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1 FA4FavlizonT

AT a RIS B 20 Fi 572, ¥ HIZET % (del Hoyo and Collar, 2014), 71 F
a VRAITAEERIZ oA L, P& FFO S DT ptarmigan, £F72720 6 DX grouse & FETILT
WD (A, 2007a), 7 A F a UROREOTILI = KU 78 5T (Gutiérrez et al.,
2000; Lucchini et al., 2001;Dimcheff et al., 2002) CHRIFTL A | (Persons et al., 2016) %
ANTIHZER IR SN TWD, T4 F 3 URHIRVASUR, A0BHSLED KRR EDRLL
WERBIZHEIST 2720 0ELEZHIT TE2, TNODORERFICEVIENEHE
(Grammeltvedt and Steen, 1978), A (Lindgard and Stokkan, 1989; Stokkan et al., 1995), ¥
£, ZJH (Silverin et al.,, 2008) 3= ha—L &5 Z ENRESNTND, T4 Fa v
& (Lagoppus muta) OH T HEFEEIALET DONRHARD =R T A F 2 v (Lagopus muta

Japonicas) T2 (P, 2007a),

2 =RV TAFav LReoRi

=R TAFaviE, FTAFavD—ifETHY, AINFEORER 2400m LA | LFEH
AR L TWD, ARIIILFEISUESRIE S o723, 1872 4FIEBEN B S,
KRR A bR & T D BB OELES M LT (P4, 2013a), =R T4 F 3 7i, 1910
FEIIIFIEDOIRGER, 1923 FHTIT B4 S RIRAC EIIRAFILE D KERFL B THEE S iz
23, BILF O X D @UBREOBSE L T A4 Fa U~OMENENLDOL D ITolcZ &
225 1955 FZIFE OFFRIIIRGLEMIZIRE Sz (hf, 2013a), 7z, IERIE, RIFR
BIOBELRTIIREREFTLVURLVELE LT TIRE] IT®ESH TN,

INETCO=RSTAFa VOWIIZEY, T4 7V A 70 (FF, 2006a), &M
FE, 1928 ; A%, 1929 ; TP, 1965 ; /K - ks, 2011), BHWE (ILH S, 200 ; Hagihara
et al., 2004; Ishihara et al., 2006; Murata et al., 2007),, E{=AZERM: (Baba etal., 2001), AEIR
e EARSOHEE Gulin, 1971 PIHE D, 1985 ;5 HEH 5, 2008 ; & - #2)11, 2011) 23



LN EN TN D,

HZEOBIHNZTLE LTCHEN S, KRIREOBIHARERSH LN S >0H D, =
VT4 T a U OBFEERIEDO R DIX D Fk L BIZhAE D (PR, 2007a), SRR AMA
£2 4 AIZRDiX0 &2EY, 5 Al —R—ZOXT BRSNS (PR, 2007a), #fLiE
HAR 6 EDINA 6 HIZPES, K21 ARHAINZAT 9 —J5C, HEIRDIT ZHEY, HEZsT
% (HFF, 2006a) . IR HIL L7-BEI IS 0 BRESH, BAEWEE VO REEE RS (F
Ff, 2007a), 9 HIZiE, #EIBLS LABRORE SETHREL, 10 HIZADEICES L o
FIFRERNIMHET S (PR, 2007a), AZ=3FEOBGRER IR & U CHEME TR D15 &
TOMAENT2 S, BRI T d D455 2400~2600 m THEDS, 2200~2400 m CTHEH
ZIEIAT S (A, 2013b),

BYECOWTL, @I OEBEORE, MO RIRER LOERIC LV RET 50
RICBEIZED LS TND UM - HiER, 2011 ; AR, 1992), ARITE L OMA D%
SHTFIZHEN D72, 2600 m LT OFMERIUE TRA S5 728047 71273 (Betula
ermanii) DAIFEELE L THDR, 4 HIIBHH TH L mIIHEOZO TN TE el
a7 (Empetrum nigrum var. japonicum) 73 & DREATRHMER, HZRITITEAMY) OZFE
RAEDBFLER Y, BROERELHEEINTWD (TP, 1965 ; /MK - iR, 2011),

AT DRI T, =R T4 Fa voFEF)OME 2 L OESE S
FIMMHARIGEE OIS, AILIFE 2 LTz (IR OAEE GO BN ST D
(A B, 2000), 72, MEOBHEBLRICLIVELFRTHLI A aF by —»
(Leucocytozoon lovati) JEAEHERR S LT\ % (Hagihara et al.,, 2004) , 1115 Z & OFEYLREO
FERRNBYEN LRI DMEMDHER S, 7= (Simulium ssp.) 72 & OS8O
OIARTEENIN & DOBDERE STV D (Murata et al., 2007), HRIEEEZ VW za 7 20
7 I (Eimeria ssp.) JEGRAIC XY, E. uekii 3 XL OATHIE O Way o0 LB RO
BEEFRPEREN, vA aF M — ERRRICEVWEGSRDHEEE STV S (Ishihara et
al,, 2006), ZAVHDFEHEGR =R T4 F a UILE X DB OV TE 522 Tiklewn
73, Leucocytozoon JEDRFEN =T kN VITk U CTHFEMEZRT 2 &R0, 27 V7 AFHN



