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OnethousandfivehundredrapeseedaccessionswerecollectedRomgenebanksinseveralcountriesandsur-
veyedfわrtheirseedtraitssuchasoilcontent,proteincontent,叫 acidcompositionandseedweight･Seed
chemicalswereanalyzedbynear-inB-aredreflectancespectroscopy(NIRS).An extensivegeneticvariation
existedamongaccessionsforallseedtraitsexamined.Theoilcontentrangedfrom24.7to56.9%,andthe

proteincontentrangedfrom617to36･6%･AhundredseedweightrangedfromO･13toO･70g･Thefauyacid
compositionsofgermplasmsalsovariedfrom2_6to9.2%ofC16:0(palmiticacid),0.3to70.2%ofC18:1
(oleic),10.3to28.9%ofC18:2(linoleic),4.8to15.3%ofC18:3(linolenic),0to10.5%ofC20:1(eicosenoic)

and0to59.6%ofC22:1(emcic).Theoilcontenthadstrongnegativecorrelationwithproteincontent(r=
-0.848).However,itdidnothaveanycloseco汀elationswithothertraits.Whenthegeneticstabilityofseed
traitswasexaminedbycomparisonbetweenoriginalseedsandself-pollinatedseeds(SISeeds),higherpos-

itiveandsignificantcorrelationcoefrlCientsbetweenoriginalseedsandSISeedswerefoundinallseedtraits･
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IntrodⅦction

Rapeseed/canola(BrassicanapusL.),iWhichiscultivatedin
temperatezones,hasbecomeanimportantagriculturalcrop
intheworldoverthelastthirtyyearsandisnowtheworld's

thirdleadingsourceofvegetableoil.Rapeseedhasbecome
valuedforitsdiverserangeofuses.Rapeseedisusedfortwo
mainproducts:Oilandmeal.Thebreedingforseedquality
hascontributedtoimprovementinedibleoilandmeal,re-

sultinginthedevelopmentof'Canola'typerapeseedswith
zeroorlowemcicacidandlowglucosinolate.Besidesits

useasahighlynutritionalfわodoilandtheuseofresiduesafJ
teroilextractionforlivestockfeed,rapeseedoilalsopro-
videsindustriallubricants,soap,biodegradableplastics,and
biodieselfuel(KimberandMcGregor1995).Fortheutiliza-
tionofbiodieselasasubstituteforfossildieselfuel,increas-

1ngOilcontentinseedsisanimportantobjectofrapeseed
breeding.Geneticcontrolofseedsubstancessuchasoiland
proteincontentcouldhelpthebreedertoimprove也iscrop,
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Al血ougbsome(〕TLsandgenesinvolvedincontentofseed
substanceshavebeenreported(Delourmeetal.2006,Liet
al.2006,Zhaoetal.2008),littleisknownaboutthekeyfac-
tor(S)relatedtooilcontent.Ontheotherhand,geneticre-

sourcesarethebasisfわrtheimprovementofcropcultivars･

Brassiqacropspassthroughanextensivedifferentiationinto
anabu'ndanceofmorph-,physio-andchemotypesbecause
ofthecultivationinmanycountriesandtheirworldwidedis-

tribution(Beckeretall1999)･Abetterknowledgeofgen? -

typicvariationsofseedsubstancessuchasoilandproteln

contentand的 acidcompositionofrapeseedcouldhelp
thebreedertoimprovethiscrop.

Inordertoimprovethequantityandqualityofseedoil,it
isessentialtobeabletodistinguishthegeneticvariationof
storagecompounds･However,conventionalchemometric
analysingproceduresinoilandproteinareverycomplicat-
ed,time-consum lng,anddestructive,Near-infraredreflec-

tancespectrosco?y(MRS)hasbeenwidelyusedasafast
andnon-destmctlVealtemativeanalyticaltoolofbothraw
materialandfinalproductsinthefoodandagriculturalin-

