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Variation for amylose content in wheat cultivars carrying 
differentnullallelesatthe t柏loci  

E．ARAKIl，H＿MrL：舶1，N．WA′l．ANABE2andS・SAWAI）A  

（Reccjved：M町15，199即  

Abstract  

Thewheat＼甑proteins，COntrOllingamylosesynthesishtheendospermlarethe  

productofthe一抱1狩一eSata叫〕1icatesetofsi哨1e－COPyhomoeoIocilocatedon  
chr。一川＝，S。n－eS7A（t柏Al）．4A（l校Bl）and7Ⅰ）川与rDl），Usingarangeofcultivars  

carrylngthediffereT－rnullalle】esattheⅥ′klocilVariationforamylosecontenlwas  

investigated to determinetheeffectsofeachnuu allcle on changingしhe content・  

AmylosecoI－tCntVal－iedfrom2U％to25％（100mgslarChbase）・Ahighlysignlficant  

correlalion was detected betwcen the fie】d・grOl川aIld growth chamber materjals，  

indicatinglhatamylosecontentisgcnotype－dependent・Gcneticvariationwasmostly  

at［ribtltablet（）thedifferenしeSbctweenthefivealleleしyl〕CSattheI・1／元loci，indicating  

tllatthecultivardifferenceiIlamylosecontentisprLmar11yundercontroIortheltpk  
l。Ci．1L帆′aSCOnfirmedthattheerfcctofthenulll校Blbo［】reducingamylosecontenL  

islargestanlOngthethree－1Ul川ノ：ral］eles・1Jivcctlltjvarscarrymgtheしt／1′LB］ba】lele  

showedasj即ificantvariationbyabuut2％ofamylosecontent、SuggeStj－1gthatapart  

ofamylosesyllthesjsisaL（ectcdl〕ygeneSlocatedonbackgroundchromosomes・It  

apT）Elaredthatacombinedeffectofthellullトl′守Blbwith14IkAlbonreducingamvIose  

content wasnota【1（1itivealldledtolowercuntelltthan［heexpectedone，   

KeyⅥ・Ords＝a叩・losecorltent，Ct11ti、7ardifferel〕Ce，プ■”■抗甘机（肥油壷川ちl桁上郡－e・1～rx  

pro把iTl  

tries such asJapam China and Korea・Rapid  

gelatinizationoL starchisdesirable fortheproc－  

essingandeatingqualitiesofnoodle（Moss，1979：  

0血＝豆最．，1980；Lee g／（J／．，19即；Toyokall7a〟′  

a／．，19Rg）．Thestoragestarchhtheendosperm  

usuall〉r COnSists ofい～・O Carl〕011Vdratelつn】ynlerS，  

amyloseaT】damylopeCtin．Theratjoofamylose  

1トTIiOl）UCTION  

Starchis thc rllaj（〕r C（11TLpOllent Of wheat  

（rわ■琉≠昭パ昭庸川棚 L．）graill，andits qualitさ7is  

exしremelyin叩OrtantillprOducing markctable  

肌′heat forend uses．Theflourfromsuftwheatis  

（）ftellprOCeSSedinto thビT”）0（11esin Asiancoun  
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to amylopectfri，thatis the apparent amylose  