G I DRI R A~SR EFMEZ R 2 & D, AREROAEAICHET 5 2 L E
SNTWD (FEik, 2008),

R TIRATORFFETIE, X ha 2 RUT DNA &~A 27 %7 71 b DNA Offfihi7e S
NTW5, 2 ha RUT DNA Do ha— WIS BT 0 X A TORNTH G,
ZHETIZ6 DDONT BRI A THRRHHINTEY, [HEZEIGEVDR RO TNS (Baba
etal, 2001 ; H4F, 2013c), <4 7 2H%7 71 L DNA Ofrn G, KT - BE1L, 4670
TR, FE - I, TV AD 4 OOBISHY T AL 5T bD T ERHRES
TW% (Nishiumi et al,, 2012), ZAH DB FRND, =AR T4 F 3 UITHRILBE,
T NT R, T, EELB IO T VT AD 5 SOEERHIST 6D EEZ BT
BU GREE R BIRREEEBIT, 2014), ARLEZ L OEFHIC LY ZEno g
STRFN 2 % 2 LITNA, UHEZ & DRSSO LY, 2o X5 2EisT
T ol EBZLILTWD, £, =R I7A4Tav ety T714F a v (letrastes
bonasia) CTO[R L= s a—/UHIKIZIIT 5T 0 & A THOEKNG, =R F4F =
TILEBIZARMEIMERN 2 E B D720, RO B2 LRSI Ch 5 @m0l Es
T D EREIEERI O A~ (Pinus pumila) HHNEBE7R E 72—~ /L8] (6000~9000 4
A I L7272, R MRy 78I 72 ENFRNE LTEZ LTS (Baba
etal,2001), F£7z, REFHIZBITL=AR T4 F 3 VORETIE, BRINZEOETH
ATV RHITERINTEBY, KEFOBIHIC A Y PEETHDH Z LB HNII% -5
TW% (Sawaetal.,2011),

TEAS OB LT, 1980 4ERITPIH HIZ XLV 72l 0 4D HEEEI LK 3000 5
CHEE SN CPIH D, 1985), 2000 FARICHAS HIC XV [FITHETITONZ 201XV i
BORMRD I, ARMEAEIT 1700 P & HEE S 4, IR LTS Z LA LNE
7pot (FE, 2014), =R TAFa 7L, 2012 FEICRESNEEES 4 kL v R
A MTBWT, B TOMBOMEBRIEN E & SN DMESEE I B FIC T 7 2351 E B
HNTWD BREEA, 2012), EEEHDOFRKE LT, V—Y XL, HEkRBHL,
FHEE OIS K OEE LB OATEDZALRZET BV TV D, BILE ORI,



ILHEBREEODVH YOG RN B OFF HIAL DR R S TS (LA S, 2000), HEKIELZL
1%, BMERAD EHAEZ L2 L, =R T4 F a UOARIZRDER WA ~ Y HHlOFE
INZ X BERBHOMEIN RS IND, &5, HEKEBE(WI=R T4 F a vaEn &<
HEESCARM TS 2 @ILEREOZILE Wo T ARBRICHEEL H 2 5, fliBE L LT
i, WYL IR Y K7 (Martes melampus melampus), > A2 2 (Mustela erminea
nippon) , 2 K%Y 3 (Vulpes vulpes japonica), S¥ETII NI 7 " AT A (Corvus
macrorhynchos), F 2 v/ KD (Falco tinnunculus) 78 E703FF B, EHFECIEFa vy
YARTOEBZEOEMN (P, 2013d), N7 NH T AO BB D LRI ORI H
BENTWD U HiFf, 2006), F72, ARMICHEEEZ X HMEE LT, =Ko Ih

(Cervus nippon), =72 VIV (Macaca fuscata), =24 7 33 (Sus scrofa leucomystax)
72 E ORI A BB @I B L2 Z 358 s (FFRE, 2006b), 2416 OH)
YN L D@ OB 2B AN, EILEAEDBIEIZ D203 5 Z ENBRE STV D  (F
FF, 2006b), 51T, 2015 FTiE, =R LD =R T A F a UBEOHRD R
NTWD (PAF - /K, 2015), 20X 912, ZHOOEIFEREMIL, MBI
EEELT, HENICOG=R T4 T a UOEFEENT Z E0NBREIND,

B DA D =R T A T a UESFHTEOIL, BIE, AR & A BIES TR R
OPREIZNT T2 B MADHED HIL TN D, 2012 4RI, MEEOBEO & 2 B A
DOFEORLFAZER T HIEE FEORIAE) 1D E, T4 F a VIRERIH S EG TR E S
N CUERIES - BMOKPER « BRIEY, 2012), ERIRAEED-OIT, BiFsk L AREIC
DN T ORI 22 TRACIFZEAM ToAL T D UEAE T, BED AR MM R S,
TR EHERENCPE O BRIED T2 DI EE 1 7 HIBTET 25 £ TOIRTEPEN D & D3
SN SN TS (Kobayashi and Nakamura, 2013), ZH&520F, #E & RS 24 &0
MOSED T2 D — V2 ERIRNICER T, BEOSETENEE SIDHMHMEE 1 - A, #
RS R — VAN CERE T D HIE L ST,