dustries･Thequantita血veandqualitativetraitsofseedshave
beenanalyzedusingthismethodinmanycropsofcereals
andoilseeds(Charronetal.2005,Weinstocketal.2006)･In
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vùLhOlqtIS!LhOll91(putZuJhOJq'可〇℃Iq̀S!1t2tll̀sJOTO〇p99SJO

uo叩!112AtZpaA121ds!pstIOTSSa〇〇t!pal〇9TtO〇00gIJOSpaaS

S1.2VJJP∂aS

uO!SStt3S!qPuttSItTLSaⅦ

'('cIuIalnl!1StIIS∀S)0'8肌rⅦ1713oJd

J91ndⅦo〇atI13u!Z!t!1nIn°pa!JJtZ〇S甘血SISAlでmtlZ叩S叩lS

s.IsdIZ7uZ?lZ73.2jS.ZlDJS

'9〇u叩qlIO!S!〇91dAqpaJnStt9tLtSlt!瓜uOtSSa〇〇叩〇℃aJO

l申!9JhP99Sp9JpuntI9uO'EZ'9̀JOl〇12JuO!SJ9AuO〇ut910Jd-01

-Nt!Aqlu91uO〇NTT!101PautuJ919paqlBu!Atdt1TntLlAqp叩u

-!1S9StZJhP99S9qlJOlu91uO〇ut910Jdaqエ●pOWatHTJtZpt9.Fjl

Aqpau!tHJ919pSt!瓜aTdutZS9tIIJOltI91tIO〇Nt1210エ■tIO!1tulu9〇

-uo〇Naq1guIsAT12u1210JJap瓜OdauTJ1201PunOJ芳uatllpt柑

つ.oL叩p叩p-uaA0919瓜Sp99S̀S!SAlmt!u甲101dJOJSVi(Z661

9mJu9mOSputZ飢Ⅰ!uag)pJ叩ut!lSlt2tHaltI!ut2SでSpI〇℃〇IOuB

-〇apt21tI9d知IsnsJalSalAqlaup!〇12血t!JJOAtldBJ30叩ⅦOJtp

-stf宕J(qpamSで9tuS12瓜1t拾1uO〇lI09tllpt陀(̀6;61)J∂AG

puで申!帽二JOpOq19tu9ql018u!pJO〇〇12AtI血JBolt!ⅦOJtp

-st癌Aqp9ZAt12ut2919瓜St【OTl!sodtHO〇pI〇t!如丘:S血ot

117;ITqOエ
Z(9〇trelDsvsolt柑StIOyV

帥t(q)tZu甘〇)叩12tLtZ〇JOSa〇JnOS9甘au991tlt21dbⅦDd
(vsn)

90〔uI91SAsⅦst:tdtLua91u121dlt!tIO!ltZN-VGSnfsDdN

(put!luu

zzt耳̀Jt2utIaqù9p9JhS)耳u甘E3uaD｡!plONb往N

(sptI叩叩aN)spt柑1
6Lt-J9tIlaN9tP'S9〇lnOS9甘叩9u99JOJ9Jlu9〇!N93

9(tIt!dtzf)!tqtZS'Jq
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Fig.1.Frequencydistributionsofseedsweight,oilcontentandpro-
teincontentforrapeseedaccessionsexamined.

accessions,68.9%werehighemcicacidtype,22.0%were

zeroorlowerucicacidtype,and9.1% wereintermediate

type.ThecalibrationequationshowednegativeeruCicacid
valuesforsomeaccessionswhichwerezeroeruCicacidcvs.

ThesenegativevalueswereinterpretedasNIRSerrorsde-
finedasdifferencesbetweenestimatedandactualvalues

(velascoetal.1999).Zerodrlowerucicacidandhigholeic

acidcultivarshavebeenbredforedibleoilaomoldrape-

seedcultivars,whichcontainhigherucicacid.Incontrast,

Table2.Geneticvariationofseedtraitsin1500rapeseedaccessions

Seedtraits Range Mean

Hundredseedweight(g)
Oilcontent(%)

Proteincontent(%)

PalmiticacidC16:0(%)

01eicacidC18:1(%)

LinoleicacidC18:2(%)

