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W BAEMIEICERREEZIF O/ RIXMERICKBEEERI LT <, HRNICHD EHKFRE
E, BOEFEE, m0:REB, KHEHBIEEROWMIE, 77 DMF, DFOHOEEMS, 7217 DHf
IEHITBEDRE, HFHEE, EOHT<H, FHEDRIL, KR BEARHOEDEE, THALR
B, BZVEBEERLAEEEEEHNFEELTLS (Kaneda - Beachell 1974) , ffEithigie L
TIILBITHIET 2 BEATERLGEBREELNRET 2D, FICREWBEXREZHSKEESIES
EEHEN, SLARICHIFBREICKEGEEEZRIFLTE . LEHEETIHAEER121FERT31E
DAZEICREDONTEY, FETBLA4FEIC1BDEESTRELNRELTWVWS, IEFEIFARDIX
EbAEL, FEETLHIEEDONELZEFETETIVSD, 19B3FOKESERDLK S IC—5FR
BEFLNNGIAARRBICKHRBERDH S, ZD&H, AERRIZBETEHILEBEDTRIEHEICHIT
HPREEFRECHD,

AEMMEEDERSHEPHEDEEICL > T DICKAETNS, —DIIRELERBADKERICK
DEFTREREICKL > TREBHICIEEARRELGZEERSETHY, &5—OEEREERADER
ICE > TERESEHIRE LFRELGIEERAETH S, Rt - tBETITERERERBICHS
7B Tah5 8 BALAICHIITAR—Y I/SREDEFICLESIEBEENPEELYLT L, TDE
HDERICK DZREZEZDROXEEETHLER LGV EHS, BEERAEHIRLFRUE
BREICE>TW3, EEERAOPTHRFICERICSEVOLTEIEZSHEALFHEEATH Y, KRR
SRHRICK > TR S HEISE L RS EICHEI NS, BIESHBIZTEMBEE,INEF =
BTHAEM E G SEHAICHEE T 5, TORIHDERICK > THUMEFRDR DR /IEFDIR
{EHEET Y, RATEMOBHRD L TR REERET S, BIEHDOEKETIIRE ZHNELTER
DREFHHEERZITRZ LICK > TREDRET 5.

SEERSEDRARICIITEIL S A S HERIEDERH K EEREE R LTER, REHMS
HICHARTHIE S HAMSHEDOETRENEALERICIE, BKERICEKZHIES KBTS EDERE
EDRHICHEIILT EDH D, BKICE>TREMETI B LIEHIHLSHMSNTESY, 12
EHICE L ORI S SKIEREICTETERRE DS T EEROSNA TV T L5, MHtE
BREITHKEFHALS BT EHNREINTW: (1@8i#11931) . Bl (1962) |IHFERZRHERD 5 H
T ETRKFKERZTOHRISKEREEHIIL:, TOHEIE, RE. WeHEEICH
WT—RRMICALSNT LS, TIAMREEDHEILLIZC LICKVHZ<DOSERENBERE
h, ¥, #BEISHAMSHEICETIECENARLEAL, LHL, FBIXSHBRSHEEERF
FEDIFREEERERMBEPEGIRICDOVTIRIBETETOICERAINTLEL,

HIFSHHAEEEH T, BERBICEENTEHLIZ L., RERIRHENICEIERELT
IE—DDRBICERDEGFELNEET ST & &, ERFRICHE LIERBEENRERMGICKY
ENTIBRTHIEDHB, ThSDEBRICKY ENFE TIHECFR & RFE ZEEIOGED
T3 T EHDTEY, BLFEOMBLEGHREZHAT ST ISR o, EFE, 1 XRICHL
THHIRBRITARSZE (RFLP) E#EMRIHEEI N (McCouch51988, SaitoS
1991, Kurata51994, Harushima’51998) , RFLPY—A—DREHREICK VEEI—H—DEHR
EicEA L, Z0k®, 1{EOPBERICOVWTLREBEHSIFICOVWTOEGREIZITSICE



HeElgEs Gy, ENFEICEAET 2ECFEEMRIFT ST EHAEEE Ko (Patersons
1988)

Z T TCARHZETIX, RFLPR—AH—ZFDODNAY—AH—ERAVLTILEEREDHEIE S HHAM ST
Y 28GR ZTV, BIFSHAMSMETFEDOREZRAM; L, BIETIEEIZSHHSE
I DOVWTAEREDEEMERFHME L MAEDOEGCEEFHNMAELROICEBHE L., BINET
l&a Y RRITREOBRED v /R HSFESilewahBARDFEIS 5 HHAT A B GEF £ iFD/kigE
FMBERE 8 BICOVWTHIF S HHM S ECFEDERERBFEEZRE LT, FIVETIIREIE
5HEMSHEGFEDRE Y EV I 1TV, BIESHMSEECFOMEEEHE L. &
&lc, BVETIIDNAR —H—Ic &K B S H TS EDEGRET 2 A EREDERIC OIS
BIHICEERINHEREEZE L, AAEO—PIXEEICRE (SaitoS
1995, 2001, 2003, 2004) LTHY, FHIIEZTNSEZRI X LHEDTH B,
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1. BECKRIDHE

1 ZXDEBEIEEHL DO SOREETH Y, IFREAHL SHZRLGEERHNZRINTWLSD, BIENLGS
EREIRE S cDIF19B0FRTH B EETNTWSB, TN RIESEICET 21/EMFEMNGHED
D1z, BEGRIIGREALHTEHATH S EEZEZ5NT W, LHL, 1931FEHS51935FIChH
T ERE LTEEHREL, SEDENMEMMAEIEE S L, XREERICHEEL/ X THM
BICE>TIEFRBRERELTW T EDbH Y, REEHUEIOEKEDRIEICDEL > TWNWD EE
AbNB LS ko (1@H1931) . BEH (1937) (MEEREEICEAT 2MEERFNLIHTEE
TV, BRICE > TIENBHBEORBOBICEEEE TR LERLE. VT, FES
(1940) 117°C, 6HEDEBUIBRERD SEERZEHIRELEVDITHBOHNPTHZ T &,
o, HFEDCHRAEBTEHDERLAREEZRETESZLER LI, INSDHMEEEL
T, BEEESEORAERIILRASRIATHSEEZOSNSLSICE DT,

B (1943) 31941 FEDBEICEK > TE LB BEE X MEEEGFEMICGAN, TEHEHERED
FEOMICZN— MIBORERE (AX—MEX) B#RRE L, T0D%, 27— MEXHEER
WMIBICK > TREMICRETESNSB T EERL, 51T, 2X— MBXKORERXR|ICHERMED
HBTEREIR—MERDERERLFESSHBPHSEHLEET S EZBESHIC Lz (BH
1949) ., LHL, Z2R— FMBEXODREEITRBDHDTT LIcZOMSFHL S/EFaiEATH Y
GEH1949) , EERZHHILBEFICIEBRBAIHRBL Y LB TH SN RENT, Satake -
Hayase (1970) IIATRRZBTH—ILBE Tl RDERDIKFZRAWNSE T E, EHRERICEST
BIENTEBTDZA>HEEBATE, TOICHLEDEREZMBRICAET ST LICLST, &
ARZ MR BRFICHAEL, RAOERRZHIRIZESFEHEL S/EFaE (BT S 1d 2 DA
HINBFIHRE AT e) THBHZ EEZBASHIC L, NRFNEAITHED10~128EICHES
L, TORHADKERICK T BB LTI S HHM ST EMEENS,
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2. (ERFREEDFERE

BEH (1943) [ HMERICEK > TIENBHEOBBAREELZN— MEADERI BT LERL,
Zhh, BEDERTHSE L, LHL, REFCHEDS BHEOEELBHELTHEY, F 2D
HEDHEMEBREDEZTDOHCLEDD, HEERE LHMEREDESICKIDOMNIIEE L TLE
hofc, Hayase5 (1969) |I5ElE S HHAICEBIEAE LIcMBHCBELTENEZIM T LR
KHEIET ST EERL, RBSSHIPASEDEICHMESREDEEZICLS I EZBASHICLT,

HES (1958) IIFRRREOCEBHBIELXHSHICT BIHIC, ERICKDHDBZBLFEHNE
BERAN, B, 2N—EBLUGHEETEEHEETHY, TEHEMIE, 168, HERE
BLUFREBTRREBIIEBHDGWNT EERLE, DT EDLS, TEHFREREL/NMNIFANDE
PMERDFBE T LICE>TFREDRETHETREEIN ., EBENEBICLBEMFENERIGELT
ISEE ) DR EIERTHEDEM (to 1978) , T DEFE (Satake 1976) , BT 4+ R
77 2—EEEDET (Nishiyama 1978) G EHBRRINTLS, ThSDEEILT N THEH
ICBEL TV, ERHOERENRBEEDELZE L TEN— MBAEZS|ERI LTWLSHEE
DREBENTWS, £z, Kawaguchis (1996) 75 E/HS 7207074 0 DREHERD &
Sl BEE R DOPEENMERNIEIC K > TMNIFHIRENICER T 52 &, EREERZHDOEAR
ZERRBETIIOEEOEREN VP EWVWT EEEASHIC L, MEEBICHT 2% B f-REED
5, CZOEEEIFDT7IE/ A2 7a74 Vg2 R— MIROREICEET 5 EHTRE
Thic, —EOMEITEREED—ANEEKRSH/NMNIFZEY BGEIEBETREC > TWSZ
EHEBOTIE LTS,
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3. RIS HHAM R IEDHAE

ERFEEICEY 2HIEEENME CERECEMMASEIIEZ < Thhh, BIESHEERS
HEESOMIEIC DV TIXIFEAEEEABETNTULEL, Satake - Shibata (1992) (X/\EEFDME
O OZBICED LT TCORBEEZ /AT, TEHMDOMRA, HENDZY, TEMEDORI - Zi5
DAERPEICTT, TNENDERXRTHH MR FEH, KETEMESE, SMSEELUHELTE
MOZREICOVWTRERLLERZ1T> T, BERIINTHHF5RZFTM L. TDOHER, £59,
TE, 277, EitE188, 8425, [P EFEIDMIVRFHRDFERHKEL, 357,
NR7HE, F274, bFOFT7E, IPRE, OFI/VERIRETEMSEDFERHKE
{, Z565, H8428, [IPWE, FRT7THRIZMSEDFTERHIKRED, > fc. TORBRIIMH
AHESHEBLNREICK > TELES T EETEB LTV,

SZHICBART S 4ERDS> B/ NEBFEITEERHIERMGT CO 1 H ALY DTEMBRICHEET
%, BAZHM TEHEERNI0%LULEICES-HDIEHMEHMDRRFEIZ 1 HHY640ELERFEL 5N
&Y (Nishiyama 1983) , 1HHLYDTEMBERRICIIFEVEBERRLH ST EHS
(Oka + Morishima 1967, #:K1981) , #RIIFEILSHEAMSEICE > TEELHRERD—DOT
HBEEZS5N, ERICTHAESREBIIHHIRVT EHRETN (85K1981, BEFS51999) , &
fe, 88K (1982) IR BEEHICEVWTHRERES S KIS HICHEREIHS T EER LT
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4. T8I 5 KM B IEEEFEDHE

TS H TS EDEGREIT 21T 3 OISR EEDEIIHNHERTT RN TH S, BEH -
ElF (1948) XM OB (M4ME) &2HM208 (MH4H1EsS) OF,, FZAEL, 2X—FEX
DREEEHSTHAEETHET ST &K, THHEIIBETHS T &L 2HDEERFTELFIC
YhEhs xR LTz, TOMEITREESHAMSHEICET 2RVDEGRETE LTHSNS
B, AX—FERKORERERAVSIMAUREZEIE, ZOEEESHS—RICITTFERENED S
feo ZD1%, MAMREZEE L THEAKEREDEIIL (B1U1962) , fEIXSHHAMSEDE
EEHREICAVLNS NS LS IcEo T,