— 5T, ABBNREEWITL T, @B RN ET DB G, BRI
BEORII 2 C, fBECEIHAN ORI L OFE Mok 2 REAm RoER % B 1Y



& LA BIMREIZTR T T2IEEIDM T T\ D, ZHH OV HAIIIBNT, AR, AR
&, JWER7R & L0 SRR AR IR MO ERENIRF T & 5, ARBIMREDEL & LT, 1963
AE L0 RET LR CACROAERM L W IR TO =R T4 F a v OB BB IS
7o ()l - E=E, 1992), [RHICOREICITE A 2EENFEL, BROMEIT I VERT
W, NVTT ) OANA, FERO Y 2P0 K7 EIZ L DEYUETH - 7= (HF, 2013e),
LML, ZRHZEFRT D ZENTET, LE LICEEHIEOMIL) TE Y E F 2004 1T
BEOEBEMAENTL 720, FMENFRT SN (FF, 2013¢), Z0H%, =K 741 F =
U OERIBIMREEAT 912137 < & bEBFEIROM EANETH L7280, £7, T
BB IHEDHESL SN T DRI Z W CTEN THE B L OEIROEA 2L L%, =
R TA T av~ilBEERATTHEWVIFHENSLCToONT CRETTHZ A F a UiRgEFEE!
EREES, 2005; H4f, 2013a), ZOFEIZLY, BETIE, 2008 0BT A Fa v
DHFFETEH D AN NIV T A F a7 (L m. hyperboreus) DFRIENBME S, fiE NEME
(T AT — 2 ORI s hve (Bfa D, 2012), 2014 4 4 A2, =& 7
£ F 3 U DRHEREELEOT - ERHEICOWT, F—H5 A F 3 v AERBIME2
HRE Sz GREEE BRI HARBREESHT, 2014), [FE S AICEREEE & ASHENEAH
ARENWEKIREE T2 O CAEM SRR 2 OREEIZ B3 2 AR EEFEE S h, a0
FHELLTHEMSND Z & o7 GREEERE BARBRETFBHT, 2014), 2015 FDHIC
13, A=V T A F 3 VOEE CER LT-BEENL, =K 74T a3 vOREN
PaA S L7 (BERD - @l 2015), AERBBSIMREIZIBNTIE, OEEEDZE L T2 Rl
ENBDT 7 7 B —HelRds LOEIEEATOMEL, @i\ RIS N 70 2 felitk
D& D EARTEOIRRIEARTEO L, @RFEE R S5 2 EIRORI TS JOWEM, &9 Bt
BEZetED A4 B L T\ BREEERE HAREREEEHIT, 2014), BIETIE, fF FAN
— NNV TAFa L BESR T AT a v OBELNEEMEROHE & IR T
(Ushida et al., 2016), AR AT 72 3REOMRIA L BIE S LT B,

ZDOE T, AR E AR 2 SOMEND =R T AT a v OREDLED by
TWo,



3 REOICEME L LU

RO AERER TG L 2 P4 5 72 0120%, HEERNTER L T2 B 2 #fifd~ 2 242573
BV, NIRDAEBRBIRERIAS 5 Z L IR 2 BiE3 5 ECHEETH H (JEiL, 2014),
SREITATENR & BRI C D HIEGE S DWISHIS A & > T D, H RIS %
5 ZDREBERO—D>THY, FrlZ, AMIEFZEIIARICHEIND (Follett et al.,
1974) . BIHOBRIAE, —F0 A RZ(IZBRL TR Y, ORI 2 MWEZ A M
&9 (Rowan, 1925), FHIE, MEMELISMC SRRSO EZHRE 2 FFo03, JEJE
PEICBR D B DITMIER DO HZ B TH D Z LN BT STV S (Oliver and Baylé,
1982) , ITHEDIFGEINN G, HZRZ L XTE T DA T2 5 PRI L TV DR TR
#E OMEREE I = 2 —a PO RIRTH D Z LB B E 7> 7 (Nakane et al,
2014),

SEEMEDSRRALT 2720121, AROFAI BUNETH Y, ARIES S 232 U F
ENTWD (FEIRD, 2005), HEHRFEHIK 24 KR OJERIT U X L% %t A AHREIRE T
55, NEVEIHIE S BETHEL LA D=L THHN, Bl DM EWI &0 il S
TN 5, FLIE T, SEERITZE OO, HIARAX EEE 0 L Tha R MRS i,
RARTERSILD AT b= BBUR FEPIIEES (MBH) OFEEHOA T h=r 1k
7B —IBESN S (Rani and Kumar, 2014), A 7 = 3HIERAH-> TRV, A
BRI A V8 VAR VR > (GnRH) 43 WAZ A1) 72 Dio2 85 1 DO3BLA T2 L 912
8 < (Watanabe etal., 2004), ZD X 912, WHABIZIBWTUIA T b= DOHUWTTHERH O
REDNFEEIEOBMICEE CTH D, BHETHRERIZA 7 h= 3R AL D HwEhd
0, BIAD X A X 2 7 aRd D CENEICIRESERS 5 L TRy (Dawson etal., 2001), 7 A
7 (Coturnix japonica) \ZF\NTHEARFEHEIR 725 MBH IZAAET 5 2 L BN SN,
BHETIZZ O8N L 0 BRFERHIEI T TN D Z E S S22~ 7= (Yasuo et al,
2003), *7-, MBH (23T 5 FURIRAR/LVE » OREZALAEEMEZ S5 2 & 23H 57
272> T 5, ERIZELY, MBH THURIRS/VE ARM(LEER CH 5 2 BT v HlEE



