
Breedi咽Science46:39-44(1996)

DetectionofTwoNewVariantsofSoybeanKunitzTrypsinInhibitorthrough
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Summary

InordertodetectmobilityvariantsofsoybeanKunitz

trypsininhibitor(SKTI)proteins,Wedevelopedalargeslab

gelmethod(18･5cm longX 14･5cm wide)ofelec-
trophoresis,andanalyzed173cultivarsofsoybeans(Gly･
cinemax)fromJapanandChina,and62populationsof
wildsoybeans(a.soja)CollectedfromalloverIwatePre-
fecture,Japan.Asaresultofthiselectrophoreticsurvey,
twonewmobilityvariantswerediscovered:avariantshow-

ingaslightlyslowermobilitythantheTiatype(tentative-
lydesignatedasTia-S)inawildsoybeanlineandanother
variantwithaslightlyfastermobilitythantheribtype
(tentativelydesignatedasTib･f')inacultivatedsoybean
varie匂,.Transmissibilityofthisvariationtoconsecutive

generationswasconfirmedbyparent-offspringtestsand

hyl)ridizationtestsusingthevariantsand/orthecommon

types.Isoelectricfocusing(IEF)testappliedtothesetwo
variantsrevealeddifferencesinthelocationoftheisoelet-

ricpointsinthegeLSignificanceofthesediscoverieswas
discussed.

Keywords:soybean(Glgcinemax),wildsoybean(Gly･
cinesoja),soybeanKunitztrypsininhibitor
(SKTI),electrophoreticmobilityvariant,fre-

queneydistributionofthealleles.

Introduction

Although soybean(Glycinemax)isanimportantcrop
withabout40% ofproteininseeds,theseedscontain

trypsininhibitorsaccountingforabout6%ofthetotal

protein(RackisandAnderson,1964).Theycaninhibit

thegrowthofsomeanimalsandcausepancreaticen-

largementtoacertaindegree(Struthersetal.1983).
Therefore,thetrypsininhibitorshave-,beenconsidered
tobeoneofthefactorsresponsibleforthelownutri-

tivevalueofunheatedsoybeans(WestfallandHauge

1948).Thetrypsininhibitorscanberoughlydivided

intotwoma]'orgroups,Kunitztype(Kunitz1945)and

Bowman-Birktype(Bowman,1946,Birk,1961,Birket
all1963).SinceSingh etal.(1969)observedapoly-
morphism ofthe soybean Kunitz trypsin inhibitor

(SKTI),correspondingtoTiaandTib,SKTIpolymorph-
ismhasbeeninvestigatedbysomeresearchers.

InaseriesofstudiesonthepolymorphismofSKTI,
fiveformshavebeenelectrophoreticallyidentified･Tia,
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Tib(Singh etal.1969),Tic(Hymowitz1973)andthe
slowestmわbilityform(ZhaoandWang1992)weredis-

tinguishedbasedontheirownmobility,andanother

form (ti)lackingtheSKTIwasreportedbyOrfand
Hymowitz(1979).ThepolymorphismofSKTIwasoften

usedasanindexforanalyzingthebotanicalorigin,dis-

semination(HymowitzandKaizuma1979,Kaizumaetal.
1980,Waneetal.1986),geographicaldiversification
(Kiangetal.1992,YuandKiang1993,HuandWane
1985)andphylogeneticrelationshipamongtherelated

speciesofsoybeanS(Nakamuraetal.1984).
Kimetal.(1985)revealedthatthereisalargesequ-
encedifferenceineightaminoacidresiduesbetweenTia
andTibproteinsandonlyonesmallsequencedifference
inoneaminoacidresiduebetweenTiaandTic.Usually,
theTiatypehasbeenconsideredtobetheprototype
fromwhichtheothertypeswerederived.Itisdifficult

toconceivethatsuchalargesubstitutioninvolvingeight
aminoacidresidues,likebetweenTicandTiboccurred
asasinglemutation.Suchalargesubstitutionofeight

aminoacidresiduesisconsideredtobebroughtthrough
theaccumulationofseveralmutationsfromTia.There-
fore,Someintermediateortransitionalformswithdif-

ferencesintwotosevenaminoacidresiduesmayoccur

amongcultivatedsoybeans,especiallyamongwildsoy-

beanS,becausethedifferentiationofTiaandTibmay
haveoccurredbeforedomesticationofcultivatedsoy-

beansfromwildsoybeans(Kaizumaetal.1980).
Uptonow,therehavebeennoreportsonintermedi-

atetypesamongtheknowntypes.TodetectsuchSKTI

types,Weusedalargeslabgelelectrophoreticanalysis.

The/Objectiveofthispaperwastoidentifynewmobility
variantsofSKTIanddescribesomeoftheirchemical

andgeneticproperties.