Bl - ZEE (1960) RS DI SHEERRECTH I RS EBEHRSBEORMEBALZHNTHE
&5 HEM S EDHRHECFENER ETV, BIESHAMSHDOEGHIIESHTEL, T, W
AHEDOEMEAFRIE7EULETHS T EETR LI, 51, WAHEDRFEIEHETLF & DE
THREMRICRIT BIER L5, AR5 ~ 7 HDHEMMIREIFOBEECFICTR INS LiGHR
DIFTW3, Sawada (1978) IZEEDAZEICEKY, BWMOBSDMSEICEAT 2EEFEILS
BERNT, AFRICEHEBERHIEN EERLI, TOBRIEERDIN— FBEAREREISIE
ELIEBEDRFHEIVEZH e, TDEWIIHEIES HEATHSEDERFIC 2 RX— FBEAIEE
DNADERDEFNTWVB I LICKBEEZSND, Bt (1995) IEHAMDREZZILEEL X
cniE 7 iDL U RMIC K BMEHDEEGS T ZEIT >z ThSDRERTIEMSHEDEL
&2 DDEIEFEICK > THETN TV e, TSHEEEDIZ P E I 2 EDOMSETCF =T
B, ZDO5BED—IEEN, &5—DIEFTLEBYL>f, AN R~PREDZSL, IR
b, 1A, —HASRAR2EHOAEEETF 1 EZ2F5, AP PLE~RiEDE
208, EXHIEITNSOMSEEGCFEREVWT EHTEIN . RERDODITHEMESEDE
WZIEHEETFHES LTV LRI N D, IS HETRS D LR DD EEELF
THFATIRE Ch B EEZ BN,

MAMEEREICEVTIE, MAEZOEDEITTERLS, BERPHERE, tOoREORELHE
TH3T EDS, MAEEGCFOERLEHFEZASHICT ST EIEZTDMDAE & DEHBFRE
MZLETEETHS, £OORIESHATHSMEIZE 1 REBAEDI2, F3REEDDC, F4REHEK
DPr, B5REBEDghE LU nI& EHEBZRHHY, F1REEDASITURL, H2E1EBEDDI,
B ORBIADC, F7REBEDIE S URcE ISEHEBFRHIED o (B - ZER
1960, Futsuhara « Toriyama 1966) , jtiBE@EICDOWVWTELMSHEDEL S RES S UEHNE
CFRFBORMIC K ZETCRHRDITON, £1, 2, 3, 4, 6, 7REBEOIEREEFICH
AL DEHEDEH SN (Takahashis 1973, Sawada 1978) ., MR E DESEBEMNARE SN
BB CFIIRMEAEICE > TREE DTV T D5, MAMEGFIERIEICK>THEY
BIxoTWBEEZONT, T, FHICEIEBEDbcEFE 4 LEBAEDOPrCEVEHEBELRS
hie,

—EDBEGFNHAZEL SFEIE S HHPTAEDEGICE L T, UTDK S GHEEERHEHI M E
hie,



1. BIFSHAMASMII KR I —VICERETNBHEETH S,

2. BNV EOBEEIEEGFHFEI 5.

3. BIEHHEL, BUERAEERZITARTAEEEIIRETH S,

COLERHEERE L THAETEN ESHSN, RETRMSEDBRVORASRELNBETRINT
W% (#i1E52003) . LHL, TEIZSHEATHHEISERIAZE TH S ICEHTE TR IS REE
ThY, MEEEEFEDERGERMEPEGHRIEOD >TVEL, 5%, MaEEEE
LWIEDH BB, THREEIEFEICET 5K Y BBLERIEONZEITOVELHS,
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5. BIESHHM B HEDBRGER

HBIES AR MHICE L CEM T AR EF OMAHEGFIER 2D > TLEL, Z0DTf:
&, TNETOMAUBERIIMSEEGFOERICK > TIThNTER, FitAICEHITFBKEE
miBEDEELMSEECFRIGRIIZE L MND 2 RfETHAEHMATN TS (LK - ik
1985) . BEEROMSHESEICOTeH)HH S, ILEHEEDERMNETRIEILFTEDSTHE oI
RIEMERDL SILBERBEOM A EIEFRERDMSEICZERDOMAENEREINLERTHS
EEZSNTVLS (FaRI1991) . TOKDICREEARTHHAIN TV SIS EEEROELEIT
HFVZLBEVWEEZSNTWS,

MAMICET 2EEHESHREDESIE, 9% MASMERLORRICOGHZIEZNLHEHI L
b5, NEROPICHASHECERZHRERT HEHFHEEINT . BEFEA RHZER (RR) TR
BI 517,689 DEGREIRIC OV THRA Gl /A 4FHEDLfTHON, PadiSasahal (RL—2 7[R
) , Lambayque 1 (N)L—[RfE) , Mitak (1> FxZ7[RE) , PadiLabou Alumbis (¥
L—27RE) , Jumali (R/N—)VIRE) , Pratao (7S IVIVRE) , Q21 (714 VEVIR
#E) , Leng Kwang (PEJRE) , Silewah (1~ FRXZ7IRE) , Thangone (774 X[&

) , Dourado Agullia (73 2V IVIRE) HhisEmiEs L GEREN . (RRI

1977) . Satake - Toriyama (1979) &5 DFEIE S HHAMBEIC DWW TILEEICEH T S BEE
z1TL, bEEDmSmiEE LRSS H st E R~ miE@E R Lz, bEERER
ERi5 GRILBEREME LY 2—) TRINhSOmiEL STEIESHAMSMEEZEAT SEHF T
Ly, Silewah& W FRIBAE8S% (&LEF51989) , Padi Labou Alumbis&k ¥ hRIRAZ11S

%, Lambayque 1&WI1ti#EPLS%Z, Mitakdk Y itiEPL6%, Thangonek W FZAF UV EZNZEN
B LT, MAEEEERDZERITAPHEMAZED—IRE LTHE - E@mEDETEIRICOWVT
LT, BIHEEREASPERNGAGEORELAREINT, MAHEGFEEAT 2EHHFH
ThbhTwVWs (#%851999) .

NEFEL STHAEEIEFZEATS L, BARERTORAREICE > TIHEGHELRERIC
BATNTLES T EHZWL, ZD&, NEDOMESMELEREZMSERAMEDE/RKICFIA
THDIFHERICTIIFBICHETH Y . REICAETRBROMAEEGFEZEA LILHEBEDLS
RAREHIERETNHAIZEN, §1%, COLSGMEMELERZFIAL T oITE, i
AHEEGCFEICOVWTOFMEEREGIHENH S,
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1. FRBARR8SDI S 71 HIVI T/ 21475

SREBERITA RS (RFLP) I—AH—0DBRICK > T, BICRIFHDEE#T > BN EETF
EE QTL) $&YBVBETHNTESLSIEBEEZ SN (Paterson51988) ., Z#Z TXK
HETlE, Saitos (1991) D LIERFLPR—A—%2RBWT, I—H—RA3DEEFEEH E
BE5DOREHICHKT DD EERBEICOVWTRARSZ IS 71 hIVI T /24 THorEITV, &
|& 5 HEAM S HEE G FHEERT 2R BHEEEHOREZH# S T &L,

RFLPIZHIPREEEH SR ZIEREFIDE RS KU 2 DDFIREBEETIM R TR 28 A K
RICKDZRTH S, ZTDH, REDEGHIOERTHSIEERFLPOKEHEIZE <, RFLPE
MR DOBRIEA VT4 H « Vv RZHABDORHICK > TiTbnfz (McCouch51988, Saitos
1991) . 1T AIEBEY vy RZAKY ETSHEDEL. LHL, 1771 AlTHEFEEREHILE
BORIEEIIKECRLEDSD, 1VT710H - Vv RZHBORMEFATIXILEEICH T BFEIE
SHEAT A% EREICFHMET 22 LISR#ETHBEEZ SN, I T, RiT, WsEDEVLA
EfROFBAE&RST Lz, 1982FEH 51997FICH T THPHEMHZED—IRE LTHE - EFED
BERICEAT 28HEBNTON, ZLOMSERENMEREN, LHL, EREhESESR
BIIATS—ET7AMVYHTALODERI SVLWIThE BERRESEEGHIICA S, RFLPOREER
IHEWEHAITNE (R WME) . e, EEADOMAEREZILAAXRTHITT 5LBERR
ZHETTEH20~30%DAREZELCTEIEDNS (EXRS1988) , dtiEEICHIT HTIE S HHAMS
MOBEGCHRICIETELEBbN, ThSORMESZRIRLE HEMEE LTdtiEEREs
s (RILBEREMELVZ2—) TERINIKBHHAEARESS (LI, THE8LTS)
DFRZ®RET LT,

FRE 81 v FRI T EREEDMAMSESlewahlTILBEDBRRHBE TH 51682415 % &k
RLRET S ELICKE>TER LEEEMSMPRBAERTH S, Silewahlid X< b5 EJLEREH
(B=#91,300m) TEBINTWeRiET, BEFA 23S L UHtEE R EEERIZOFHMEIC
K EOEIE S HEAMAMEIF DT EHRENTLS (Satake « Toriyama 1979) ., HEES8D
#IE S HEm S EIRdE2 S KV LSRN &S, FRE 8SilewahlTHFR T BHE
HEGFERBELTVWBREDEEZONS, FEESDMALIXEBETHY, WAEELTFDH
IEBE (1979) ORLEICE > TAUEALHEEINTLS (REBS51989) . HEHE 8 HLLEAI B
BRLRMBEEICEDTERINT L E, ZORESHATSEDDHEDEGFICKERE TN
TWaEEZSNhET EDS, RFLPR—A—%2BAUWLTSilewahh SHEE 8 ICEA TR EHE
EEZENET N, MAEECFEREFERZIFECESELER, ERZTo1
1) ¥

FlE S HEATHS I T 2HIEDREEFANS EHIChEBE 8 & ¥5 53970F jiEEHL
feo E55397IXEERMHAEPLPLRORBKMAETHS (E42AK51990) .

RFLPS#riciSilewah, 1ti82415, B E 8 ZHL =, SilewahlIi@UW TS AT DET Y v
RZHRETHY, BRI vy RIHREEDORZMERMEIISWD, EE, BRETHAULYT



L, —7%, It SRE, @8, RE, S, MEEPPROBEURMTHS, FRES8I
Silewahlciti82415 % &R L3ZE L TE R L1eBCF /D 5G5S NIAEIL S HHAM S TR

DFEBATH S, RLREDBETIE, EZ—IVI\VATEERELAI2EZ6 B TANOBEA
ARICES LTEERREFHT S iKY, MAtE@EFEIERE N, BGFiHATER -
RIFZ « FAHA - BRI MEDNZIFRE SN, LHOSTSHDRVLMEGADERE N, RREEEICKYT
AEZER LD SHEIFEORERZ#E L CEE N TTON, REE 8 DM, F&, it
FERBFEFRETNTWVSD, 1biB2415 NS EHERFHI0REN, BRHH20cmEL (B
#851989) ,

MR R nF EEREHERNZE R Y A fcHICPERSDImMK R Ch 51LEBPLACDOVTDH
RFLPIDth%Z1T o Tc, dLBPLAIXHRRR 8 LR LERREZFHF DM A IEMERDBERRKE CH S, L
L, BRIIZIPERSICUANTIAESILIHCES (B, TE) .