(DIO2) % =2— R§ A1 Dio2 DFBLNFHE S, DIO2 12 LY MBH TF X2 (Ts)
WEBIEEOERW Y g — R mr= (T3) IS, GnRH OSWAFHE IS

(Yoshimura et al., 2003) , FURARFRE A LT L 1E H BARRKIZ L > T FERARMEEIEI BV T
B8 25217 T % (Nakao et al., 2008), GnRH [T AR /AT o Mitiiiaif T &
FREI, T3l & DIEHPERANRE O TEREZELANEE = 2 Z & TRV WA & 53 &
% (Yamamura et al., 2006) ,

GnRH (T FERIARFTEZEZ R L, IPRfEA L€ (FSH) &EAERGLEY (LH) A
IS IND, METIE, FSH XA MNITHERIEAIIIC OZFE L, FhIEMmiao#iE s LH
BROHIN AR 23 (BEIL, 2007), LH ZARITEREMIN & SRR AAE L, FOsskiia
TIHLHERIZL Y 2L AT a— b7y RrAT7 U4y (AD) MRS, AD I
FSH I[ZL W AEhESNT=A by =& (AR, 20060, =R k= 3Tl
(VR U CORSERIBRE 2 e L (59, 2003), ISk S - SR sRiBRmE s T 3
(225D FSH IZ K - TIFIRIN~OBATIC L 0 EFE S, IO ENEZ 5 (H,
2007), HEORNICIE, LH O—@MEOREHKTE 7 my =271 (P) HWORE D D3E
THY, JMABIZ Py MBYE, Z ™7 ERREROGRAREL, Z DORERIZ XV DRfakeE
ORNEERE AR E D Z & TIPS Z 0, F72T7aRE T T D0y Mo
EDIVEIZIERAER T2 Z & THRIMSEZ 5 (57, 2003),

KETIE, FSH ZZUARIE, FMENOEL N UHIIRICAEEL, 70 Ry = a2 oon
JBEOREAZRL, TARRTRY (T) Lffe L URELZZEIYE, #WREOR
TR AR T % (Reece, 2011a) . LH IFRGHEND T A 7 ¢ v B MIIZ/ER L CHIE DS
BRI L, 74T 4 v EMIEORIESL T OHW%E1E9 (Brown et al., 1975; Reece, 2011a) ,
LH 2374 7 ¢ v EIRROSZRZERICHEART 2 L, Ml vyt Yy — LTEHS A2
U2 AMP OAEZIEMALT 5 (Schillo, 2011), cAMP (XX k2> RU T ~Da L AT 1
— /U Z R 2 7o OICIlaN O LA FHE L, 2L AT 2—/UEI har RUTNT
TAET—EBENIBERICL > TRLVEY OBERIBIE TH LT L IR a ATEBE
% (Schillo, 2011), LHIFZAT mA REREHERIEZ o7 HOAFEAYEINEE 5 Z & T,



2 hay KU TEZER L T Thivd 2 VAT a—/ Uk 22 S5 (Schillo, 2011),
ZDXIITLHIZAMP 20 LCT v Rayo oA stEd s, 7o kv oft
KTHD TIXHEMIE DFE SRR L, FBHENT, TIZERRIIRORE 250 %
BT 2 Z & T, TR L TS (Reece, 2011a),

ATERRAI AR LT AU & A TEN T = 22— T F N T D AFHE IR L ]
AAEY (GnlH) 128 VPl &35, GnlH 1L, AZRRIEHCAFET 27 v~ ¥ —EHilao
GnlH LE7 ¥ —IZHG L, T~y —CHilazamy v s 2 & CistEaFHiLd 5
(Ubuka et al., 2014), IMNT T BRI L W HHLSH, —a—mx A tpY=r (=X
KT A =178 : By) ICEBEND Z & CHEFEITEIIIHI 4D (Dickens et al, 2014;
Ubuka et al., 2014) ,

ZOX DI, BHEIGUR T — FRA—ARIRENC LY 2 br— STV D,

4 BHEEEOE=F Y o TREGE L BB TR

BIHICED BRI LT ALY ar b — L INTERY, R FE— TR — 45
PREAOBEREIRRE Z N D T2 DI, FNVEVEBEZE=4 ) 7T 5 2 LIIRRATH D, A
T uA RAVE AT E D DEEAHERR s S o720, fRRIMKTORLVES L
~UE S o & B RIFEEON WK OTERZ RS 2, T4 F a3 URORVE AT 550k
1752 (Stokkan et al., 1986b; Hannon and wingfield, 1990; Hissa et al., 1983) (23T, AR
F TSR BED DT MRS HIE I DI TV e, LacL, 4K D ORI,
EIEROERERR, HEICE o TIPS NEL 725, 2O OMERIIER~A hL A L7225
TSR IND, Fe, TAMKTIE, FEEROR DK LOMEIIRETH D, T
7o, i A D A/VE AFFEDOFATRIREME, BRI & 15 B 5 ikl L 0 R
IbHZ L& E72D (Goymann, 2005),