MaterialsandMethods

Plantmaterhtls

Theplantmaterialsusedノinthisinvestigationarelisted

inTable1.Onehundredandseventy-threesoybean(G.

甲aX)cultivarsfromChina(25cvs.)andJapan(148cvs.)
wereused.Chinesecultivarswerepartofthegerm-

plasm collectionpreservedattheInstituteofCrop

GermplasmResources,ChineseAcademyofAgricultu-

ralScienees,Beijing,whicharerepresentativeofthe

cultivarsgrowninthecentralareaofChina.Japanese

cultivarsoriginatedfromthegermplasmcollectionpre-

servedatlwateUniversity,whichwerecollectedfrom

alloverJapan.Severalseedsofeachcultivarwereused
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TIVOnelVVariantsinsoybeantl･ypSininhibitor

?extgeneration･Thesenewlydetectedvariantsarecon-
sideredtobeintermediatetypesbetweenTiaandTib.

IsoelectricPointsoftheSKTIProteins
TheisoelectricpointsoftheSKTIproteins(Tia,rib
andTic)wereasfollows:thoseofTiaandribwere
almostthesameandshowedrelativelyhighervalues

(morealkalirlerange),WhilethatofTicshowedacompar-
ativelylowervalue(moreacidicrange),asshowninFig.

5.Theisoelectricpointsofthetwonewlydetected

variantSKTIproteins(Tia-sandTib-i)Werelocated
differentlyintheIEFgel.Namely,theisoelectricpoint

ofthevariant(Tia-S)wasslightlylowerthanthatofthe
SKTI(Tia)andslightlyhigherthan thatoftheSKTI

(Tic).Ontheotherhand,theisoelectricpointofanother
variant(Tib-i)wasslightlyhigherthanthatoftheSKTI

(Tib)asshowninFig.5.Thus,thetestofIEF sug-
gestedthatthetwovariantsmaydifferintheamino
acidresiduesfromTiaandrib,respectively.

Evolutiona7ySigntfl'canceandproblemstobesolved
Asalreadymentionedintheintroductionofthispaper,

SKTIisoneofgeneticmarkersthathasbeenstudiedin

detailforgeographicaldistributionofallelesinsoy-

bean.Ofthefiveformsdetectedpreviously,Tiaandrib

aremostfrequentlyobservedinbothcultivatedandwild

soybeans(HymowitzandKaizuma1979,Kaizumaetal.
1980,HuandWang1985,Kiangetal.1992,Yuand
Kiang1993).Thehypothesesontheoriginanddissemi-

nationpathsofcultivatedsoybeanmostlystemfromex-

tensiveworkongeneticpolymorphism ofthemarker

(HymowitzandKaiztlma1979,Wangetal.1986).A
sequenceanalysisofaminoacidsrevealedthatTiaand
differineightaminoacidresiduestoeachother

(Kinetal.,1985).Thisleadstoaninterestingquestion
whatmechanismsareinvolvedinanevolutionarystep
TomThztoTiborviceversa,becauseitisnoteasyto
thatsuchalargesubstitutionmayresultfrom
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Fig･5.DifferenceslnlSOelectrlCpointsdifferencesbetween
SKTIpl･Oteins.Lanes1,5and9:MixtureofG.max.
MeshidoILGo71g503(Tin),NorinNo.2(Tlb)andRaiden
(Tl'C).Lanes2and4:G.soja1125(TLa-S).Lane3:G.max
MeshidouGong503(Tic).Lanes6and8:G.maxFuki
(Tl'bj).Lane7:G.177aXNorinNo.2(Tl.b).
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asinglemutation.Inthispaper,thegeneticvariability

ofSKTIproteinswasreevaluatedwithanewlydevised

method.Asaresult,twonewmobilityvariantswerede-

tectedinawildsoybeanpopulationcollectedinIwate

Prefectureandavegetablesoybeancultivar,respective-

ly,whichpossesseddifferentisoelectricpointsfrom

commontypesasTiaandTib.Sincethedifferentiation
ofmobilityvariantsofSKTImayhaveoccurredbefore

domestication ofcultivatedsoybean (Kaizumaetal.,

1980),theanalysisshouldthusbeenlargedtothewild

soybeansdistributedalloverEasternAsia,especially

fromChina,apossiblehomelandofcultivatedsoybean.

Inaddition,sequencesofaminoacidsforthenewlyde-
tectedvariantsshouldbedeterminedinordertoevalu-

atethephylogenyofSKTIproteinsandtherebydiscuss

theprocessofdomesticationofcultivatedsoybean.The

analysisforthesegregationdataisalsoneededtode-

terminetheinheritancemodeofthetwonewlydetected
variarltS.
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