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Microsatellitelociwereisolatedfromasize-selectedgenomiclibraryofPacificnortherntunaThzJ〃

"z‘s//ｉｙ"""sorje"/α/応,andPCRprimersetstoamplifyfourlociweredesigned・Investigationongenet-
icpolymorphismattheselociinthePacificnorthernbluefintunasample("＝35-40)revealedhigh 
degreeoflengthpolymorphismsinallloci,inwhichnumberofallelesperlocusrangedfrom8to23and 
observedheterozygosｉｔｙｆｒｏｍＯ､533ｔｏ1．TheseprimersetswereappliedtoAtlanticnorthernbluefin 

tuna7M.ｒﾉiy"""s,albacoreTXMJ/""gα,bigeyetunaTXobes"sandyellowfintuna7Xaﾉｂａａｚ/qal,detect-

ingpolymorphisminalllocicomparablewiththoseofPacificnorthernbluehntuna・Significantdiffer‐
encesintheallelefrequencywereobservedbetweenPacificandAtlanticnorthernbluefintunasamples・
TheseprimersetsdevelopedforPacificnorthernbluefintunaappearedtobeusefUlforamplifying 
homologousmicrosatellitelociintheother〃""""stunaspecies,andmayhavegreatpotentialasindi‐
catorsfOrgeneticvariabilitywithinandbetweensamplesoftunaspeciesofthegenusTh"""zJs， 

Keywords：microsatellite，Ｔﾉi""""stunaspecies，geneticvariability，populationgenetics 

Alltunaspeciesofthegenus71h""〃"sareimportantfor

commercialfisheries・Clarifyingtheirstockstructuremay
beveryimportantinfOrmationfOrproperstockassess‐ 

mentandmanagementstrategy・Moleculargeneticap-
proacheshavebeenavailableastoolsfOrinvestigatingfish 
stockstructure・Allozymeanalysishasbeenemployedfor
investigatingstockstructureofAtlanticnorthembluefin 

tunaT1h"""zJs伽"""３町""妬''2)andyellowfintunamaL
baczJ'9Ｇs.3)However,theseinvestigationshavefailedtohnd 
substantialgeneticdiHerentiationamonglocalsamplesof 
thesetunaspeciesbecauseofinsufIicientgeneticpolymor‐ 
phisminallozymegenemarkers・MitochondrialDNAana-

lysesrevealedlargegeneticdiHerentiationbetweenAtlan‐ 

ticandPaciiicnorthernbluefintunapopulations・
However，ｍｔＤＮＡａｎａｌｙｓｉｓａｌｏｎｅｈａｓｎｏｐｏｗｅｒｔｏcope 
withpopulationmixturenorcaｎｔｈｅｙｖerifywhetheralo-
calsampleisfromasinglepanmicticpopulation，Recent-
ly，nucleicmicrosatellitesconsistingoftandemarraysof 
di-，tri-，ortetra-nucleotidesequencesflankedbyregions 
ofuniqueDNAsequences9havebeenshowntobehighly 
polymorphicparticularlyinfish,）Microsatelhtesare 
amongthemostlikelytoconfirmwiththeassumptionof 
neutralityandhaveproveditspowerfOrdistinguishingge-
ographicallyisolatedsubpopulations､6)Fewstudieshave 
beencarriedoutonmicrosateUitevariationanalysisｏｆ 
〃""""sspecies(AtlanticnorthernbluefintunaⅢ〃"
"妬t/iﾘﾉ"""s).7）
Inthepresentstudy，wereporttheisolationof 

microsatellitelociofthePacificnorthernbluefintuna 

Tﾉ？""""卯/Zy""zJsorje"rαﾉZsandPCRprimersdesignedto

amplifythesemicrosatelliteloci・ThesePCRprimerswere

appliedtotheothertunaspeciesofthegenusThzJ"""s， 

andgeneticdifferentiationwithinspecieswasinvestigated． 

MaterialsgmdMethods 

ＦＺＳｈＳα'７２p肋α"αＤＭ４Ｐ'石ｐａｍｔｊｏ〃

Collectioninformationoffishsamplesusedarepresent-
edinTableLForconstructinggenomicDNAnbrary， 
highmolecularweightDNAsampleswereextractedfrom 

