A．gα如αandA．ぬ勃用  

YukiyoshiOGAWA  

FacultyofBioresources，MieUniversity  

Abstra（三t  

血糊鋼触感ぬ椚eedsof4monthsoldafterharvestgemhatedwellatatemperaturerangeかom150  

to300c，A．saiivaseedsofthesameagegerminatedtoalesserdegreeat250and300c，butA．btuadid  

notatbothtemperaturesandthatof16monthsoldnevergerminatedat300c・Theseresultsindicatethat  

A．めSSinicaseedsarenotdormant，thoseofA．saiivaaremediandormantandthoseofA・btuaarehighly  

domant．  

a－Amyhseproductioninhaifcutseeds，embryonatedendospermstermedasembryonatedhalvesand  

de・embryonated endosperms as endosperm halves，WaS eXamiedin the absence orthe presence of  

gibberellinA3（GA3）．   

Theemb叩OnatedhalvesofA．両脚液ぬ乳如espectiveofage，PrOducedacerとainamountofα一amylase  

everlintheabsenceofGA3．Theembryonatedhalvesasweuastheendospemhalvesofthisspecies  
PrOducedagreatamountofGA3・inducedα－amylase．Onthecontrary，theembryonatedhalvesofA・  

sativaandA．カtuaproducedaiessamountofGA3・induceda－amylasethanthecorrespondingendosperm  

halves，increasinginbotllhaLves＼ViththeIengtheningofafter・ripeningperiod．山110ngthetllreeSPeCies．  

Ad如由加持rOducedthe訂eateStamOuntOfかamylase，A．朗融和didamedianamountandA▲カ～以αthe  

leastamount．  

Thisevidenceindicatesthatbehaviourofseedgerminationineachofthesespeciesisinvolvedwiththe  
level＄and the changes h theかamylase productionin the endospems with the advancement of  

after・ripenlng．  
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1．Intl・Oduction   

NisbiyamaandInamori3）haveexaminedseedgeminationinmanyspeciesofAvenaofvariousmonthsold  

afterharvestandfoundnodormantperiodinA．吻SSinica，thelongestdormantperiodinA・jbtuaandamedium  

domantperiodinA．5αぬα，CV．Vic亡0叩，reSpeCtive量y・   

A．Jbtuaseedshaveatypicaltydormantnaturesothatfreshseeds，OneWeekafterharvest，Canbarely  

germinateat500rlOOcbutcannotgermhateatanyhighertemperatures・Theseedsbecometogerminateat  

thehighertemperatureswiththeextensionofafter－ripenedperiod・However，theystiilcannotgerminateat  

300cevena鮎rtheya鮎r一掬ened払rtwoyearsorlo喝er5）．   

Ontheotherhand，a－amylaseproductionhasbeeninducedbyexogenousGA3inhalfcutseedsofA・jbiua・  

However，theproductionofα＋amylaseintheembryonatedhalfendosperrnsofthisspecieswasmuchlessthan  

thatinthede・embryonatedhalfendosperms，SuggeStingthatsomefactor（S）occurringintheernbryoinhibits  
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GA3－inducedα－amylaseproductionil－theendosperm7）・   

Inthepresentstudy，WeStudiedseedgerminationatdifferenttemperaturesforA，a如sinica，A．sativaand  

A．jbiua．α－Amylaseproductionintheembryonatedandde－embryonatedendospermsfortheseedsofthe  

threespecieseitherintheabsenceorthepresenceofGA3WaSalsoexamined．  

ⅠⅠ．胴乱terials andMethods  

TlleSeedsofノ如β乃αα卸ざざ才乃ねα，A．ざαめαパⅤ．Victory，andA．カ～〟αWerethegift免■omEmeritusProfessorI．  

Nishiyama2），LaboratoryofPlantGenetics，KyotoUniversity．Thesespeciesofoatplantswerecultivatedin  

Open鮎Ideveryyear．MaturedA．a砂ssinicaseeds（CaryOPSis）withhullswereharvestedusua11yatthemiddle  

OfMay．SeedsofA．saiivaandA．hiuawereharveStedatthemiddleofJune．Inseedgerminationtest，entire  

