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WedescribeamodifiedmethodfortypingapolymorphicmicrosatelliteD12S391locusbyPCRusing
anewlydesignedprimerpair.ThisprimerpairproducesshorterD12S391amplifiedfragments(104-
156bp)thantheprimerpairoriginallydescribedbyLareu .(209-261bp).Thedetectionsystem
fortheD12S391locususingthenewprimerpairandcapillaryelectrophoresis(CE)analysiswas
evaluatedusingvariousforensicsamples.Thetypingresultsfrom70DNAsamplesusingthenew
primerpairandtheoriginalprimerpairwerecompletelyidentical.Onehundredtwenty-five
amplifiedfragmentsfromD12S391allelesweresizedcorrectlywithin±0.25bpoftheD12S391allelic
ladder.Arareallele,19.3,previouslyfoundonlyinCaucasians,wasfoundforthefirsttimeina
Japanesesubject,anditwasclearlydistinguishedfromallele20bytheCEanalysis.Thisdetection
systemwassensitiveandcoulddetectD12S391typesfrom16pgofgenomicDNA,andfromaminor
componentataratioof1:10inmixedsamples.Thissystemwasmoreusefulfortheanalysisof
degradedDNAthanwasthemethodusingtheoriginalprimerpair,andcoulddetectD12S391types
frombloodstainsthathadbeenstoredfor26years.Inaddition,thespecificityofthemethodwas
demonstratedusingnonhumanDNA.
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F orDNAtypingfromforensicbiologicalevidence,
inwhichtheDNAisoftendamaged,thedetection

ofshorttandemrepeats(STRs)usingpolymerasechain
reaction(PCR)iseective,sincethefragmentstobe
amplifiedareshort［1-4］.STRtypingmethodsgenerally
useproductseparationbyslabgelelectrophoresiswith
detectionbysilverstainingorlabelingwithfluorescent
dyes.Recently,capillaryelectrophoresis(CE)analysis,
whichprovidesrapidity,highresolutionandprecision,
hasbeenshowntobeusefulfortheseparationofamplified

fragments［5-7］.Wepreviouslyreportedthepolymor-
phismoftheD12S391microsatellitelocusandtheallele
frequencyinaJapanesepopulationsample［8］.This
locusshowedacompoundSTRconsistingofa4-base
repetitionbasedon(AGAT)n(AGAC)m(AGAT)l.Four-
teendierentalleles,whichweredesignatedallele15to
allele28,ranginginsizefrom209bpto261bp,were
detected.Inthepresentstudy,wemodifiedthePCR
reverseprimerinordertoobtainshorteramplifiedfrag-
ments(104-156bp).Inordertotestthisnewprimerpair
intheexaminationofforensicbiologicalevidence,we
haveevaluateditforaccuracy,sensitivity,reproducibility,
speciesspecificityandforapplicationsinmixedsamples,
degraded samples and aged bloodstains, using
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fluorescence-basedCEanalysis.

MaterialsandMethods

Bloodsampleswereobtainedfrom70unrelated
Japanesedonors.Semen,buccalswabsandhairroots
wereobtainedfromvolunteersofknownD12S391types.
Samplesof10organsortissues,i.e.,thecerebrum,
heart,lung,spleen,liver,kidney,pancreas,muscle,
skin,andblood,wereobtainedfrom2autopsiedbodies.
Bloodstainswerepreparedoncottonclothbyspotting10
μlaliquotsofabloodsample.Forthestudyofaged
bloodstains,three2cm piecesofbloodstainedcloth
preservedinthedarkatroomtemperaturefor26years
wereused.Thebloodormusclesfrom12kindsof
animals,i.e.,gorilla,chimpanzee,crab-eatingmonkey,
pig,goat,sheep,cow,horse,rabbit,dog,cat,chicken,
pigeon,rat,andmouse,werecollected.DNA was
obtainedbystandardproteinaseK/SDSlysisfollowedby
phenol/chloroformextractionandethanolprecipitation.
ForDNA extractionfrom semen,dithiothreitolwas
addedtothelysisbuer.DNAquantificationwascarried
outusing aDU-640 spectrophotometer(Beckman
Coulter,Inc.,Fullerton,CA,USA).

