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ARRCIRTPEE 22 FEOMET, 71 HROBRAGFRIBSAL. SO LR, SHEIET
W 224 11 A 2 BiHO T B AL RHE A AT R & [ AR AR ORI T 2
A BHEE] ARl SHROMEFRLLOL L Eh o7, FHE 12 1213, ASRFREH
AP SHEAROSEROERTERVI BRI THREL 2, ARRALICLEIFaXF
1T DN AGH L ERHEE - RS OT Y 70 ERIL T b, BILRERSAL, AFoASE
- BACEMIRCET HAERE, MMOERNER (P23 ~ 25 FEO 3 FRBEPER) L AAS
WRME OPHER AR (PR 23 £~ 26 F B0 4 FRBER) THALLTv2, WERME [LBE
Ao KR E L MRAR - HUARORE -DNA- AT & L, FRdBEToRo
LBhThA.

TR 23 EERUWHAI BT, MEAMREMERIC L si#E 20T ARDZ V=7
ik, FF 10 A ABMRE~ATERE L. Ok ARRSICBTAROBTERE
e, BRENET LAARDG, BEORE #H50, £, BRERONEES LOERTH L EEL
Twh, £, Hb¥TI b3 ¥ FUT7DNAGH L EAHE - AT LEH LML,

T 26 G, REMEREFONTCALL THBRREL T, MrARHEATOASEY -
BALEMARERFERRIZED FLO6R TS, 4, MTABRMEAR LUgROMEAR LD
JEHTIE, P 26 SEHEVC E L AE S O RE S h A TETH D, (KB %4k )

K & IR BEOWM - BRE
HRftRE | H R ESER T AR | AN

TEMRRHH - B2 b RICIF RS
BRsEE | km W HRKFRETHREMNSE st AEY - R
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B | o EE E SR AR | ERANE
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AFODN ASH
ERBILE | W ESRE A | AR EE
TERERHR - 5
WHHIE | FIEFALTF ESCRE O AN | BARAEF
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2 ARRRAR

2 ANERREAR

0104, WUTTABNLOMT RIS 6, At E AN LR GiRgRE R LR AW BT (B
F, RECEERE) ORI Lo T, BN EOMIBRINOL O L Bbha ARPRR S,
AHEEC, COARRRHIOLTONERHRERRIERE D, LL, MIARFLAENER
Bh0R, ZhmTTiREw,

¥, AMTRBAKE, 1910 4EL00 (LF 1910, # - #01985) &5\t 1907 ¢ (HEHE 1986) 1=
TIEOFESMER TS L, 208, WEIrOBEICL T, MRS (RELREMRIT
H2 T EATEBE AL (BW1958, NS 1966, WA 1972, M 1974, 1986). L#4rL, ABORRIHL
Tik, FHRUE, Bhhidhsiiol. RUORRIL M £THE, 20K, 1914, 2084
LEMRERAEE, $EOD0EORRIELIDTTHD, UTI, #ho0BELET,

(1) 1971 SEH AR

197143 A 70, MUREHERSHESETIY, UGN ROR r BALB% KL SUARO
Tire, HEVRSEROBMER ATE 1 HRRR L2 k- B0 1985), RHMOMT-2 WL REDRILE
& (1972) G STV 5, AFREUFELED IS, HRMA s Sl s L Tho T, B
SERHEE G [HARBO BARBEMEATIR] YoV 2 bOo—RE LT 1984 FICmUE R4
EhkE v, RFTARORE - P L1749 2Lk ofze TOBEFINE - SAERIIH - B0
(1985) (S T3, -0 (1985) 12, PIREARHMBOSTIZL D, oMk ABELY
L

B, WA (1972) Kihid, WK Cofik 15AH) OboLEX6hd THREFO—HFE
Enfkw i, SRIEFHTSHS,

(2) 191 sEMENE

1991 4 1 A E47r 5 3 AR TiT by REOERAKESUE RO, BLnHHERS
B ) ORONFRA FRE LA (UAE193). FORBO—ERIoVTIREEAIUG (193) 25
FsE & BEIS A, R L - THRAEERD b DL —HIciiE ShTvw b, FOR, T2550HE
BORPTARMGEMRERS LA, ThbiownTh, E SEIEETIRELHA0T, BT
EOFTATEBE - FILA. SROBMIGEO (nd) KRESATWEY ZSICZORERIL
T8,

T, K (1993) AU LANEE (BO) OFEII—BIEVAho7 D L2 BRUL, MELTS
ARHUTE S v (RREOERAREE L2 ORBEABEOARTRETHZ 5 L\ C LK),
7, TELEREHAEIEEORRERT 19l FREAROLT, S5 IR (1993) Dbokit
HO—iE, 5 (1993) ObOLELAEOARRELMBBEL, £ORELHUTRTER
LA 7 — (2008) AL TV 52, ZORBORHLEHT, SEEHTHLHOR 4
HATED L VD bR DR R L AR, GRERONEATHIN 2 kG, TREDER#TH2
WS, EREBSKESN2RREL TV I AN LA, £, Sl EZME 2V R
bihboid, BERERLE (B, RA) O 1HOATSHE, Lo > 2 FHRHOBE #8, 1914
OWERICIE, HABE L EEELEL, 20 (L 2BERFORANRFHELTWAZ LIRS, #-
B (1985) ASMEFL 72 171 SEMEAB S EONIL 191 FZ T, 2% L 2MEOHRABYELE
tr, AE3WEIOMTAEPORREATWAZ LICR 5o
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(3) 2008 fEH EAF