COntentlVarleSfr口m21％tq3哨（mgofamylロ饉ノ  

108mgofflロur）inJapanesecuItivars．（Ⅹuroda扉  

al・，1989）・ThereisastrongrelationbetweerLtlle  

amylo父COntentandamou雨OftheWxpr¢teins  

（Yamamoriビょれ1992；Miura鋸dTanii，1994），  

providingas仕OngeVidencethat血eatWxpro－  

te王nsareinvolvedinamylose5伊仙esis．Wheat  

has three distinct Wx prロteins which are the  

products ofthel鞍genesat a trip】icate set＞Of  

Single－COpyhomoeolocil∝atedoncllrOmOSOm闇  

7A（敬一Aプ），4A川な一βJ）and7Dり物止別（Cbadg∠  

〃才一，1989）．The ability Ofamylose synt鮎sisis  

di抒erentamong血e肋g印eS，beingthelargest  

abiIityoft鮎肋・βJβ，followdbyeitherI物・Aヱ〃  

¢rl穐－βJα（Miura g～〃J．，1994；MiuraandSug 

awara．1996）．   

For the noodle manufacture，low・amylose－  

COntentCultivarshavebeenpreferred（YamarmDri  

etGZ，1992；MiuraandTanii，1994）．ThやA11S 

trali且n Standard White（ASW），a Wheatbr2md  

CQInpO悪dpfsevera】cultivarsandh唱hlyregard 

edinmarkets，、hasaredrLCedamy】osecontentand  

S11itable stickiTleS5 ′of noodles．ASW and  

Japanesecultivarswhichhavebeenacceptedi11tO  

noodle cla∬jfication are fr明uen恥1ack the  

Wx・BlprDtein（Miura and Tanii．1994；  

YamamoTiet al．，1994；Zhaoand Sharp，1995）．  

Thefactsupportsthepredominanteffectoflack－  

1ngtheWx－Blprロteinduetotheinactive Wk・Blb  

anel′eOnreducingamylosecontent 

However，WbethercultivarslackingtheⅥrx・  

BIproteinvaryforamylosecoTltentisnptweユ1  
documented．WealsodoJl飢knowhQWlacking  

elthertheWx－AlproteinorWxrDlproteinaffect  

amylose content．1n this experiTnent，uSlng a  
rangeofspringwhe且tSCa汀ylngth巳dfferentmull  

勒alleleも，theeffectsofeadlalleleonchanghlg  
anlyl（）SeCO】1Lentwereil】VeStigated、．  

MA℡ERIAI月AⅣD METHODS   

ハ■こ川J〃kJJ‘1山ノ、ヾ   

13cultivarslistedin TablelwerellSed．  

TheyconsistofthreeJapaJl飴eC111‡ivars，Kanto  

82，Kanto79andKantolO7，fiveofthec111tivars  

CadQuX，Eradu，Gamenya，Ralberd and Kulin  

fromAustralia，ar）dBaiHuofromChina，PenaL  

WaWa，WadualandWaⅥ7aWaiwereprovidedby  

DrLC・Konzak，WasingtonStateUniversity，USA．  

Chinese Spring（CS）wasincluded as a eheek＿  

Theyweregrownundertwoenvirollmentalcondi＿  

tions，tJleeXPerimentfie】dofObihiroUsiversity  

and the growth chamber，in the1995growlng  

SeaSOn・WadualandWawawaiwereraised、Only  

in仇egrowthchamber．   

Sjxplantsofeachcultivarweregrowninthe  

growthchamberwithameantemperatllreC．f．200C  

（day／night；240C／168C）．In the field trial，eaCh  

CultivarwasrepTeSentedbyaslng］epIot of12  

pユants，SpaC早dlOcmbetweenplantswithina  

and30cmbetweenrows．TheexperlmentplDtS  

WereCOVeredwithtransparentvinylinorderto  

PrOteCt from preharvest sprouting shortly after  

anthesis．Harvesting was carriさd out at matu－  

rity，andearswerehand－ぬreshedinbotheヨモperi－  

meT】t＄．  

血卿頗野路祓頑  

50－1DOggrain samples conditioned to abQut  

14％moisturecontentweremilledonaBrabender  

QuadrantJuniorTestMil】toproduceflourofa  

60％extraction．Starchgranule＄WereSeparated  

fromtheresultantflcnlrihaccordance withcorl・  

Ventionalmethods．The amylose content was  

COIorimetricallyestimatedusingtheAl血Anal－  
yzerSystem（Bran＋LubbeC8Ltd．）inHokkaido  

PFefecturalXitamiAgriculturalExperimerltSta－  

tionandexpressedasapercelltage8f叩parent  
amylひSe COr】tent perlOOmg of starchgranul髄．  
Theassessmentwascarrjedoutatleastintriplト  
Cate．  

／一J川中－．．血川、・／血、＼＼■x．止■，イ．・1   

Starchgranulefmmmaturegrainwaspfe－  

－10－   
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TabEel．TheproductionofWxproteinsandidentificat70nOftheallelesattheWxloGiofthecultivarsused  
inth88×Pe「1ment  