Thenew PCR
primerpairusedforthisstudywas:

forward primer:5’-AACAGGATCAATGGAT
GCAT-3’

reverse primer:5’-CCTCTAATAAATCCCCT
CTC-3’

Theforwardprimerwasthesameasthatdescribedby
Lareuetal.［9］.Thereverseprimerwasnewly
designedbasedontheD12S391sequencedepositedin
GenBank(accessionnumberG08921).Theforward
primerwaslabeledatthe5’-endwithHEX(Applied
Biosystems,FosterCity,CA,USA).Theamplification
mixtureconsistedof1to10ngofgenomicDNA,each
primerat0.1μM,eachdNTPat0.2mM,0.02U/μl
AmpliTaqGoldDNApolymerase(AppliedBiosystems),
10mMTris-HClpH8.3,50mMKCl,1.5mMMgCl,
0.001 (w/v)gelatinand0.2μg/μlBSAina10μlfinal
reactionvolume.Theamplificationparametersforthis
systemwere:afterpre-denaturationat95°Cfor10min,
denaturationat94°Cfor45sec,annealingat54°Cfor60
sec,extensionat72°Cfor60secfor32cycles,anda
finalpost-extensionincubationat72°Cfor60minina
GeneAmp2400thermalcycler(AppliedBiosystems).

Capil-
laryelectrophresisusinganABIPRISM 310Genetic
Analyzer(AppliedBiosystems)wasemployedforthe
detectionofamplifiedD12S391fragments.To2μlofthe
amplifiedproduct,0.63μlofacarboxy-x-rhodamine
(CXR)fluorescentladder(Promega,Madison,WI,
USA)asaninternalsizestandardand8μlofdeionized
formamidewereadded.Themixturewasdenaturedat95
°Cfor2min,thencooledinanice-waterbath.Amplified
productswereinjectedfor2secat15kVintoa47cm
capillaryfilledwithPOP4polymer(AppliedBiosystems).
Separationswererunat15kVfor22minat60°C.The
resultwasanalyzedwith310GeneScansoftwareversion
2.1(AppliedBiosystems).Sizingprecisionstudieswere
conductedbyanalyzingahomemadeallelicladderconsist-
ingof14sequencedalleles(15-28repeats).Theallelic
ladderwasmadebymixingreamplifiedPCRproducts
from14sequencedalleles,namelyalleles15to28.
SequenceanalysisofthePCRproductswasperform-

edusingforwardandreverseprimersasdescribedina
previousreport［8］.

ThegenomicDNAsam-
plesusedwereaK562ControlDNA(Promega)thatwas
homozygousforallele23and2othersamplesthatwere
heterozygousforalleles16and17,andalleles21and26,
respectively.AmplificationofD12S391alleleswasper-
formedfrom serialdilutions(1ngto8pg)ofthese
samples.

DNAsamplesfromapairof
individualswithalleles21/26and16/17(modelA)were
mixedattheratios1:1,1:3,1:5,1:10,1:20,1:30,
1:40,and1:50,holdingthetotalamountofgenome
DNA constantat1ng.MixedDNA samplesfrom
anotherpairofindividualswithalleles18/25and15/21
(modelB)werepreparedinthesamemanner.

Bloodstainson
thecottoncloths(alleles18/20)wereartificiallydegraded
byheatingthemat150°Cfor0-10h.ThegenomicDNA
extractedfromthebloodstainsateachtimepointwas
analyzedbyagarosegelelectrophoresis,andaliquots
containingone-tenthoftheextractwereamplifiedusing
thenewprimerpairandtheoriginalprimerpair［9］.

Results

ThedetectionsystemwithPCR
wasabletoperformD12S391typingusingthisnew
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primerpairandCEanalysis.Fig.1showsanelectro-
phoretogramdisplayinganallelicladdercontainingatotal
of14sequencedalleles.Thetypingresultsofthe
D12S391locus,from allele15to25andallele27,
obtainedfrom70DNAsamplesusingthenewprimerpair
werecompletelyidenticalwiththoseobtainedusingthe
originalprimerpair.Thecorrespondingdeviationsin
sizingfor125amplifiedD12S391fragmentsexceptfor
alleles25to28weredeterminedtobe＜0.25bpforeach
correspondingalleleintheallelicladder(Fig.2).The
maximumvalueofonestandarddeviationwas0.081bp,
andtheminimumvaluewas0.025bpineachofthe
examinedalleles.Inthisstudy,weobservedanamplified