2008 4F 10 A 6 A5 18 HOMIC, WLTHETER LML > 2 — (2008) i, EIIRHENE
Barb, d &b IMEFOMEFRIMObOLBLEAFERELL. RBSPO0H 15, A
by —OBHEERRE (U 2R ARORERENS D, Tok HIIMBEE - B
FEEFEA DS BEREORE L 2T, ThoDAROWE - BNETE 2720 = ORROMNEILN
O (nd) KERSATV A, TR, BROCHRESAEERS L OBREEL TS

T, W0 BBORR. SR VRO L) 2EESEIS A, 1 HAR \#OHK kit WE
~EE), 2HANE (@2 kit BE~EE), 2TARBIEAR (RERE T B { ),
FREIER R AT e BE?, RA), 3-15AH (REE . &ft?, SERE-HEDY),
3-2% A% (FHGES ik, BA?) Thi. Tobh, RIVEENE RALHE2ZEELEL6
Bkk 3 Dot

R, MTRE,GIE, 1971 E06 DB FETTOMIZ, %L, BREFAFN2BROBEALE
T, BFOMEFIRREN TR LISRB. 28, 197160 [T HAR] L 208F0 [1HAR] 13e<
W THEOT, EELET S,
(4) 2010 fEHEAF

0104 4 A 21 A6 9 A 28 BOMMIZ, S CREFRIL. BAROMML S, HIHEMNO Lo
EROWBARELEL L6 TLEKTRIBLA. ME6A 40, TEREREDEPTH- 1200, L
WFEYETT O BT B S 1 AR OSBRI S o Lo BEEGEATERIC S o 0, B
i3 E AR O NERIR R RO 37, HRAR: B0 REOBRLBTITEI T8t LA,
nA, EREHTRRIASARRETS 5. B - PRORR, R IZHRE SR RERIRSIEL
EEiES S QRN ET T 2NN

2B, TO2010FEHEAROBBEBREOKEDR, +TICEHE (2011) Lo THESATV S,

BLE, ZhETIMIABHORESNEARRENCOWT, 2OBMER<. LiL, I#, M
Lfk0 | WK L pBEFT b Cw2y (ITH 201D O ETHEOT, 4k 26 BRI
b L. BANBOASSRRHBELIE RO T A0 b, FROBCHIFLZ V.

(7l C1HER])

51 FI3Ck
WA, 1974, WA RSRRENEREE, TUTHTERS, WL 5pp
BEALE 1986, MUNMTRE BREEE, (15) : 6768,
104 IE, 1972, WO/ SLARRER. [0S (LB W B O 1L APAL, WO M4, L. pp. 2533  GOREAN 52,
Bt KM - IROIEER, 1985, RLSRGIE « IR EOMTBHRARIZ DT, EXALNHMYN, (18) : 225241,
MM, 1910, BPELRHORE NEAMPZBE, 25 160161
MW, 01 ATAROEBAR. WLEEFFR, (1) 110
IR, nd. WAL Sob 6 Hick L 2SR ATE | WSO 2R QMBI e & — RIBREH. (R, )
B, 1965 BIMATREOME. [HERSRAOREHTE] FIL RARUBIREER, Rl p. 313
M, 1958 RPAFORRIZOWT, Bl (14) 1813
WA S REMR M = 5 —, 2008 WL/ RRRAMERMBFLRH. 8 pp.
AT - AR - I - I, 1998, AMRURHEORWIC DT, WSS RASRE, (13) :19,
KR, 1993, A 1k, SHSRE, (13) :1030




3 DNASHT

3 DNAZ#T

HAREHRT2DNAOSIE, RECHBMHBIZHLTEOMRERET 20T,
BETRREARIIH L TBEENZHRBEXEAVORBEFLE 2o T i, MIXARIE
BMLTOQERICLZBMOME (Horai et al. 1989) BR, WL orOWEFITLATSE
Y (Shinoda and Kanai, 1999; Adachi et al. 2009, 2011), BEBEH R, S#HI 0L
BAAEHSR (Hanihara, 1991) EHEEZRT IS 27— /oA T2 (@ - ©#
2010)c ZXLDNAFAHRBEOREFEVC LbHoT, 1 F2THIIRSMIBROLSE
EFANR—TEHEF-FURREAT RV, BEZLZLREFANOL 2VEAXBRRORY >
CHMIKMLTOARODNAT—FiIGEALES, HMXHRSMETEL-RENHSL
REIHZEBTETWRY,

ZoL3RREOPT, SE, WA RESS HE L AIHIBAD DN ASH &
IWMEEHL, COBBDOIR, CRETICIKOMIMMATYRBEATV 2. Hill0
RED o P OBOARER2D oI L2, MARREAANFOFTHTEEL
BEREHOBBLLoTwd. ARORFRELEBRMANT, 22, 6MHLEZDNAL
ST AILT, MXMMAORENY 2BHEIrHOPE 22 EAMESLL,

ARPOMBLAEDNATH-TH, BRNHIZREZOAYF o T2 TORENRY
EATWE: LEN>TRIRALFEBODNAGHAITRZIZTEY, EBCREARLE
FhAEDNARICOMELTORSCHAELTEY, R2LEDPATVLIHALF W, £
CTHEARBDNA*HREETS, B0 —¥ 2 PELTI I FYU7ODNALRR
Lo 3 Fa¥FUFDNAK, Veo0RI200IE—LpkvwEDNALIERED
BELELDIE—%HoTEY, BEMEERIC Lo TORMENLE VTR Ty 2 HHH
B FLDA—TERELLIECEARCEHOERFEMLTVZ20T, HHLERT
WAHARHRODNAESHTHDIZEL CTwb (Horai and Hayasaka 1990, Horai
et al. 1996). DV — 7O GHH bk, BRENEOBEMONBREELTNZ L bTEL,
£PE, HETROCATHOALMIARHRODNAFKGL I P2 FUTDNAEZHREL
THh, ChETHDLALEELOEARDDNAFHOARTH S,