2) &
(1) B HEARE
S EREIACBERRMR € 2 —DRERERSICE T 5FESKERE (K1962) <

K2 TIToTe. SFERCABIIRERD S HFED ST T 95 E T19°COSBKEHK20cmDFEE TEHL
feo BRRTER, 2RI T 2RR2BFOESERANTREILS HHATHSEE M LT,

(2) DNAH

£DNADHHIZCTABE (Murray « Thompson 1980) DZEEIC KV iToTc, RIEBERTHER
[CLTeA XEE (19) T, 55°CITHR LTz 1 XCTABER (1% EFIVEUAFIVTVEZILT
A4 K (CTAB) , 0.05M kY X —i5E, pH8.0, 1TOMMIFL VI 7 = 4Bl

(EDTA) , 0.7MiE{EF+ U D L) 1mis KT 2 XCTABEKR 1 miZNZ, 55°CT300 MR LT
%, 700KRIVL/A4VT7ZIL7Iba—IV (24:1) BRESEFRML, #HIEAGE L Ty
Z{Tot, &0 (15009, 159, ZiR) LfcRICEEBZEY, 1/102D10%CTABAR (10%
CTAB, 0.7MiE(LF bUDL) ZMATy7OQKRIVL A4V 7 2 IV7)IbaA—IVRRICK 2 BT
{121z, =D (15009, 1597, ZR) %, LEBZEY, FEDXEBACTABAR

(1%CTAB, 0.05M b IJ X —i5#, pH8.0, 10mM EDTA) &&K%ENMZ TREML, =RIC3097RIE

&L CDNAZEEE B, &0 (10009, 143, ER) LCEERZEINL, 3 mIOEERETE
AR (1MEE(EF FU DL, 10mM k1) X —1888, pH8.0, 1mM EDTA) |TAfELTc, FEDA
vV 70/\/—)bEIATDNAZ R E B T-&IC, TBRE70% T2/ —IVCHEL, HEZEFE®RLT
1/10TESAR (1 mM k1) X —1588, pH8.0, 0.1 mM EDTA) |52 L TRERICHE L1z,

(3) RFLP43#fr

£DNA2 ug%#IREEE (Bglll, BamHI, EcoRV, Hindlll, Apal, Dral, EcoRl, Kpnl) T:H
L, 08%D7HO—RTIVTERAE LT, XEERDT7 HO—ATIVEEESR (0.5NIEEE)
RT759, 7IVAVEARKR (0.5NKEEF U TL, 15NEEF MU TL) RTISHE2E, &5
[CHFAR (0.5M Y X —3E8, pH7.0, 1.5MiE{kF MU D L) RT300MIIRES LIk, 7L
FFODNARTH1£20XSSCaR (3MIB{fEF MU DL, 0O3MUVIVEE) ZHVWTCHFvES ) —EIC
KWFAOYAVTLY (Hybond N+, 7 v LINA A ATV A1) ICEEE LT,

RFLPR — A —DIZHIIECLZ AL I b SRNY YV TBREV AT L (TR VY LINAF AT VR
) ZRAWVWTITo . 2CT—BRINA TV ZAE—2 3 VB TORRBRICAY T LV &HA2°CHHESE
FAMR (0.5XSSC, 6 MIRE, 0.4%FiEE K7 IbF ML (SDS) ) T200M2E%%L, 2
XSSCTIT T UWERICECLRHERICA T LV ERLTXBET7 1 IVAICEN LT,



3) fR

L 8 l3SilewahZ HES, L2418 £ TERIE T 5F (BISITILE241 52 BHRE LREL
TERLERHTSHS, ZORS, PEESORHERERTIISiewahdEREE>TVS, Z
2T, 7, MEAORGETOHEESHEFAEES LTVAHESHERNBRBIT, &5
5397, RS, £55397, PEESOF MESLUNBES /F 5 53970F MBS 5 B
ERVTRIESHBEAEE LR L (E1R) , THE 8 BOMMEER DFF MBORER
3% 5 5307 DM E R OFF MEDREREL Y 6 BFEH o1, TOERERTIEED D
fo (P=0.0801) . %7z, WFFMEOREEIPBESEPPOLEOTVLS, FBLPEE

8DELBFETIIED oz (P=0.0741) ., ULDHERBLUVRES (1989) T&ZEGHRFTD
BEEHLS, PRESDFREIXSHAMSHEIEEICEEDOKEGRFICEREINTWS EEZI SN,
FRE 8 DEGCFEELLAEBHABEIRICOVWTIHANSf&HIC, RFLPESHMK (Saito51991) E
DRFLPT—A—Ic DU T Silewah, 1tiE2418, H&E 8 DRFLP/\Z— > Z5XTz, 240{ED
RFLP —AH—D 5 B102{AILSilewah & LiE241 S DR TERIZ R LD, 7ZY DI138ETIIZHY
IERdoNGH o e, ZRBHEITES, 122684 TEL, F£1, 2, 6, 10REETIIEDL >
fe_(BBE2FK) , TOTEEBRHY v RZHMETH 3SilewahHiBH Y v RZAITGAWREBEE
HeaA T hlGEVRBEHEEEELTVWAZEETEB LTV ZRHIMEEENIRFLPT—
A—IciFtiE241 5 L HBE 8 HFE /N2 — V&R LSilewahDIHHERGZB/INZ—VETRTEHD
&, Silewah&HFBESHREIL/NZ—2ZRLILE2SDIHDEGEBZ/INZ—VERTEHEDHH >
fe_ (E1X) , tE2415E¢HBESHREL/INZ— V% RTRFLPY—hH—ICIE2RBE&KICHHT
B90EDRFLPR—A—DHEFENT W, TNSDRFLPR—H—HEET ZREBEBEFICDONT
&, FRESDRBEEIIILE2NEHKICE>TWSEEEZS5NS, —7, SilewahéFBESH
RC/INZ—>"%&RIRFLPR—A—I312EH Y, 51 RBIKIC2{E (XNpb346, XNpb368) , &E
3@k 318 (XNpb100, XNpb279, XNpb345) , %4 Fikic 5 1E

(XNpb102, XNpb177, XNpb235, XNpb264, XNpb267) , &7 #klC 1@

(XNpb379) , HE8ZBIKIT 118 (XNpb278) EFEL Tz, TNSODRFLPR—A—HEET
BREEFBEHICDOWVNT, HRE 8 DREMEIISlewahARICE>TWB EEZ SN, 2L,
B 7 RBIEDRFLPY —H—XNpb379TiRH 5N ZRII B BN D EER Z AW TE 4R
BIEDRFLPR —H— & EHHT 5T EDREREI NI, XNpb3793 T INA T ) A4 E— 3>
T22ERDINY FHRHEENB T EHDS, XNpb379L HBREIMEDH BIEREFIHE 4 REIKEFE 7 3
BiflcHhY, FRERTIIEIREBFDZEEZRE LEEEZS5NS, ULEDBERZEICHEES
DITSTAHINIT/BA4THEHEELT_(E2K) , SilewahhSHERE 8 ITEAThREE
BEIEE1, 3, 4BLUSEABEKICEET ST bbb ok,
SilewahFRARREAFEHPDRFLPR —H—IC DWW THEE 8 DIk ZRfiE ToH 51L/EPL 4 DRFLP
DhEIT o, TDER, F12BEKEE 4ALBHEDRFLPR —H—I131tiEPLA T4 SilewahBE D)
INE—2BRLTED, E3REBHEEESREEDRFLPY —A—IXItiE@241 88D/ 2 — %R L
feo LIeDo T, HHBE 8 LiLiBPLA ICHIE T B Silewah I RFEITIZEE 1 REELEE 4 L B&IC
HBTEDHESHICE ST,
4) EE

BRRE LY PR 8 dSilewahBROMAREEGE FEHOEHA TN, T, FEESH

HAMRHEICIE AR EWSERDEDLS &, MREREREEDBLUELERT HLELDH
BEEZ SN, £ T, ESEMOF{EFZANT, HRRE LRI S HHAM A DREZ IR



L, HEE 8 DHIREIIFEIE S HHBTHSMEICH L TRKELRMREF AV EHBESHIC
rofe, Sawada (1978) IEREDAEICKY, [EPDEPLEMI SHFOMSHEICITHIZEIX
A5 LAEWCEERLTWS, i, EEBNEBICKZ2BDRHEEBIEFREA RICBITIHDF
HHEIIELES I EEZBINZNICERRLTWNS, = a2 FY7DNADORFLPOIRTIEA T4 -
Jry RZABDZERIEIBHSNTWBD, BFEY v RIAHEBFEY v RZHDOETIEZRIIFES
S5hTWiEL GAIRS51997) . UEDERHLS, #IESHAMSHEICHREDECRFHIEET
ZAREMIZBENEEZ 5N3,

FRESIEET1, 3, 4B5LUSEBAHICHASMEGTFIRTHSSilewahhrSEA TN ZLRE
FEEEIF DO EHhREN, SilewahlCHRT 1L S HATSHEEFIE IS DOEFHAIC
EEYSA8ENIEVEEZISNS, PRE8DMHKRA THSILEPLAIIE 3 RBEREESH
BiEDSilewahfAFR B E#F b ofc. TDOT EIFHEIZSHEATAHEICKELRDRERFDEIRE
FIIE 1 FRIEFEIRBERICERTSAEENBVT EETERLTWVSD, JtEPLA OMSHEIE
FRESICHTNCEDZETNTWVSRIEDLS, TDEVHE IRBETILE 8 LEEHEDEL
IE&BEDTHBARENLEH Y, MAEICEET S2RBEHEREZIFET 5OHICIETER%Z B
WBEORDRBETH S,

TNEDS  FIlCED BXRICESD

BX - MR EERENAREE IUBERRMAR Y 2 —



-
BB ICH T B 1 RFEIX S HH
R DR IGERT

. F&IE S H IS R G FEREHDFRE

2. EAFEEKFEEEMBEDREE

FRESDITZTAHIVI T/ ZATANEToOER, 1, 3, 4BKUSEEBE&IC
Silewahh5HBERE SNEA TN RBEABEEDEET S EHBESHICE Tz TNSDMEE,
TS ECFERBHOBENGBRE TCHEIEEZASNSED, J7714HIVI T/ 24 TRHRT
IERFLPR —H—DZ R ZRETELGWHICHRZERET 2T LD TELGD >R BAERE S
6 REEPEIORBAEGEITHRIN_(E2H) ., INSDOHBRAFEMBEEICHTES S HEAM SIS
CFENFET SEEHERINTUVSED, BHEI—H—HEFEELLGWRETIE, ZOZL%E
ARBDIEHEETH S, —F, BEHEFEETNiSilewahBEEEICDOWTIXOBERICHITS
R—H—EEFEEBISHAMSEDTIL S, TS HAMSEETCFEDEEEZMFATE
BHEEZOSNS, £I T, FHRTREPEEERZRAV TS ECFEREREEBEHDSE Z 5
M1e,

1) &

SilewahH 5 EE NEA TN REBARE LTS HEAM S IEDREEZ RS I, &
55397 LHHR 8 DF | MENES 53972 R LXE L TIRER LM BERRS LU1LE2415
IChPEE8 %A L, BRRREAICLE > TER LIFRFZRA L.

