TRk 28 R [ tGm

& &Y% (Vulpes vulpes schrencki) (2315
FREE~— 0 — DR L,
Z D53 FAERFERIFE~DISH
Development of novel genetic markers
for molecular ecological study

in the Ezo red fox (Vulpes vulpes schrencki)

EEAR Bl th

[V E PN SN = 2
AT
B A B

47614002 % H i



PP

FLE FAXVRFHIA 70T T A b~ —T— DR L ORH

=1

e

=

1%

Rl

=1\

F2E MBI LUTE

Yiraxd

FLE FAXFVRHRI~A 7 0YT T4 b — A — DR

¥11H 47 . DNAHhiH

F2H ~A/mYTIA b2 vFIA47 T U ORI

BRI ~A/uYTIA MEBORAZ V==

HATH <A/ nhFIA MEREENE LT T A ~— D

E2H HiB~AuYT T4 hv—h—OFHH

13 4/ . DNA#iH

Rl

¥2I PCRICLKA~A 7 a7 T4 MEOHNE

WIWE TITAVUMENBLIOY =2 ) XA T

HIF AR

L FAXFVRHHIA 70 YT T A b~ —I— D%

B1WE ~Ar7ua¥T T A MEEOHEE

10

12

12

12

13

14

17

17

17



FH2WM ~A7uVTTA MEESHEET T A ~— Ot 17

2 HH~A s uYTIA h~——DOFHM 26
WI1HE T7ITAVMETBLIOY 2 ) XA T 26
HA4E B 32

F2H HH~A I uYTIA b~v—h—%ICH L72FHK DNA 72D OfE R

Gl 34
H1E 34
F2E MERIUNE 36

BLE &Y R FEFORE 36
1 EEORSE 36
23 #EHkS 7 - DNA fhiH 36

F2H &y ) IFOFEHR 39
F1mE FEHBIT T A ~— Ok 39
%5 2IH  PCR T X 2 #EH RN 5 41

H3H A XY RFH K DNA 2> 5 OfE AR 41



¥ 1IE PCRICLKA~A 7T T4 FMEOHNE

W2WH I TAV MBI 2 ) XA T

%3 BinFRUTES < B

HIE AR

B %Y ) FEORE

13H  EEOHRELEIL LTS/ L DNA #hi

Rl

28 2 R OR] ]

1MW T T A ~—DKE

¥ 2IH PCR I X % #(EOFRHR

B3HI &Y RFEHSE DNA 25 OEKGER]

WIE 797 AV MBI 2 ) XA T
B2 BRI IS < EARER R
Faw EE

B3 X R AMMITEE~ — 7 — OB% LIS

=pS

&

=110
=D

=

41

42

42

43

43

43

43

43

46

46

46

50

53

55

55



F2E MBI LUTE

Yirax

LA XY R PrRE MR RN~ — 7 — DB

H1H WERARRFFRENT T A ~—0ORG

B2H &Y RFEME DNA S O MAEHT

¥1IE  #Eibsks L DNA ofH

2T PCRICEAHAEI F=r U 7 DNA W OHE

WIWE 7T AL MENTIZ L D DNA Wi of

FHIF AR

FHLHE XY REEA R R~ — I — DB

HLIEH PREARFRNT 7 ~—0ORE

Yiraxd

28T XXXV REH K DNA 5 OB MART

W1 7T 7 A MENTIZ XL D DNA W OfsH

%5 2 I DNA WA ORISR Z 56D < R PR AT

4% F

Pt

Rl

=S
57>
o>
T
[Eans

=110
=D

57

57

57

57

57

60

60

61

61

61

61

61

61

67

71



SR

EIrGE

51 FH STk

Summary

76

78

80

94



FFE

7 1% Y% (Vulpes vulpes) (%, ALMRME, 7 AV, L7 AV B, I—rm Y

RO AT 7V BB OT T T D RRIEHIACTH D, AFEOSAERIE

JEHERICAERT A2 ERNEOF Th b IL< L K 7,000 5 km? 12} 5 (Lariviére and

Pasitschniak-Arts 1996) , 7 4 Y R IXH ARSI BIZEBWTH AL 9 L, APNIZ

ERTHARL RE YR (Vv japonica) 3 L UHLHEICARE T 2F 2 (Vv

schrencki) @ 2 HfEICHFEEIN TS, 20 ) bt EDEAHEFE TH S F X+

Y RIE, B BARREAMR T OO OHERMKE L LT, BAEICET

LEERBEOHMER THLLEZADOND, TO—H T, FF %Y x i3tk

BORLFETHLIZX ) ay 7 AEEZENMTHZEHMONTEY, B hED

BIRICB W CIHEBENA ML EREY TH H 25 (Oku and Kamiya 2003), AHifED 4L S

BRESIIZARTH Y . B 2> DA TR £ THRILWERBEIZE ST 25 Z & T

TIRNERINZ 2346 L Cu5 (Tsukada, 2005), Z D Z L%, FX XY R2BAERERD

EHARICAMET SHREE THDL 2 L, MEETELWEREZ RS 2L, BLUA

BERETEMENETIHZERERLELEZOHNDS (Misawa 1979), I1x2 T, 4P

Mk L OBUEHIZ B W T, #iF Y xBLOBDEXTY R IR LK S



oY BT R S XD EEEREINZ R &5 BARERROHEEL, 2RH TN
b hEDEMIZLDTX ) 3y 7 ZFEDEREN SR S LTV S (Oku and Kamiya
2003),

LLED X5 I AERBRA~OEEMEIC H 20D 5T, 2 %Y RIIEFERNR L <
IR EW 00 B 0 & OTE B EEMEW 20 | FEMZ2AERE T3 X OB FHITE DS
ZLV, Flo, FEXYRPKITHETH D Z L B <, dLiffE O REE
DEI BRI DT> TERBEZH LT T 5 2 L ICE K797 )1 L W9 % 2
HEdHZeb, ALERDO—D2THD LHHAIEND, L, FFFYXD
ARG I L ORI BRI WU E . ARSI A TR & 72 5 EHE IR O fE
RHEIRES, b b EDIfFEE XD ETHRHERER L 2D,

1987 £F1Z Mullis 512 X - TBA%E & 417= Polymerase Chain Reaction (PCR) (.
SV OTREER /23 EA 6725 L (Mullis et al., 1987; Saiki et al., 1988) ,
T TIEENDN B AT BIGH S 4L, €O DNA FFHRO LR LB ED b T 7z

(Munguia-Vega et al., 2009; Hemmila et al., 2010; Ross et al., 2014; Stange et al.,
2016), = HIZ PCR 13, LB D DNA T £41T 5 Z L 2 FREIC L

(Hagelberg and Sykes, 1989) . Z#UZ L U S RO A RERENGELNTE



B oK DNA & FIW 7o FARZED R L T& o, — RIS, o FAERFICH

WHNLADIEBM)IL, IFREREI CHHIWEL L OFEMERERTH Y (Eggert et

al., 2005), ZIUH N HERELTE DGR L OMEEE O/MKE - Mt L Y DNA 23

S o515 (Taberlet et al., 1999), HAEE TIZ, 245D DNA ZHW =L D5y

TAERFEFEARE SN TEBY . ZTOFHENRIITE 7 (Taberlet et al.,

1997; Kohn et al., 1999; Harrison et al., 2004; Sastre et al., 2008; Guo et al., 2011;