fragmentthatisapproximately1basepairshorterthan
thatofallele20.Thefragmentwasidentifiedbysequence
analysisasallele19.3havinga(AGAT) (GAT)
(AGAT)(AGAC)(AGAT)repeatstructure.This
allele19.3couldeasilybedistinguishedfromallele20
usingCEanalysis(Fig.3).IntheCEanalysisofthis
locus,astutterpeakwasobservedasaweakpeakone
repeatunitsmallerinsizethanitsassociatedallele(Fig.
4).Whenthestutterpercentageswerecalculatedby
dividingtheheightofastutterpeakbytheheightofits
associatedpeakin99amplifiedD12S391fragments,the
longeralleleshadahigherstutterpercentagethanthe
shorteralleles(Fig.5).Thispercentagerangedfrom
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Fig.2 ResultsofsizingprecisionexperimentsinthepresentD12S391typing.TheX-axisrepresentsthenumberofrepeatsofalleles
containedintheallelicladder.Dotsrepresentthecorrespondingdeviationinsizingobtainedfor125typedalleles.

Fig.1 ElectrophoretogramsoftheD12S391allelicladdercontainingatotalof14allelesanalyzedusingABI310Geneticanalyzer.“RFU”
represents“relativefluorescenceunits”.PeaksmarkedwithasterisksarethoseoftheCXRfluorescentladder,usedastheinternalsize
standard.

231



3.77 forallele14to17.07 forallele27.
The

amplifiedfragmentsfromsamplescontaining16pgof
DNAwereclearlytypableinK562controlDNAandin
asamplewithalleles16/17,withpeakheightsofapproxi-
mately100relativefluorescenceunits(RFU)orgreater.
Moreover,theamplifiedfragmentsfromasamplewith
alleles21/26andcontaining63pgofDNAwerealso
clearlytypable.Whenapeakheightvalueof300RFU
wasusedasthethreshold,thetypinglimitswere63pg

fortheK562controlDNA,63pgforthesamplewith
alleles16/17and250pgforthesamplewithalleles21/
26ofDNA,respectively,inthesesamples.DNA
extractedfromthesemen,buccalswabs,andhairroots
of2volunteerswereexamined,andthesameD12S391
typeswereobtainedfrom eachsampleforthesame
individual.ForDNAextractedfromautopsiedbodies,
theD12S391typesobtainedfromthecerebrum,heart,
lung,spleen,liver,kidney,pancreas,muscle,skin,and
bloodwereidenticalforthesameindividual.

Fig.4 StutterpeaksobservedintheCEanalysisoftheD12S391
locusfromaDNAsamplewithalleles21/24.Arrowsindicatestutter
peaks.“RFU”represents“relativefluorescenceunits”.

Fig.5 Stutterpercentagesdeterminedfor125amplifiedfrag-
mentsoftheD12S391locus.TheX-axisrepresentsthenumberof
repeatsofallelescontainedintheallelicladder,andtheY-axis
representsthepercentageofstutter.

Fig.3 Separationofalleles19.3and20,whichdierinsizebyonly1nucleotide.Asample(gray)withallele19.3andanoverlappingallelic
ladderaredisplayedinthesamewindow.“RFU”represents“relativefluorescenceunits”.AsterisksindicatetheCXRfluorescentladder.
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Using a threshold of
100RFU,thelimitsofdetectionformixturesofsamples
were1:30(whentheminorcomponentwas16/17)or1:
10(forminorcomponent21/26)inmodelAand1:20
(forminorcomponent15/21)or1:10(forminorcompo-
nent18/25)inmodelB(Fig.6).Usingathresholdof
300RFU,thelimitsofdetectionwereall1:5inmodelA
andmodelB.

Usingathreshold
of100RFU,typingwassuccessfulforsamplesheatedfor
upto6h(Fig.7B),althoughagarosegelelectrophoresis
showedhighlyadvanceddegradationofthesampleDNA
(Fig.7A).Usingathresholdof300RFU,typingwas
successfulforupto4hofdegradation.Ontheother
hand,typingwiththeoriginalprimerpairwassuccessful
onlyupto3hofdegradation(Fig.7C),evenwitha
thresholdof100RFU.