bloodofthreefreshPacificnorthernbluefintunacaught 
ofTJapan・crudeDNAsampleswereextractedfrom

frozenorethanol-preservedmuscletissuesofAtlantic 
northernblueｆｉｎｔｕｎａ７Ｘ〃"""ｓ〃"""s，albacoreTX

aﾉﾋJ/""gα,bigeyetunaTXobGgzJsandyellowfintunaTXaﾉbα‐ 

cα折Ｇ１・ThestandardSDS-phenol/chloroformprocedures8）
wereusedfOrbothtissues、ExtractedDNAweredisolved

inTEbufTerandstoredat4oCpriortoPCRanalysis． 

応o伽o〃ｑ/ＭｃｒｏＭＵ"ｊ伽介o"ｚＢﾉ"敏〃〃"α
AgenomiclibrarywasconstructedbyusingbasicaUythe 

sameprocedureａｓＴａｋａｇｉｅｒα/,9)Highmolecularweight 
DNAsamplesextractedfrom3individualsofPacific 

northernbluefintunawerepooled，digestedwithHnelll， 

Ｈ７"cllandRsaIandelectrophoresedonagarosegeLFrag-

mentsrangedbeｔｗｅｅｎ４００２ｎｄ２０００ｂｐｗｅｒｅｅｘｃｉｓｅｄａｎd 

subjectedtophenol/chloroformextractionThedigesteｄ 
ＤＮＡｓａｍｐｌｅｓｗｅｒｅｌｉｇａｔｅｄｉｎｔｏｔｈｅＳ"ｍＩｓｉｔｅｏｆＰＵＣ１８ 
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plasmidvectorwhichwasusedfortransformingDH5asionat72oCfor30s).Followingamplificationthesamplｅ 
ｓｔａｒｉｎｏｆＥ，ＣＯ〃、Positivetransformantswerescreeｎｅｄｗａｓｍｉｘｅｄｗｉｔｈａｎｅｑｕａｌｖｏｌｕｍｅｏｆdenaturingstopdye

with［32P]-1abeled（GT),ssyntheticoligonucleotide・Ｓｅ‐（Pharmacialnc.)，ｈｅａｔｅｄａｔ９５ｏＣｆＯｒｌ５ｍｉｎ，andelec-
quencingofpositivecloneswasperfOrmedby373DNAse‐trophoresedon8％polyacrylamidegel（7Murea，８％ 
quencer(AppliedBiosystemslnc.)usingan79dye-termi-acrylamide)Dryingongelsandautoradiographywereas 
natorcyclesequencingkit(Perkin-ElmerCetus,Norfolk）describedinSambrookeraﾉ.'0)A11elesofeachlocuswere 
withuniversalM13reverseandfOrwardprimers．sizedrelativetoaM13sequenceladder・'1)Designationof

lociandallelesweregivenbyfollowingtheabbreviated 

Detecrjo〃Ｃｌ/PolmoZp肱"、〕'ＰＣＲα"ｄＰＡＧＥ７ｅａｍｐﾉio‐scientificnameandfragmentsize､１２)Genotypefrequencies
ineachsampleateachlocusweretestedforconformityto ﾉ9ＧF応

ＰｒｉｍｅｒｓｗeredesignedtohybridizewithuniqueregionsHardy-Weinbergequilibrium13）usingArlequinversion 
Hankingthecoresequencesofthemicrosatellitesusing1.1.14)A11elefrequencieswerethenusedtocalculatepopu-
OligoTM（Ｎ・ＢＬＩｎｃ.)．Ｔｈｅｒｅｖｅｒｓｅｐｒｉｍｅｒｗａｓ５'end-lationpairwiseFSTsbyArlequinversion１．１ａｎｄＮｅｉ,s
labelledwith[γ32P]ＡＴＰ､PCRwascarriedoutusingaMJgeneticdistancel5)byPhylip-PCversion3､57c・'6）
Thermalcycler(MJresearchlnc.)．Ｔｈｅ６ｌｕﾉofreaction 
containedlOngoftemplａｔｅＤＮＡ,２．５川eachunlabeledReSults
primer，0.2s似M1abeledreverseprimer，１０ｍＭＴｒｉｓ－ＨＣｌ
(ｐＨ8.3)，１mMMgC12,５０ｍＭＫＣ1,0.01％gelatin，１．７５Ｄａｅｃｊｊｏ〃ｑ/McroMeﾉ"reLocM"αＣｅ"αｊｃｃﾉｶﾞl'ｅｌｍｙｊ〃
似MeachdNTPsandO､25unitof7tJ9Polymerase(AppliedjVorrﾉｉｅｍＢﾉ"賊〃Ｔ1M"α
Biosystemslnc.).ThePCRwasprogrammedfor7cycles Among41positiveclonesobtained，presenceof 