Ebert et al., 2012; Baumgardt et al., 2013; Vesterinen et al., 2013) ,

ERROSFARRFEHFIEL, X2V RO L RIKBIZ DT - TEERIRBRE

(ZAERT2EMEIC BV TR, ERDIRHERI 2R ERRF AT TE D A TIL N #E70 2E

MO BRI ZAREE L A X BRI S, EEOERIZIS T DATEVREH OHEE ., 72

LONCEEMe &M E £ DFMBN R ELZWALNIT L ETROTAHEEZEAD

o, LLZEDO—FT, #EHKR DNA ITHARREE TIZE T 591k, b TNIHK

MWL EFENDHT 05, PCR 12X %D DNA WA HEMEZh RN E L < KV

(Inoue, 2015), Z DIRIAZFTRHT H -2, BrEMEOENT T4 ~v—F v |

OFEEVDNLILL 725,

AWFZEIL. F 2 %Y X FARFARIMIED DDA L o Z— Fpin~—7



—DOFEEZAME LT, T8 1 BTEFZZTYRT ) L0 bDEM~ A 71

YT I b~v—h—0OB%E L T bORRMFHI 21T 72~ 72, K< H 2 BT

FHKRDNA DS DIEAEEINCB T 2~ A 7 0T 74 b~—T—DF MMt

Rl L7z, R OH 3 BT, HRERERNLBIn~Y — I — D%, b

N Z U ELS < PR K DNA Z2 W T2 B8 OFRRNEE O FESLIZ DUV

THRES L7z,



FLIE XEXYXFHR~A 7 0YT T4 b=—0—ORFEE X UFHE

B1E HEin

~A 7Y TITA ML 25 BEOEF—T7 TSN ERSTHY . A

RN B W CE R EHEE R 2R NRBD b (Tautz, 1989), Z D~ A 7

BT T A MERICERD BV STEIL, AP RER 2 Bt~ ORI 28 W B

Toh %5 (OConnell etal., 1997), ZDZ b, ZARIMEICE . M FEL GE

Thoir~A 7% T T4 h~—D—I%, D FERERIFRICE O TR DHEEIC

Ao ns8EL~—T—D—>TdHs (Mowat and Strobeck, 2000; Creel et al.,

2003; Eggert et al., 2003; Prugh et al., 2005; Piggott et al., 2006), 7 1 % R BIZ

WTHWS OO~ A 7 VT b~—h—[FBRINTEY ., FIFEHD

BRI ZARM 72 & NCER OB E IZB T 23523 % % (Wandeler and Funk,

2006: Yan et al., 2015: Yu et al., 2015), =D —F T, —fxWic~A 7 a¥% 774 b

EIIL T ) A EONTERSSA v b L FICIFET D720, ~f 7uaVT T

A FEEOBEBRINIEHIT /R DIZo0 T, FEICB T HRFEESE T2 2

ERHEENTWA (Moore et al., 1991: Primmer et al., 1996: Zhu et al., 2000), =

DZEMB, A4 7uaYT T b~—T—E W56, bR LT PCR



HEBE ORI, 72 5 NS ZUTHE D WXV T LV ORI 2 5] & i 29 Al6E
P23 % (Oishi etal., 2011) ,

ZZTH LTI, ¥4 Y REGHHEKEDNA DL~ A 7 0%T 74 Fo Y
vFTATTV—5EL, TDOTAT TV =L D~A 70V T T A MNEWK
DI —= T hERAT, MAT, FICHBESN X237 AT

BEHLYA 7 BT T A MEROFFIERE 21T > 72



2 FE BB KOS
FHLHE X2V RFH~A 70T 74 h~—TD—DOF%
%5 118 /77 2 DNA filitH
~A 7 aV%T I A MEBHEEEO- DD 7 A DNA 1T, R EEKLEHMETR
EHEREICRR SN TV L RO F 2 XY R FlE 6 7 = /7 — Vit

FOx=F ) —/WEBIEIC L - THRER LT,

B2 ~A/uhT I b2 v FTA4T7 T Y OIER

~A7aY T T4 b v F T4 77U OFERIE, Glenn and Schable (2005)
IZ X o TR SN Tofex B — XVEIZHE > T3 L 7= (Glenn and Schable, 2005;
Seki etal., 2012), % & &> R}l >k 7 7 & DNA OFiERuE{kIX, 1x T4 Ligase
buffer, 20U Xmnl (New England Biolabs) . 10U Rsal (New England Biolabs) . 0.03
pM BSA. 50 mM NaCl 38 L T'5 pug @7/ 2 DNA IZIRE MK Z N2, iR &
Z 100 pl & L7ZpUsisikz . 37°C T2 BERS S ¥ 5 2 & THEM L=, FUs#
D47 5 DNA X, 1%7 T —AF7VTHBiL, =F Yy aTavAl REED

%12, 300 bp 725 1 kb OHiPHZ A A THI Y H LTz, DIV H L7 X 4% 7T T



— AT AT U ARGy T 2 RN R E L 15 Sy OB RIKEN 21T 72 - 7,

VKENE D 4% T Ha— A 1% T Ha—R 7 ORI 280 1 L,

MonoFas® DNA 5l ~ | (V—x LY A = RX) o7 ka2 > T DNA

7 2 L L,

TRZE SNX24 Linkers %, 10 uM SuperSNX24 Forward (5°-GTT TAAGGC CTA

GCT AGC AGAATC-3) , 10 UM SuperSNX24+4P Reverse (5’-p-GAT TCT GCT AGC

TAG GCC TTAAAC AAA A-3’) B L1100 mM NaCl (2R FE MK Z Nz . Bofds

B4 200 ul & L7 BOAiR % . 95°C T 5 4B L OYRIE T 30 01 % 2 _X—

D2 LKV IERL T,

FEfL X 4172 DNA & SNX24 Linkers & D Z A 77— 3 0%, 35 ul O K=

SNX24 Linkers. 1x T4 Ligase buffer, 400 U T4 DNA Ligase (New England BioLabs)

BLU45 ul © DNA BERIRIR ZIRA L. &R EZ 10 pl & U7 SRR % |

16°C TS S5 2 & THEMi L7z,

PCR (%, 2ul ™ SNX24 Linkers & 7 A 77— 2 %O DNARIK 2857 & L T,

1x PCR Gold buffer, 1.5 mM MgCl,, 0.2 mM dNTPs, 0.8 uM SuperSNX24 Forward

F X100 0.5 U AmpliTaq Gold Polymerase (Thermo Fisher Scientific) (& i ffiK % 0



X\ oA 25 Pl CTEENE L7z, PCR i iE, 95°C T 10 M L 721212, 94°C

T30F.60°C T30 MBIV 72°C T143 30 DY A 7 /1% 30 iV X3 Z &

THEhE L7,

PCR FEM L ©FF &R GT 7Yu—T7 DO A TV HE A B — 3 v ORISR

IZ. 10 pl ® PCR FE¥). 1 uM Biotinylated MS (GTy,) probe 3 2 OF 1x Hyb solution

(6x SSC 35 L 10 0.1% SDS) ZIKkEMKZ MMz, BEAREEZOU & Lz, MKk
Zf11%.95°C T5 WA v F 2X— |k L. 70°C /5 50.2°C £ T5F T L1 0.2°C

TOTIF 712, 50°C T 10 A > F=2~— |k L. 50°C 7»5 40°C 52

EIWZ05°CTOFIFHA X v TFH T & LT,

v F WA 50 pl @ Dynabeads (Thermo Fisher Scientific) (%, 250 pl

@ TE buffer (pH8.0) ZMx., FLT v 7 AIFH—THRip L7, BEPERIT

YRy AL RET 3 A vFa—h LIk, BNy T RELZRE

L7 51T, ZHICx LT 150 pul @ TE buffer # iz, # v ¥ 7 DI

Txy AL RET 3 A rFax—FL, BNy FTREEZBRE L,

RIZ, 150 pl @ 1x Hyb solution #/N%x, # vy B 7 L7c#IZ, v 7Ry NAZ

FET3HMA v Fax—F EXy NTEELEZREL, U150 pl @O 1x Hyb



solution # Iz 7~

LERDOAIR A 4T 72 - 7= Dynabeads (ZNA ) H A DY T ELRINZ

H—7 =4 =T 1 K%, ~7 vy PAZ L FET3 A v Fa =1

L. Xy hCEEZERE L, HEV T, 400 pl @ Wash solution 1 (2x SSC 5 &

W 0.1% SDS) # AWT 2 BI¥EEEZIT/20, BEXy N CEBEEZRELE, S HI2,

50°C (2 8 7= 400 pl @™ Wash solution 2 (1x SSC X 11 0.1% SDS) % T 2

[BIEF 21T 720, B Xy M T RIEZFRE L7, I, 200 pul @ TLE buffer (10 mM

pH 8.0 Tris-HCI 35 J 18 50 uM pH 8.0 EDTA) %12, RAT v 7 A 2 %4 —% i)