SeedsweresownonAlterpapermoistenedwith5mldistilledwaterina触petridishandexposedtovarious  

temperaturesat150to300c．Thenumberofgerminatingseedswasrecordeddaily女）rSeVeraldaysand  

represnetedasthepercentageofthetotalnurnberofseedsused．  

Totestα・amylaseproduction，theintactseedswerecutlaterallyintotwohalves．Theembryonatedhalf  

endospermswerereferredtoembryonatedhalvesandthede－embryonatedhalfendospermswereasendosperm  

halves．a－Amylase production ofthese seed halves was examined according to the procedure previously  

reportedbyOgawa7）；6veto7embryonatedhalvesorendospermhalvessterilizedwereplacedseparatelywith  

thecutfaceontheagarge王containingO．5％starchwithorwithoutlppmGA3in鮎tpetridishof9cmin  

diameter，andincubatedat300cfdr3days．Theplateswereaoodedwithiodinesolutionandstarchwas  

visualized．Themeandiametervaluesofcircularzonesofstarchdigestedbyかamylaseproducedbytheseseed  

halveswastakenasanindexoftheα－amylaseproduction．Twodisheswithatota重oflOto14seedhalveswere  

usedfbreachexperiment．AIso，thenumberofembryonatedhalvesgerminatedduringtheα－amylasetestwas  

representedasapercentageofthetotalnumberofembryonatedonestested．  

III．Results   

l．5βgd邸γ椚ざ乃α如乃  

ThepercentageofseedgerminationinA．a如sinica，A．sativaandA，jbiuaof4monthsoldandA．jdtuaof  

16monthsoldatvariousternperaturesisrepresentedinFig．1．At150and20Cc，SeedsofA．吻ssinica，A，  

SaiivaandtheolderA．カiuagerminatedtoaconsiderableextent，buttheyoungerseedsofA．jbtuagerminated  

toamuchlesserextent．At250and30Oc，SeedsofA．abyssinicagerminatedtoasirnilarextenttothoseat150  

and200c，WhereasseedsofA．sativagerminatedtoalesserextentthanthoseofA．吻ssinica．Theolder  

seedsofA．カtuageminatedtoalesserextentthanA．sativaat150and200canddidnotgerminateat300c．  

TheyoungerseedsofA．βiuaseedsnevergeminatedatallat250and300c．  

2．αd〝ぴJα5ぞク和血cぬ乃  

Embryonatedhalvesandendospemlhalvespreparedftomvariousmonth－OldseedsofA．a毎ssinica，A．  

SatiyaandA．htuaweresubjectedtotheα－amylasetesteitherintheabsenceorthepresenceofGA3．The  

experimentalresultsforthethreespeciesarerepresentedinFig．2－a，bandc，reSpeCtively．Theembryonated  

halvesofA．a砂ssinica，irrespectiveofage，PrOducedacertainamountofα－amylaseevenintheabsenceofGA3，   
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Fig．l．Germinationof4month－OldseedsofAyenaa＆ssinita（C）），A・Sativa（E］），A■jblua（△）and16month・Oidseedsof  

A．カ如α（Å）at150，200，250and300c．  

buttheendospemhalvesdidnot．InthepresenceofGA3，boththeembryonatedandtheendospermhalves  

producedagreatamotlntOfα－amylaseindependentlyoftheirafter－ripeningperiod・   

Theembryonatedhalvesofa11agesgerminatedwellinboththeabsenceandthepresenceofGÅ3．   

Theembryonatedhalvesof6month－OldA．saiiuaproducedasmauamountofα－amylaseintheabsenceof  

GA3，Whichincreasedskghtlywiththelengtheningofafteトripeningperiod・InthepresenceofGA3，boththe  

embryonatedandendospermhalvesproducedalargeamotlntOfa－amylase，thoughtheformer’sproductionwas  

lessthanthelatter’s．TheGA3－inducedα・amyiaseproductioninboththeembryonatedandendospermhalves  

a！soincreasedslightlywiththelengtheningofafter－ripeningperiod・  
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Fig．2－a．α・AlⅥylase productionin6，18and30ITlOnth－0はembryonated endospem halves（E汀－b）and embryoless  
endospemhalves（En）oh如仰協d加扇最用intheabsence（口）andinthepresenceofGA3（軌 Ver仁ica王bars  
on the histogramsindicate standard errors．Germination percentages’of the embryonated halvesin the  
absenceofGA3andthoseinthepresenceofGA3areShownbybrockenandsolidlines，reSpeCtively．   
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Fig．2－b．a－Amylase productionin6，18and30month－Old embryonated endosperm halves（Emb）and embryoless  
endospemhalves（En）ofAがβガαざαぬαintlleabsence（n）andint鮎presenceofGA3（郎・Verticalbarsonthe  