LinolenicacidC18:3(%)

EicosenoicacidC20:1(%)

EmcicacidC22:1(%)

0.13-0.70
24.7-56.9
6.7136.6
2.619.2
0.3-70.2
10.3-28.9
4.8-15.3
0-10.5
0*-59.6

4
3
6
7
0
0ノ
2
3
7

0

3
4
′LU
O
5
8
′LU
1

4
2

3
1

3

*hcludedminusvalue.

highereruCicacidcultivarsareusedforindustrialfeedstock

Accessionsofwithhighestcontentsofoilandimportant

two的 acids,oleicacidandemcicacid,andheaviestseed

weightidentifledinthisstudyareshowninTable3.

Relationshli?samongseedtraits

Fig.2showsthecorrelationcoefficientsamongseedtraits

analyzed.Seedweightwasnotcorrelatedwithallseedstor-

agecomponents(r--0.200I0.274).Astrongnegativecor-

relationexistedbetweenoilandproteincontent(rニー0.848).

Suchanegativeco汀elationbetweenoilandproteincontents

inseedshasbeenwidelyreportedinrapeseed(Gramietal.
1977)andsoybean(BrimandBurton1979,Charronetal.

2005),suggestingthatseedoilincreasesattheexpenseof

proteincontentcauslngCOmpetitionofcarbonsource.Both

oilandproteincontentsdidnotshow血ehighpositiveand

negativecorrelationswitheachfattyacidcontent,thoughoil

contentslightly positively correlated with oleic acid

(r=0.382).Suchpositivelyrelationshipsbetweenoilcon-

tentandoleicacidwerereportedinArabidopsis(Hobbset

al.2004)andrapeseed(Zhaoetal.2008).Zhengetal.
(2008)reportedthatoilcontentandoleicacidarecontrolled

byDGATl,whichisconsideredakeydeteminantofoiland
oleicacidcontentsinmaize.

Am pngfattyacidcomposition,thehighestnegativecor-
relationwasfoundbetweenoleicacidandC20-C22fattyac-

ids,eicosenoicacid(r--0.935)anderucicacid(r--0.948).

Ontheotherhand,thehighestpositivecorrelationcoefFl-
cientwasfわundbetweeneicosenoicacidandemcicacid

(r-0.900).PalmiticacidwaspositivelycorrelatedwithC18

fatty acids(oleic,linoleicandlinolenicacids)(r-0.659I

0.775).Generally,therewerenegativecorrelationswhich

Table3.Listoftopfiveaccessionswithhighcontentsofthreeseedcompositionsandheavyseedweightinrapeseedgermplasmexamined

Oilcontent Oleicacidcontent Erucicacidcontent 100seedweight

Heimer(NBG)
Teddy(NBG)
Barsic'a(NPGS)
C血ang(NBG)
Impala(NBG)

Andor(NIAS)
Doubleol(CGN)
Lergo(NIAS)
Booster(NBG)
Collo(CGN)

Weibulls506(NIAS)
Ka322(NIAS)
MinamiKyushu5(NIAS)
Regal(NIAS)
Nu51627(NPGS)

Quingyou2(NIAS)
Everest(m G)
Ningyou8(NIAS)
Tohoku79(NIAS)
202-23(NIAS)

():Geneticresources.TheywerereferredtoTable1.
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Seedweight0.274 0.090 0.003 0.241 0.049 0.200 -0.200 -0.180

準 -. Oil -0.848 0.039 0.382 -0.052 0.181 -0.230 -0.006

LI療 : 駕 Protein 0.062 -0.032 0.286 -0.105 -0.116 -0.049

汁& J..-.16:0 0.659 0.775 0.695 -0.629 -0.753＼ご

･麻 .I.;.;@ 1敷 .18:1 0.640 0.604 -0.935 -0.948

& :-.庵 _蘇 蘇 @ 18:2 0.369 -0.655 -0.768

.& ,--.儀 -..._I.i 18:3 -0.624 -0.605
■l

A-.:..@ 臥.I軒 ㌔ .I-I..% -iF:.'20:ll0.900

･-;.3% 静 .5-喜i:..;.I.....㌔ 7% :% ,.-...♂ 22:1

Fig.2.Relationshipsamong9seedtraitsexaminedin1500rapeseed
accessions.Figuresoftheupperrightshowcorrelationcoefficients
amongseedtraits.Thelowerle氏shows36scatterdiagramsof1500
accessionsamongseedtraits.Thecorrelationcoefficientsbetween100
seedsweightandotherseedtraitswereexaminedin1457accessions.