WTHEBH%, 95°C TENIA v FaX—h, v %y hAZ L R ET35/0A

V¥ a_—hL, EEEBU L, BFU L B3GR, =% 7 — L ikEtk, 25 ul

@ TLE buffer 28t 52 C~vA 707794 b Vo FIF7A4T77Y 1L

7’:,
—o

W3 ~A YT I MERDR S Y —=0

PCRIZL2U DA 7V T 53,4 b Vo TF T34 7T VIRKEHFLE Lz,

FOGRIZ, 1x Gold buffer, 2 mM MgCl,, 0.2 mM dNTPs, 0.5 uM SuperSNX24

-10 -



Forward 35 & 0*0.5 U AmpliTag Gold (2 Ik #liK 22 01 2, fefé A B4 50 pl & L7z,

PCR Suinid, 95°C T 10 43 M2 L 724212, 94°C T 30 ., 60°C T30 B LT

72°C T 147 30 WY A 7V % 35 [El# 0 ik9 2 & THEMi L7-, PCR EMIL

Montage Centrifugal Filter Devices (MILLIPORE) % FHU T 20 pl {ZFE# L 7=,

RS2 PCR EEW D 5 5, 7 ul % pT7Blue T-vector (Novagen) -~ A 77—

varli, 74— a 7L, ECOS Competent E.coli IM109 (NIPPON

GENE) ZiEiffa L, fSHonzBtan=—2ty* 7 LT, an=—44

L7 k PCR #1To7z, am=—4A L7 ks PCR OJHANKRIL, 1x KAPA Taq

Buffer, 0.5 mM MgCl,. 0.2 mM dNTP Mix, 2.6 uM M13 P7 (5°-CGC CAG GGT TTT

CCCAGT CAC GAC-3’) 33 L 1} 2.6 uM M13 P8 (5°-AGC GGATAACAATTT CAC

ACA GGA AAC-3’) IZIREMIAKZINZ, mi&A &% 20 pl & L7z, PCR &I

95°C T 2 /3MZAME L7212, 94°C T 10 #, 60°C T 10 I L r 72°C T 20 #

o

DY A 7 )V% A0 [Al#R D IK L, 72°C T30 fliE4 2 Z & TEhi L7-, PCR EW
X, 2% 7 A —AF )L EZFWT, 100V T 35 MESRKEI L, =F YU A7 m

~A RCYE LT, RIT, 7T 7 A2 A X7 500 bp LA D PCR W) % 13853

L. Zi% EXoSAP IT (Affymetrix) (2 L0 MLk, ¥4 v 7 by —r v

-11 -



ZN Ko THEHBLA 2R TE LTz,

WA ~ A/ nHT T A MEREEN L LT T A ~— Dk

5 3TEIZB W TIRIE SN RSN D v A 7 2T T A MRS Z R L.

ZOWEFIZ T TA~—y Maeikat Lo, £70. REINWIHEERSNTT 7 A

Ay NE, BET L7 a— 2 &RV 7112 National Center for Biotechnology

Information (NCBI) 224k 1L7-,

28 B~ A 7 BYT T A b=l — D

#1118 4~ 2 DNA HhiH

~A 7Y T T4 h~v—h—ORME RIS SO0 7Lk, 2012 £

6 HIZHONT-FZ XY rOFHIETEAK, (4 X (Canis lupus familiaris) . ~ 7

Z (Mus musculus) B X7 v b (Rattus norvegicus) DR, 725N F

(Oryctolagus cuniculus) OFEINBEE L7 EE H Wz, 205 OFEHEH

5 QlAamp DNA Micro Kit (QIAGEN) #HW T, IRff~==T7 VITHELTH

2 DNA ZHiH L 7=,

-12 -



~A 7Y T T4 b~ —h— ORI, #EE, RREBEIOY Fri
WTC, 2012 4 6~10 HIZH LN X 2 XY REHIECEIR 7 o 7% ek
EFE LTHWE, B, =% a2y 7 RBIE RS 572012
-70°C T 24 WL EA V¥ 2 X— bk LTz, Z0O%, =R T B L7-%I2
HTligiz — &R H L -80°C TIRAF L 72, 24U D DOATIEA~ 5 D DNA fili 1213 Gentra

Puregene Tissue Kit (QIAGEN) Z MW, Ivff~==2T7 MICHET THEm LT,

2T PCRICLD~A 7 ¥ T T4 MEROHIE

FREMERRFED T2 D PCRIZBIT DR YT 4 73y ha— UZiE, T XY 3R,
AX, VX v UVABLOPT vy FTHEEIC—EHTHI P FU 7 DNA

(mMtDNA) E® Cytochromeb (Cyth) Blsz &2 —o > 56774 ~v—k
~ (PM_L1741; 5°-AAC TGG GAT TAG ATA CCC CAC-3’3 LTV PM _1892; 5°-CGA
TTATAG AAC AGG CTC CTC-3") Z#%at L THW /=, PCR (% 1 pl OF#HHHH K
DNA % #3% & LT, 1x reaction buffer, 0.8 mM dNTPs Mixture, 1M Betaine, 0.5 U
Prime Taqg DNA Polymerase (AT X727 ) A7 L5 X) F L 2.6 uM DvNok

7T A4A~—kv b (Table.l) \ZIERMAKEMZ, REREEZ 10ul £ LTPCR

-13-



%1T-7-, PCR i, 94°C TH /&AM L7-%I1Z, 94°C T30F, A°C T30

[T

BB IONT72°C TIORDYA 7 0% BlEFEVIKL, 72°C TI0RMHET L L

TEEL7- (ABXOBOEIZ. 774 ~—% vy b Z &Ik #E{l ; Table.1), PCR

FEMNL, 2% 7 T — A7)V % T, 100V T35 pHEXKEI L, =F T 0 A

Tuo~A RERREZERNCYREOE, " TV AAL NI RZ—F— E TRV ROFESL

R L=,

~A 7Y T 74 h~—h—OFRMEFm O 7= @ PCR 1%, 0.13~0.05 pug O

2 2 ATE 3 DNA 2 #5781 & L T, 1x PCR Gold buffer.0.2 mM dNTPs, 1.5 mM

MgCl,. 1M Betaine., 0.5 U AmpliTag Gold DNA Polymerase 35 & OVHz Y AE 3%

(Beckman Dye 2, 3 ¥ & O" 4; Sigma-Aldrich) L 72 2.6 upM DVNok 77 A ~—1 v

K (Table.2) (ZIRFMAKZIZ, &R EA 10 pl & L7z, PCR KItiX, 95°C

T 10 A ME L7112, 94°C T30 ), 55°C T30 MBI 72°C T1H DV A

7 V7% 55 [Alf D K L, 72°C T54MMET S Z & THEM L,

FBIWH 7T AV MBI = ) XA T

52 THIZB W THEIME S vz % Z 7 R i H Sk DNA W13, CEQ8000 Genetic

-14 -



Table.1 PCR condition for DvNok markers.

Locus Annealing tmp. No. of cycles
DvNok1 55 50
DvNok2 63 40
DvNok4 55 50
DvNok5 63 40
DvNok6 55 50
DvNok7 63 45
DvNok8 55 50
DvNok10 63 43
DvNok11 63 40
DvNok12 63 40
DvNok15 63 40
DvNok16 63 43
DvNok18 67 45
DvNok19 67 45
DvNok20 55 45
DvNok21 63 40
DvNok22 63 40
DvNok23 63 40
DvNok24 63 40
DvNok25 63 40
DvNok26 63 40
DvNok27 63 42
DvNok28 63 42

Locus indicates microsatellite marker name.
Annealing tmp. indicates the temperature of the
annealing step (referred to as A); no. of cycle
indicates repeat number of PCR cycle (referred to
as B). DvVNok3, 9, 13, 14, and 17 were excluded
from chapter 1, due to non-amplification.