Oneone-hundredthofthe
genomicDNAextractedfrom2cm bloodstainsthathad
beenstoredfor26yearsinthedarkwasusedforthe

amplification.Twofragmentpeaksconsideredtoindicate
heterozygositywereseenintheamplifiedproductsfrom
eachof3bloodstains:15/18fromsampleA,20/21
fromsampleB,and18/20fromsampleC(Fig.8).

DNAsamplesfromthe
remaininganimals,exceptforthosefromagorillaanda
chimpanzee,didnotshowanydetectableamplifiedfrag-
ment.TheDNAsamplesfromthegorillaandchimpanzee
producedonlyonepeakeach.Thepeakobservedinthe
gorillasamplecorrespondedtoasizewithintheallelic
ladder.Sequenceanalysisoftheamplifiedfragments
showedthatthegorillafragmenthadthesamesizeas
humanallele23(136bp),butadierentrepeatmotif,
(ATAT) (AGGT) (AGAT) (AGAY) (AGAC).
Thesequenceinthechimpanzeeshoweda(AGAT)
(AGAC)repeatmotifwithasizeof84bp,whichwas
shorterthananyknownfragmentsizeinhumans.

Fig.6 D12S391typingofmixturesofDNAsamplesinmodelB.TwoDNAsamples,alleles18/25andalleles15/21,weremixedtogether
indierentratios,30:1－1:20,priortoamplification.TheX-axesindicatethebasepairsizeoftheamplifiedfragments,andtheY-axes
indicaterelativefluorescenceunits(RFU).
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Discussion

InPCRdetectionofSTRs,theamplificationof
shorterfragmentsismorelikelytobesuccessfulthanthat
oflongerfragmentsinthedegradedforensicDNAsam-
ples.TodetecttheD12S391locus,Riccietal.［10］
constructedandevaluatedaprimerpairthatproduced
shorterfragments(125-173bp,alleles14-26)thanthe
originalprimerpairdescribedbyLareuetal.(209-253
bp,alleles15-26)［9］.Theresultsforthedetectionof

theSTRinforensiccaseworksamplesusingtheirprimer
pairwerelittlebetterintermsofsensitivitythanthose
usingtheoriginalprimerpair.Ournewprimerpairwas
designedtoimproveforensicpracticebyamplityping
fragmentsthatareshorter(104-156bp,alleles15-28)
thanthatamplifiedbytheprimerpairofRiccietal.［10］.
PCRusingthisnewprimerpairsuccessfullyamplifiedthe
D12S391fragments.For70DNAsamples,thetyping
resultsobtainedusingthenewprimerpairandthose
obtainedusingtheoriginalprimerpairwereincomplete

Fig.7 D12S391typingofbloodstainswithalleles18/20heatedforvariousperiodsat150°C.Thedegradationateachtimepointwas
evaluatedbyelectrophoreticanalysis(A)using1.5%agaroseforseparationandethidiumbromidefordetection.DNAfromeachhourorthe
100base-pairladdermarkers(M)wereloadedontoeachlane.Comparisonofelectrophoretogramsobtainedwiththenewprimerpair(B)and
thoseobtainedwiththeoriginalprimerpair(C).TheX-axesindicatethebasepairsizeoftheamplifiedfragments,andtheY-axesindicate
relativefluorescenceunits(RFU).
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agreement.AllallelesobservedbyCEanalysiswiththis
newprimerpairweresizedcorrectlywithin±0.25bpof
theassociatedallelesintheallelicladder.Gilletal.［11］
proposedthatallelescanonlybescorediftheyarewithin
0.5bpofaputativeallelicladder.Arareallele,19.3,
withan incompleterepeat, previously detected in
Caucasians［12］butnotinJapanesesubjects,was
detectedinaJapanese,andthisallelecouldbeclearly
discriminatedfromallele20inthepresentstudy.A
stutterpeakisgenerally4basesshorterthanthemain
allelepeakinatetranucleotiderepeatlocus［13,14］.
Therefore,inforensicDNAanalysis,inwhichmixed
samplesareencountered,recognizingthecharacteristics
ofthestutterpeakisimportant.Meldgaardetal.［15］
characterizedthestutterpeaksin14STRloci,andfound
thatthestutterpercentagefortheD12S391locuswas
highcomparedwiththatoftheotherSTRloci.Itwillbe
necessarytoexamineforensicsamplescarefullywhen
analyzingthislocus,sinceithashighstutterpeaksinthe
presentstudy.Thedetectionsystem usingthenew
primerpairwashighlysensitive,withadetectionlimitof
16pg,whichisroughlyequivalenttoafew cells.
However,wemustbecarefulofalleledropoutduring
PCRamplificationfromasmallquantityofDNA［16］.