i, SHERCLZ-THERARI Fa > FUTDNAD 16500 it B L RS HXREN LA
Wit EHoNh, ErOI I FYTDNAOREFEI—FLTVEI—F4 7
WMIZIk, —HEEH (SNP: Single Nucleotide Polymorphism) L iZh 3£ B kKK
KEELTWAZILFHLER-Twd, A—0FBEFRFEYMABRTA TN
—FEREY, FRRAEST IV AACHBT AR TERRORMIIPIZECLbOR
DT, NTOXL—FMORBKMEEWRZZLILLoT, £ LORBORT L, RERCH
FoNToZV—7OREOBRMPHFHOHE, BIZHRRAMORELZ LENB L
T&% (Kivisild et al. 2002, Van Oven M, 2009). €0 A®HBRETCEHARODNA
AL, DU FOEERFEAVARERN:, RELWRETENTOS V- FOEH
PHELHOEBTS TbhE LI ZoTwd, FSCABRTH, AB,oMMLAD
NACHL DVv—7HROBERALSNPRIFLLANTOS L —TOREERKN.



WV AR OBLEHTAT - BRI

(1) RBBrUHE

(DN A®DHH)

HABDNASH T, BEAVAEHEERLBEAIROILFNGR TV, SEI
RELZH>ThEnITLbdh, BAC—ENCIBRENLFRCEMSI2ZVLELS
NTVAMBEEERICHVAI LI LA, KEHRCOERERLR T, WEAHCTELA
KiEoWTRAREA VWA Ll ARG DNAEBRBROBEEN L FRELTRICT 2
oy, BOZEH Y IVOMBE L L7 ) EERLE. TOH®, WREEEOM COMNL,
WHRBEZDNAEBRAOH Y T & Lz, W2, RFEREZSFHHHEGIMLTIE, BE
ORBER YYD, HEALLDNAZHBLA, MEOEBREBWAS Y 7RI IR
Fo

AEHODNAOKSE (¥ 3F—vay) ¢RI, DNAMBMERICEY T
FTARTOH YT NOEMEDNAREHN (DNA Away) THELAZ. 27X LMEEERERY
W, KRODNABREM LMoL RBEHFML V. FCCRBAEDNARENCREM o £
%, TOMBEEAUVZOR) Y A—2RwT30F3ToUVESLAE. —4, BMizeAkt
104 ED NABRERIZRY), ZORSBOEMRCAREL (RS EL-RICU VEEE
fFoteo WBLBERIZ, =0+ E¥—Xvayh— (RIHMR) EHVTHRL, 70
ERERELLE. COREHOSg 26 BMBPSDNAZMBT 5% 2 + (Qiagen ¥
QIAamp DNA Investigator kit) # MW TDNA®HM L2,

FUATL hiEvz@Eiid, 05M @ EDTA ##. % 10ml 2@ T, 56T+ —5—F4 b
THEKE{TooBRICELCL, EE»SFL Qiagen O X v F M- TDNARHML A,
ChoORFIZL-T, EH 7020 I DDNABHL#L,

(Dr— 7HBOEERF O #5E)

BELAL I, DA—7HREI P2 ¥ FUTDNAOHTLRIZERI KDL T
AT, SCOAMTREZEAEH->TVDE, EOLORFORNKOERE (I x> FY
TDONARBRBET2OTHEFHE) ©, BEEWN<ZMEIANTHELLL, SED
WK Oy =7y PELTRELL.DV—TOERERHTEESH LY, SAREOPTLH
CERNRPTZHV ISREMF T2 LICL, CORRERKT B0, 32HO
MEREREL, WEDNARF > FL—bLLTPCRECLLADNARMEFT- A,
LGB, SEOMEERIE, T a2 FUTDNA®, 16121-16238, 16209-16311,16270-16366
FTEENLHM (MFRI F2 2 FUTDNAOERES, Andrews et al 1999) TH 3,
FTHENL00~120 HEBEFRWEN LD, EviICAEFE2EATV20T, ¥RTT
BHMEATRTH-oLBEICEHV 1#R0 1612116366 FT THMMEN I Z itk 5.

P C RIS 1 unit @ Taq polymerase (HotStarTaq™ DNA polymerase; Qiagen,
Germany), 0.IM®@ 75 4 <—, 100mM® deoxyribonuecloside triphosphates IZ#ft
SNTWASPCR/Ay 77—, FRiC2u I1ODNAMMBERLT ALTRRE 254 | T2
PCROKBAEFIR, 95CI5 D4 ¥ Fank—aroff, MTCOMREBRAT v 7208,
471C~57COT ==Y » 7208, T2CI5HOMBEREOHY A 2 V% 36~45 B T = %0



3 DNAZG

PCREBURISBDZHO—AF NI EEARB2T-o THELHEL, MBI HE
ENlH IR L TR, Qiagen #® QIAEX II agarose gel extraction kit o
THRETY, HERAREAOTF T Lb— e L. HEEFIOREIR, MRSALEY
7N 6ul AV, ABI BigDye Terminator v.1.1 o4 A 2 v =222 2 %4T
2T, RAMOA L7 ¥ FORFEHREL o %$, ¥—2 T % —ix ABI Model 3130
EFHAL Yo ba-nicfEo TREE T4 BFICHAWAT I/ v—0®AiX. PCR
Rt HEARTNOREOAHTHATEZOMY TH D,

(Z=F 4 ¥ 7@MD SNP B#F . AT O T Nh—TDHRE)