ofinitialamplificatiｏｎ(denaturationat94oCfOrlmin,an‐microsatellitewasdirectlyconfirmedinlOclonesbypar‐ 
nealingat52oCfor30s,andextensionat72oCfOr30s）tialnucleotidesequencing、ＡｍｏｎｇｌＯＰＣＲｐｒｉmersets
followedby33cyclesofsecondaryamplification(denatura‐designedtoHankthesemicrosatelUteregions,fragmentam-
tionat90oCfor3０ｓ,annealingat52oCfor30s,andexten-plificationwasobservedinsevenprimersets,andscorable 

andconstantamplificaｔｉｏｎｏｆＤＮＡｆｒａｇｍｅｎｔｓｗｅｒｅｏｂ－ 
tainedin4primersets・Thenucleotidesequencesof4setsTableLCatchlocality,dateandmeanforklengthofthetunaspe-
ofPCRprimerstoamplifythesefourgeneloci(designated ciesusedinthestudy 

７１ﾋﾟﾉio-I*,-ｲ*,-6*and-7*)arepresentedinTable2､Ahigh-

蝋R艶lypolymorphicprofileinaloCu$(nｶＭ叢)｡fPacifioAreasample （"）Date 

northernbluefintunaisshownｉｎＦｉｇ．１． 
Pacificnorthernbluefintuna Toestimatelevelsofvariationateachmicrosatellitelo-
OfTJapan(TosaBay）（48）Ｚ６ＪｕＬ－20.7±1.6 ｃus,threesamplesofnorthernbluefintuna(onePacific 

Z9Augl995 
andtwoAtlantic）wereanalyzedA11these41ociwere 

Atlanticnorthernbluefintuna 

（48）Nov._Decl9921932±44.9foundtobehighlypolymorphic,inwhichobservedheter-N．Ｗ、Atlantic

ozygosity(〃o)rangedfromO､538atTrﾉio-J＊ｏｆＮ.Ｗ・Ａｔ－（42Ｎ,52-63Ｗ） 
Mediterranean （39）Mar.-May1994Adults lanticsampletolat7Wio-7＊ofoffJapanandMediterrane-
（Messinastrait）ａｎｓａｍｐｌｅｓ（Table３)．Similarvariationswereobserved 

amongsamples,inwhichnho-6＊hadthelargestnumber Albacore 

E・Australia （32）４－７Ａｕ9．１９９３9.5±O5 ofalleles(１５ｔｏ23)followedbynho-7*and-ｲ*(１０tol5)， 
（18-20S,154-155E） 

ａｎｄｎｈｏ－Ｉ＊havingtheleastnumberofalleles(６ａｎｄ８)． 
Bigeyetuna 

（32）２６，２７ＪｕＬ１９９３２８１±4.0Nosignificantdiscrepancybetweenobservedandexpected OfTPhilippines 
numberofgenotypeswasobservedinallloci,aswellasbe-（CelebesSea） 

Yellowfintunatweenobserved（んo）ａｎｄexpected（ﾉie）heterozygosities・
OffPhilippines （32）２１sep199328.3±5.6Meanheterozygosity（ＨＯ）wasveryhighrangingfrom 
（celebessea）0.701ｔｏ0.865,andnolargediffferenceinthemeanheter-

Table２．Nucleotidesequenceandgeneticvariabilityoffour71h"""zｲsrhy"""smicrosatellitePCRprimers 

Ｓｉｚｅ 

(bp)*。
Ｎｏ．of 
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Hetero-

zygosity*ｃ 
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samples 
Annealing 
temp.＊ｃ 

Repeat 
motif*ａ Primersequence(5'-3')*ｂ Ｌｏｃｕｓ 
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ん
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、
ｎ
刀
刀