Productit）nOftheWxproteins  AllelesattIle W収1oci  

llrx、AI  Wx－Bl  Ⅵrx－Dl  

CultjヽrarS  

l佐一A毎IIなβヱα，l挽βJα  

けゝ一A拍」敬且眈l柏一丑k  

Ⅵな－A＿7α．仲元一βヱ占，11な一以〟  

11l．1∴∴ 廿IJ7J∴ 廿トJりト  

IIなA拍l軌一βルl穐一以d  

CS，Kulin，Ⅵradual，Wawallrai  

Kanro 82 

CadollX，Eradu，Gamellya  ⊥  
llalberd，Penawawa  

Baj Huo  

Karlt（〕79，Ka】1tOlO7  

theASWandPenawawawerethedeficientofthe  

lVx・Blprotein，   

Amylosecontentvariedfrom20・7％to24・9％  

inthefieId－grOWnmaterials，andfrom19・3％to  

25．2％inthegrowthchambermaterials（Table2）▲  

The correlatidn coefficient between the two  

growthcondit童onswashigh1ysignificant（r＝仇94，  

P＜O．Ol）．Theamyloseconten〔ofCSwas24▲89％  

infield－grOWnmatemials，and25．1B％ingrow  

chaml〕er materials．KantolO7 and Kanto 79  

1acking both the Wx－Ala11d Wx－BIproteins  

exhibitedthelowestcontentinbothgrowthcondト  

tions，beingabouta5％lowercontentthanCS・  

Cadoux，Eradu，Gamenya，Halberd and PenawL  

awaIacked the Wx－BIprotein．and produced  

grainswithl3％1owercontentthanCS・While  

theamylosecontentofKanto82withthel柏－Alb  

wasnotdifferentfromthatofCS，I3aiIluowith  

thel佗－D］b showedト2％lowercontent．Kulin  

hadthreeWxproteins，butexhibitedal・2％lower  

amylose content than CS，OVer the two growth  

conditions．  

TheresultofanaIysISりfvariaTICeShownin  

Table3indicatedthatthedifferencein amylose  
content between cultivars was remarkable．  

compared to the varia心ons caused by growth  
conditions and the cultivar x conditionillteraC  

tion．Partitioning of the gelletic variation fur－  

ther revealed that the cultivar difference was  

】argelyattriblltabletothediffercncesbetweenthe  

fjveallele Lypesatthe t4なloci，WhilevariaLjon   

paredwithS工）Sextractionbufferwhichconsjsted  

ofO．55MTris－1IClpH6，8，2，3％SDS，5％2mer  

captoethano】andlO％gtycerol（EchtandSchwar－  
tz，1981）＿ Starcheswerewashedthreetimeswith  

theSDSbtlffer，alldthentwicewithacetolle・   

An a】LquOtOflOmgofeach starchgranule  

samplewasmixed400JLIoflysisbuffercontain  

ing8Murea，2％Nonidet－P40，2％ampholinepH  

3．5－1O，5％2merCaptOethanoland5％poi）Vinylr  

pyrrolidone．The so】utipns、Ⅴ訂e boiled forl  

mれaIldthencentr汀Ⅵgedat120㈹rpnlfor5min  

at40C．Usingthesupernatal几thenullal1elesat  

thel佗Iociofeachcultivarweredetermined as  

lackingofl）articularWxproしeinsencodedbythe  

】oci，employing the modified2DPAGE system  

（Nakamura eial．，19g3）．15％separating gels  

wcreinthe ratio of30：0．135acrylamide／bis  

acry】amide．Afterelectrophoresis，prOteinswere  

stainedwithsilver－Stainkits（WakoPureChemト  

calIndustryLtd）．  

RESULTS  

Thel柏alleles of cultivars examined were  

unambiguouslyidentifiedbythe2D－PAGE pat－  
ternQfWxproteinsandclassifiedintofivetypes  

of TabIel．CS，Ku】in，Wadua】and Wawawai  

producedalIofthethreeWxproteins－ Kanto82  

wasdeficientfortheWx－AlproteinandBajfluo  

lacked the WxDlprotein，Of ule remai】一ing  

sevel】Cu】tivars，Kanto79andKantolO7produced  

onlytheWx－Dlprotein，andfourcultivarsfrom  
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Withintbetypeswasst川頭如ficant 