FREICBWTIU AT T, iEF &8P O TREDLEMTON, b D T REIXIF
FEI IS5 2 & 2SR S 7= (Ishii et al., 1994), HEIFEDOEREUTARA~DIR A3 72
<, BIMEOREF L2 THY, BV IRLOINES ThHbH, ZDL L, FEH



AT aA RFVE R E BOSHTIIRMATRE L TR Y, TEHR & vorz
D /X7 A =& LA EDED T & TR B AEFERERE O IEME 72 W LS REIZ 72
(Schwarzenberger, 2007) ,
TAF a TICBWTCHERPFLVEVHEERTT, (TERCEROZ L, fEBREOSEL &
BITFHIT 2 Z &1L, ARIREE-CER B R OEDFERZ A O 5 Z & A AlREIC L,
il N E PRI AR S5 Z E S HIFFCE B,

5 BpA BEEOMHBIE

SHEORNVE =LY 7275121, dBtOBk, FHIMNIEREEET 2 2 &0
IR & 725, PEROIEHIBIITE & Ui, MEESERE, PEIZERZ (Cerit and Avanus, 2007)
AE WA (Hildebrandt etal.,, 1995), BZAUMEMT (Cerit and Avanus, 2007) 23280 Hivd, I8
WESTR AT IR 2 o DT UIBE LIERESE O B8 2 -V CAGIRIR 2 Bis 5 ik Ch 5. £
FERE FIHME CE D7D HETH D, L, MECUIBIHEEIZIHRATH Y,
B LT BRE SRS T B, F72, BIZIE S FUHTIL, Il B OX TR
TR EN TV D72, 4Gl Z AT L CERWATEEMED B D Z & b STV D
(Costantini et al., 2008) , FABEIERATI HEROIRBEIE Z 3\ CRED AEFHZSE DA 1%
DHETH D, RAEFEOWHE R VA X TXBITE H1F EITHE LIER O ITA %)
ThHDHD, PEEAZ 2 TORWE S ~OBNZIT AN 2245  (Costantini et al., 2008),
AEREIL Ny 77 —BIR AR L CTEEICE S 2 & C TR Lo s R A Biig T —
2L LTREL, BEONEABIEET L HETHL, [FEEDONE LHEEK ThtmAieZ &
DT E DFFHDOBMRIZ L 0 HEERIA TE NGB8 5 (Jensen and Durrant, 2006) , A%
FERTCIE, PICHIRA S DT A 52 L, BT T C Z Yetalko W e iia el
THHETH D, BEYEHTII SR PO AT 5720, Rk HIR A2
PIT&H% (Cerit and Avanus, 2007), F£7z, YefROEHEEANI & - TIYHAERD B30T

NN B30 %



KV IR 1L L LT, IROINTTEZRERATERIOEW T K » CTHHIBI AT © ik

(Swengel, 1978) =2, #HHDOPEAT 1A RAR/LE L EHEOHIEIC L DHBITERZET B
% (Stavyetal, 1978), ZALHDHIEE, AFERRDAIEELLBITH L COEMIT A5
b5, Fio, B TH-> THERMR EDORO IR KON DML, oREICHE
HRFEEE S L CEATE RV, #EHROMEAT v A RRALVECGETOMHRNZIE B, & T
DL (B/T) OO, METHEL Y bRERMEZTT Z LA B TRO 6N TN D

(Czekala and Lasley, 1977; Bercovitz et al., 1978; Stavy etal., 1978), MR E/T Fridffic & v
B2, EfEMEHIBNC IR Z S ITHERIBEEMEIR ORUEL A 3 D 72 BT RO LE T h
D, BH—EROMEERIOSGE I MEDOEIRAKNEE Ch 5, F7-, BT T X 2MEERIEHR
1L 90%LL ETH DA (Stavy et al,, 1978), FEIEL Y &V MEZ R~ HERY VA2 <MD
WD N SN TR Y (Bercovitzet al., 1978), D X 9 72 {ERCILMERZ 72 > CRH
LTLEHZLITRD,

ITHECIZ DNA % V) 7= Polymerase Chain Reaction (PCR) (2 & A MHIBIIENEH L &
NTWD, BEOMYERIIIEN Z Yetafi% 2 RRFORER, ML Z Yetaffk s W 4ok
Z 1 KPR o~T I TH 5, chromo-herlicase-DNA-binding protein (CHD) i&fm1-& >
D RSN S AU BEAS W LR FIZFE R S 4L (CHD-W: Ellegren, 1996; Griffiths et al.,
1996), D HIZFARIZRBLHIAS Z GetifR I A&7 (CHD-Z: Griffiths and Korn, 1997),
CHD-Z ClIZNWH I Ul U L AZEAT SSEDT X BRING 72 D8IKIME B A A 2 & Ff
ORHEA @ 5 (Griffiths and Korn, 1997), CHD &5 1L EICRAFE STV 528, CHD-W
& CHD-Z 3R DB THETHDOI2ORR L 5 T EZRT TE B LN TND