ＲＡＡＡＣＧＣＴＣＣＡＧＧＣＡＡＡＴＧＡＣ 

Ｒ：ＣＡＴＡＧＣＡＣＡＣＣＣＡＴＡＧＡＣＡＣ 

Ｆ：ＣＣＴＴＣＡＴＣＴＴＣＡＧＴＣＣＣＡＴＣ 

Ｒ：ＣＴＧＴＴＣＡＴＣＴＧＴＴＣＧＣＣＣ 

Ｆ：ＴＴＣＴＧＣＴＴＣＴＴＴＣＴＴＣＴＧＧ 

Ｒ：ＧＡＡＡＡＣＡＣＡＧＧＧＡＴＴＡＴＧＧ 

Ｆ：ＡＣＴＧＧＡＴＧＡＡＡＧＧＣＧＡＴＴＡＣ 

Ｒ：ＡＣＡＧＡＧＧＡＧＣＡＴＡＡＣＡＧＡＡＡＣ 

*a＝Corerepeatmotiffromclonedmh""""sZhy"""sorientalissequence． 

*b＝ＦａｎｄＲｒｅｆｅｒｔｏｆｏｒｗａｒｄａｎｄｒｅｖｅｒｓｅｐrimersequencerespectively． 

*c＝PCRannealingtemperatureswereoptimizedfOr77i"""zｲｓ'ん〕'""“ｏｒ花"、ﾉｉｓ．
*｡＝ＥｓｔｉｍａｔｅｄｓｉｚｅｏｆｔｈｅＰＣＲｆｒａｇｍｅｎｔｗhencomparedwithMl3sequencefragmenｔｅｓｏｆｋｎｏｗｎｌｅｎｇｔｈ． 

*e＝Estimatedheterozygosity． 
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ozygositywasobservedamongthesenorthernbluefintuna 
samples， 

AllelefrequenciesatthesefOurlociofthreenorthern 

bluefintunasamplesarepresentedinTable4・Allsamples
sharedthemostcommonalleleinalllocibutTtho-6*．Sig-
nificantdifferenceinallelefrequencieswasobservedbe-
tｗｅｅｎｔｈｅｏｆＴＪａｐａｎａｎｄＮ．Ｗ・Atlanticsamples
(凡T＝0.024,Ｐ＜0.001）andbetweentheofTJapanand
Mediterraneansamples(几T＝0.029,Ｐ＜0.001),whileno
significantdifferencewasobservedbetweenN.Ｗ､Atlantic 

andMediterraneansamples(凡T＝0.002,Ｐ＞0.294).Allele
frequencieswereusedtocalculategeneticdistancesbe-
tweeｎｓａｍｐｌｅｓａｎｄａＵＰＧＭＡｄｅｎｄｒｏｇｒａｍｗａｓconstruct‐ 
ed，showingcloserelationshipsbetweｅｎＮ．Ｗ・Atlantic
andMediterraneansamplesofAtlanticnorthernbluefin 
tunaanddistinctstatusofPacificnorthernbluefintuna 

samplesupportedbyconsiderablyhighbootstraｐｖａｌｕｅ 
(981ｏｕｔｏｆｌ,OOOrandomization)(Fig.２)． 
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AllfoursetsofPCRprimerswerefoundtosuccessfUlly 
amplifyscorablefragmentpattemsalsointheotherthree 

Fig.１．Microsatellitevariationin7Mo-6＊locusof71h""""srhy"""s 

orje"、ﾉﾊﾞs,ThesizestandardisasequenceladdｅｒｏｆＭ１３ｍｐｌ８．

Table３．Geneticvariabilityfor4microsatellitelocisurveyedfornorthernbluefintunausedinthestudy 