EH X TNOFONT O N —TERET LD, BLRBHFRWEEZ LD HES
G LADNA%M-T, WiEM% S 17 PCR-Luminex # (Itoh et al. 2005) X3
BEEToe COFRR, NTOFV—FERAELTVWEI-F1 Y 7HRROMLEP C
RETHEL, EARREOLZZFTVIRAZLIFFAO—TENnA7) ¥4 X8 THI
TE2L0T, TAMFTLy 2 APCREZAVALAILT, MEBFHOS NP *RMBIZHRET
BIENTETHE, FEAVAHTETHE, I +arFITDNAOLEERNORT, H
FAZEBONTOSV—FTERELTVE 28 AHOER (SNP) 24825 A 0EsE
fEExRELTRHEEARATVS, #PCRIMMIZML Tit, DNAFEBENLZERTHALL
TWAHIELEBLT, MWEEWOLEN 100 HELTIEELLICT I v—2RELA.
B, COEBUGEGH AT AH (HB) TiToTwi.

EEMRAOFAETHBT 220N T O/ VT ERELTVS 11 *HOSNP L 17
mo9EERMEMBT S, APLP # (Amplified Product-Length Polymorphisms;
Umetsu K et al. 2005, Adachi et al. 2011)¥ R BH 2T, RAORKRERBLL.

(2) RRLER

(B4 > 7 N D 547)

DNAMMEf o284 > 7 VETT, DAh—7HBEO I AHOMBERAZA, wTh
LHMODNARMET 32 L CTESd o, #oT, I OMITAEA O I EWEHT
EBLETOL FDNAXBRs TWEd 22055, EFERMAL 24 { BREN LM
FREAYHAEGVOTDNAGHOL ) R BEERICH VB O B A L 822, BE
BAREALEL DNARRETZEHERMATV R VONEELEIONEG. BEIEEND
FrInThhil, WREIEVPSHLEEODNANR- TV EFHRESATSEY (&
H2008), DNASKAOH > 7R ELTHATEZHE LAY, BA0 LI CHRERE
TN TRBHIRTEL AR SN D,

(% A AR

DA — 7 OEERF

WHBLUEBEEHCAERTIE, DNAOMESGPCREXHVAY —F » FRAO
B, HEEFOREITCOABRLHTIC2ALLERYEL, SROBHAGERZETSZL
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L7 HH 7V CPCREGEHMBLEBERILTRT . COERTIREA—-DODNAY
YT OBMAKSEANDP CREBEFT-TEN, BPLEF Y TNIIRLEDNAORES S
BESETLIILFITES.

No.2 %76 No.9 ¥ To 5k & No.13,33,38,39 @ 4 ikid, wFhoicd gty
DNAMR-oTwhwiHliEhd, 27 FV¥—VAODNAGHOBREETL, A
—DOHBMPOMELAEARTH-THDNADOERYICHRI B L AOR TS
(Krause2010), ChizBREIWBHODTHLBREORVIEBLTVLLELLNS
#, EOBEESWTRTAHTHZ, SARMLEAETRI L. DNAT R Tk
ZfEtki, BV ESTMORBBAISREP LD, STALERBISEVWHBATHD, MY
ABRTRAFOBEINTWAELSLDNAORY CHLTH—EOMANH L L E2bh0
E

2EMEOP CREETH—ODNARMABOA LD, b LRERTZATOIL
— ORI RTRYELELI LN IR TH oL bDERILFET DA —TOVTHHD
HMUETDNARANLRECTE L ORLBTI3IME (38.2%) THE.PCREGORET
Rat, RETEAORITHBETIETHIZRE, $-3 00BN ETTRARENTEL
DI 2BEDETHol. CHLEOBTFRELALLTLDNAORENEAIELA (2P
AZLEFRLTWD, 28, DL— 7OBERVENTO Y - TOMIZIZ—EOHEME
Hhb, EoTORAMMES L IFBkoONTO SN -T2 ERTHLbTES, £
ORERLEAICHETERL .

AMEAFRAINMOLDTHZ I LEEANIE, CORKORYFCTHDZ L HERT
BERELOTLEVDY, MLOKM I THREIDNAFTHORIIEN50%2WE L9 2
LA—BMLBARTHILTEE, CORRODNAMRENAT 201, »PRIOK
DAREROBLENHEZ LTk B,

(NTa =T DRE)

APLP # & PCR-Luminex 2 X 3170 h—FOREO DO OB, #HBLH) 2L
R INORTDA-TORIERERT, RHOTEEOB L OEBATERL 2.
MRE LTERYToR L4BED ) L8 ME (571%) ThFOFV—TERETE .
TADNVN-TORFSENTOZ V- TERELLMEITCSHHLOT, £KLELTI
3EETATB SN FTERECTELZ LIRS, PCR-Luminex # To WMl % 748 Rt
#51RT. &5, APLPETNO £ THMLAMAE (No.44,64,76,78) 122w Tk, DI
— 7OEH £ PCR-Luminex E26TIINIb THE LW LA, 2 BRFOHEB LU
D=7 hb0HEORREN LT LA bDIX No.44,76,78 DI o 22,

wHERATO XN —FIENIb A5 MK TEAED 385% % L, HvTM9a 23 HHE
(23.1%), A EMT7 2 2 litkI> (15.4%), £LTG2A'1 M (7.7%) Hof.