histogramsindicatestandarderrors．Geminationpercentagesoftheembryonatedhalvesintheabsenceof  
GA三｝andthoseinthepresenceofGA3areShownbybrockenandsolidlines，reSPeCtively・  
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Fig．2－C．a－Amylase productionin5，17and29month・Old embryonated endosperm halves（Emb）and embryoless  
endospermhalves（En）of血ノenaカtuaintheabsence（ロ）andinthepresenceofGA3（郎．Verticalbarsonthe  
はsto訂amSindicatestandarderrors．Geminationpercentagesoftheembryonatedhalvesintheabsenceof  
GA3andthoseinthepresenceofGA3areShownbyclosedcirclesorbrockenlinesandsolidlines，reSPeCtively．   
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Theoldertheembryonatedhalves，thenthemorethegerminationintheabsenceofGA3aSWeilasthe  

presenceofGA3．  

TheembryonatedhalvesofanyoldA．biuadidnotproduceα－arnylaseintheabsenceofGA3，butdidonlya  

Smau amOunt Ofかamylasein the presence of GA3，being muchless than the endosperm halves．The  

GA3－hducedかamylaseproductioninbothembryonatedandendosperrnhalvesalsoincreasedwiththelengthof  

after－ripeningperiod．thoughbeingIlluChlessthanthatofA．sa（t■L・a．  

Both5and17month－OldembryonatedhalvesofA．カiuadidnotgerminateintheabsenceofGA3，andinthe  

presenceofGA3theoldertheembryonatedhalves，themorethegemination，thoughbeingmuchlessthan  

thoseofA，ざαめα．  

ⅠⅤ．D主s（：uSSion  

A．吻ssinicaseedsgeminatedweuattemperaturesrangingfrom150to300c．BothA．satiuaandthe  

OlderA．jdiuaseedsgerminatedwe11at15Oand20CcasA．a＆ssinicadid，butA．sativaseedshardlygerminated  

at250and300c．NeithertheolderseedsnortheyoungerseedsofA．カtuagerminatedat300c（Fig．1）．On  

OCCaSion，SOmeviviparousseedswerefoundonmaturepaniclesofA．吻ssinicagrowninaeldsatrainyseason．  

TheyhaveneverbeenfoundinbothA・SaiivaandA・カtua・Theaboveevidencecon銭rmstheearlyreportof  

NishiyamaandInamori3）thatA．a＆ssinicaseedsarenotdomant，A．sativaseedsaremediandormantandA，  

Jdfu（tSeedsarellighlydormant．   

Incidenta11y，thegerminationofA，abssinicaseedwasnotinhibitedbytheapplicationofagibbere11in－  

biosynthesisinhibitor，CCC，WhichpotentiallyinhibitedthegeminationofA．カtuaseeds8）（datanotshown）．  

Thissuggeststhepre－eXistenceofendogenous衰bbere11ins（GAs）intheembryoofA．a卸SSinicaand／orthe  

muchhighercapacityoftheembryoofthisspeciesforsynthesizhlgendogenousGAs，Whichmayresultinthe  

minimuminl1ibitionofgerminationbyCCC．  

Ontheotherhand，theembryonatedhaivesofA，a妙ぶSinicaproducedacertainamountofα－amylasewith  

highgerminationrateevenintheabsenceofexogenousGA3（Fig．2－a）．Theembryolessendospermcutatnear  

the embryo produced a・amylase considerably（data not shown）．This evidence suggests that this species  

producesmuchmoreα－amylase neararoundtheembryo，Whichmightbeinducedbytheendogenous GAs  

OCCurredintheernbryo．Theembryonatedhalvesaswe量Iastheendospermha重vesofA．a砂ssinicaproduced  

alsoagreatamountofGA3－inducedαuamylase（Fig．2－a），SuggeStingthattheembryoofthisspeciesdoesnot  

inhibitα－amylaseproductionintheendospermbutratherpromotesit，Incontrast，theembryonatedhalvesof  

A．sativaandA．biuaproducedasmaueramountofGA3－induceda－amylasethanthecorrespondingembryoless  

endospermhalves，inconsistencewithOgawa，sreportforA．jatua7）（Figs．2－bandc）．Thissuggeststhatthe  

embryoofthesespeciesinhibitstheかamylaseproductionintheendospem．  

GA3－inducedα－amylaseproductioninA．a妙ssinicawasatahighievelinboththeyoungandoldseedhalves  