刀/io-I＊ TMo-ｲ＊ ｎｈｏ－６＊ ZMo-7＊ Ｍｅａｎ 

Pacihcnorthernbluefintuna 

OHJapａｎ Ｎｏ．ｏｆｓａｍｐｌｅｓ 

（TosaBay）No.ofallele 

Effectiveno・ofallele*l

Heterozygosity（Ｈｏ） 

（Ｈど）

（Ｈｏ/ＨＥ） 
Atlanticnorthernbluefintuna 

N．Ｗ・Atlantic Ｎｏ．ｏｆｓａｍｐｌｅｓ 

（42Ｎ,52-63Ｗ）No.ofallele 

Effectiveno、ofallele

Heterozygosity（ＨＯ） 

（Ｈｅ） 

（Ｈｏ/Hd 
Mediterranean No・ｏｆｓａｍｐｌｅｓ

（MessinaStrait）No.ofallele 

EfIectiveno・ofallele

Heterozygosity（ＨＯ） 

（ＩＩＥ） 

（Ｈｏ/Ｈｅ） 

(39） 

8 

2.13 

0.564 

0.531 

1.058 

(39） 
12 

5.29 

0.923 

0.811 

1.138 

(35） 
23 

13.16 

0.886 

0.924 

0.959 

(40） 
15 

8.62 

1.000 

0.884 

1.131 

14.5 

7.30 

0.843 

0.788 

1.072 

(39） 
6 

2.73 

0.538 

0.633 

0.850 

(38） 
6 

2.73 

0.684 

0.633 

1.081 

(38） 
10 

4.39 

0.684 

0.772 

0.886 

(38） 
12 

6.58 

0.921 

0.848 

1.086 

(39） 
21 

8.13 

0.744 

0.877 

0.848 

(34） 
15 

7.35 

0.853 

0.864 

0.973 

(37） 
15 

6.58 

0.838 

0.848 

0.988 

(36） 
12 

8.77 

1.000 

0.886 

1.129 

13.0 

5.46 

0.701 

0.783 

0.893 

11.3 

6.36 

0.865 

0.808 

1.067 

*'：＝1/(１－Ｈ２)． 
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Table４．（continued） Table４．Allelefrequencyfor4microsatelliteloci 

Northernbluefintunausedｉｎｔｈｅｓｔｕｄｙ 
Atlantic Pacific 
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Table5・Geneticvariabilityfor4microsatellitelocisurveyedfortunaspecieｓｕｓｅｄｉｎｔｈｅｓｔｕｄｙ

575 

刀/zo-I＊ ｎｈｏ－ｲ＊ 刀"0-6＊ Trho-7＊ Ｍｅａｎ 

Albacore 

E，Australia 

（18.-20゜S’154.-155.E）

Ｎｏ．ｏｆｓａｍｐｌｅｓ 

Ｎｏ、ofallele

Effectiveno，ofallele*’ 

Heterozygosity（ＨＯ） 

（ＨＥ） 

（Ｈｏ/Ｈｂ） 

(31） 
7 

3.62 

0.871 

0.724 

1.203 

(32） 

15 

7.14 

0.688 

0.860 

0.800 

(31） 
7 

2.34 

0.548 

0.573 

0.956 

(32） 
14 

8.93 

0.906 

0.888 

1.020 

10.8 

5.51 

0.753 

0.761 

0.995 

Bigeyetuna 

OfTPhilippines 

（CelebesSea） 

Ｎｏ．ofsamples 
NQofallele 

Effectiveno・ofallele

Heterozygosity（ＨＯ） 

（Ｈど）

（Ｈｏ/Ｈｂ） 

(32） 
12 

2.24 

0.563 

0.554 

1.016 

(31） 

10 

5.18 

0.806 

0.807 

0.999 

（16） 
22 

17.54 

1.000 

0.943 

1.060 

(26） 
18 

11.76 

0.923 

0.915 

1.009 

'5.5 

9.18 

0.823 

0.805 

1.021 

Yellowfintuna 

OfTPhilippines 

（CelebesSea） 

Ｎｏ．ofsamples 
Nqofallele 

EHectiveno、ofallele

Heterozygosity（ＨＯ） 

（Ｈｅ） 

（Ｈｏ/Ｈｂ） 

(31） 
7 

3.36 

0.581 

0.702 

0.828 

(25） 

９ 

４．４８ 

０．８８０ 

0.777 

1.133 

(23） 

5 

1.38 

0.217 

0.274 

0.792 

(24） 
16 

11.64 

0.792 

0.914 

0.867 

9.3 

5.22 

0.618 

0.667 

0.905 

*'：＝1/(１－日｡．

ｍｚｍ""stunaspecieswithoutmodifyingPCRcondition・

Highlypolymorphicprofilesinalocus(刀加-7*)ofthese
threespeceisareshowninFi９．３，andgeneticvariabilityin-
dicesatfOurlociarepresentedinTable5・Notablylow
variationwasobservedinnho-6＊ｏｆｙｅｌｌｏｗｆｉｎｔｕｎａｓａｍ‐ 
ple,inwhichthenuｍberofalleleswas5andobservedhet‐ 