-15-



Analyzer (Sciex) ZHWCTT7 7 7 A Mg Z2Fu L7, ZHUC X v ikEINT

B A S % . Number of allele (Np). ~T 2#48% HeB LW Hy) BX

ON—F f— « U A YL Ml (HWE) % GENEPOP 4.2 (Rousset, 2008) |Z

F VRO,

-16 -



HIE MR

FLH X2FYRFH~A 7 0YT 74 b~—T—DFA%

H1HE ~A 7 VT T4 MEEOBEE

~A 7 YT T A MEE A ST DNA Wi O B2 A 7o R, 1RO %

x Y RN KR DNA 225 28 D~ A 7 a7 T A RMEAIDSIRE S iz, Zh

5O RS A BLAST 712 75 A X o THEIMERBZITo TR 4 X4F

LELH E DEVAREIPERGRO HTe, A X & FZ F Y 2O EmWHIRMEICEE S = |

A X =T XY ROl (Kukekova et al., 2007) Z AW T T ¥

KT D EA~DYE~ A 70y T T A MO~ v B T 2 T ol ZORER,

WHES U A 2 BT T4 MESIE, 2TO~—H— 5T 0 %Y R

ThoHH L, 2, 3, 6, 7. 8, 9, 10, 11, 12, 13, 14 BL UV 16 FHRAKIL IV

PR AR TH D X BERICIAS v vy B 7 sl (Figl),

2 ~A s nYT T4 MEIET T A ~— Ok

FLHICBWTRESNT YA 7 aHT T4 FORFIC, GFE28 X077 A

~—tv FaREIL (Table2), ~A 72 ¥ 7T T A b~——& L TUEDER

W, Fe, A 78T I b~—A—2WHETL7 74 ~—ky FO

-17 -
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Fig.1 The putative chromosomal localization of the 28 microsatellite regions

isolated from the red fox (Vulpes vulpes). The genetic maps were visualized using

a comparative linkage map between dogs (Canis familiar) and red foxes as

reported by Kukekova et al. (2007). Vvu and Cfa indicate red fox and dog

chromosomes, respectively.
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Fig.1 Continued from previous page.
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Table.2 Established primer sets for microsatellite region.

Locus

Forward primer (5'-3)

Reverse primer (5'-3")

DvNok1 GAAAGTGCTGCACCAGAAGTC CAGGAACCGTGTAATGCTTG
DvNok2 GGTGAGGAAGGCTACTGGTAATTG CAATGTGCTGGTGAACATCC
DvNok3 TGAAGCCATCAAATCCAGAAC TCCGATTGTTTAAGGCCTAGC
DvNok4 GACTTAGGCTGCTCAGGCTTC AAGCCGAGGAATGAGTGAAT
DvNok5 GGCATGTGTATGTCATGTGAGC GTTCTGACTGCCTAGCCACA
DvNok6 GATTTCCTTCCCCTCCCTAC TCAGCTTCCTCATCCTCACTC
DvNok7 CAGAAAGGCTTAGCCAAGGAC TTGGAAGCTGAGGAGAGAGG
DvNok8 CACATTCAATGCAAAATGTGG CCATGTTGTTGCAAGTGGTAAG
DvNok9 TCCCCAGGTGAGGAAAGTAG AGTGAATTCGAGCTCGGTAC
DvNok10 CTGGGATAGAGATGGAGGTCTG CACCATCCATTCCTGAGGTT
DvNok1l GTGTCACTCGTGTTTTGACATC TTGGTCCCCTACCTCATACAAC
DvNok12 CTCCCTCTGTAGCCAGATGC TATTGCTCTCAGGCACCGTA
DvNok13 AAGGGGTCCGATTTAGTTCC CACTTCAGGCTCCCAGCAT
DvNok14 GGGTGGCTCAGTGGTTTAGTG TCGCTTAGAATTAACCTCCA
DvNok15 CATCTGACCTTCCACTTGAGC AGGCAATTCAGACTGGGTGA
DvNok16 GAATGCGAAAGCAGAGATGC TGCATCGAGCCTGCTTCT
DvNok1l7 GTCATATGGATTAAAGGCTGTG AATGGCACATCACAGCAGAG
DvNok18 CAGGGGACAGGAATGCTCATA AGGCAGTAGGCTGCACTGGT
DvNok19 CTGCCAGGTGGGTATACAGG AAGTGAGATTAGCTGCCACTCC
DvNok20 CGGAATGGCTAACTTTGACG AGATCTGCGTGGTGTTTGTG
DvNok21 TCTTAGGGATCCCTGGATGAC GGCCACATGAAAAACCCATA
DvNok22 GGTGTGATCCTGGAGACCTG ACTGCCTTTTAACCATCCATCC
DvNok23 TTCTCATCTCCCTGGCTGAC GACTTTTCCCAGGTCTGCTG
DvNok24 TCAACCCACACTTTTCCTTCTC GCCTGCTTCTCCCTCTACCT
DvNok25 GCTGAGGAAAATGCCTAACACC GAACCTCCTAGGACCCATCAG
DvNok26 CCTGGCCTACCTATGGTTCAC CTTCTCCCTCTGCCTGTGTC
DvNok27 TAGCTCCACCCATGTCACTG TGTCCATTGGCTGGTGAGTA
DvNok28 AACAGAAGCTGGACCCAGAAG TGTGAGCCTGAAGGGAAGTG

Locus indicates microsatellite marker names. Forward and reverse primers indicate a sequence’
S primer set.
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2B, TA V= RT T, v =N EEOLER, (Beckman Dye 2, 3 B XU 4)
L7z,

H2H Bl A s aYT T4 hv— I — DRt

FLH 777 A Mgt XY= 2487

BLEIE 2 HICBW TR SN T T4 ~v—t > h & HWTPCR 217 o 72k

R, XEAXYRTIE2BEDO~YA 70T 74 MEBIZB W THEIENFED il

(Fig.2), £7c, FH4FXFY R A X, UHF, v URABIORT v FOFEHEHEK
DNA % FH 7= PCR DR, DvNok6, DvNok10, DvNokl1l, DvNok16, DvNok21
5 L1 DVNok23 @ 6 FED~ — 7 —IZHB W THF X F Y R FrEA 7 DNA Wi D1
ME23ER 0 BTz,

RIS T RO % % % 2l 3 DNA IS\ T 23 fiD~ A 7 a7 F A bk
FEI D PCR % % L5, 17O~ A 7 0% T T4 h~—H—IZBWTHIH
REFIDFEDRRD BN, o, TNHDO~Y—T—ICBWTT T 7 A M
ok nyo ) 2 A0 7 &% UTfbR, S8BT TR SRS
Ni=7 5 7 A F¥A X%, DVNokl 235U T 243 bp (33.3%) ., DVNok2 |Z35\>

< 285bp #3111 293 bp (28.6%). DVNoK5 (=33 T 162 bp (100.0%) . DvNok6
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Fig.2 PCR amplification of 23 microsatellite regions in 5 mammal species,
including the Ezo red fox. Cytb was used as internal control to estimate DNA
quality. Lanes are shown as follows: 100-bp ladder (M); Ezo red fox (Vulpes
vulpes schrencki; 1); dog (Canis familiaris; 2); rabbit (Oryctolagus cuniculus;
3); mouse (Mus musculus; 4); rat (Rattus norvegicus; 5); negative control (6).
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(23T 181 bp 3 1 10185 bp (42.9%) . DVNOK7 {235\ T 153 bp (50.0%) . DVNok10

IZFUNT 164 bp (42.9%) . DvNok1l (235U T 227 bp (57.1%). DvNok12 |2k

C 306 bp (85.8%) . DvNok13 {235\ T 150 bp (42.9%) . DvNok14 |25\ T 265 bp

(50.0%) . DVNok16 (233 T 153 bp (42.9%) . DvNok18 (Z 331> T 116 bp (42.9%) .

DVNok19 {233 T 213 bp (40.0%) . DvNok21 1233 T 249 bp (50.0%) . DvNok22

(23T 227 bp (35.7%) . DvNok23 (235 T 151 bp (50.0%) . DvNok24 (250>

T 238bp B L0279 bp (28.6%) #35 L 1} DVNok28 12 F3u T 169 bp (35.7%) T

-7- (Table 3,4), £/, ZHRINBONT=~A 7 VT T4 h~—F—17FED

PE)T L VEGT 441, AT v RS ROWHE (He) 3 X OSEME (Ho) 13,

FNFEN0T3BLN072 &7 | & ToHO~—4—T Hardy-Weinberg equilibrium

(HWE) 2> 0B RGBT R 5> 7- (Table5),
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BAE ER