existedbetweenC16-18fattyacidsandC20122ones.Kumar

andTsunoda(1980)foundnegativecorrelationsbetween

thelong-chainfattyacidsandtheC16-18fattyacids.Itis

knownthatoleicacidisthemainprecursorforerucicacid

biosynthesisviaanelongationprocessin血edeveloplng

seedofrapeseed･Ourresultsshowednocontradictionwith

thepathwayinfattyacidbiosynthesis.

GeneticstabiliO,ofseedtraits

Usingthirty-eightaccessionsrandomlyselected&omthe

gemplasmcollected,thegeneticstabilityofseedtraitswas

examinedbycomparlng也eoriginalseedswi血theSISeeds･

HigherpositiveandsigniflCantcorrelationcoefficientsbe-

tweentheoriginalseedsandSISeedsareshowninallseed

traits(Table4).Correlationcoefficientsofseedweight

(r-0,611),Oilcontent(r-0.677)andprotein content

(r-0.689)weregenerallylowerthanthoseoffauyacids

(r-0.976-0.680).Theseresultsareduetothefactthatthe

formertraitsarequantitativetraits,whichareaffectedbynot

only genetic factor(S)butalso environmentaleffects

(MendhamandSalisbury1995).Forexample,highoilcon-

tentlinesofodginalaccessionsdidnotshowsuchahighoil

contentinSlgeneration,al也oughlow oilcontentlines

showedlowoilcontent(Fig.3).Itwasreportedthatoilcon-

tentoftheplantsgrowninthegreenhousewaslowerthan
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Fig.3,RelationshipofoilcontentbetweenorlglnalseedsandSISeeds
in38rapeseedaccessions.

thatinthefieldCWeselakeetal.2008).Ourresultsarein
agreementwiththisreportHighercorrelationsofeachfatty

acidareconsideredtobeduetothelargeeffectofgenetic

controlonbiosyn血esisof的 acids.

Alargegeneticvariationinstoragecompoundsandseed

weightwasrevealedin1500accessionsofrapeseedge--

plasm.Maximumandminimumvaluesofseedstoragecom-

poundweresometimesbeyondthoseofpreviousreports･

ThismaybeinterpretedasduetoNIRSerrorsbetweenesti-

matedandactualvaluesorconsideredtobeaspecies-

identiflCationerrorofaccessionscollectedasB.napus.Wh en

wegrewapartoftheseaccessions,Wefoundmisidentified

materialsasotherspeciessuchasB.rapaandB.juncea.Of
course,weexcludedsuchmaterials丘omouranalysis,how-

ever,itcouldbenotdeniedthataveryfewotherspecies

existbesidesB･napusingermplasm analyzed･Although

也ereissomeincorporationofsuchmaterials,血epresent

datashouldbeusefulforrapeseedbreedinglnimprovlng

quantity andqualityofseedsaswellasgeneticstudiesof

traitsexamined.Inordertoidentifythefunctionaldifferenc-

esbetweenhighoilcontentandlowoilcontentlines,gene

expressionanalysisuslngmicroarrayanalysisiscurrently

beingcamiedout.

Table4･CorrelationcoefficientsbetweenoriginalseedsandSISeedsineachtrait

seedweight Oil Protein Palmiticacid Oleicacid Linoleicacid Linolenicacid Eicosenoicacid Erucicacid

0.611** 0.677** 0.689** 0.804** 0.864** 0.788** 0.718** 0.680** 0.976**

**SigniflCantat1%level.
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