（Fig．2－a），WhereasthatinA．saiivaandA，jbtuawasatalowlevelinyoungseedhalves，increasingwiththe  

lengtheningofafter－ripeningperiod（Fig．2qbandc）．Thus，thedegreeofseeddomancyingerminationof  

thesespeciesparallelstheleveloftheirα－amylaseproductionintheendosperm（Fig，1vsFigs．2－a，bandc）．  

InA．sativaandA．カtua，thegerminationrateandα－amylaseproductionintheembryonatedhalveswasalso  

Stimulated by exogenous GA3（Figs．2－b and c）．The charactedstics of seed germination andα一amylase  

PrOductioninthe three speciesmightbe are鮎ctionoftheinteractiorlbetweentheinductionbyGAsand   
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inhibitionbyabscisicacid（ABA），bothoccurdnghtheembryo6・7）．   

ThegerminationabilityofA．吻ssinicaseedsathighertemperatures，Whichindicatesthe王ackofseed  

dormancy，maybeaconsequenceofanecologicaladaptationofthisspeciestothenative，trOPicaldriersteppes  

inEthiopial・4・9）．A．abyssinica，atetraploid（4Ⅹ，AsB）wouldbeevolved丘・OrnA．barbaia（4Ⅹ，AsB）whichwould  

beacombinationofA．hiriula（2Ⅹ，As）andanundeterrninedspecies（2Ⅹ，B）（Ⅰ．Nishiyama，perSOnalcommunト  

Cation）・Ontheotherhand，manyhexaploidAuenaspeciesincludingA．sativaandA．jbluaarevariouslydor－  

mant3）．A．satiua（6Ⅹ，ACD）wouldhaveevolved＆omA．htua（6Ⅹ，ACD）4）．A．jdiuagrowsasaweedinthe  

Pamirsl事4・9）andinCanada8）whicharecoollands・Itisofinteresttostudy如rtherthebehaviorofseed  

germinationinmanynativeAvenaspeciesinrelationtotheabiutytoproduceα－amylaseintheendosperm，andto  

theamountsofendogenousGAsandABAintheembryo．  
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血g乃αα妙ぶS才乃ねα，A．5α励α，およびA．カおαの種子発芽と  

胚乳におけるα－アミラーゼ生成  

小 川 奉 拝  

三盛大学生物資源学部  

エンバク風月淵削卸繭ぬ（4x，AsB），A．ざβぬαCV．Victory（6Ⅹ，ACD），およびA．舟触＝6x，ACD）の収穫後4  

か月の種子（えい弟）の各棟温度における発芽せ比較した。   

Ad如壷如は，150cから300cの温度でよく発芽した。A．ざαめαの発芽は，150cと200cでよく発芽したが，  

250cと300cでは減少した。また，A．舟加は250cと300cで発芽しなかった。この実験結果は，A‥頭卵威扇用の様  

子は休眠性がなく，A．ざ〝めαはrP程度の休眠性を，Aカ如〟は深い休眠性を示している。   

この3株の梯子を横半分に切断して脹のある側と膳のない側に分けて，外生ジベレリンA3（GA3）の有る無しのそ  

れぞれの場合のα－アミラーゼ生成を，後熟期間との関連で調べた。   

A．頑閤ぬ如の胚のある側は，GA：うがなくともα－アミラーゼを生成した。胚のある側も肱のない側軋 GA：】鰍洋  

α－アミラーゼ生成ほ，後熱期間に関係なく多かった。これに反して，A．ざα抽αとA動地の肱のある側のGA。誘導  

α－アミラーゼ生成は，胚のない側に比べ少なかった，それぞれの側のGA：う誘導α－アミラーゼ生成は，後熟期間に  

伴い相加した。この：う種の間で，A．殖那加如のアミラーゼ生成が激も多く，A．舟加が敢も少なく，A．∽励αほ両  

者の中開程度であった。   

上記の蛮族結果は，Ad勿甜ぬ加の胚は，胚乳のGA3義務尊α－アミラーゼ生成に影響しないことを示している。こ  

れに対して，A．鋼廠路のJ掛ま，A．カ血αの場合と同様に．胚乳のGA3誘導α－アミラーゼ生成を抑制することを示し  

ている。上の各種エンバク偶のの種子の発芽休眠他の違いは，胚乳におけるα－アミラーゼ生成の多少，あるいは後  

難に伴うぼ－アミラーゼ生成の変化と閲係があることを示唆している。   