AWRIZBNTC 28F DO~ A 7 aVT T4 h~—D—0NHEiSh, 205 H 18

Oz Rt L7z (Table.3, 4), ALBEO MR, HRES, JLES, HERR L UM

WEICBITAFZF Y XD~ A 70V T T4 MEl 12 FETONYE T LV,

478.7.11.8.22.6.33 B L N5.22 TH D Z & s T 5 (Oishi et al., 2011)

AHFFEClX, Oishi B (2011) & E#E L CEB T LT 411 SIERWb 0D, D

RNMEEE (n=7) TxA 27 uYT T4 b~—h—ZiHliL72ICb b bT%

FIOBD SN~ —HT—DOT LVEILI-THEE 720  FIRREOT LIV ORI

AEECH -7 (Tables), - T, AWML TEFE LIz~ 70T T4 h~—h

—lE. FF RV REMOBIRFIFITICB N THMRY = &7 %5 2 L DHER

7. F7-. DUNokS TIZEIEZINT=T LAEN 1ES T Tho727-%, HWE

B DOBEBUZONT P EIXEH SN2 b 0D, SRIKICIH T Bt ¢l

AT T, b= —LRLAREEL H D,

WETIZ, kRS —7 oo —Z2 WD Z & T, AWOHEEER7: DNA |5 H#

EEDHZENAREERSTEY, ZOFELZHW A 70T T4 h~—70

—OE LTI TW5 (Rico et al., 2013), 7 XY 2 Tlx, kit —72
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T =% M5 Z LT, 65,562,274bp DHEELELF 7> 200 FEFHOME Y K LALY]

MIRE SN, B BOFH~A 7 0T T4 b~v—h—RHAESN TS (Yuet

al., 2015), A%, FZF Y RITBNTH 2D K ) RN 72N & £l 3 5

VENDHY . ZTOT —Z IAREM L SN ENREZRET 5 EToOERERY

‘—‘/I/W_fci %) k Aa&bméo
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B2 FH~A 70T I h~—h—%oH LI-ZEHK DNA 25 OEEH:

pall

B1E FEin

Het S - B AE BN O A 1T BPNBEDORRR 2 & A TU S (Paxinos et al., 1997;

Wasser et al., 1997), = ®D X 5 e IGNEEFR D HHIH S 215 DNA I, A xS ff

(CHEfRT 2 Z <K 2 2 ENFRETH D, o FARFRINIEICE VL Tk

ODTCHRREEE 72D, —J7, FEH K DNA [33EME O 25 SN BRE S

T, WEICERNGDZ L LGN E 72> T % (Farrell et al., 2000; Nsubuga et

al., 2004; Piggott, 2004; Brinkman et al., 2010), fE{&FBICH A7e~A 7 a7 7

NI % 2 E0k% DNA 80k ARSI Ch 57200, PRI 3-7 A CRE AR D

EZLWME TR 5% (Piggott, 2004; Santini et al., 2007; Brinkman et al., 2010;

Panasci et al., 2011), —J5. X r=2 > RU 7 DNAITBRIN A THAH -0, fik

Hroh# OAK T 13RI 8-30 H THBs H41%  (Fernando et al., 2000; Murphy et al.,

2007), F7=. BAERETLIVEON-HEBE K DNA (21X, AR ET 28

R, B INT=EWMD T ) AN EIZE EN TS (Poinar et al., 2001;

Jarman et al., 2004), it T. ZEHK DNA % A= 4 TAE e Hamge Gl K5
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EINOFHMNEEND T/ Db KD RMIZE R TR 2 HE T 28I

YA NBELESND, FF XY RT HERIEDTRV O R FRY7)D PCR

BRO BRI~ — 0 —OWEFNIN DR D TRV,

ZITH 2T, B LBTHE LA 2 n YT I A b — A — DI

LT, FXXYXRBEBHRDNAIZBITLY = /) A B TR,
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B2 E MBI UHE

B LET Y R EEOLRLSE

18 EEORSE

L, FRRERFAR—Y 7 F v 32 (EEfEET) O7 742 b

L—)L B L OZ O JE O R CTHRE LT (Fig.3), BREMIMIZ. 2008 48 A~

2009 4= 10 A, 2010 4E 2 A ~10 A & L7=, £REDORE, EEML WX 9 ITHEK

LT v 7 (3K ) SCRELEA, UKD S IR LT E L,

L7238MIE, =%/ a7 ARIIZEIR ST D720, -70°C T 24 KL EA

FaX— KL,

#5218 MRS/ 2 DNA il

#: 1 5k DNA 1T QIAamp DNA Stool Mini Kit (QIAGEN) % v, it~ ==

T CHE L CHEM DR A 0 & L7z 200mg 2> S L7z, #liH L7- DNA 1%

RIRETHY . DIOLERZHWIZRERENRATRETH-7e, T, H

HEEWM D Cytb SEIICHF A2 7T 4 ~—F& v b, L14841(5-AAAAAG CTT CCA

TCCAACATC TCAGCATGATGAAA-3’) I LU H15149 (5-AAACTG CAG
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CCC CTCAGAATG ATATTT GTC CTCA-3’) (Kocher etal., 1989) |Z & % PCR

& DA T DNA O SWE Z 5l L7=, DNA SWERHEiD 725 PCR IE, 2 ul O3

F3k DNA Z #5751 & LT, 1x PCR Gold buffer, 0.2 mM dNTPs, 1.5 mM MgCly.

0.03 pM BSA. 0.5 U AmpliTaq Gold DNA Polymerase 33 X T* 2.6 uM O 77 A ~—

T MOBEMAKZINZ, K&EERZ 10l & L7z, PCR J&iE, 95°C T 10 4y

M U7-#%12, 94°C T30F, 50°C TL1 OB LWNT72°C TLHDOHA 7%

45 A VK L, 72°C TS5 pET 5 Z & CTEE L=, H#HiE 7= PCR FEYW

DEXVKENE, 5 1E & [FARICAT 2R o T,

-38-



o5 2 8 FF A R FEE O]

9 1IE FRER ST A ~— DG

AR OFML L& W B S EEEEA B3 2 il T, - CTHI L 3 RS

DA A PRI 2 A EMEA B 5 (Farrell 2000), 2T, SREL-HEMENRF X

VARRTHDHI L EHRT LD, NCBI DO T XY R, A XBLRRaD

T har FU7 DNA BANZENENFRFRN T T4 ~—ty bEHITLE

(Figd), 207 I7A4~—tv MZXKD PCR EMIIT IXY %, 41 XBX

R TENEIL 294 bp, 337 bp BL 440 bp T, 7 Hr—AF ILVEXIKET

FIRIRATRE L 72 D KO ITERGH LT, £To. 7 7 A ~ — O IALY| T HE K7 529

IRYENEIZ 72 D KO ICRRRH LTz, REFSNTZ T 74 ~—% v M ORpEMEZ A3

H720DPCRIZ, HIWMTHIHLZIUDOFZFY R, A X, UHF, v R

BLOT v FOFBRE A DNA 285 L LT, 1x PCR Gold buffer, 0.2 mM

dNTPs, 2.0 mM MgCl,, 0.008% BSA. 0.5 U AmpliTaq Gold DNA Polymerase 5 &

W26 UM 7' Z7 4 ~—t v MIBEEMAKEN A, BEAE% 10 ul & L7z, PCR

B, 95°C T 10 /MM L7212, 94°C T30 #b, 62°C T45 B L 72°C

SDOY A7)V 45 AR IR L, 72°C T5RET A Z L TEM LT,
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Fox primer set (14299-14592)

Forward (5° -3" ) Reverse (5° -3" )
Fox TGTATGCCTTATTCTACAGATTGCA...... TATGGGCTACGTTTTACCGTGAGG
Dog AGTATGCTTGATTCTACAGATTCTA...... CATGGGCTATGTACTACCATGAGG
Cat AGTCTGCCTAACCTTACAAATCCTC...... TATGGGATACGTCCTACCATGAGG
% k%% % % *kkkk k% khkkkk **k k% *kk* *hkkkk

Dog primer set (9056-9392)

Forward (5° -3" ) Reverse (5° -3 )
Fox CTCGGGGGTTGCTGGCCACCCACT........ TGTCTGCTTTATGCGACAACTGC
Dog CTTGGGGGTTGCTGGCCTCCTACC........ CGTGTGCTTCCTCCGACAGCTAT
Cat CTAGGAGGATGCTGACCACCAACA........ TGTATGCTTCTTACGCCAATTAA
* % k% % *hhkk*k k% * % k% * %k K*kk*k*k * k% %% *

Cat primer set (5200-5639)