erozygosity(んo)was0.217.Whereas,relativelytohighly
polymorphicpatternswereobservedintheotherlociofyel-
lowhntunaandinalllociintheotherspecies,ｉｎwhichob-

servedheterozygosity(AC)rangedfromO､548ａｔＴｒｈｏ－６＊ 
oｆａｌｂａｃｏｒｅｓａｍｐｌｅｔｏｌａｔｎｈｏ－６＊ofbigeyetunasample・
Meanheterozygosity(Ｈｏ)washighestinbigeyetunasam‐ 
ple(0.823)followedbyalbacore(0.753),andthatofyel-
lowfintunawaslowest(0.618)． 

cusrangingfrom2to5・Thus,itappearedthatmicrosatel‐

litelocimayharboramuchlargeramountofgeneticvaria-
tionthanallozymegenelocLExtremelylowgenetic 
variabilityofmicrosatelliteｓｓｈｏｗｎｂｙｎｕｍｂｅｒｏｆａｌｌｅｌｅ 
ａｎｄｈｅｔｅｒozygosityhasbeenreportedinendangeredspe-
cies19）andinbreedingpopulation2o)Thelevelsoflength 
variationsobservedinT1h""""stunaspeciesaremuch 

higherthantheseendangeredorinbreedingpopulations， 
andcomparablewiththosefoundinotherwildfishpopula-
tionssuchasAtlanticcod（Ｈｂ＝0.757)s),ｒｅｄｓｅａｂｒｅａｍ 
(ＨＣ＝0.849)，)，JapaneseHounder（Ｈｂ＝0.875)21)ａｎｄａｙｕ 
(ＨＥ＝0.784).'，)Therefore,thesetunaspeciesmaynotbe 
categorizedasendangeredorinbredspeciesatthegenetic 
variabilitypointｏｆｖｉｅｗ、

BroughtonandGold7）foundthatdifferencesbetween 
PacificandMediterraneannorthernbluefintunawerenot 

significantfortwolociTthl6and261nourstudy,ｗｅｏｂ－ 
ｓｅｒvedthelargergeneticdivergencebetweenPacificandAt-
lanticsamplesinallofthelociexanined・Thephylogenetic
topologyofseparationbetweenPacificandAtlanticnorth-

ernbluehntunasobtainedwithUPGMAissupportedby 
highbootstrapvalueandiscongruentwithpreviousmtD-
NAanalysis.22,23)Anotherconcernistoassessgeneticheter-
ogeneitywithinAtlanticnorthernbluefintunapopulation， 
bywhichonemightevaluategeneticrelationshipsbetween 
putativewesternandeasternstocks・Microsatelhtesfound

inthisstudywereconsiderablypolymorphicbutdetected 
littledifTerentiationbetweenN.Ｗ・AtlanticandMediterra-

neansamples、Muchlargersamplesizemightbenecessary

forcomparinglocalsampleswhenusinghighlypolymorph-

icgenemarkers・Otherwise，standardsamplesuchaslar-
vaeorjuvenilesfromspawninggroundinMediterranean 
andGulfofMexicomustbeanalyzedusingthese 
microsatellitegeneticmarkers． 

Discussion 

Thefoursetsofprimersdesignedtoamplifymicrosatel‐ 
litelociofPacificnorthernbluefintunawereclearly 
demonstratedtobeapplicableforothercongenerictuna 
species・Thesephenomenaareobservedalsointheformer

analysisofgenusTh""""sandotherscomberfishes､7)Suc-

cessfUlcross-amplificationofmicrosatellitesamongthese 
closelyrelatedspeciessuggeststhatthesemicrosatellites 
havebeenconservedinthehomolｏｇｏｕｓＤＮＡｒｅｇｉｏｎｓｎｏ 
ｍａｔｔｅｒｈｏｗｔｈｅｌevelsofvariationhavedifferentiated 