2) &
(1) X—A—5H

E5 5397 HHE 8 DR LIMBIERRICK BEIEHIITIFRFLPR —A—%ZAL M e, RFLPS
Wridand & R#kICT o feo

1682415 LPBE 8 DF RMRICK BEEGEARICIET A/ OY TS5 4 b—AH— (Temnykh5

2000, 2001) =AW, AHRICAWVSDNABRIZENHRDCTABEICK > TR L, /70O Y
T4 b—H—EBIEDf-HDpolymerase chain reaction (PCR) RIAKERIETS1<I—%
02uM, dNTPE100 uM, (kA Y I L50mM, kU Z—iEE (pH8.3) 10mM, k<o 2y
7 L1.5mM, €5F>0.001%, #EDNA1ng/ul, AmpliTagGold DNARU XS5—€ (77>
A RINAF AT LAR) 002U/ ulE Lz, PCRIETZ 754 RINA AV AT LX#D
PCR2400, PCR9600% fzI&PCR9700%ZFHLNTITLY, 94°C T4 7EZEM L1=#%1294°C 143, 55°C
1493, 72°C 293 %&A5SH AV IVEYRL, 72°CT7 pRfBRRREZIT21cc RIGES ul’z 4 %D
NuSieve 3:1740—X (Camblextt) 7IVHRTERKEL, RILTF IV LEERE, BROBR
{127z
(2) 1993 F BRASERORAE

FRE8 & ¥55397MBCF,ERIZ1993FEIC—REIZICHE WV THASEICER L, TDS
BA3MEFED SREZFEIL, Fiik& BRRDAETDNAE ERFLPARZTT ol T, BE#E
WL, RRXEREL.



(3) s HRE

A MHRE TR E FERRICIT o o IS S ER—H—DREEDEREIIHREEICEL -
TEHEL e BRBEI—H—DEGFRICK>THEL, BLFREBTEIRERELFLERL
feo AVE21—%2—Y 7 b7 StatView 5.0 (SAS Institute) =W CTFEIREREOEICEAT
HUES LUBEEZRD,

3) &R

BARBFEEEFEILS HEAMSHEDOREEEZTANS HICHBESICES 53972 R LAHE L
THER LHEBERRBIC OV TR S HEATSE ERFLPR —H—DEGFREFAN . %
F, 1993FDAEICEK > THEEZITTeBCFEUF43ERIC DN THREL FEEERFEL, RFLP
R—H—DEGCFRERRREFAN LTS, BIRBEREFEARBEDRFLPR—H—ICDWT
IEHPEE 8 BDTHIRRRHES S537RDEHRRRL Y EEL > fcDITH L, FE8LREHFED
RFLPR —AH—TCIIMEGCFREDRRRICELGH > _(EBE3IR) . F1LEEDRFLPR—H—
IZDOWTIEHBE8 LESS3I7DETEREREIGEL 2 felcsh, FANBTENTELGDL ST
T DFERIZE 3 RBIELEE A RBEOFEABEHITEIL S TS LEEL TV SR EEMETRL
TWeh, ZOBEDIZEIZE 4 £BIEDXNpb102%R< EBETIRED o,

Z T T, BARGBEKEEFEIESHATSEORESR K VW EREICFHMET 276IC, 19944,
55397 FRE8DBCFsRFENAFTEAL, BEBEREERICHFZPESKEREICEK -

CtAEREZITofce BREICOWVWT 3K Y 1588 ZHE L TR ZANT, E553970D
T2RF(326.8%, PHRIE 8 DIEFHII82.4% T, BCFsRMDIERRIIHMEDEITERNICH

HLTW_(E3H) , ¥, mREXEBHIIRFELROSNGEDL ofc, EAXEICRFLP
I—H—DEEGCFENEGRERETT ., £ 3REEFDRFLPR—H—XNpb100lZDWTESS
397BUDFITIERIRNA9.7% > feDIcxF L, HEE 8RDTFIREEKIZ56.8% T, T553978
DRRICLEREBE (P=0.0185) IcEholc. F4RBIEDRFLPI —H—XNpb264lcDWTHE
55397 DFIREREN49.8% > fcDIcH L, FRE 8RDTITIREREHN583% T, FRE
SEDFIIEREHNEE (P=0.0135) (CEH ofce —F, FBERBEKDRFLPR—AH—ICDWTIE
553978 L FRE S BHDIRRERIGEVLD D o e, ULEDERIEX, BARSERHOERLE
—HLTHEY, EI3LBEAREFELIREBHFEOEAERADIRIES IS EREL TS T EHEA
S5hicho T,

55397 FRE S DRMHHFEDLE TIFE 1 RBEDEAFEHICOVTIISEE DREES
ANBTEDTELGD o, T, ZRZBETEGVEELNZREINTEY, TOLS4G5HE
BICTHSHEGCFOER LTV SAREEEEETELRL, £ T, £3, F4REFHELUNCTHS
MELCFEHNEFEET D ESIHERARBHIC, #1479 754 r<—hA—%ZAL, 1t
BB LHRE S DRMHEIE LY T A ECFEDEREIT o

%9, 503AD A /O TS 4 FI—H—IcDWTILiE2418 L P RE S DR TZ AR
I—H—%1EEL, 6 ADIT—H—%2RH L, TNSIEE1, 3, 4LBEICERELTL
fe_ (BAK) . F3IRBEEBARBEDIA 7OV TIA FI—H—FBICRHEETATLS
RFLPR—A—E¢RLCHEIEICT Yy TENTWe, B1RBHEDTI 70754 b—H—1F
RFLPR—AH—HBHTNIEEERGRMEICT Y TEINT W, TDT EIEE 1 R2BIERICER
DEABEDIFET AL ETET S, ZTITHE1RBEDRFLPR—A—HT v TENTWSE
HOEREFIERERICTA /7O T4 F—h—DEREEH D, LiE245EHRES
DEITCEZRERIIA 7O T4 b—H—IERDD5EH o, XNpb346& XNpb368D 1+



B—VINATVEAE—2 3V NE—VIRBBOIAFT—INV FEECEZNEZ2—20THY, EH
BRSSO DREDE Cealietd H 5. B 1 REEDSilewahHRBHICDOWTIZS
BEHFHGRANZMADHEDH S,

BIM 7O T34 bI—H— LRI SHEM A EDOREEZRFANS fcHIcItiBE2415 X PEE
8 DF BRI DOVWTI— D —BIFEDAT EMEEREZIT o, BEREBRSZICERRICD

ES5EFZERE L THAEREZIT o, PHEE 8 DIEREIL34.0%, 1tiEB2415DIREE
9.9%fE>fee BS5RICRA7OYTSA MI—H—EGCFREOEEREXRETT. B 1L6&
DIA7OY 754 bI—H—RM283IC DWW TItE241 SR DR A D FITFERED16.6% o 1
DK LR E 8 RDRKDTIGIEERIF25.1% T, ZTDEWREE (P=0.0129) fcofc, £3%
BEOITAI7OYTS54 F—A—I DOV TEILE2A SRORKEPEE SHORRICEDL K
bofc. BARBEDIA /O TS4 F—AH—TTl3tiB241 858 L hHE 8 BIDFIHIRREK
ICKELGEDRHSN, ZTOEFIEVKETEE (P<0.0001) f£ofc, ULEDERITE 1 264K
LB ARBEKICTTHANECFENEET S L ERLTVWS, ke, F1REEHEOI—H—
RM283IC 51T 2MEGFREDFIIEREDEDH8.5%, FARBEDIT—H—RM317IcHI+3
MECFREEOFEIRREDEN17.7%T, ZTDEFHIE262%EEY, MROFHREREDE
(24.1%) EIFIEFRLCTH o, ETH5IC, F1REERESE 4 FRBEOTSEELFDORIRIEAEM
T, MADTAEGFEFEVREOAHEIZILE2412 L IZIERALCTHY, MADTS
HECFERF ORGOMSHEIITRES LIZBRALE ol _(B6XR) . TOT EIFE1RBHEKL
B ARBEUNCKRELGIREF OMAEEGCFELNFET HAEEIXBENC EZRLTVWS,
PRREBOEIE ARLBEDI—H—TKED 2T EDL S, FRESDMAMEICET 2 EE
BITFITE 4 RBIKICERT ZEEZ SN

F1RBEDIA 7O T4 F—H—Z2HAVWTHRES8 L ES55397DZ R AT
H, MmiER CIERFLPR —A— L ERRICZRIIRSH SNGED o fc. ZDF, HBESLESS
397DRREERTIEE 1 RBADOWAEECFREEZER TSI LIETELGL O,

4) EE

FRESIFET1, 3, 4BLU8EEMEFICSlewahBROEHEF>TEHY, E55397LHF
R 8DNHMEMATIIE 3 REAFLEARBEKDIY—H—T, 1tiB2415 LFHEBDHHERT
35 1 RBEEEARBEDI—H—TRIESHATAE & OREELNRDH SN, F3REEHD
BARBICOVTIE, 2DO0DHMERATRESBERNMESNc, FEE 8 DIk RIRICILEPLA
h& 3, tEPLAITE A RBEDEABRICOVTIIFRES LELKD, FEIRBEDEAMRE
B> TWEL, FRE S8 LitiBPLA DA HEIZIZERFETHBLOD, BEITITILEPLAD
MAEHNETEHBLEITNTVS, LIch 2T, B 3READISIEEGTFEEIC DL TIFLE241
5, ¥55397, FRE8D 3 MEM TELTFELELG >TEY, PHEB8 LES53I7DMEHKE
DE THAEEGEFOMROALVEBECHLELDEEZSNS, B 1 RBEOEABRHICOVTI
RFLPR—H—, 4789754 bR—A—HICPFRE8 LES 537D TEZRZRELD D
feo TORERITE 1 RBEDEAFHD SilewahiFEDEDTIFGE WL AIEEREERLTEY, €5
5397HBLICHhER 8 L RILTHAELFZ5HE 1 REBIKIHF > TV SlLH 5, F4REEK
DEARHIITS DI REEE TREIX S HHAMSB I & LEERABE VO BEZ R L e, TDRRIX
Silewah|CHIR T 5183 5 HHHAMELEF D 5 ERODRDKEWVWIAERIGFHE 4 REHF
ICEELTWSIEETRLTWS,

ZaBS (1989) XEM205 LHEIE 8 DF,EFZERAVWHEHERFINFET, PEE 8 Difit

AEEFEZ 2EEHALTNDS, FAKTEHESS397LFHRESDODRMEEE TEIRE



REEAGBE, B2 EPRBRESDIMIESE TE 1 RBALEE 4 LBEKICTTHAEETF
xR L, $f, BM205&HRE 8 DF | MEDTIL S KA EIEPRE8 LRFTHY
(REB51989) , AMAKTEHES 5397 HEE 8 OF MHEDTEIE S HHAMSHEITHHES8IT
HBTEDEREN, TNSDFERIZ, PEE 8 DFEE S HHAMA ML LB DM DEMNE(R
FICEREINTWAZEAERLTWS, LIeH>T, 5%, FRESICOVWTH A SIEEE
FEONR OO BAREEIKBENEEZ SN S,

tiEEEEAERE CGRILBEREME LY 2 —) TRRPBESDOMICEL L — 7 [REMDPadI
Labou Alumbish SHEEEE115%, NIV—[REDLambayque 15 51t#EPLS %, 1~ FRY
7 REDMitakh 51ti#EPL6 %, S 4 X[REMDThangonehSF2HA ) #R LB EICEK -
TERLTWS, ZhsiEWFnemAatEs i< AERRAROMSHEEFERDODEEZISNT
W3, D55, dtiBPL5IEEA, 105 KTT11EBEICHSHELFEROTEHNRENTLS
(MNEES1997) . £fz, dbiBPL6 &F 247 ) &5 4 RBAREIRIEERS ICHEFEBRBESE%
FoTW3s (E#ES, k¥RK) . Futsuhara - Toriyama (1966) 3R EEFHRS SDIBEMIC
BWTHIE S HHIMB D E 4 L BEDOIFHEGFPrEEHT 5T L ZR LT, Takahashis
(1973) LIEEFEGCFRMA-58L BNDOTMESEICEWVTREIE S AHAMS D Pr&EHT 5
TEETRLTWVWS, Pridlgs X TUPhEESHL (Kinoshita 1987) , Ig& PhiZRFLPESHME _E Tl
B ARBERBEFRFEIRICMIBEIITFSNTLS (Saito51991) , Lich»T, ThSDiAEE
CFELE A LBERBICERT 2AEELNTV, SERIEZNATNOREICOVTISIEEEF
FEOFMTEGEITZT I EICKY, AN ELFORRZZNT ZRELH S,