(Fridolfsson and Ellegren, 2000), CHD &fn DB D 7T A ~—03ikit &4, CHD-W
& CHD-Z DA > b1 DR ED#E)NS PCR SIS I 2 HEEWTH 0O A X i % FI|
L7t o, ERFEUSNORA 2RICEH TE 5 2 L HE ST % (Griffiths
et al., 1998; Kahn et al., 1998; Fridolfsson and Ellegren,1999; Segelbacher and Steinbriick, 2001) ,
INHDOT T A ~—%, CHD BIE DA v~ 1 v & ETeBA RSN BEEE U 7- S 2%

71TV 5 (Dubiec and Zafalska-Neubauer, 2006) , L7, <& U 7 7 & 7 (Strix aluco) (Griffiths
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etal, 1998) U & HEDONL S DOFE (o etal, 2003) 72 ETIE, A > harORESIC
EHEWDIRNTZD, CHD B5 12 K MBI REE G030 5 2 L dRiE S Tnd,
PEHBNCAE 42 Z LN ATRE T DD fdF & LT W Befafk oD 0.6 kbEcoR I BT

(EE0.6) DEHIAZET B4 (Ogawa et al., 1997), FA[RIZ:ESIY Z YetafR 2 f7ET 5 (toh
etal,2001), EE0.6 77 A ~v—& Z YetafkE W QL fRIZILE 3% Spindlin 3815 B85
ER LTza v b — T T A v — %Gt 5 2 & Tl CTR < MEHEBNZIE
TEDZENPHESIN TS (Itohetal,, 2001), £FFEITBNTIT Z Yookt W GLEakD
FRFIPEDSE <, CHD B{n7-X° EE0.6 BlAIZ W HIBIAHIA TE 2202 &35 (Ttoh et
al.2001), kW1 512 V7o MERIBIEA S &3 CV % (Huynen et al., 2002 ; 2T 5, 2006 ;
WER S, 2008),

ZNHOFEIIBNT, SHTICEHT 5 DNA &R e LT, ik, MR & OB
REEDH 2 OR0, PR, WL OINME, PRt X737 & DI 72306
WHTE 7 (Bushetal, 2005; Muksh et al.,, 2011), 4§12, /RSN NEE 2RO 5
IZBWT, EERZES 5 Z L7 < DNA ERZ1G5 2 L TE D 2 b Okt R
WD Z L ICB LR STV (Taberlet and Luikart, 1999).,

ZD X9, YEHBIELT O BROIHRE L L CHERIEEITER ShTnd, =ik
Y IAF a VIR I A T T OB T OB FIRE TH 5725, AEEE L THAS
NI FEZHOW TN T U EER L 72 S ONFIAATH 5, BAEKRDEEZ AV ThL
EUREZITY, TN D BGERHEA R T 2720101, EAMEENTho b OrE
Ed 5 2 LRETH D, D DNA 25 THEHRIZ1T 9 2 &1, AHREOMERE 3
T D BIEDO AR AT 5 ETHATH 5,

6 AWIZEDEHY

=R TAF a VOAEROFERE AT 5 Z LY, AHEOREEZED S ETHEETH
Y, RN DWW T OIEHRIT, FrZEE T8I D 5 L THETH 5, AHIETIT,
BRI A b LA ZE 2 700 GkEE e L CHEEZ AV, A= LT A F g (ZBWTATED

11



BHERE AR 5, £, DR TH L =R T A T a U ONSWETREDFTIE 25T,

T, B 1EIBNTC, FE FAN— LT A F g vOFEREE VT, #EHORT
aA RARVEVEEDE =4 ) JIEOMNI A T T2, 552 B, A EROPNS 1)
R EMNICE=4 ) /5252 LT, REMONSWOFEEZA LN LT, £,
PITEERHLY], BREREOZE L L W o TSI E L & WA LORR, B ENEIEICE 2 55
BIZOWTADEGHMEL7Z, B3ETHE, HEO=K I/ FavpFEFORATOA R
RVECZEOBELTOICHIZY, MRIlEHREZHHRET 57202, #X D DNA 2457,
PERIBNZAT 5 MEHIB T E DL EAT - T B4 B TIE, BAED=R T4 Fa vD#Es M
WTCTAT A RRVECVGEEZAEL, RFEONSWEEDOREZIT -7,
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B RN L OS5 SR OT i

1 R

ENOEETEHE SN TNDAN— ANV T FavB L0 ED=KR T4 F =
TR LT, ANV T A T a v ORGERERICOVWTE 1, =hr T
AFa VDFEDY TV o TIRPUTDONTR 2 IR LT, L, R by MRO S DA G,
ROLOEERHEE U TN ELSXAILCTEILEZ (M), BETO=FRr7AF =
TR TIE, FITHREEEZ TN, KFTIL, BT, Bel, #ikiL, ALstE, atR=i,
Fo G F K OBE CHROB AT o7 (K2), EROATTHE L LTHRENHE, £720
RO A 8 L= 3 AR L7z (X13), ERDOPRM 2R L723EC oW T, PR
R RBR O L MERIE A Tisk LT,