(DN A DS R/ RIRA O R#E)
Wk LAX3, 3-F4 v 7HROBHERPOEEENIZFR/EDONT TSN —T 1],
ANEORREHOBE CHRHREAOABICEE o LRBRERIC Lo TELARDOT, N7



3 DNASHT

Fh—FMORERFRLRBEY 2041, AEORBORTEHALLbOL LS. LK
STEIPOHBMEBORMKLHAML LN TE D,

B1EBAHAAERADNINE TR L 2 PMEONROMIA, 2L T5EOEK
REZFFI7UELELOTHE, —RLTHEROBEXALMIAONTOI M- FIZIAKER
BeNBLILNbIZ BRAZATROAELRBEED L0, NTOX V- FD4
Thh, BEAOBLIFIARLPLEYFZONTO NV —TILBLT WA, L LATRE
PHRIONTOIN—TERBEATELY, WEMTATLHER AEw, ATOT L
—7D4, HIEEOH T NV—FThID4alt, BELT TR, BSEBLHERILEIC
FLHEELTVEDAHKOAOIEHZRERINGOHBMRT I0~40% LIZFALTH
h, *ORFEILEE7I7LHET YV TORMATIAAE (LD (Tanaka et al2004) . #E
FRBEANTO TV —-FDHELHFETH L ERTHESSH Y (Shinoda2004), ~
FOZV—7D4a FERAKREAOEREZRZLTWALEN SR TS (H 2007). M
IHMARE ZonTa s p— 7P Sl bid, CORREEHL TR,

MEIACHBARAAAL D2 WEOISONTO IV —THELHFELTVE, Zhit
BREAMNMRIRERRLE CABEIS b b S W RETOEENAE L, BLL TR
BEANOF s TOARENLBHROS (MHAEATVEVILERLTYWE, MAES
L EhnT O V=T bART, wThonTorV—7bHAREEACLEDEWE
hsv,

CHhETHTORLIMIARODNAGH S, BRAFAONT O YV — 70 kE OB
b, NFOY—FNIb EMTa FRALERBAGTINTOT V- FRLRIGATYS
(Adachi et al. 2011), M7a RBLOMBMECEFV L, FOERONTO TN —-F
THHMTb EMIcHEMT V7 ohERMBISnI L Ehs, RRNICREHFRON
FurN—FThbLEXOLND (HH2007). —F, NobARONBMEER
(Starikovskaya et al. 2005) ®dtHEHOMILAILE{ AN 3E (Adachi2011) =
L, ERMIZELEFRONTOZ V- FLENERTVE, 23, ChEITODNA
Wiz, MXACERECRTORBEEMATORBKSH oA L ERLTED, MILARK
TYVTORWEREAPSORETEZHARTHERILAZEFRBEATVS. MTAKTS,
ID22ONFur-FOEHEBERKRE L, FRZBLOPHLROMIAL{TETH
B. SEOFHTALMMAPS b ZONFO X V—FHFRBI R s, MIXHMHA
EERMHOREE OBREHL LMD IRBERD I LItk o,

WA ABAF P HoNTOaZv—7D ) LN EMT7a ¥B (A, G, M9%a 22w
T, BROTIYTEBIEGH 26X ORBEARICELN- FEFRBLTAL, NnTUY
M=FALGRECFAHOPLIEET I 7ichD, HAEBRMRIIAI I VHBATREEL
PNnTOT V=T THELEILATVROT, CORRPLWT LAY A—FHFAENE
onFu X v—SE bbb LAt MERTYS (Kivisild et al. 2002). #-T
FHLLTRN AL ROBETFLEHWTE2, 280, FIBNOHAN <) T
PHMER - LHEABHLALOLOL, HEIVETRERLZEHLAOPRESITREV,
BRTEEHBEOMIANEONID KERBMREVI LSS, ZoMBEBERALAZL
MEBE ALY, MAROBENLUBELZI0E, BRELEHTI V- FEBFRET
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ERVESLS, COMBORELLIELELOBRROMELAODNAFHILEL LS,

—#. M% OAMIHTIEMPIBOIKREVORFXy } (19.2%, Zhao et al. 2009)
Thh, TORACRF -2 9 FARLETH 10% %8BT3 (Fornarino et al.
2009 : Chandrasekar et al. 2009 ), £OfoM#R TR, HECLEE, - ITnidE
RSB BRIZH -2y P OWATHELEL TS (Tanzka et al. 2004) . B, 3 b
IAYFUTDNAGEY ) Ao BITICloT, MlaDBERERIMMT ST THD,
BHEKMORIZEZALBW~F Xy FEMTITEVI RS 0RESFM~0HEBLE
L) ERSFRBEL TS (Peng et al. 2011)e SOREHATITERIIRGAS =
onForr—7EEEPEDERMTFHRIN, MTa LRBOL— &l THERABI
feehfwltErzons,

FAy PEARFIBKALERONTOZ V- TORBMSHE IO L LT, Btk
haYRBHEONTSO IV —FDIHET S, YREEON SO YV —FD2ik, HETR
AODDZHBEEEL TR0 b22bb T, BRESCLHEICIEEALEELZVN
ERENTOIN—=FDLHFFNy FIZFELLTWS (Shi et al. 2008} ZOHFH DR
RizM9a LtFAMTHY, s vidWMER—HIcBHrord Lilkn,

AR E W MO O REF T, F T IS B b I oo MLC R B & B AD N
ABNFFLEL TSI EFHBLAZ LT, W26 hERM I CORLAOREN L
WP ER S A, BEHREBMELEALTDNAT— 2 HFRML T X, MXAD
EEELOVWTOHFLLARETBLIENTELLEL ). TLTCEMINMIZBVT, WA
ERFLVIRGIRBREROTRMOLZDNAORKIREL CWEI LR, RO
B> —EMERCETCMIAOHTRBERFENLALVIEERLTWD, MMTRAK
A, MIXADOBLIE2WTHLE2EROMB I LETHE L2 HATWVE,

(MBMF 2V TOHER)