BADmM S REICHS T3S ECFRISREBEE LMD 2 RETH S LT (Es
K« ¥5k1985) , FICZEBRROMASMETFMMELLFIATNTVS, ZOARNGRIEHSD
T eH ) TH3B, Takeuchis (2001) (Fabh Y OFEIE S HEAMSEICEI T 2 QTLEEA 1T
W, B, 78XT1EBEICTHSHEDQTLERH LTz, Lich>T, PBESHE 4 REMIC
FoIF S HAMEMELFIEO e H) DS ELFEIEELGSUEMEIEL, TOmEHE
BIEFEERTHILICEL ST, LYBELGMESEERIRTESATEELH S,

IS HIIKED HBXRICES

=X - EMREEEREMARERE IUBERRMREE Y 2 —
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BB ICH T B 1 RFEIX S HH

R I DBEICREMN
-]

IV. RS HPMSIEEGFEDT v EV T EREEDHTE

1. RESHAMAERICFEOREAIYEYT

RFLPR—A—Ic KBTS T 1 hivI =/ 24 TR EBIGHETDER, PEBR8IIET, 3,
45 KU 8 REKICSilewahK W EA TN REBHFBEEZIF>OTEY, TD55, 1, 36K
U AR BEOBEABHICOVWTMAEEDEENTENT ., TD55, FL4LBEDEABEEDL
RLBCMAEERAEL T, LHL, F4LBEDOEAMBESEIF20 MU EHY, ZOHDE
DEFR A EEBGCFHERT ZHEHDH>TWEWL, ZT T, KK TIEE 4 RBEOTSE
B FERMEBORY AHEHM . ZTOHIC, ¥7, 1257/ LHWEITOJSL (RGP, &
REME R, EMKESERNHZER) ICK > THREINIRFLPY—A— (Kuratas
1994, Harushima51998) HSAMZEICHIARIGEERFLPY —h—%&&T, T 5lcrandom
amplified polymorphic DNA (RAPD) % (Williams51990) lc K> T#HlcBhEI—h—%RFEL
feo TNEDI—H—ZRAVTHEHIE SHHAMSEGFENEDI—H—MICEELTWS L%
ANBISHICRETvEY RSB THE T,

1) %
E55397 'HFR8 ESS5397DBCFsRMDBH SR ZT LI 1 2 RU,

R—D—ERICK > TEARBEDEABIZMHIFLDD, T55397IcL PR LKEZ 3[E
70T, RIRMITE A RBEDOEABHIINT OB TE 3RBEOEA B ZIFEVMEEEZE
RL, ZORERAN7EE UBRIOSEEEZBT4 LT 5) ZRAVTHRAEEGEFEDXHE
Ry EYT%{Tol, Ff, BTADHHLSE 4 RBEFEEARTIANTHEEZ I L TUL5EHF12
EE%EEKRL, ZTOEBEERDSI—H—ERVEEEGEDEREZIT> T, HRIABEERK:E
B LT
2) B
(1) RAPDZ R

RAPDZRICIEA ROV DS A LA AR LA F F800fE%ZFA Lz, PCRRIGARMER
S VALA)TXILAF F0.2uM, ANTPE100uM, E{EAHY 7 L50mM, kU R—iEEE

(pH8.3) 10mM, E(L<T T XTI L1.5mM, €£5F2/0.001%, #EIDNA 1 ng/ul, AmpliTaq
DNARU XS —X (7754 RINAF VAT LX) 0.02U/ulE Lz PCRIETZ 754 RINA
F Y A7 LX#DPCR2400, PCRI600%F fz(EPCRI700%ZFHLNTITLY, 94°C T4 RIEM LIc&Ic
94°C 143, 36°C 193, 72°C 293%A5HY A1V ILEYRL, 72°CT7 #ERREZTo> 1. RIG
RIOuIZ1.2%D7HO—RTIVHRTERXEL, RIELITFIVLEERE, BROBRET-O
feo ZRIBBEEINIRAPDICDWTIETAZO—Z5F v b (/vEMOY T VE) #AVT
o80—=>%7JL, DNAY—J T 9—370A%XiEIV %74 v 97545 —-310 7 TZ4F
NAFAVRATLR) ZAVWTRAA 22— X—2—&EILK Y RIGDBEERY 2EHm L. TDIE
EESIEREEICH20merDFEN TS/ T—%AM L, sequence characterized amplified
region (SCAR) ¥—H—%1Em LT



(2) A HERE

AR E IIEERERIZE LUAIRRETIT o>k, BERERBZICHT SMAHEEEITF]
BEFRRICIT o fee ATRREZEDOTURIEER25°C, RI19CICEREL, KIEFBAKEZRAV . ALK
REICHT HTAHERTE TIESANIERAR, SKEREIXBERERSZEEKRTHSH, KEEH
24cmé LTe,
() X—h—7th

DREEFICEH T BRFLPORIZFIR & FRRICIT o e SCARR —H—DPCRRGIEFIHRD< 1 &
AY T4 F—H—LEKRICTV, 1.2%07 H0—A5 IV TERXE LT,
(4) QTLE##

I—H—REDEGEMOHES JFURET vy EVJIiEdavyEa—42—vV I box7
MAPL97 (Ukai 51991, Hayashi « Ukai 1994) =R\ Tz,
B)YACSAITS)—DRII)V—=25

BEBAILREHE (YAO SA473V—DBEET 1 IV 2 —|SEEEMERMIERT BMKES
IREEMTRZERR & W DB efeWe, R—H—DIEBBLKU/NA TV FA4E—2 a VITIFECLA A
L7 SNV VIBHRYRATL (PRUYLINAFAHA IV AM) 2RV,

3) R
M FHLLI—H—DRF

FARBEDOEABEICIZIRFLPR—H—D 5BELHLIEEET, o, ZOAHBLREoOTWVS,
ZZ T, ¥9, RGPTHEINIRFLPR—H—DHhH 55 4 LEERBIKR RS DRFLPT —H—
1MBEICDWTCHANTz & T B, 5{EDRFLPR—A— (R738, R740, R1427, R2737, C1016) T
B4 BEHE LTV ESS5397&FBESDRINDZENEH TET.

RISR—D—EBOTEHICTVELA) TR LFF FEBEWVTRAPDY —H—DIFER%EH
Ffeo BOOEDS A LA XY LA F K&EBWLTSilewah, 1ti#E2415, HEE 8D 3 AfEDL
SDNADIEEEH T HEo>fc £ T3, 17561 EEDDNARE HMEIRE Nz, TN SDDNARE DS
Silewah& B E 8 ICHBETILE2415DH R SDNARH % 2 EDORESRERICK W FR LTS
R, 2BEODTSA4I—ICLVIBIETNS31ERDDNAFEHESNT, T5IC, £55397&m
BESDBCFRHEEAWVTE3, F4RBRKIMHEITISNZDEDEEELIER, 31EED
SUBLTSAI—ICKYIBIEENS 3EDDNAKEHE 4 LEMEICEEL TV _(B5HK)
LHL, EIRBEICMEDIITSNZEDIE G, o, TNSODNAEA2/O—=45L, &K
HDIEEFES & EICH20merDFEN TS A — %2 L TBEPRET o2 3, 7=—VY
>V JBESS CTHEMDNAR A % 18189 % 3TEEDSCARR—AH—hiEonfc_(E6R) ., TD
S5H0M 214 (SCAB11, SCAM20) (ImfElc kY Bz 514 XDODNATA HMEIRE B HE N
I—Hh—Foftfcs, TD22EXE<TvEVTICBW:,

2) s ECFENREIT v EV T

MAMEGFHERE L TWEE 4 REHREICET 2 98ERBT 4 D {EEIC OV TRER
EEZICHIT DTS ERE E T —H—EEFRDOERZTL, S ECFENXERYEV S
HEHThxole, BB7KalcE 4 2 EEDSilewah R EIEFHICH T B THSEDKEALE (LOD) X3
7 %&RY, LODRAO7 I&Silewah RiEHDHRH S EREER TLEMNE L, ZADLODAO7
I¥R2737 & XNpb 102D TERS SN, LIch o T, TS EGFIX T DMEEICESE L T3
EEMIPREEVEEZISNS,



MAMELFEELVRBRICRYEYTTSHIC, PBEROHH SR738ER1427DRMTHE
BRI LTV BEFEEE LIER, 12@&FHE5Nnk, 2OBALGST—H—FkKICE
TR ABRERMZER LTz, E7RblclA A BEERRDEGFREEZTRT, BT4-9-7, BT4-
76-2, BT4-2-4, BT4-112-13MABZ &YV LBEFAHFRBESE, FOXTHIHES 53978
fc o1z, BT4-9-7|3R738—R2737[MIC, BT4-76-21&R2737— XNpb102/SCAM20R T, BT4-2-4
[ XNpb102/SCAM20—SCAB11RIC, BT4-112-11£C1016—R1427RTHEE A Z#2Z L TWM e,
—7, BT4-11-8, BT4-74-8, BT4-70-1, BT4-49-15, BT4-12-3, BT4-24-6, BT4-10-6, BT4-
50- 134 2 &K W LENREARINE S 53978 T, 7OX7AIHHFBESEC oz, BT4-11-8l&
R1427—C1016R1C, BT4-74-8|3R740— XNpb267/XNpb177fEC, BT4-70-1
(& XNpb235/XNpb264—SCAB11RIC, BT4-49-15(3SCAB11— XNpb102/SCAM20fEC, BT4-12-3
&BT4-24-61$ XNpb102/SCAM20—R2737 T, BT4-10-6&BT4-50-11&R2737—R738[E TR X
ERI LTV, ThSOHEFMHEZBEERBRICOVWTHEERERIS EATISREICHIT ZH4HMH
BMEZ{ToR_(E7%, E7Kb) ., BT4-9-7Df5HIEES 5397ERALANIVEofeh, BT4-
76-2, BT4-2-4, BT4-112-10DM/SHEIEE 55397% LEl>TW e, TOFERIITHASEETFED
R738& XNpb102/SCAM20DICFET AT EERLTEHY, LODROAT7DE—T HR2737
EXNpb102/SCAM20DREICH o T &EE—H LT, ULEDERDL S, WHHHEGRFIER2737
EXNpb102/SCAM20DFEICERELTWS EEZS5NS, —7FA, BT4-11-8, BT4-74-8DMA 1l
ES55397ERALANIVESfe, TDT EEFTAEEGEFENR7AOLYETOXTAICIEEELL
WZeEERLTEY, REARYEY T DFERE—EH L, LHL, BT4-70-1, BT4-49-15, BT4-
12-3, BT4-24-6, BT4-10-6, BT4-50-10DM/5sMHlEE S 5397% LEI>TL e, BT4-74-8&BT4-
70-1DEGEFEIZR740 £ SCABTTDET LOEDLEWLZ &EH5, R740&SCABT1DMICE AT
BIEFEHLNEET LIS, OB TIZLODEIEHESICE>TEY, TOHSICES
—DDLODE— I HEFET R EEZS5NS, LODERICIZCI016fBEICE/NEREE—IDEFEL
feh’, BT4-74-8DMAMHES 5397 fcofc T &S, TDEFICTHSEEGCFENEET S

oReE BN EEZ S5NS,

UEDHERDS, B A4REFERBIDSlewahBREHICIEDEL £ 2 DDA HEETTFED
BFETHIEDRASHICE >, LI, R740—SCABT1RIDMAMEEFE% Ctb1 (Cold
tolerance at the booting stage 1) , XNpb102/SCAM20—R2737DT S &EFESR Cth2L T
5_(87Kc) ., BT4-112-1, BT4-10-6, BT4-50-11&<—H—DELFEHL S Ctb1& Cth2DWA
ERFDOEMATNS, LHL, ZNhSDmEHIZBT4-76-2°BT4-70-1D K 5 T—H DS HER
FLHOFEHGVRREOMSEE LENXTHEICEWVWEDTIEGD o1,