2 BHFORTuA RRVECREWORH

HHRARIEOFEZ TN ENT VI T v 7 (6 5) IS ANTZ b DZAEREZEHEIZIE~, 100C
T CKY 2 IR ST, B S T HEREHI=IRICR L2k, Fv v 7 &R VAR (3
VYT A& A—4) [TAN, HHEMEE T—20°C FCHREERT LT, i S w7
Bha, RO ENSTTHAHEL, FIEEZRIR Y PIECE R EORMIE 7 2 FRE, 0.100g
Z BRI LT, PRE L7oAilBha 7 7 2 BEBRE (16x100mm) (ZAFL, 80% A Z /
—V%& Sml iz 7=, Zi% ¥ — (Thermo-Mixer TM-127, $—E=2 R) T30 /[t
L, 4CTTBEEHE L=, D%, 4°CT 2500 rpm T 10 43WHELDEEEZ TV, AZ
—/VJE LRRHEICOREL, A% — VD LEE~A 7 nF 2—7125]mL, WERET
—20C FCIRIF LT,

3 BEERAENE (EIA) 5

Py, B2, T, AD BI U =/vFax7m (B) N, EIATEIZE D RO HE LT,
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3—1 AFHOFRR

1) ElAbuffer: U UFg/KE ) U 7 AZKFI# (MERCK) 7.12 ¢ LHEfb) R U w7 A (Fi
FeHIEET ) 8.50 g Z-Hli/kK 1,000 ml (ZiAfE L (F%ERT pH 9.0 F2/£), pH 7.2 IZFREE L7,
Z 0%, TR G Y MmiEHkT L7 2 > (A7030, Sigma-Aldrich) 1g ZhNx, f#H]
RFE CTACFCRAFE LT, 77 I IR 2 EEILANICRER LT,

2) Washing buffer :  #li/K 2,000 ml (Z Tween80 (Sigma-Aldrich) 900 ul & A % — 7 —CHifk
LR ET O T LT, 51230 s Wisee Lzt BEHREE T4C T TR LT

3) Coating buffer : [T~ U O A+ (FOGMIZETSE) 2.574 ¢ 36 K OVREEAKFE Tk
U s (FGHIZRTEE) 1758 ¢ %, ik 600 ml (¥R L (FH3&RT pH 9.7 F2H), pH 9.6
W LT, fEHARFE T4 C T CRF LT

4) YR G ik (CRPUR) © vFHiy 3 1gG Hifk (Jackson Immuno Research
Laboratories) 150 pl {Z Coating buffer 204 ml Z /1%, 1,360 S RELIKIEZERIL 7= (7
L— R 20+a iy a—7 4 7 H),

5) AT aA RRLEMERER (A2 2 —F) 1 ZFATaA RRLECOHME Rt
ST 2 F 7213 Sigma-Aldrich) 10mg 2% / —/L GRIERE, FOLMEETEE) 10 ml IO
fig L7~ (1 mg/ml), Z DL 1 mlIZHK 9 ml ZH1Z 10 AR L (100 pg/ml), ZDH
H 1 ml T EIA buffer 9 ml 2012 TS HIZ 10 5N L2 (10 pg/ml), ZDH%IE, [FERIC
EIA buffer T 10 f5 4" >F7R L, 100 ng/ml OPRAFAFEMER Z iR L7, Z OFEYER Z 300
ul F2537E L —20°C FCHRAT L=, HHRHZIE, EIA buffer 2 VT 2 (AR 248 0 i
L, IR OFERERA 200 nl Z2ERLL7- (% 3),

6) AT EA RFVEUPUR (—RPUE) © U FHAT v A RA/LE MG OB
i (BT T ¢ HVETNT T AT NSAA) ZHUK 10 ml THEME L7Z, BIET S A
T uA RARVE S OFERLHE 2 OHUAD TS U T, EIA buffer 4 IV Tl bl 225 £
THIRL, TOHURAIRIEZ 800 pl To7EL (FL— 1 1 K5y), EHIRFET—20C
T CHRSRAT LTz, BHIRECIE, EIAbuffer 2N THIR L, 38 310K LIkl
E LTz, 728, BPURICBT DEHAT O A RFVEL EORNERE, £4DEY Th
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Do
7) AT A RARLVE AR (Horseradish peroxidase (HRP) #EikHi/F) :  HRP FEi% A
THuA FA/VEY 1 mivial (7 AE/S1F) % HRP BERTEMAHERFRAAK (Guardian™
Peroxidase Conjugate Stabilizer / Diluent, Pierce) # HWNTHAIRL 4 C N TRAE LTz, fiH
BFZIE, 209 % 80 ul % EIA buffer 8.0 ml T 100 (54 IR L (FL— bk 1 #5y), %3
(R LTl & L7,
8) FEEAK
<R A> mE{tIRFE (Sigma-Aldrich) 0.5 g, VU UBKFE T MY UL ZIKFW
(Merck) 9.0 g B L O = fE—/KF#) (Sigma-Aldrich) 5.15 g %, #ii/K 500 ml (Z¥Af#
L7-, R E T 4C T CTEDLRE LT,

.