Forward (5° -3" ) Reverse (5° -3" )
Fox CTGGCTTCAATCTAGCTTCTCCCGCCGT..... ATTTGGGAACTGATTAGTTCCC
Dog CTGGCTTCAATCTACCTTCTCCCGCCGC. . ... CTTTGGAAACTGACTAGTGCCG
Cat CTGGCTTCAATCCA-CTTCTCCCGCCGT..... GTTCGGAAACTGATTGGTCCCA
*kkhkkhkdkhkkhkhdkhkhkhd, * Fhkhkhkkhkdkhkhkhhd*k %k *hkkhkkkkkhkkhkdt * **k **x

Fig.4 Primer sets designed for specific amplification of red fox, dog, and cat mtDNA
regions, respectively. Numbers in parentheses indicate primer position on mtDNA
(nt). DNA sequences in bold indicate intended primer binding site. Asterisks indicate
identical nucleotide loci among 3 species.
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MR X472 PCR PEMIDELRIKENL. 5 138 & [RERICAT R o 7,

% 2 TH PCR T X 2 #E{H o fEH| 5

FHEOFHBIOT-HD PCRIZ, & 1EICBW I SNZT T4 ~—& > |k

ZFAV, 2 ul OFEHR DNA 2858 L LT, % L & RERO LT k- TiT e -

77:,
—o

%3 HI X4 XY RFH K DNA H> 5 O{EKRGE]

¥ 1 PCRICXLDA~A 70V T T4 MEEOIEIE

1BV TRERFM SNz~ 7Y T 74 h~—T—D 5 b,

DvNok1l, DvNok5, DvNok7, DvNok10, DvNok23 F5 J T DvNok24 % vy, 3 ul

DX Z X 3 #EhH Kk DNA 28581 L L7~ PCR #FElE L7-, KISEikIX, 1x PCR

Gold buffer, 0.2 mM dNTPs, 1.5 mM MgClI,. 1M Betaine, 0.5 U AmpliTagq Gold DNA

Polymerase 35 . OV HE#E L 7= 2.6 uM DVNok 7°F A ~—t& v MZIRE#IK 20

Z. WA EE 10l & L7=, PCR JiiE, 95°C T 10 ZyMZEME L7212, 94°C

T30Ff), 55°C T30MBLINT2°C TLHDOH A 7 /LA 55 [EFRD KL, 72°C T
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57 RS 22 & THEM LT,

R 7T TA MBIV 2 ) XA T

HB1IEICBWTELNTZ PCREMIT., FH1IETT74+Y— RT 74 ~—I2N

L7-H#OiEi# %2 6 & 12 Dye2,.3 B L N4 OflAGHE TIRA L.3 ul %, CEQ8000

Genetic Analyzer (Sciex) (2L 257 7 7 A2 MENTIZHWZ, IV IRES

-8 L. GENEPOP 4.2 (Rousset, 2008) Z VN THEMT L7,

% 3T BAn AN b ORI

B2 HIIBWIRESINE T F T AL M A X ETLALELT, v 2 atr

TIA P —A—ZLIZTNAT Ny MIESHRAT, BRI LonT g A

Tt L7,
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HIE MR

B LET Y R EEOLRLSE

1IH #FEAEFS KO DNA fiiH

BF 214 FOEBEZREL, ZOTRTNES / LDNAZfliH L7, Zhb

#HE DNA ONE % Cytb #1ERg L L7= PCR Tl L7=F5 5%, 201 -7 L

(93.9%) DOFHEHE DNA 725 DNA W23 8EiE S iz, > T, 2415 DNA

YU TR UBROERTHENTEMETHL Z LIVRSNT,

528 %4 %y R EEORH

51T BT A ~—

EEOHREMIEHEDTDOREBRNT T4 ~—Id, THFY R, A XB

LRz bz KU 7 DNA TiXetL7= (Table6), ZivHdDHH, 7K

YXARRNT T =y PRV, FXFYR AX, YR U RBX

WNT v FOEEEHE DNA 288 L L7- PCR Z &M LI-f 5. XXV R

BNTORIEEI RO bz (Figb),
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Table.6 Primer sets of mtDNA markers for identification of predatory animals.

Primer name  Primer sequense (5'-3') Strand

Fox m F2  TGT ATG CCT TAT TCT ACA GAT TGC A
Fox. m R2  CCT CAC GGT AAA ACG TAG CCC ATA
Cat m_FL  CTGGCT TCA ATC CAC TTC TCC CGC CGT
Cat m Rl  TGG GAC CAA TCA GTT TCC GAA C

Dog m_F1  CTT GGG GGT TGC TGG CCT CCT ACC

Dog m_R1 ATA GCT GTC GGA GGA AGC ACA CG

I Tr I

Strand indicates light (L) or heavy (H) chain.
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bp) M 1 2 3 4 5 6
400

300
200

Fig.5 Specific amplification of mtDNA fragments in the Ezo red
fox. Lanes are shown as follows: 100-bp ladder (M); Ezo red fox
(Vulpes vulpes schrencki; 1); dog (Canis familiaris; 2); rabbit
(Oryctolagus cuniculus; 3); mouse (Mus musculus; 4); rat (Rattus
norvegicus; 5); negative control (6).
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%5 2 I PCR T X 2 #EOFEH]

FLIHIZBWCRH SINT-EERN T I 4 ~—F v F& ., FEHE DNA IZ

BIFTDHPCRZFEM LT, TOFE, 200 > FLOHEARXLDNA D HH, 192 W

7L (955%) NFX XY RHKDOLDTHDHZ & #MER LT (Fig6), #to

T, ¥ 7% T7 T4 h~—h—%HWNW=7F 7 X MENTIZIX, KFEERIZ X

STHF X XY RXHEDNA EREIINZ 192 o7& iz,

%3 HI X4 XY RFH K DNA H> 5 O{EKRGE]

HL1IHE 797X MBI OV 2 ) XA T

E2EFE 2HEICBWTAZ U —= 7 S -# M3k DNA @ 192 % 7L %

W.PCRBX DT T 7 A MEN 2 Fhi L= fE 5. 22 ¥ 7 128 T DvNokl,

DvNok5, DvNok7. DvNok10. DvNok23 5 X 7% DvNok24 @ PCR gk 2532

bivle (Table7), 77 7 A MENT TR ONTZT7 77 A MY A XX, Tv7

TRy PNEEHAL I ETHRL, B FRE LICHR, S~—F =2k

TENEN 2-9 OB TFRNRD bz (Table.8),
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200 4 192

150 —

100 —

Number of feces

50 —
21

0 Lo Il

Ezo Dog Cat Not
red fox detected

Fig.6 Identification of prey species based on fecal DNA. Bar
graph labels indicate the number of fecal samples in which
PCR amplification wusing specific primers successfully
identified putative prey animals.
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Table.7 Fragment sizes in Ezo red fox-derived fecal DNA.

Sample Locus

No. DvNok1 DvNok5 DvNok7 DvNok10  DvNok23  DvNok24
66 223 241 161 161 148 158 162 162 156 164 252 250
77 237 241 161 161 148 160 164 166 160 164 274 286
87 237 241 161 161 148 160 164 166 164 164 274 286
100 223 223 161 161 158 160 162 162 154 156 252 250
109 223 239 159 159 152 158 158 164 164 164 274 278
115 239 241 161 161 158 160 164 164 150 152 278 278
123 233 235 161 161 150 152 162 162 160 160 280 280
129 221 221 161 161 152 158 162 162 154 156 250 290
131 237 237 161 161 158 160 164 164 150 152 250 250
140 237 237 161 161 148 148 164 164 152 152 252 250
141 241 243 161 161 158 160 164 164 154 156 274 274
144 241 241 161 161 152 160 158 164 152 152 252 250
145 223 229 161 161 152 158 156 164 154 164 252 250
147 241 241 161 161 160 160 164 164 158 160 274 274
150 223 223 161 161 158 160 164 164 154 156 238 238
154 221 221 161 161 158 158 164 164 158 158 252 286
159 241 241 161 161 152 160 162 164 156 156 252 278
161 241 241 161 161 156 156 164 164 158 164 250 250
162 241 243 159 161 150 152 164 164 158 158 236 236
170 237 243 161 161 148 160 164 164 160 160 252 250
172 237 243 161 161 148 160 164 164 160 160 252 250
204 239 241 159 159 148 160 162 164 162 164 250 250

Numbers indicate fragment size detected by capillary gel electrophoresis.
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Table.8 Fragment sizes in Ezo red fox-derived fecal DNA.