(3) WA B F EER D& (nEERE

AHFZE CERA T NTRFLP —H —IZRGPIC & ZRFLPESEHMR T Y TENTWLBH (Kuratas
1994, Harushima’51998) , AWK CTHIICHREENISCARY—H—TdHSSCAB11LSCAM20
ISRFLPESEMIFICIE< v TENTWEW, Ffe, AR TEGHEFICAVWIBERICEITS
I —H—RIDEGIE#IZRGPOED EAELBLNEDTWVDS, TOEWIIEICCtbI15BEREITK
EL, BIZIEXNpb235— XNpb267TE DE(GEEREIE AT TIX0.AME > feDITH L, RGPITL B
RFLPESME TIld2.8cMEG>TWS_ (B8R , TDfcsd, Ctb1& Cth2DE{nEERE%Z IEFEICIE
EBIBHTEHDTELEL,

ZZT, ¥9, SCARR—H—%Koike5 (1997) Ic&KBYACY O— BRI MIE TS, &
D1EHw%ZEEITRGPIC &K ARFLPEEMK] F TCDSCARR —H—DNEBAR AN, YACSA TS —
SEET 14 )VZ2—ICRFLPR—H— &SCARR—H—DDNATRZ/N\A TV Z14€—> 3> L, B
HoO—20FKkETo R, BE)Y—H—EYACZ O—Dxde%zESE 8 Kllcd, SCAM20IE



Y1676 £t LTz, Y1676l&RFLP —H— & DRIGATIFH 5 RFLPESH KD 102.0—102.6 cMN
Iy 7TENTWS, £, Y1676DFEERICH BYACT O—,Y22171T3F L TIEXNpb 10217\
A7) ZA X LIHSCAM20IE /N1 T ZA4 X LTah ofe, LIeh>T, SCAM20IEXNpb1020)
TOAOATRICERYT BT EDbD o, SCABT1IXY1955 &5t LTz, Y19551%107.6—108.1cM
DMEICI Y TENTWB, RFLPY—A—3B K USCARY —H—DRFLP;:ESHMK EDMEX S 8
RITTRT, Ctb1IESCAB11&R740DRICEH B T & H*SRFLPEH MK ETIX107.6cMH5113.4cM
ICE35.8cMDMBEEICERY BT ENBESHICE>Te, £z, Ctb2ldR2737& XNpb102DREICTE
TETBTEH596.2cMH5102.0cMICE S 5.8cMDFBEIRICER T 5 EHEASHICHE D

feo Ctb1& Cth2DEREER#IERAT113.4cMH596.2 cMEF| LN :17.2 M, &/INT107.6 cMb
5102.0 cM%EF|LM 5.6 cMETEB T EDBASHICHE ST

4) ER

P 8 K 4 REBGRMEICHDSilewahEIRBEHKICDOWT, &S HAMSHEEEFEDNX
<y EVTZToAER, TOBEEAICIE 2 DOMSHEEGEFECHTEC2HFET BT &H
b ot LHL, BADHSHEEFEZIFDBERZBEERRDOMSELS—F DA EEF L
MERGEWEEZ BEERROM AN L FIFEFT, BMNEHRIEEDHS NG ofc, TDEH
ELT (1) mmsthEEFIEEENICES, (2) ARAEEEFEOMICHAtZ5E<T5
BIZFHEET S, D2 DODHEMHNEZ SN, ERWIERDTREMEIC DOV TIIEREDSE 3 £
THRFHTBZELEL, TTTIE, MWAEEEL THIELFOEEICODVTERT S,

BIKFKERIC L STAMRE TIEHEDERVRE - RREFEMASEMECFHMEIhPTE
ZZ5NTWS, ThiFHENELZ LIcKY, BRAIVERVEBHEIR LGS I LICLS,
B 7 Eblc B A BERROBFEA#MER LI, Ctb1& Cth2D ™A %$FDBT4-112-1, BT4-10-
6. BT4-50-1TIXHBEHPPENTWVS, ZDfdHIT, ThSDRATIEMAELENHES N
CLEofcAIREED $H S, BT4-49-15DFFEALKIEBTA-70-1DFFEAML Y PP R, BT4-112-
10FFEREIIBTA-2-4DFFEABL W LEPPRGOTVS, BERMOECTFREZLERT S L,

2 DDMMAMEEEFEOMICHTEICERT 2EBGFENEFET I HEEASNDS, TOEEGFHM
AMOFHMEICRE AR K LI-TREEIE B E TERLY,

ILBETIFENE S BIEHADROSNTWVS, FIAEFEICIIHEDENS &, BEDLE
FTAHELEL THTREERPREZRRETELRL, TR, HERIEILEEICS W TIEREIC
BELGHETH S, PEESOEHBEHEIFPPME (REFS51989) THY, HEE8DMAMEIE
FEERTIHBEICIE, HREEICETI2HER8DEGFEMVRBENHS, FEES.TE
BICHALEAE LT, MAEPFREBEROHESINGSZH (EFES51993) , HEAHLPPEWE
EDFRREEDNTZR > TWBTcdlc, RAMBOREICIEE>TVEAL, DI LIFZHEE 8 D
AUZEBEATSHILIIBZTHSD, ARICHEBESDAREELEATAPTWVILETRLT
W%, KAHAFETE 4 REBFERBICIETSEETFED 2 2H5Z LRI N, TNSDEETF
EORICBEDEGFE, tmEDkiERARESE LTHE LLGWWEEDBRGFHH S5,
BEOEEETEINSORREEZRYMRK TLIZE#ETH S, DL GIREELEZEEREE
TOCER—H—BREBE AT LIEHAGHELH S,

5 4 ZEEDSilewah BRI S 1) S 1HH: Z SAE IZRFLPEH MR =18 L - AFREE
Kasalath®DF SR HICLENTBTATIE T L T WM e, R ZSEEDEHE ChTHEFET 5 XNpb102H

S5R740DBE T KED T _(ESH) ., THOKS G ZSBEEDEMICIZIDNAEEEFIRD
HEEHBEMRLTEHY, HEMOSWVEE TIHEWEFICLENTHBRZEE,N S EHLEETNT
W% (Silver - Artzt 1981) ., EIFRICDNADHEHRBEIMMEWLNEZZ SN BERMER (Bonierbale



51988, Paterson’51988, Causse’51994) PERIHIICHREIMDEWEEZE CHEKE L3 ERA
&£ (Alpert « Tanksley 1996, Monforte * Tanksley 2000) TH#e ZSBEDETHEHSNTL
%, XNpb102&£R740D TRHSNIBRZASFEDETIX, ZOEFHICHIFEHESS5397L&FHE
2 8 DIEEEFDERMEIMEDBIHICLENTENC EERLTWVWS EEZ SN S,

TNEDS  FIlCED BXRICES

BX - EMRBEEERKINARER IUBERRMRE > 2 —



-
BB ICH T B 1 RFEIX S HH
R DR IGERT

IV. RS HPMSIEEGFEDT v EV T EREEDHTE

2. RIZTSHEPMHEEGFREOEER v E> T LYEHE

iR 8 HE 4 REERBIICIFDSilewahBREFHICIE DG < £H 2 DDA EEGEFEHLTE
£ 5D, WHAEECFEORBICIKItEENDRAMES LTHE L GVWHEDELFH EE
LTULWBasEEDH Y, SilewahBBROMSHECFEZRAREDERICTER L TWL L fdHIC
&, MAEEGCFEEXIVRBEBICRVYEYTITBRELHS, £fc, TNEDELGFICKDTE
HESHEZHASNCT SHICETISEECFEE#ML, ZOELENGTFEEZESHICTS
BELH D, ZAETIE, ULEDELSHEHAERDE—HE LTS ETFECD1DYEEME % /F
LT
1) ##

MAMEICFECDICDODWTREBEI Y EV I &ZITS i, FRESAES 539752 R LATHED
L TERLIDBEFBT 4 OFH 55 4 REEDSilewahBFRBEIHIC DL TAT OB DEF %2
U, ZOEKD S Cb1tEEHICH T 28 X EF % &R LT, #kICIZCb 1B OMIGICERET S

2 DMDI—AH—O0SR15&SCAM20%Z AALM=_ (B89 Ka) ., OSR15IkAkagis (1996) KB <1 Y
AYTFSM4 F—H—ThH %,
2) BF&
(1) X—A—9h
OSR15& SCAM20D TR Z BIEDKIRIER 7 1) —Z > J I AW - HRIDNAB R DS
(&, Klimyuk5 (1993) DFEEICE>TITol. BE3I~FAERDHEXI VT SmmDER =]
WERY, 1B 1 mmODRSARICLTIA7OF21—T ANz, 0.25NKE(LF U D L%
A0uIINZ, #HREKPTI0MREMBME L. 0.25NIEEE40 ul L EEAKR (0.5M MU X —18
B, pH8.0, 0.25%(v/v)Igepal-CA630 (U7 IVEY wvF4t) ) 20ulzEMMATHF LI,
KT 2 oEMBNE L, FETERERD—EZHFEDNAL LTHWTWSD, MmE®Es
S5 DNABIRZITA S T EO MR CE s, FMETIEHERZHEDNAARKRE LTAHWL
feo PCRERIGIETOuIRTITLY, REEHERIETZ4<—%02uM, ANTPEZ100uM, &{kAHY
9 1,50mM, kU R—18E (pH8.3) 10mM, LRI XY L1.5mM, €5F Y
0.001%, lgepal-CA630 0.05%, AmpliTagGold DNAZKU AS—+t (7754 FINA( AV AT s
A4t) 0.02U/ul, SEIDNABKT ul& Uiz, PRELUESXENIFIREBKICITO T,
RFLPR—H—, 4705754 F<—H—, SCARR—AH—Do it & ERICITo 1=,
(2) A HEEE
MAMREIALRRZBICEW AR EEKRICIT o e RRBOTSHEDZEICEHT 2080
IZiFaAEa—2—Y 7 k7 x7StatView 5.0 (SAS Institute) ZRLMz,

3) R
(1) I 5 HEAM B BB FREDBET Yy EV T
SRR, 255{E &I DULNTOSR15 & SCAM20 DR Z Bk % 3tk L I-kER, 117{EDHERZ (8



F&EG, HRZEEKIZOSR15ESCAM20DEGFRICE T, OSR1SHHHEE 8 BITSCAM20
PATFOROEE (R1) , OSRISHNT ORI TSCAM20HES 53978 D(ERx (R2) , OSR15
DES 53978 TSCAM20DINNTORIDEE (R3) , OSRISHNTAZRITSCAM20HFHEE 8 &
DfEfx (R4) , OSRISHHFEE 8B TSCAM20NES 53978 DMEE (R5) , OSRISHESS
397BUTSCAM20L B E 8 BIDER (R6) DEF6 JIV—TIcHnEEINf_(E9b) . #HiRZ
EEDEUIR 1 H28{E1E, R2 H261E{EK, R3 H32MEEK, R4 H29E{EK, R5H 11EHAE, R6H11E
&1z otc, R5&ER6ICDULTIFOSRI5ESCAM20DRITCERXN OB ofc&EZ 5N