REPOHELAAROMBMREL, LSHEOHIMBALELIMEEZWMLRMT 2.
HEENLHRICETEPCHEOBVIBRNREBLILOTEEDNAGHE, 20
FHETOLRELAME LTS (Shimada et al. 2004). X F2 ¥ FUTDNAFH OB
. DV—FODNARFLE—DBENHT, BRToLHDMBMEND S TiEES
HEOT, TnEb L BRI EBRAOMBEERTILAITED, LOLERELYFS
SHAOBHTHSCOMETCDNARNERET L LHFTEY, oM, onMe B
ROMELERTI LR TELD oL,

=%, MEGELZFNTO LN —FHF—BL T2 BERLICMBBRT S5 & HIFL
TEBLREODIIELTMETHD. COBEETHERICLLVOBBEERT LSRN,
NFOXM—FNIbMI & YREBEEIR oo TwAENTB Y L —F Tk, TOBRRE
EMEIATHMRELEDDLI LR TELLESL ), SHOBBLELA Y, (€ 1:F S

L
ERENhEoXRTRAMHERL: AL REEFRAFAFREONFFVHEE I,
DNAEBOFEVELTWAR VL, CCERELTERBVAELEY.
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ATCTGAGGGGGGTCATCCAT
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%4 DNARFOBE (2

DIN—F 6
FHREhdN APLP PCR-
&8 HV1-1 HV1-2 HV1-3 7RZA—F 5  Luminex
1 No.2 = = = ND. 2 =
2 No3 - - - ND. - -
3 No4 & = = N.D. = =
4 No.7 = i . N.D. = -
5 No9 - - - ND. - -
[ No,11 223234 ND. N.D. M3a - -
7 No.12 = ND. = N.D. - =
8 No.13 = = = N.D. ~ -
9 No.14 ND. ND. ND. ND. - -
10 No.25 126,223,235 223 N.D. A4 = =
11 No.26 223 ND. N.D. N.D. - -
12 No.28 223234 - 316,362 M9a - -
13 No.29 ND. ND. N.D. N.D. - -
14 No.30 = = N.D. N.D. = ¥
15 No.32 189,194,195223 223278 362 G2 - -
16 No.33 b = — N.D. e e
17 No.37 223,234 N.D. N.D. M9a = =
18 No.38 - - - ND. ND. NSb
19 No.39 - - - ND. - -
20 No.41 - - N.D. N.D. N.D. -
21 No.42 ND. ND. N.D. N.D. = =
22 No.44 189 223,266 ND. N9b N9 Nob
23 No.45 ND. ND. N.D. N.D. ot %
24 No.48 ND. - = N.D. M7 -
25 No.52 ND. ND. ND. ND. ND. -
26 No.55 - ND. 290,319 A A N.D.
27 No.56 129,223 223311 362 N.D. N.D. =
28 No.64 189,223 ND. CRS N9b N9 ND.
29 No.70 N.D. ND. N.D. N.D. N.D. =
30 No.71 N.D. & N.D. N.D. N.D. o
3 No.73 209 ND. N.D. N.D. N.D. -
32 No.76 189 - 362 N9b N9 N9b
33 No.77 = ND. 324 M7a N.D. M7a
34 No.78 189,220 = = N9b N9 N9b

"—"IIPCRE G THEARB TE LN o130, HAVIRBETHENF-CEERT,
"ND.” ISR RO - BERT
"CRS”ZCOH CHERNLFL THo-CLERT.
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3 DNASH
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4 B - BEREFML KL

(1) Lsic

PO - A - BIRERY Y A AR LAMXERRAL, BFANOEERLEALT, OER
HEWMERREERM L L EA005, 2O, BWRFESL (RESATHVIAK
MR PSSR T &%, 1990 ERP St AR ORERMER E I HLERIZETC
MEL#ESLLh, KEREREHTTWS OKE 2013). & (i2, EHFHLERIGIIEET L
LA LV ORI RIS B i ov T, B L OEEITHRCTHL AT, HOLEFHIE
CHRETIAVINRE RIS 5 LATRETH S,

EFRETIE, WLERMLTICAE S 507 BES 6 Mt LMo AFEL R F0
FEL PR ATCHIIT U MMLT, TORE  RERAMKELDS LHOA LR LL
SRR A HESE L7 AARBIRE LIRSS MR L E 5L ARREYH2 00, BEFR
BORF2ARFERGATSEY, A REO AT HREERRC 35 MO0 A ORI 5
LT A ETESTRELZTECH L. KFRIRE & NREAIRE (R0 BARRRETOMIL
BRCA D ERIIUL, MO A D LAY S B0 IR C O XL ZEH & B+ 2 L CHBE L i %
2,

RE - REA kR s AENT

BE - SEFRECE 2 AT REMOEEL ¥ L HTHE T -7y TRELEXOR
ERMELENELT, 242 BEMETE7 3/ BROMREEET 2T TH 2, RACHES
LRELBFEIR, RTFRCSTh2PETORNRED [FH] IFET L. BETRLE(HF
T pEfE, RN 12 OREMEKCTHSRELL (2C) Thd, S6EEMAMAEL LTI,
#911% OWE THRE I3 (19C) SHEET 5. FREEICHEH S ARHERE (WK 14 1C) 28]
ROBRETLBLE 1AM 1 HOWE (1x1010%) TLAFEL L.