Sample Locus Individual
No. DvNokl DvNok5 DvNok7 DvNok10 DvNok23 DvNok24 name

66 CJ CC AF DD El DD Yasaka 01
77 HJ CcC AG DE Gl FL Nodai 01
87 HJ CcC AG DE I FL Nodai 02
100 CcC CcC FG CccC DE DD Nodai 03
109 Cl CcC CF BD | FH Yasaka 02
115 1J CcC FG DD BC HH Nodai 04
123 FG CcC BC CccC GG 1J Yasaka 03
129 BB ccC CF ccC DE DN Yasaka 04
131 HH CC FG DD BC DD Yasaka 05
140 HH CccC AA DD CccC DD Nodai 05
141 JK CC FG DD DE FF Yasaka 06
144 JJ CC CG BD CC DD Yasaka 07
145 CE CccC CF AD DI DD Nodai 06
147 JJ cC GG DD FG FF Nodai 07
150 CcC CcC FG DD DE BB Nodai 08
154 BB CccC FF DD FF DL Nodai 09
159 JJ CcC CG CD EE DH Yasaka 08
161 JJ CcC EE DD FI DD Yasaka 09
162 JK BC BC DD FF BB Nodai 10
170 HK ccC AG DD GG DD Nodai 11
172 HK CC AG DD GG DD Nodai 11
204 1J CC AG CD HI DD Nodai 12

Detected alleles were converted from fragment size to alphanumeric labels. Each label
shows alleles detected in 22 fecal DNA samples.
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55 2 T BAR D & OE AR

7T T A MENTORER 25 . DVNokl, DvNok5. DvNok7. DvNok10, DvNok23

BILOYDYNok24 I2BW T, ZNF1 9, 2, 6. 5. 8 B9 EOX LIBT3

MRS, T L2 T AdH s, 29 0 BV TCEE RN ES

WC—H L., F—MEOEETHLZ ENREBEINTT, 2O b, #EfN

PP &b 2L EIEDOFZ XY XX THHINTWD Z EBNRENT,

KNTINBEDV= ) AL EVTF—H L) ~A 7% T T4 hv—T—D

Pl A EhE L7z, AT CoO~A 7Y T I h~—A—CICR Y2 X

A v 7R EER 1%, DVNokl, DvVNok5., DvNok7. DvNok10, DvNok23 35 & T DvNok24

T, ZNE1 33.3%. 55.7%. 30.2%. 35.4%. 245%FB L WN344%E72-7=,

¥ 7-. DvNokl, DvNok5, DvNok7. DvNokl10, DvNok23 33 LU DvNok24 T. & b

EHEICHRI SN T T 7 A YA Rid, FREN 241 bp (34.1%) . 161 bp

(88.6%) . 160 bp (31.8%) . 164 bp (65.9%) . 164 bp (20.5%) #5 & T* 250 bp (31.8%)

Thole, TNHDRENS D = ) XA E L TAREVT T 7 A M A

ADOMNZIIT HBEE A RE LR, AEMEEITED b~ 7= (Table.9),
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Table.9 Relationship between success rate of genotyping and average size of
DNA fragments in fecal DNA.

Locus Genotyping success rate (%) Average of fragment size (bp)
DvNokl  33.3 233.8
DvNok5  55.7 161.2
DvNok7  30.2 154.2
DvNok10 354 164.5
DvNok23 245 157.2
DvNok24 34.4 259.9

Locus gives microsatellite marker names. Genotyping success rate and average of
fragment size were calculated using all fragment analysis data. No significant
correlation between success rate and fragment size was observed.
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Elo, FHTLAEIE 633 THY . HeBLX O Hold, £ 41 0.68 35 L1 0.48

Tdh o7~ (Table5),
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BAE ER

%2 T LHICBWTRHR¥ SN e~ 7T 74 h~—T—%,

FEH K DNA 2 W BRI Lz, TORE. = ) A4 ¥ TR

1235.5%& 720, 192 Vo 7LD EH K DNA MG 22 70 (11.4%) DiEls

TR, 6 DD~ — N —ETIZBWTIRE I N (Table.7), # A3 DNA X, H

RERBE FICBWTERA R THEMFISEZ SN D, ZHETO®RETIE

PRk B ds X OVRUE DN FE H S DNA CTOMENT N RICHET H Z LB LN - T

V™% (Farrell et al., 2000; Nsubuga et al., 2004; Piggott, 2004; Brinkman et al., 2010),

F7-. #EHEK DNA 21X, WiHEkoZE, BHEB LY v e 72l o

PCRILEMENE EFNTWVD Z ENZEV (Zhang et al., 2006), fit~> T, AAFFE

IRBITDHY =) XA TRIBFEOK T IE, PCR ED DI MENZ & IZEA

LTWABEEZONTZ, V) A A T ORI E % KIE 3 PCR =R IX

TI7T A MY AZXPRRKREWVZTIEIRTFTHE LTS (Frantzen et al., 1998),

LU, AEFZEEOZFEB K DNA Z W=7 7 7 A MEIF T, =/ ZA B

TR ENE T T 7 A b A XL DOMICAHBEZRHBEIZED bRl

(Table.9), Tt~ T. #H K DNA IZBWT, V= /XA ITRRIRICED A
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~A7uYT T b= —OREERFET 5 Z LiE, S FAERFRINEICE

FTo~—I—BBICBWTAHRIERIZR DL EZEA DN, £, v~ 7 v

TIA4 h~——Z R\ 2 Y 2 OEEERNIT. ARV T T3

fiSNIzbDTH Y, H%DFH XY 15 ERFPANIIEIZ IV TR TH M

FEERD DD, B2EITBWTERBEDNAILEBIT Y = ) XA B 7T

DLl DO~ A 7 aHT T4 b~—H—F, F7FY xFHEHK DNA =W\

SFAEREEHIIIEIC BN CH 17— v &7 5 2 E NI S T=,
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B3I ¥ XY XBUMITREE Y — I — D% LIEH

B1E HEin

F 22 7L, AFEEIZB W TRD TR 3 LTV %, AR O AMEITIE

RS PR EE ORI &2 [FIE Lol i, sl R, o, B AU,

BREBIOAEYZRALTWAZERHALNICENTWS (Misawa, 1979;

Kondo and Shiraki, 2013), L 7L Z 35 OBAMEE 2 AT~ &F OFE[FEE T,

BRI IR0 AL DWHE DFRFEIZ X T, AEICE BRSO bIFET 5.

A B L OHEER OMEEHEEIREZR E2H 5024 2 AR TIT b 5 &7l

T, EFEETHNEDS 2 DI T ORI Z BRIC KV FRET S Z

& CHEMEINTE7- (Miller and Mcewen, 1995: Ciucci et al., 2004), L2>L. Z®

L) RFRICBT DRBEIHOSHTIE, TEREZFET D Z L BRETH L Z

CWTNz, B v N EAD AN H D (Deagle et al., 2007), — 77,

PCRIEDVBHEIN-Z 22X v (Mullis et al., 1987; Saiki et al., 1988) . E#DfE

HIRUA AT REZR DNA TEHRAVE G ST 72729, il TIHAERFEDEHIZE N T

DNA ZF|H L7728 EN S TW5D (Murphy et al.,, 2003; Deagle et al., 2007;

Gerwing etal., 2016), Z D X 9 BB~ —H—EH UL, ¥ XXV 2 THHH
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B LY B IEENOREEREREFEDORIENELEZXADOND, F XXV LD

ERBEW IS PE DR’ 22 5 NS, ARfE 2 H 0 & BREEZFHET 5 LT, 2o k)
IRREMR RIET n 7 4 — VITEER R E 2D 5 D, LipL, FHXFYRITE
WT, SFAERRER R RERITIC OV TOREIIES, TORMET BT 1 —L

IZAMRBIERICESS b DODHR LIS TUVND,
FITH 3T, XY ROMEBNERINLTWNDLIZY ¥F R X

(Myodes rufocanus bedfordiae) (2% T, ZOMENTHIS NS E AR X

(Apodemus argenteus), R~ % X3 (Rattus norvegicus) 3L O= Y =% 74 F

(Lepus timidus ainu) IZOWTEE~—T—%2HRB L., ZhOHEHICHET IR

M2 iRt L7,
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%2 E et KUk

FLED XY R EE AR~ — T — DB
%1 RREMRRNT T A ~— DG

FHAXYRERRKRDNA LY, =V ¥ FRAI| EAXARXRXI, FTRAXIBL

Oy aX X 2R T 57000774 ~v—ky MEET 5729012, NCBI
PO ZENENOREOE RS 2 B Lz, 5572 EEEELSIEX, Custalx 2.1