%, Cth2=BFRWERABEERREETRT 5HICRT1 ER2DEFEDBETEERXZERL, R1
DEAH S5IFSCAM20HE 5 53978 DEE%E, R2 DEMAH SIZOSRISHFRE 8 BID(E{F% 1%
L TR LTc, SHEEDMEIEZ EERD S BAMEFIC DWW TR A EERKEBR T ENTE
feo 7Y D5 EEICOVTIEREABIDEBTAREFICK YRR ZIT O T EHLTELGD O

B LR Z EERBEICOWVLTCh15EIE D < —H—R740, XNpb267, XNpb264, SCAB11

DEGCFEZRAN, ZTOEREZEICHBABERRELETOI—H—HESS5397RDORMK

(NS) , R740DFHHHRE8ESEIDZRK (NA) , R740& XNpb267HHHHE 8 BID R

(NB) , R740H°5 XNpb264%E THHBESEIDZRME (NO) , 2THOI—H—HFHBESHDR
B (NT) O57IV—TIcn$EL-_(E9RC . NSITIX 2 %Z#E, NAICIX10RHEE, NBITIZ6 X%
., NCITIZ9ORE, NTITIZ22ZREO S ENT L e, NSORKEIE Ctb1TEIEH E S5 53978, NTD
REECh1EEHFRE 8RICHZ > T e, ZODMDORRIZCHIFEIIN THBA ZRI LTH
Y, NAIZR740& XNpb267MDRE, NBIZXNpb267& XNpb2640RI, NCid XNpb264& SCAB110DR
IR mbd o1,

Cth1DFBERI Y EV T HITOT=8HIINA, NB, NCO2BSRFEICODWTTHAEDFE AT Tz, &
fe, NSO 2 ZRFEENTD 2 RFEMBICAVL ., ThSDRFIFBRZ SE& Y HLEIREARIHES
5397RUCEH>TEY, &5—D2DMEMHEEFCb2IIFEVWEEZISNBH, ZEXXIC
KD TCCb2IEBEHHFRBESBICE > TV AL LT HELSKINTWNS, ZZTE2THHR
FRICTOWVWTUL2MEIEEEICH BT 7O T 54 F<—H—RM317DEGFRERANT . T D
R, NCULEENZ 2 DODRBETCRMI7HBNTORE IZFBESBI A >fc TNESDRKE
X Cth2% 15 DalREMED B LN 8D, TDERDEBIAD SN L, MBEESLRY D27RHETIE
RM31713E 553978 fc > f=,

BRROMAMEZECFRAICE LHTEREEIRITTY ., HRE 8 DFZEZ(388.9%,
TS5 5397DFRKIF41.5%Eole, Ctb1EFIHUVXTEB THBNSDIEZREIFL0.7%TESS
397&IFIFR Lo Te. NA, NBOFRERELENSORRRRICEELGEITED o, ThITXFL, NC
DRERIINSOBRERELY EHEFEICE L (P=0.0080) , NTOEER|GAD STz, ThSDIEE
H5, Ctb1EEIINBRHFEDMEHEZ A ENCRIEDMRZ DR, DF Y XNpb264DEDICEREY 5
EEZBNE,

(2) FEIE 5 HHAM S & T FREED YRR
1 DY IR L TIEA 7/ LEREEY 7OV b
(IRGSP, http://rgp.dna.affrc.go.jp/IRGSP/) ICk > TKREBEEAIREE (BAO yO—r % el
P17 7—YHBERAIREER (PACQ 70O— DG LIERETDFEGEHEDHSNTNDS. B
4 2EEICEAL TEPFEDOHE S IV—TH93EL, BACY O—2 = BUWCERES DMESEIT D
TW3 (Zhao52002) , ZZ T, TNESDEREZFALTCthIDYEBEMK ENDITvEVT%
mPTe,

I —H—DIEEEFIEREEICDNAT — 2 N— RT3t L TBLASTRRZEIC LK B HEEIERERTT

L, X659 BBACY O— >V DEREFIAFT, & 5ICBACY O— 2 DXRIFEEES %= AV THER



MREZFTSTEICE>TEET BBACY O—#FEEL, BACOV T J&ER LT, ZD&E
R, Ctb1fEEEESGSCAB11ERIA27OBETBACOAY T4 V% ERT AT EDTER_(B10

E) . SCAB11&R1427DRMEIE#93,000 kbfe o e, T DYNERHIKIICRGPIC K & GHIKIES KUK
METHWESBISERABTACHS T 5 EGHRZXRIGEE D L, LWTNDBEEITHEWLTESCABID
S5R740(TH T TIYIBEEREICLENTEIGEEREDEE K, C1016H5R1427(ChM T TIXYnIEEEEE (T b
NCEGHEEHIRD > Tc_(BI10R) ., TDI EIFSCAB11H S5R740ICH T T DEL T Z HiEE
T W EERL, TOEECRABRDIERRFIDEENZWNT LETELTVS,

Ctb1Hh'EEFE L TW B REMED FHUNSCABT1E XNpb264DREIE2DMDBACY O— >

(OSJNBa0058K23, OSJNBa0093008) TH/\—ENTHY, m~—H—RDHERIZ196 kbfc>
fe_(8118a) . BACY O— > DIEREFIEREZEIC TS 1< —%5&5t Lsimple sequence
length polymorphism (SSLP) ¥—h—%ERLIER
BAC1, BAC22, BAC9, PNK2, BAC29, BAC28M 6 {EDSSLPR—H—%18BZ¢EDHTER, T
NSDI—H—ZAWVTINCCE T 2B ABERRDECFEERNIIER, —DODRHKBTS-
12-110-71¥BAC22 £ BAC28ICDWWTNANTORTHY, BEIEITN TV ELW I Ehbh > _(E11H
b) . ZZ TBT4-12-110-70#% KK Y BACI A S5SCAB11 DR CEIGFEHNELE S 2 DDHRHKEBT4-
12-110-7K&BT4-12-110-7P%Ek L e, MRFIIBACIH SSCAB11 DB CGEGCFREHLRERLE ST
WA EREECFRATHS_(E11RD) . TD2D2DZRMICOVW TS EREEIT R
5, BT4-12-110-7KDf A HEEH Cth1 £ xR (Control-S) DA EBFZ > feDITHt
L, BT4-12-110-7PDii 5 tEIECtb1%3F DOxf88 (Control-T) DS E IFIFREFE >z, BT4-
12-110-7K& BT4-12-110-7PDia D ZEIFEE (P=0.0031) feofe, TDFERIZCtb1HBACT
ESCABTTIDRIICERLTWAZ EERLTWS,

Cth1fEiE R T 5IcIkH B T8I, ThFETD1,255EEICHINZ T753EEDERD S Ctb 1581
ICHT 5B ZEREZERL, BRZEERRZETMR LT, ThIcKWBACI &SCAB11DRETHE
BZEREI LTV SEBRZIEERRZE T SICARBRT/L. SFH10EDRREICOVTENTNDE
EFBI%ESSLPR —A—THN, BEFEEICNCI, NC2, NGBD3 2DV IV—FicafEL-_(E
11Xc) . NClIc)Egd %% (BT4-18-170-2, BT4-29-279-6, BT4-12-195-1, BT4-27-355-3)
(EBACT1 EBAC2DETHARZ ZH2Z LT e, NQITE T B %R (BT4-27-486-2) (EBAC9L
PNK2ORI CHEfR R ##eZ LT e, NQITE 9 A %% (BT4-8-104-2, BT4-8-123-6, BT4-22-
250-5, BT4-23-580-9, BT4-26-349-8) [3PNK2&BAC2ODREI TR Z Z# T LTW e, E9
EHLUENR IR BRZBEERREOMSEEZTT, BACOEPNKR2OB THBZA AR LTV
%BT4-27-486- 2D /A THIE Ctb 1 &3 -5 L xFBR (Control-S) &Y EBEICEL, NCGICET S
RFomsEIEOFhE Control-SICENTEEICED o fce TDT &I Ctb1HBACT EPNK2D
BIICEET AT EAERLTWVS, NCIHZET ARAEDHBTIEBTS-18-170-2& BT4-29-279-6 Dt
AEDControl-SERIFRE > feDlcxt L, BT4-27-355-30D15 1l Control-S& W EBEICED o
feo TOEWVWIIERFROBERZAFDEVICKDEDEEZSNBEDT, Ctb1lEBACTI EBAC22D
BICERET 3EEZ 5N %, BACI&EBACQ2DYIREEREISIEEEIS DAESEIEERD 5956 kb & H#EH
Tha,

4) EE

A ZDT / LA XENTO4 FEY43X108bp L BEE SN TS (Arumuganathan «
Earle 1991) ., 4 X DRFLPEEHKIELRH1521.6cMfc>fcZ DS (Harushimas
1998) , TcME =Y DOYpIREER#IZ#I280kb & %%, LA L, EIniEEEE ¥NEEERRED LIS EkTE
HICK > TKRKECELEY, BFREEEETIXIcIME Y DEGEEEEH1,000kbIA EICE S



(Nakamura51997) , CO& S GHEBTIFEBRAEEMET T S LHITECENAELEER
EDHEE L 725, SCAB11&ER1427DYIREER#IS%93,000kb o fee WY —H—DEIREERH#IERGP
IC & ZEHEMRKTIE15.7cM, AAETRWESBERTIZ7.7cMEo . LI >T, 1cMiEifk
Y DYNIBEEREIS TN ZN191kbEB K TU390kb &5V, 4IREERE & E(REEREDLLIXIZIZFIMFE o
feo TODTEIE, BARBHARERFESICHRZABEEICATAIAREGEHIEFEELEVWTIEE
BRLTW3, ¥, BAANICRTHBHRZEEHIREEA TLT=DIZR740& XNpb267DRETH
Y, CtbIhEET 3 EEZS5NBXNpb264L SCABT1 DR Tl ZSEEDEIITAEL HH D
fc_(B10R) , LfehoT, CthIfEEIcHIT 35 EDELFNAELRELEEEREZTO>L
T, B ZSEEOMBEIIKELGZEL LGS EVEFEENS,

MAA BT 35/ LARRRDERZD 1 DI, MAMBEICHTZI—H—BIKEDEA
hd3, BRIEBTCI—H—EREITSoICE, KEOBEGHEHCODVLWTHERMICI—H—E
EFEOREETOVDENH S, KX THBZAEEDOKBER Y ) —ZV JICBAWEFEI,
ROLFEOHI D BEDHRNELNES Y, 50EE CHEDNABRREZRAMNTESIERICHELES
ETHB, BtGEEEHNBELEY, ARLEY Y FIVEA4°CT1 7y BREEREFETE, $ET
R—H—EGEFEEHETESLREMINREZL, SBIEECDEISIBEI—H—FBRFEZELEDLS
ICBRRIIGICEAT 2D FREE LS, AL, YETHETESH=ZEH LT, EEAFIC
I—H—EEZ1TL, BREOBESN TV SMASHERERSEZEMIERTSIEEEZS5NS,
MAMREZTAGVEARIET —H—F#ikZTV, EREIIEEDEEERZITO LV SHEE
HEHEZ 5N, BEICGfcEIIVWE, I—H—ERIIFROL D B1EETH S, I—H—=F
HEEZEEL, BUICEEEENEPHAG T ED, 7/ LAEORREEREEEICERTS LT
WETH B,

TNEDS  FIlCED BXRICES

BX - MR EERENAREE IUBERRMRE Y 2 —



-
BB ICH T B 1 RFEIX S HH
R DR IGERT

IV. RS HPMSIEEGFEDT v EV T EREEDHTE

3. RS B EECFDOHEEDHTE

RIE S HADEEDFREZRET HHBIC OV TIIH < O SHMREREN, £FEFNEXUE
{LERGHARMTONTE . ThicHL, AEREOTSMEFEIBICOWVWTIEIH T YA
ENTLHEL, NIRRT S HAHIAEIC OV TS EREEDN RSO SHIIL, THHER
HRERICEE LG TOMAMERRZITATE I LICKBEEZASNS, LHL, HiE it
BEOA 2 RENMFOMAMIIIER STV LANIVICHY (FiiE52003) , 9%, COMAEES
S5IC/HTNL e HICIIAEESHIBICET 2ERHDUETDH S,
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Genetic analysis of cold tolerance at the booting stage of rice in Hokkaido

Koji SAITO
I

Summary

Spikelet fertility of rice decreases if rice plants are exposed to low temperature at the
booting stage, due to the failure of microspore development under low temperature
conditions. Cold tolerance at the booting stage is one of the most important objectives in
breeding programs in Hokkaido. In order to incorporate cold tolerance of foreign rice varieties
into Hokkaido, Silewah, which is a tropical japonica variety from Indonesia, was backcrossed
to a breeding line, Hokkai241, and a cold-tolerant variety, Norin-PL8, was developed.
However, the chromosomal locations of the cold tolerance genes of Norin-PL8 had not been
determined. In the present study, | analyzed the quantitative trait loci (QTLs) for cold
tolerance of Norin-PL8 using DNA markers.