F LREO AL AT PR LS (R L2, HROBVIC L > TRBREND TR RED
Fob, FORHRRNC & o TRMEOWA B H 2. REOSE, HPAHT ) AR TREME
KaLmehRE T8, RENICE, BRBELoE LASOMDH BT S Co it -22%25
-35% k) RERMERERTORML, FYEO0ILLH E9RY, TU, BI, FURED
Ca il Clt 8% & —20% L v ) REMEELTHY, LNHLDUCEFATV D, B LA
AENO_BLRE L RERIIL TWEOIH L, BREBRTESRETIMYTZ V7 v 2
Bid, WARICERLERRELTREEE T, KADOZBIREORERANELIH -7%TH
HOIr L, HREEEKICEET 2 BREEORIELE 0% TH o0, #itolH 772 r0
HBWIZREDFDBCHETND, SOMAE, AWEHEEE L CEREBRSECERT 20
T, EEW TR KRGS D,

EEOFETETHIBE (N) Tit, LEAMEORE 14 (MN) 29996% % &, 04% O#E
CF L EEFAEORE 15 (BN) PHEET S, BLofhcil, LEAEEMBOCHBTLTORE
FRAELARE2 I LAMEMTVE, $i, BEFRMELEWEPNIZEL FAHE N 2T
50T, KPS L oA > TREFMBALD RS 5o = OF AL W %8 LT iziz—
EThHY, EREEMTH I5%OMMAHS L ShTwS (Minagawa and Wada, 1984), #HE%
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AWM EHTLHEOEMR T, BECRTHECRRF KL B (EWMILES &)
HIET 2o LEdioT, @EOBMWRAME, REFRMEL O REFALKL L B EOARREL D
bEVEVIRRN DD,

Efcfki i, MBS BEEEFAEL 03C /12 F 212 15N /0N) (230 2 BUR OB
EEORETTRTMTHY, UToORICIYEREIWD S (L) TAVTRINL,

X (%) =1[ (Rsample / Rstandard) - 1] % 1000

X HRMOKELFMHE (13C & 15N) %, Rsample & Rstandard €W 1B L MEHHIZ B
HEMEFELERT. BOIZRTHE (% 75— 30) 2HVvE. BRWEIE, RERLELON
A RBET 7 AH DT A 5 Pee Dee M & D EMT B~V AT 4 FMeA (PDB) %, |EFAMKL
ORPEIIARAPOREN A (AIR) FHWE

HARCRET L3577 > Tk, AGT0 ¥ 37 BoREL L@ OERT 20, Rroa
T =7 BERE B RICREF AN 45%, REFME 35% ERAT 5 (Amborosel993) .
a7 =7y THES LRE - REFMEIL O Z OS2 MIEL MY, Thoy 87 ]io
BUARAMGLOFEETHD LEZ GMD, RO BRI LR OT, HARICERT
BRMLEOHRIE, HANOBLE 10FEMOREF L FHLLLOLEZ OIS,

(2) SHHRR LTk

ARRATE, SRR TRESWCEIRRAR 7L CBWT, BPRRFTE37 -5 &H
HMLT, RELDEORERMMALTMAE LA FATIZIE () DM R 5ATBF AT T HOHHE B J4E 40
WED oIl S h ¥ T F 05648 05mg ¥ FML T, ST LA (BB SRR KB8).
G737 =7 2 BRI BATERFHE (Thermo Flash2000) TR¥EL REOEHR
ELAOS, B LASEBE 70— BER IR TTEE (Thermo DeltaV) IZ¥ALT, &
FeREOMMELL ERTRMEL 2o BEMEEIXFR I B5E L 2R RO BER R 5 1 K
RETENTN 02%BETH D,

(3) S
a7 = ORIERE

K1 CEEEP MM ENZEIF VBT REGHE (XC), REEHE (XN) & Thbb
B ShZELBIC L BRE - @EN (C/N ) 27T, MShAETFrikfchRtsas
=y rChol i, RESHETIBLUE, REESHET 1 ~16%EFRT - LAWFEE LD (Van
Klinken 1999) ABFRTHA4T L7z 71 HifkD S B, C/N WA A TR E W 5 #E (2.9 ~ 36; DeNiro
1985) DHiERLAGOE 20 WK TH -7 20RO 1 HEEK (61 FAR) BKRE - BEL b IEN
FHREFRLTV2OT, SOLLIERPCIRALL. RYOQ2BKIIC/NENIE LN LH
{, M EhAa7 -7y BERLTVwAEDY, HROBEEZFCVATEEN D), FEWHR
ERCHELZVWITEEN S5, HiL - FRL TV TSN S5 205 5, 16EETII%C
BLUBN REROERMATHEN, C/NLIZITHLIIERLTVE. —H, RYD 27 HT
IEC/NKA 40 BLET, %N & 11% L DS 2oTHY, ENHL - BRAETLTCVBLELD
i

FIT, M ShAESFERFRBICE LT3R (OC/N AIF, @C/N Bk, @C/N LB+ %
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4 Bk - REEERL LT

N#A) b TH ISR FEAREHEAZEE R LM ZORIGRIFRESRFLELORDLD
BEL D b BRI L @EMMAAELI L b Bl E TN S 5, HBHE(L - HROBREN
BeORIIORLENT 2 4% LHT4, ETREFLELIMEC o Twd, BB TIREERR
firtkib: EERFRLERFAROTAL L) SEWFRWESRALLEET L, ZOBLEY 3
alb—bFBHILHTED, WA OROTIOME (R -194%, REFMLEE 10.9%,
C/NIL38) LEBOHRE (B%-265%, BE 1%, C/NL40) FRELALSICMFESALR
AHREE 1 I2FRT. OROGH & COSRIRASELT 2 2 L s, MTARHEARTROAD
MAMEROKEL, ORTRREL ShBMERIZL 23577 FOERZTTIRE(, C3HWIC
HRT 5 HRE I EECRESh Ty v I EICBET 5 TikttdS 5, LT OREICHT 28
HTR, C/NEFAFTH-2- 28 BEEHRE L.