Table2．Thedeviationsforarnylosecontentofthe  
CUltivar5from CS．grpwnin the field and grく）Wth  
Qhamber  

（10nmg flour base）detでCted ol㌢er133cuItilrarS  

（Kurr〉daβ′祀7－，1989）．a王1dsugges餌〕gthatar也Ⅲnd  

20％ amyloseis thelowestlimit on a eultivar  

le、√el．A highly slgnificanf correlation of  

am）・】osec〔汀1tent WaSdeteetedbetween thefleld・  

grownandgrnwthchaml】erTllateri哉1s，i11dicating  

that amy】osecontentis genot）rpe－depeれde軋 A  

lar史epar〔ofgetleticl・aria血nl穐SeXplainedby  

thediffercncesbetwe巳nthefivea11eIetYPeSatthe  

I叛loci（Table 3）．′1、he鱒 jndicate that the  

Culti＼′ardi貼renceinamylo舵COll胞1tjsprim鮮ily  

und、erthec草【1trO】ofma毎rgenだ50rtheI挽l∝i．  

While only oT旭CultivaT With nul1WhAlb and  

血atwithnulll佐一βプムwereinclu（葦edirltheexp計ト  

ment，itlVaSClearthatthだe触ctsやfthetbreeI†u11  

芦Ile】esatthel枚locionredtICingamylosecontent  

ared汀ferent■ ThenullI抱－βヱ占reducedamyわse  

Cr）nten【即eatly compared to tbel使二A上島or也e∧  

l穐∠〃わalleles・These restll〔s agree．dlVitb耶r  

previousstudiesuslnganeuPIoidlinesandsingle－  

chromosome stlbstitutiunlines a，Vailable／in CS  

（Miura¢′〟′．，1渕4；MiuraaTldSugaw菩ra、19粥），  

The five cultivarslん－ith the 恥朗わallele，  

however，hadasignificalltVariationbyabout2％ 

ロfanlン・losecontent（1、ab】es2．3），SuggeStin宮地ata  

partofamylosesynthesisis affectedby酢netic  

backgroundorbythe／geneticfaetr）rSindependent  

Ofthe肋loci．Asmlal】butprac毎al（王ifferenご巳  

appe包丁e（】betlVeenlくu】jnandthreeeultivars，CS，  

WadualandⅥ「且WaWai，WOu】d alsosupl】Ort th主s 

hypothesis，SirlCethe／eXPreSSi別1厨theこWx pro・  

teillSⅥ7aS110r111a】aIlda】ikeinthesefollr（1山tilral■s．  

Furthermore，Whereas Kantn R2la（：kjn先 山e  

ll′「X－AlI）rOteinhadabout25％amylo芦e郡1dwas  

no亡differen亡from C≦；．Kallぬ1†Iこ7and K融1tり79  

Whichlack hl〕ththeWxr＾1and Wx・BlproteirlS  

exIHbited thelowestamyloちe COntent Pf aT〔〉und  

20％・1、I－is redl－Ctiomby5％wasllUt eXplained  

by 止e s（）le eff虻t nf the 一極一朗ゐ．Henceit  

appeared that a c（〉mbi雨derfect ofれI111勒一風拍  

with 肋一月7みon reducing声m）rIpse content was  

llQt additjve．   

Cultivars  ne、・i叫on＄fromCS（％）  

Fie】d  Gr〔〉Ⅵrthchamber  

Kulin  】．22■  －1，20－  

W鱒du81  －0．2S  

lVawaWai  0．36  

琵arlt〔I、82  ∩．3月  0．6】   

eadoux  1．42暮  一1、∩9＊  

Eradtl  －2．朗一慮－  2．71＝●  

Gam、e†1y冴  －1．2D事  －1．1㌣  

丁Ⅰ嘩埴芦rd  －1．35■  一2．30■＊－  

PeIl孜ⅥraⅥra  －2．76＊ナ♯  －2．80＝－  

BaiI寸uo  0．97  2．25■＊疇  

Kar】tq79  4．23－≠■  5．04●…  

KaJ】tOltけ  4．15▲事象  5．87＝●  

CS  24．会9  25．18  

1頼㌔Si卯jficallLl）・diffeI■eiltfI■0ⅠⅥCSat山Ie5％arld  

仇1％良明1s．respecti＼rely 

Tabl83．AnatysISO†vari∂nCeO一号Mylo与8GOn七郎tof  
t鵬11GUltiva「sgrowninthefi01dandg「ow七hch8m・  
b8r  