Whenthetypingwascarriedoutformixedsamples
containingatotalof1ngofgenomicDNA,theminor
componentcouldbedetectedinmixturescontainingat
leasta1:10ratioofthatcomponentatathresholdof
100RFU,andthusthequantityoftheminorcomponent
wasabout90pg.Usingathresholdof300RFU,the
minorcomponentcouldbedetectedinmixturescontaining
atleasta1:5ratiooftheminorcomponent,i.e.,about
170pg.Wallinetal.［17］examinedSTRsitesusing
totalamountsof1ngor5ngofgenomicDNAfrom
mixedsamples,andshowedthatthedetectionlimitsof
theminorcomponentwere1:10in1ngand1:30in5ng.
Ontheotherhand,theCEanalyzerissuchthatthe
longertheinjectiontimeofthesamples,thehigherthe
fragmentpeakthatwasobtained.Thusitispossibleto
detectweakpeaksfromaminorcomponent.Therefore,
detectionusingtheCEinstrumentshouldbeusefulfor
mixedsamples.However,inmixedsamples,peaksfrom
theminorcomponentmaybeconcealedbehindthestutter
peak.Insuchacase,sincethegreateststutterpercentage
observedwas17.07 inthepresentstudy,astutter
percentagegreaterthan20 mayindicatethatthepeakat
thestutterpositionisduenotonlytostutterbutalsoto
aminorcomponent.

Fig.8 D12S391typingof326-year-oldbloodstains.“RFU”represents“relativefluorescenceunits”.AsterisksindicatetheCXRfluorescent
ladder.
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Wallinetal.［17］reportedstudiesofthedetection
limitofthreeSTRlociinfragmentedgenomicDNAwith
DNaseI,whichservedasamodelofdegradedsamples
andenvironmentallystressedsamples.Theyfoundthat
thePCRproductyieldforthelociwasreducedin
proportiontothelengthoftheamplifiedproductasthe
DNA samplebecamemoredegraded,andthatthe
amplifiableproductsizeapproximatelyparalleledthe
extentofgenomicDNAdegradationshownbyagarose
gelanalysis.Weobservedsimilarresultsinourheat
degradationexperiments.Sincethefragmentstobe
amplifiedwereshort,only104bpto156bp,inournew
system,D12S391typingwaspossiblefromconsiderably
damagedDNA.Moreover,D12S391typingwaspos-
siblein26-year-oldbloodstainsusingthissystem.Thus,
theD12S391typingsystem usingnew primerpair
seemedtobemoreusefulforforensicsamplesthanthe
originalprimerpair,inwhichtheamplifiedfragmentsize
rangesfrom209bpto261bp.
Insamplesfrom12kindsofanimals,onlyonefrag-

mentfromagorillawaswithinthehumanallelicladder,
althoughitsbasicrepetitivestructurewasdierentfrom
thatofthehuman.Althoughthefragmentfromachim-
panzeehadthesamebasicrepetitivestructureasthatof
thehuman,thenumberofrepeatswassmallerthaninthe
humansamples.Inaninvestigationofspeciesspecificity
using9STRsthatwasperformedbyCrouseetal.［18］,
rhesus, orangutan, chimpanzeeand gorillaDNAs
showedbandswithinthehumanallelicladder,and
dierenttypesofbandswereseeneveninthesame
species.Itthusmaybenecessarytoexaminemore
samplesfromgorillas,chimpanzeesandotherprimatesin
ordertoprovethathumanandanimalsamplescanbe
distinguishedusingthissystem.
Fromthepresentfindings,weconcludedthatdetec-

tionoftheD12S391locususingPCRwithanewly
designedprimerpairfollowedbycapillaryelectrophoresis
wasusefulforforensicspecimens,especiallyforagedor
damagedsamples,becausethePCR-amplifiedfragmentis
short,andthusdetectionfrom degradedDNA was
possible.
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