<IHEHB> 33.55-7 b7 AF /LR F T (Sigma-Aldrich) 025 g (0.002M), ¥
ATV AVEF T R (Sigma-Aldrich) 20 ml (4%) 38 L OV = > fig—7/KFn4¥) (Sigma-Aldrich)
515g (0.05M) %, #fiZk 480 ml (Z¥fi L7z, (ERIRFE T 4C T CEOLIRTFE LT,
<FEth > HERABIOBZESml (FL—b 1K) TOERAERNISESR
RECIRA LRI L7z,
9) FfFIHE (INFE) ©  §RiE FOEMEETSE) 20 ml Z27K/KEG T T 700 ml OFKIC
DEFTOMRATIN &L, HHKEETACFTRIFELT

3—2 Fv—ba—T47

Coating buffer TAIR L72Y FHLV ¥ 1gG L Z A & —F —THE LR 5, 96 53~ A
a7 L—hk (Nunc A L/ 7 L— I, 835 442404, Nunc) OFFT /L2 100 pl $7o
LTz, 20°CICRRE LT KIRIEIRARIN C 2 BEfEA Vo =— F L, kPR E 7 =1
Efg{b L7z, v =/LIN® Coating buffer Z5542krEL, 7L — MR{FE E LT EIA buffer
/T =200 ul TOMZ, FL— 7 AL LTTL— e —L L, 200CICRE L7-1E

{EARN T 30 DA > F a— b &2fTo T, HHRFE TACT TRIFLIZ
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4 BERUENEEC LD MPEZTETORT a4 FILEREYORE

IgG HikZ @t L7c~ A 7 n 7' L— MNO T L— MRfFK (ElAbuffer) 27 >t A H
ATZRZ: L, Washing buffer 2457 = /142 300 pl oM 2 7 = VINEPE LT (FL—F Y
Y R), FL— kU A% 2[AfTo 721, Washing buffer 25242 H Y FRU -, &7 = /4iC
FUREE 7o I TEHER & 20 pl Ad, —IKHUE, HRPAEZFGURONEIZA & = /U2 100 pl /37EL
7= (&S, D%, L —F 74 NVATTL— & —LL, 4CF T2 KA U Fax
— F&ATolo, A v Fa— M, Ux/LINOEERAEFRZE L, Washing buffer 300 ul % FHu >
T, 7L— bV U A%F 4 [AfT- 72, Washing buffer Z 58212 H0 B4, FEOKZE ST
U2 100 pl pELTE (ES), L —h 74 VAT L—ET—L L, 37TCITRE LT
TEIRARN T 60 0 A o F 2 — F &2AT oo A U F 2 _— MET CITRAF LKA ST =
JUZ 100 pl Nz, FEEiFIESE (£S5, Bt~vA7n7L— ) —4%— (iMak, /3
AF Ty RIRT FU—X) ITXV, & 450 nm (2B DWOCEARE L, HAREE
Ty 7 b =T (AT L— ke Rx—T % —60, ATy RTRT FJ—X)
Z AV CEEEI R A ERR L, 3B P OV R A G LT,
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F1 ERIHE LI A=A LT A F 3 7 OERE S

YA T T S A %

S10 4943 liid FOUH S LB 2009 427 M 16 H 20124F 8 A 13 HAEL
S32 8513 i3 200947 H 16 H 2012 4£ 7 H 23 H3EL
S48 7591 i3 2009 457 H 16 H

S98 4242 i 20117 H 5 H 2012 410 H 18 HZEL
S120 8065 i3 20114E7 H 19 H

S135 1418 i3 20124£7 A 3 H

$258 1719 i3 201447 H 11 H

S13 9337 Vi3 2009 457 H 16 H 2013 4E 12 A 27 AL
S38 0865 Vi3 200947 H 16 H 2014 4F- 8 A 3 HBEL
S118 8528 Vi3 201147 H 19 A 2014 4E 6 H 19 ASEL
S195 2013 T 2013427/ 3 H

S257 1298 i3 201447 H 11 A

S66 66-32 i L7 7 IV — 20108 H 1 H

S127 6228-03 i IN—T 201147 A 25 H

S137 F-08 i3 20124E7 A 5 H

S152 6228-15 i3 201247 H 12 H 20134710 A 24 HAEL
S225 6228-1513 i 201347 H 17 H 20144E5 A 5 ABEL
S53 *ruy 2009 -7 H 17 H 201444 H 2 A3ET
S65 65-27 Vi3 201048 A 1 H 2012 4E 6 H 28 HASELC
S85 72-11 Vi3 201048 H 2 H 2014 4£ 8 H 11 H3EL
S130 6228-06 Ik 201147 H 31 A

S136 6632-12 1 20124E7 H 5 H 2013 4£ 10 A 22 AL
S148 6228-11 Vi3 201247 H 12 A

S198 28-17 T 2013427 /1 3 H

S150 No.6 i FEFHZE A LR 201247 H 12 H

$237 No.7 i3 201347 H 22 A

S60 No.5 Mt 20107 H 6 H

S272 No.9 Vi3 20144E 8 H 9 H

S208 No.4 i M Emte 2 — 201347 A5 H

$239 No.8 i3 201347 H 22 A 2014 4E9 A 4 A3EL
S176 02-09 i W L E [ 201247 H23 H

S142 02-05 I 20127 H7H
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