o it

21V ERA A S LB AR S B2 A RFRB AT L7 — 4 THREB SRR
¥ BEE ALY, ORFBOEXAMEEL BT 2, ARDLI 7 -7 Y ARRE NI BRT,
BERALAR I T AS%BEO R, BRMALKL T 355 REOREIEC 20T, TOREE R
BREOTS#cmAL- b0, | MEERECEEL & SICHARTRLTWS. MIAERARLE
SRS COHBOMIZAALTE ), BEEBREGEEBRONAFLHA LT ARLELLAE,
FOWEMER X2 DK E VRN PAIZ 325AF (BRA-BH?) EFHWICH C3
WAL R RER AL T2 602, s, 455 (0@ BiE?) L2115
(3ARATH - HHARHE) BEFEHICHVBERACELERLTV S, 21 52w TR 3FBEOLRL
HEEATVWIOT, BRPLEILENLZ LT > TRERUEED 3 ~ % AT 2RO
HROCWOBEFEELER LA LEEL MDD (Fogel et al 1986; Katzenberg et al. 1996), 45
FlZowTIRROOBEL D L5 OREY BN 2HBELAREE LT b Eh D,

fibed

HAROIERHIC L 2EREBTCHL W2 WML, BALALVTHLEVIETLIZ-ITH
bo SCTR, HNAHESRAEEKICOVWTHRELL: (RI2SH: BiEta, 7iE1@, LEE x,
THEOTTFT). ¥, BEMOERFBHETRE VEARNNR TN D, RERMELTEFRE
THSRAEATR St (p=02937), REFMMIELTRAAUOKE EHFL AW EA6% KT
REN (p=00123). Mann-Whitney U B THEO SRR ki L SRFMCEL L ILBT D L,
BERMAR (p=1) TOREFMLCEL (p=0546) TLHLRERMEILOKS Sizk#H BV,

(4) %

AT, MR RES LML LA 71 EE» oA IR A L, K - REEE
BRI Lize £09 HBAE 28 thicowT, Mo REiEd Kok LA LT3 5 BERL
ik BERMEROF— 2 XD L ENTELN, SHEDORAL 2RI+ ki TR T
WRWITHREYNS ( OBETR Shite. Shid, BB VIREBERICL-T, @057~
HMHOFHE IR+ FeHREENSZ Ehhoftt b EL 60D, BILARES XRD BEIZL S
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N E 3T -7 ML ERT 52 LT, REREAEY LR Sh BT O EAECNT 58
OB T— 5 TSN DTHREYD 5,

HAROIS =& TRENRE - REFLEL L KW PO R LTS, A RE
I SRR OA 22, BEERREBEEEREMASbEEREDEHL TV L
i oD, oM, KEEAEORBRBOMIERALEMNT S ORE 2013). £/, MW
MoOREFOBAH, L OBRTREVIEMRSAE, COKELEDOREOTE2ELT,
RAEFHPRL LOIERLTBY, 2OREE I ARRLARCHR L Th2TRENE26
e £IT, MEBATHRARC & o THE S WA BUEERRER GRELE) & REMRHELS X
ULERMRE BT A 2 LT, MRS B S REFOBRELERM L. B3243
& B R FAEFUT 5,500 4E BP LLRE X B & A 4 M) & AU VAT, 5,500 4E BP BT Tid R -
DLEFEMELETHRRL L SICRTHANRTRASL, Shid, LYHCEROREENLD S 0lE
WEAML Tz L LEIGHE,

WIS B BRI SRTY TH 400 FRADBREREERL ) bHWilldRT Z 225
LRTHD, HEYF—rHRLFEINSD (Stuiver et al. 1986). COFMIL, WEWINOWE I
BLTARCORBT 22 L4650 THY (Yonedaet al 2002), ETHHLAEWARNLY S
{ OEWICEEL TS HEE BT F—r R Lo Th AL S A RAH LM TH LT HE
AtH b, 5L, EREPEOMRER, 55008 UBCRB P T ZZ0T, Bt Lok
REEAFEND L LTHARROLPTHENEVWRBIZOA RGNS L #2505, #oT,
GHPERIEER L R - RELEEA AL LEA S, MRS TiigEs oS E & bicE
PTHEEFBIoTHEY), THHFARRTRELEHI ARSI FEROVESTHEEEL6N
B

=%, BLERIZL > TBRTREFOZEMAK S WHEIATR S, HHINES W BkoE
RTEBLTHELEREACOT (H3BR), REGFOMRREMISERT2BRETIEL (, L1
ORHETHAERBE (25 22 ROT 7 EAK2VT, KHL Y LBETHRESRNKEDP oL
i ohd, BRRERTE, —80CBHEFHWE S » 42 REFACHEClET 2 2 228w
b, BEOMTEREDONFICBEAZI S LETRBT 2000 Lk,

FHFRIZL 2T, i THEWALED TOeh o L HEBREOMIBRAICSVT, AL
R BRE AWML D Z EATE R, BATHRTIE, MSCRRBIN 380 IO MBS 2 & it L 7
AAT, FAATHREEOEO SRS L AR TRE - SERLERHEE ShT0E
(EH2008)s Wihd, SESFLEMBEREOSHRBO L CEELTV 22 24502 (B
4 (@=FI0EE, AR, FRERE A A BN S HMM LA EAMENEY, SEFS LA
WRRORE - SEMUKILE LAV 52 L6, BT L OBRIEICHELLREEF > 0TI
ZVEER bR, BERBHRTIAATRRRLE L, BEYEBEORHEHASCDELERR
BAHThbhTH ), BRLPERICAL TE2OWAHBELT b DLEL bR,
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