Wardαα/､'7）investigatedgeneticvariationofPacific 
northernbluefintunapopulation（"＝29）using35allo-
zymegeneloci・Ｏｆ８１ｏｃｉｆｏｕｎｄｔｏｂｅｖａｒｉａｂｌｅ，relatively

highpolymorphism(Ｐ,o)wasobservedonlyin31oci,in 
whichexpectedheterozygosityrangedfromO384to0.523． 
Maximumnumberofallelesperlocusｗａｓ３ｉｎｔｈｅｉｒａｌｌｏ‐ 

zymeanalysis，whilethatinthepresentstudywas２３．Ｅｌ－ 
liottandWard'8)alsoinvestigatedallozymevariationinal-
bacore,bigeyeandyellwofintunaslnafewlocishowing 
relativelyhighvariation,theyfOundexpectedheterozygosi‐ 

tyrangingfromO295toO､６１９andnumberofaUelesperlo-



Takagiemﾉ． 576 

ｍｐｌ８ａｎｄｐＵＣ１９ｖｅｃｔｏｒｓ・ＯＧ"e,33,103-119（1985)．

12）ＪＢ・Shaklee,Ｆ,Ｗ・Allendorf,Ｄ・CMorizot,ａｎｄＯＳ・Whitt：
Genenomenclatureforprotain-codｉｎｇｌｏｃｉｉｎｆｉｓｈ、７１ｍ"s、Ａ、、

ノＷＬＳｏｃ.，110,2-15（1990)．

13）ＳＷ・ＧｕｏａｎｄＥＡ・Thompson：Performingtheexacttestof

Hardy-WeinbergproportionfOrmultiplealleles、BjomerrjcF，48,

361-367（1992)． 

14）Ｓ・Schneider,ルMKueHer,Ｄ､Roessli,andLExcoHier:Arlequin
versionL1，UniversityofGeneva，Switzerland,1997. 

15）Ｍ・Ｎei:Estimationofaverageheterogeneityandgeneticdistance
fromasmallnumberofindividuals・Ｇ２"erjcs,80,583-590(1978)．

16）JFelsenstein:Phylipversio、3.5c,UniversityofWashington,Seat-
tle，1989. 

17）ＲＷＷａｒｄ，Ｎ、Ｊ・Elilott，ａｎｄＰ．Ｍ・Grewe：Allozymeand
mitochondrialDNAseparationofPacificnorthernbluefiｎｔｕｎａ 

（耐""""３町"""３ＭＢ"、/is)fromsouthernbluefintuna(T/'""""s
maccQyjj).Ｍ７ｒ.Ｆ》ＷｌｗａｒｅｒＲａｓ.,46,921-930(1995)．

18）Ｎ・GElliottandR・DWard:Geneticrelationshipsofeightspecies
ofPacifictunas（Teleostei：Scombr伽e）inferredfromallozyme

analysis・MJr.Ｆ卿ｈｗａ花｢Ｒ“.,46,1021-1032（1995)．

19）MTakagi,EShoji,andNTaniguchi:MicrosatelliteDNApoly‐ 
morphismtorevealgeographicaldivergenceinayu,ＰにcogﾉOSF"sαノー
ｔｊｙｅﾉﾊﾞＭＷｉｅｒｊａＦＳｃｊ.，65,507-512（1999)． 

20）Ｎ､Taniguchi,Ｍ・Takagi,andSMatsumoto:Geneticevaluationof
quantitativeandqualititativetraitsofhatcherystocksforaquacul‐ 
ｔｕｒｅｉｎｒｅｄｓｅａｂｒｅａｍ、ＢＭ・M7rﾉ.ＲＢＳ・ｍｓｒ.』９"αc"ﾉﾉ.，３，Supp1.,

35-41（1997） 

21）MTakagi,KYoshida,ａｎｄＮ・Taniguchi:Isolationofmicrosatel‐
litelocifromJapaneseflounderPmz7ﾉﾋﾟCﾉi〃”ｏﾉM7cE"sanddetec‐
tionofPCRfragmentswithsimpleNon-RImethods,FXsherjGsSci.， 
65,486-487（1999)． 