. Identification of chromosomal segments associated with cold tolerance at the booting stage
1. Graphical genotype analysis of Norin-PL8

Norin-PL8 was developed by the cross Silewah//Hokkai241. Therefore, the cytoplasm of
Norin-PL8 is derived from Silewah. | examined the cold tolerance of F; plants of reciprocal

crosses. There was no difference between the crosses, indicating that the cytoplasm is not
associated with cold tolerance.

In order to analyze the genotype of Norin-PL8, | examined the restriction fragment length
polymorphism (RFLP) patterns of Silewah, Hokkai241 and Norin-PL8. Out of the 240 RFLP
markers used, 102 markers gave polymorphic bands. All of the polymorphic patterns could be
divided into two groups, those monomorphic between Silewah and Norin-PL8 and those
monomorphic between Hokkai241 and Norin-PL8. The former patterns were detected by 11
markers (two markers on chromosome 1, three markers on chromosome 3, five markers on
chromosome 4 and one marker on chromosome 8). The results indicate that the segments on
chromosomes 1, 3, 4 and 8 were introgressed from Silewah into Norin-PL8.

HokkaiPL4 is a sister line of Norin-PL8. Although HokkaiPL4 is also cold-tolerant, it is a little
inferior to Norin-PL8. | examined the RFLP patterns of HokkaiPL4 and found that the
segments on chromosomes 1 and 4 were introgressed from Silewah into HokkaiPL4 but that
the segments on chromosomes 3 and 8 were not. The results suggest that the main cold
tolerance gene is located on chromosome 1 or 4.

2. Association between introgression and cold tolerance
BC1F4 plants of the cross Kirara397/Norin-PL8//Kirara397 were grown in a paddy field in

1993, a year in which there was a very cool summer. | examined the spikelet fertility and
genotypes of RFLP markers for 43 BCF4 plants. The results indicated that the introgressions

on chromosomes 3 and 4 were associated with cold tolerance. The introgression on
chromosome 8 was not associated with cold tolerance. | could not examine the association



between the introgression on chromosome 1 and cold tolerance because the RFLP markers on
chromosome 1 were monomorphic between Kirara397 and Norin-PL8.
In order to verify the results, 92 BCF5 lines of the cross Kirara397/Norin-PL8//Kirara397

were tested for cold tolerance and RFLP genotypes. Cold tolerance was evaluated on the basis
of spikelet fertility of rice plants irrigated with deep water controlled at 19°C. For the markers
on chromosomes 3 and 4, the mean spikelet fertility of the lines with the Norin-PL8 allele was
significantly higher than that of the lines with the Kirara397 allele. On the other hand, for the
marker on chromosome 8, the mean spikelet fertility of the lines with the Norin-PL8 allele was
equivalent to that of the lines with the Kirara397 allele. The results indicated that the
introgressions on chromosomes 3 and 4 were associated with cold tolerance.

The association between introgressions and cold tolerance was examined also in Fgq lines

between Hokkai241 and Norin-PL8. Out of 503 microsatellite markers used, 6 markers on
chromosomes 1, 3 and 4 were polymorphic between Hokkai241 and Norin-PL8. For the
markers on chromosomes 1 and 4, the mean spikelet fertilities of the lines with the Norin-PL8
allele were higher than that of the lines with the Hokkai241 allele by 8.5% and 17.7%,
respectively. On the other hand, for the marker on chromosome 3, the mean spikelet fertility
of the lines with the Norin-PL8 allele was equivalent to that of the lines with the Hokkai241
allele. Therefore, the introgressions on chromosomes 1 and 4 were associated with cold
tolerance in the population between Hokkai241 and Norin-PL8.

The results showed that introgressions on chromosomes 1, 3 and 4 were associated with
cold tolerance and that the introgression on chromosome 4 had the largest effect on cold
tolerance.

Il. Map position and function of the cold tolerance gene
1. Interval mapping of the cold tolerance gene

In order to determine the precise map position of the QTL for cold tolerance on
chromosome 4, | developed advanced backcross progenies by using Kirara397 as a recurrent
parent and conducted interval mapping. Log-likelihood (LOD) scores were relatively high
from the center to the proximal end of the introgression and a maximum LOD score was
observed between the RFLP markers R2737 and XNpb102, indicating that the QTL is most
likely positioned between R2737 and XNpb102.

| developed a set of recombinant inbred lines (RILs) from the recombinants in the
segregating population and compared their cold tolerance. BT4-9-7 had the Norin-PL8 allele
for R738 and had the Kirara397 allele for the other markers, and its cold tolerance was
equivalent to that of Kirara397. Cold tolerance of BT4-76-2, which had the Norin-PL8 allele for
R738 and R2737, was higher than that of Kirara397. This result suggests the presence of the
QTL between R738 and XNpb102, coinciding with the LOD peak observed in the interval
mapping. Cold tolerance of BT4-74-8, which had the Norin-PL8 allele for R740 and the
Kirara397 allele for XNpb267, was equivalent to that of Kirara397, indicating that there is no
QTL from R740 to the distal end. However, cold tolerance of BT4-70-1 was higher than that of
BT4-74-8 and Kirara397. The genotype for the region from R740 to SCAB11 is different
between BT4-70-1 and BT4-74-8. The LOD curve is even in this region, suggesting the
presence of a hidden LOD peak. These results indicate the presence of another QTL between



R740 and SCAB11.

| found that there are two QTLs for cold tolerance in the long arm of chromosome 4 and
designated the distal one and proximal one as Ctb1 and Ctb2, respectively. Cold tolerance of
the RILs that harbor both QTLs was indistinguishable from that of the RILs that harbor either
QTL, suggesting that the interaction of Ctb7 and Ctb2 is not additive. Minimum and maximum
genetic distances between Ctb1 and Ctb2 were 5.6 cM and 17.2 cM, respectively.

2. Fine physical mapping of the cold tolerance gene

For the fine mapping of Ctb1, 1,255 individuals of the segregating population were
screened for recombination between the Ctb1 flanking markers and 49 RILs were developed. |
selected 2 RILs that had the Kirara397 allele for the Ctb1 region (NS), 10 RILs that had the
Norin-PL8 allele for R740 and the Kirara397 allele for XNpb267 (NA), 6 RILs that had the Norin-
PL8 allele for XNpb267 and the Kirara397 allele for XNpb264 (NB), 7 RILs that had the Norin-
PL8 allele for XNpb264 and the Kirara397 allele for SCAB11 (NC) and 2 RILs that had the Norin-
PL8 allele for the Ctb1 region (NT). NS and NT were used as cold-sensitive and cold-tolerant
controls, respectively. The spikelet fertility of NC was higher than that of NS, NA and NB and
equivalent to that of NT, suggesting that Ctb1 is located around XNpb264.

| found that two bacterial artificial chromosome (BAC) clones cover the region between
XNpb264 and SCAB11. Based on the DNA sequences of the BAC clones, | developed simple
sequence length polymorphism (SSLP) markers: BAC1, BAC22, BAC9, PNK2, BAC29 and BAC28.
| found that one of the NC RILs, BT4-12-110-7, was heterozygous for the region between BAC1
and SCAB11. In order to test whether Ctb1 is located between BAC1 and SCAB11, | developed
near-isogenic lines, BT4-12-110-7K and BT4-12-110-7P, that had the Kirara397 allele and the
Norin-PL8 allele, respectively, for the markers between BAC1 and SCAB11. Cold tolerance of
BT4-12-110-7P was significantly higher than that of BT4-12-110-7K, indicating that Ctb1 is
located between BAC1 and SCAB11.

To narrow down the Ctb1 region, | increased the number of RILs by screening 753
individuals of the segregating population and developed four more RiLs. | genotyped the ten
RILs using the SSLP markers. Cold tolerance of BT4-27-486-2, which had the Norin-PL8 allele
for BAC9 and the Kirara397 allele for PNK2, was significantly higher than that of the cold-
sensitive control, indicating that Ctb1 is located between BAC1 and PNK2. Cold tolerance of
BT4-18-170-2 and BT4-29-279-6 were equivalent to that of the cold-sensitive control, while
the cold tolerance of BT4-27-355-3 was significantly higher than that of the cold-sensitive
control. BT4-18-170-2, BT4-29-279-6 and BT4-27-355-3 had the Norin-PL8 allele for BAC1 and
the Kirara397 allele for BAC22. The results indicate that Ctb1 is located between BAC1 and
BAC22. The physical distance between BACT and BAC22 is 56 kb.

3. Function of the cold tolerance gene

Anther length is one of the factors involved in cold tolerance because anther length is
correlated with amount of pollen. The anther lengths of Norin-PL8 and Hokkai241 were 2.85
mm and 2.13 mm, respectively, and the anther length of F lines between Hokkai241 and

Norin-PL8 were continuously distributed between those of the parents. The introgression on
chromosome 4 was significantly associated with anther length in the F; population. In order



to examine the association between QTLs for cold tolerance and anther length, | measured
the lengths of 80 anthers from each RIL used for the interval mapping. The RILs harboring
Ctb1 and/or Ctb2 produced larger anthers than did the RILs without Ctb7 and Ctb2. This
result suggests that both Ctb7 and Ctb2 express cold tolerance by producing a large anther.

| found seven open reading frames (ORFs) in the 56-kb Ctb1 region. Two ORFs coded for
receptor-like protein kinases that play an important role in plant signal transduction. Two
ORFs had F-box motifs. The F-box is involved in the ubiquitin-proteasome pathway. One ORF
contained a BAG domain and a ubiquitin domain, suggesting that it plays a role in the
physical linkage between the Hsp/Hsc chaperon system and the ubiquitin-proteasome.
Functions of the remaining two ORFs are unknown. Of the seven ORFs identified in the Ctb1
region, five ORFs appeared to be associated with a signal transduction pathway or a
ubiquitin-proteasome pathway. Since both pathways function in various aspects of growth
and development, it is difficult to speculate about the ORF responsible for cold tolerance or
anther length. Expression analyses and transformation experiments of the candidate genes
are necessary for identification of the Ctb1 gene.
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