1tem  df Meal】Squa絶s  

Cultivars，C 

おetlV（三eれtheI可なa11elピーypeS  

lVithinthe印なalleIetypes  

GrowthconditionsIG 

CX．G  

EIYdヂ  

10  ほ．460●韓†  

4  33．37宮－▼1  

6   3、，5171●  

1  け．37呂  

10   0．644  

44   0＿709  

＝Pくり．Pl，、…●Pくn．nOl 

DISCt†SSIOⅣ  

Variation for amylose coTltent betweeIlthe  

Cultivarsexamillセd☆asfrom about19血g tI）25  

mg perlnO11喝StarCh granules．Thi＄ al1110St  

e8汀倉島pQrldをd亡O the rang塗りf什olれ‡汁％tQ3t）％  
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とhfり牲βJ∂t〉7pe．  

A東川雨域卿那加  
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異なる劣性一極遺伝子をもつコムギ品種の  
アミロース含量の変異   

荒木悦子1・三浦秀穂l・渡部信義2・沢田壮兵1  

慣広畜産大苧作物科学講座  
（北海道帯広市稲田m  

3岐阜大学農学部  

（岐阜県岐阜市都戸）  

摘  要   

イネ科穀類の胚乳デンプンの特性を享、構成成分で  
あろアミロースとアミロペクチンの比率によって大  

きく変化する。弓借体コムギでは三つの肋座（l穐  

月」、l挽βJ、一物1仇けがコードするWxタンパク  

質がアミロース合成を司っている。．勒遭伝子のアミ  

ロース合成能力には差異があり、l穐一息g遺伝子の効  

果が最も大きい。   

本試験では、それぞれの劣性対立遺伝子がアミロ  

ース含量をどの程度低下させるか調査した。劣性対  

立遺伝子肋AJ占をもつ関東82号、劣性対立遺伝子  

l穐－βJあをもつCadQuX、、Eradu、Came畔a、HalT  

berd、PenawaⅥ7a、劣性対立遺伝子t穐－βJ占をもつ  

Ba【Huo、さらにl柏－A現とI佐βヱ∂をともにも  

つ関東79号と関東107号を用いた（Taも1el）ひ対照革  

樫七して3座とも優性対立遺伝子をもつCIⅥneSe  

Spri11g（以下CS）とKu】inを加えたゎ 叶お遺伝子型  

はWxタンパク貰わ＝次元電気泳動パターンから同  

定した。圃場と人工気象室で栽培、壁熟きせた種子  
の胚乳ヂンプンをオートアナライザーで比色定量し  

アミロース含量を推定した。供試した11品痙には薗  

場の材料で20．7～24．9％、人工気象室の材料で19．3  

％～25．2％の変異があった（Tab王e2）。環境間の高  

一l相関（「＝0．鋸、Pく0．01）から、アミロース含量  

は遺伝的支配を強く受ける形質であるといえる月関  
東嘗2号とBaiHlユ0のアミロース含量はCSより1～2  

％、敵月J座が劣性な5品種は1～3％低く、系統  
間の遺伝変異は大部分が肋魔の劣性対立遺伝子の  
違いで説明できた（Tab】e3）。肋一月Jきのアミロー  

ス含量を減少させる効果は、仲おAJ∂、勒－βヱあに  

比べ大きかった。しかし限り釘座が劣性である5品   
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僅聞の約2％の有意な変異や、CSとKtllinのアミロ  

ース含量の差異から、遺伝背景の影響や肋座以外  

の遺伝子効果が示唆された。さらに関東107号と関東  

79号のアミロース含量は20％程度で最も低く、二重  

劣性によるアミロース含量の低下が相加的でないこ  

とが示された。  

キーワード：アミロース含貴、品種間差異、コムギ、  

l粕遺伝子、Wxタンパク質   

帝大研報21（1998）：9～15   