22）Ｓ・ChowandSInoue:Intra-andinterspecificrestrictionfragment
lengthpolymorphisminmitochondrialgenesof71h"""皿stunaspe‐
ciesB"ﾉﾉ.Ｍ７/・Ras・加.HJrSe(ｚＭＷ1.,30,207-225（1993)．

23）SChowandHKishino:Phylogeneticrelationshipsbetweentuna 
speciesofthegenusnh""""s(Scombridae:Teleostei):Inconsistent 
implicationsfrommorphology，nuclearandmitochondrialge‐ 
ｎｏmes､ノLMOﾉ.ＥＶＣﾉ.,41,741-748（1995)．

References 

1）Ｐ．Ｈ・ＥｄｍｕｎｄｓａｎｄＪ・ＬＳａｍｍｏｎｓ：Geneticpolymorphismof
tetrazoliumoxidaseinbluefintuna,（〃""""ｓ〃"""s）fromthe

westemNorthAtlantic、mFXsﾉi、Ras・Ｂｄ．Ｑ、.，28,1053-1055

（1971)． 

2）Ｐ・ＨＥｄｍｕｎｄｓａｎｄＪ・ＬＳａｍｍｏｎｓ:Similarityofgeneticpolymor‐
phismoftetrazoliumoxidaseinbluefintuna（〃""""ｓ〃"""s）
fromtheAtlanticcoastofFranceandthewesternNorthAtlantic・

久ＦＭ.Ｒａｓ・Ｂｄ､０J".,30,1031-1032(1973)．

3）ＲＤ・War｡，NOElliott，ａｎｄＰ．Ｍ・Grewe：Allozymeand
mitochondrialDNAvariationinyellowfintuna（〃""""ｓα肋α‐

Ｃａ'函)fromthePacificOcean・Ｍ７ｒＢｊｏﾉ.，118,531-539(1995)．

4）Ｊ､ＬＷｅｂｅｒａｎｄＰ.ＥMay:AbundantclassofhumanDNApoly-
morphismswhichcanbetypedusingthenpolymorphicDNAmar‐ 
ｋers.」'"・ノBHDJm・ＯＧ"α､,44,388-396(1989)．

5）Ａ・LBrooker,、Cook,Ｐ、Bentzen,』．Ｍ､Wright,ａｎｄＲＷ、
Doyle：OrganizationofmicrosatellitesdifTersbetweenmammals 
andcold-waterteleostfishes、Ｃｂ"・ＬＦＸｓｈ.Ａ９"α/・Ｓｃｊ.，51,1959-

１９６６(1994)． 

6）Ｐ・ＪａｒｎｅａｎｄＰＪＬ・Lagoda:Microsatellites,ｆｒｏｍmoleculesto
populationsandback．ｎ℃"ぬj〃Ｅ、ﾉogyα"ｄＥｖｏ〃ｊｏ"，１１，４２４－
４２９（1996)． 

７）Ｒ､EBroughtonandJ.ＲGold:Microsatellitedevelopmentand 
surveyofvariationinnorthernbluefintuna（、""""ｓ〃"""s)．
Ｍｏﾉ.ＭＪｒ､Ｂｊｏﾉ.Bjotccﾉｶ"oﾉ.,6,308-314（1997)． 

８）Ａ、SHarris，Ｓ・Bieger，ＲＷ，Doyle,ａｎｄＪ．Ｍ、Wright：DNA
fingerprintingoftilapia,Ｏ犯ochromjs〃ﾉﾉOrjc"８，anditsapplication
toaquaculturegenetics・Ａ９"αc"〃花,02,157-163（1991)．

９）Ｍ・Takagi,NTaniguchi,、Cook,ａｎｄＲ.Ｗ､Doyle:Isolation
andcharacterizationofmicrosatellitelocifromredseabream 

PagrzJslmIﾉoranddetectionincloselyrelatedspecies・FMSﾉierjBsScj.，
63,199-204(1997)． 

10）Ｊ・Sambrook,EEFritsch,ａｎｄＴ・Maniatis:MolecularCloning，
ＣｏｌｄSpringerHarborLaboratoryPress，NewYork，1989,ｐｐ、
6.45. 

11）CYanisch-Perron,Ｊ・Vieira,ａｎｄＪ・Messing:ImprovedM13phage
cloningvectorsandhoststrains：nucleotidesequencesoftheM13 