(Larkin et al., 2007) ZHWTT T4 A &7/, FFEROICR D LI
TA~—ty bRt L (Fig7), et L7 IA4~—DH>HL 74+ U — K77

A ~—7%, #IEH (BeckmanDye2, 355 14) L7,

B2 ffi & %Y 3Kk DNA 7> b OB VERHT
%5 116 # ok DNA Offi

XXV RXOFEMIT, F2HTHN T ITIZ, 201148 A6 11 A
ICRHEITY feicBnWTRESNEZY I rE v (Figl), REB I
J 3y 7 ZHRPNOIERRIL, F 2 HE 2 FIZHE U TYT 72 o 72, DNA fliH 1%, QlAamp

DNA Stool Mini Kit ® 7 & F 2 )VIZiy > THEME L7~ #H L7-3# b5k DNA 13,

-57-



'sa19ads Buowe 190] 3pN03JINU [eIIIUBPI MOYS SHSLIBISY "d1IS
Buipuiqg Jawiid papusjul 81ealpul Pjog ul saduanbas wNQ “(u) WNQiw uo uonisod Jawiid ayedlpul sesayjualed
ur siaquinN ‘AjgAndadsal ‘sa1dads Asud Jo uoneoijdwe o119ads 104 WNQIW Joy paubisep siawiid /261

¥ ¥ X x XX XX ¥¥ x¥ X ¥ X XX XX OFF XX XX ¥

DOV LLYODVYODOOLYOLYODLLYOODL " " " 7 ° LYLYLLODOVOIVOODLODVYIDLYD sadjna sadjn,g

DOYLOOODDODOLY LILVLLLYOODY " " " " ° 7 LY LVYLLODOYDOYDOOLODLVYOLLOD SHINasnut Snpy

ODLLODODDODDLYLILYDLLYDDD " " " " ° ° DYLYLOVOOYOIVOODLOLYDIDLID SNINZIAL0U SNIIDY

IOVILODOOYIDLIVILIYDLIYDDL  ° * ° * " DYIVIVIOOVDIOVODVIDLYODLOL 12U w:EmEQQW

LOLLODODYOVYD LY LLYDLLODODD  * " 7 ° 7 DY LDLODDOYOIDDDDLODIYIDLID 2DIPA0fpag Snun20fini sapodpy
(€= .S)osIondy (.€- .S)plemiog

(9SL¥1-€9%11) 108 Jownd snajuas.iv snuapody

¥XF XXXFX XEXXFXEX XX F¥X XX XX X¥ ¥X Xx ¥ ¥
YILOOOVYODYYYOVDVYILOVOLOLLOD " = ° " ° ° LY LOLYLLDLYDDLYLLYLYLLODD .m.ma@:\.. .m‘m&_:\_
DLLOOYOODVYYVYOVDVYLOVOLOLLD "~ ° © ° ° LVYDVILYILVDLYDDLY LLYLY.LLODD SHNosniu Snpy
Y LOOOYYODYYYOVYDYLOYOLOLLO S © ° 7 7 ° LLOYDYIODLYOOLY LOV.LY.LOVDD SHII2A40U SNIIDY
TLOOOYOODYYYOVDOVYLOYOLOLLO S © 7 " ° ° I¥DYIYIDDIVOODVYILOVIV.IY.LOD SHAIUIBAD Q:Sm&cbmﬂ |4
DLODOVOODVNVYILVOVIOVOLLLLIY "~ ° " 7 ° YOVVYOV.LODLOODDOYLOY.LOLDODD mﬁ.ﬁkc,bwm& %:tcuc\xk @&»9@5
(€ .S)osiondy (£ .S)plemiog

($99T 1-0v 1 1) 198 Jowinad avip.iofpaq snundofint sapody

-58-



‘abed snoinaid wouy panunuo) 2 614

X OXF FXFXREXRFXRFXN * *% % X OX¥ XX X
DYDY LLYVYOYDYOODVYDYDDY " "~ """ " 7 7 YOLYYODYOLLODLYYOYYOD wm&i; wm&z\H
LYOYLOVYOYDYOODYDYDDY " " """ " " ° YV LLYODYOVYYODOYY DYV D SNJnosnid SHp\y
DY LY LLYYOYDYODOYDYDDY " " """ " ° YVYLLYDDVYDOYODDOVYLYVYYD M_SDNMN\QQ: Sy
LYLVYLLYVYLVYDYOOOYDYDDY " """ """ 7 7 VYLODDDDIVLIIIVYIVTDD SHAIUISAD @35@%9&\
DY LY LLYYLYDYOODOYDYDDD " " """ " " YYLOODOVOYYODDOVYYOYYOD NE_G.\..Q\EMQ hxtabc\ak_ .nmkcax@ﬁ
DYOVIOVYOYOVIDIUOYDDD® * * * * * * * * DOLVIODVDIVIDIVYLYYOD Shpiuil] snda|

(€ .S)osiondy (€ .S)piemiog

(LS6¥1-108%1) 105 sowiad snpruy snda

¥ * X XY XY XNYY XYY XXEX ¥ o Xyyy YEXXY

LY LLOOVYORDOOOYYDLODYLLYYDD " = " " ° 7 DODODYYYVYYVYVYDOYLODLDOODODD u_m&dx; wm&a\H

LLLOYODLDOYOOYYOLODY LLYYDY " * ° " * ° DODDLYYYYYYYYY YYD -D0DDOY Shjnosnut Snjy

PDRLOYODODDOYOIDVOVODYLOVYYDL " " ° " ° ° DODD-YOYYVYYDYOLYL-D0ODO0D m.:bmwwx_.kc: Snpvy
(,€- .S)osiondy ( ,£- .S)piemiog

(15$S-7H7 <) 1908 Jownd snordaasou snyvy

-59-



2 CTHWIEEBEORHBNEC LY A7 V== T 2T o7, ZOfR,

AREBRTIIHEET /KB LOREITY ha X0 & 57z 240 EOFEME) SR

IN7ZDNAZHAWAZ ENTET,

F 2 PCRICKDHEHE I F =22 KU 7 DNA Wi i D1

WREHEDTZDD PCRIL, 2 pul OF & 7 1 3FH K DNA 28 & LT, 1x

PCR Gold buffer, 0.2 mM dNTPs, 2.0 mM MgCl,, 0.008% BSA. 0.5 U AmpliTag Gold

DNA Polymerase 3 X OV WAEFR L L72 2.6 uM 7T A ~—F& v MIIKREMK %

Mz, g% 10ul & L7-, PCR i, 95°C T 10 ZrZA M L7112, 94°C

T30f, 55°C TAS MBI T72°C TL DY A 7 )vZ 45[E#R VIR L, 72°C T

SRS 5 2 & THERL L7,

FIHE 7T 7 A MENTIZ X D DNA W ORH

FHIHETHEONZPCREWII., F2EFELH TTZ AT — KT T A ~—IZFHN

L7-HOE# 2 b & 12 Dye2, 3 B X V4 OfHAA/HE THRA L. 3 ul 2 CEQS8000

Genetic Analyzer IZ X5 7 7 7 A > MENTIZH W,
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BIFE MR
%LHE XY R REE TR R~ — I — DB
L RERRNT 74 ~— DG
TYYFARI, EARXRI, RTRXRXAIBLO= Y aX X007 T4~
—ty MI, F 2 BEOF 1 fiF 1 HIZBWTHELIESNIX L Tiat LTz
(Table.10), E£7-#it L7774 ~—t v FZHW 7= PCR DFER, ZhZho
TI7A4A~—ty MTBWTHRY A XA T DNA Brh 2345 540 (Fig.8) . HaAkhd

b —H L7z,

5281 %X XY RFH K DNA 6 O PEMENT
BLE 777 A MENTIZ L 5D DNA Wi o fsH
240 Vo VD EH K DNA ZHW -7 5 7 A v METOFREHR, = vF X

VEARXI ) FTRAIBLRT Y 2R TR0 P o DNA WA 23 H

171

XY, 175 (72.9%) ThHhoT-,

55 2 IH DNA Wi i O A EE (2 JD < R PEMRAT
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Table.10 Primer sets used for diet analysis.

Primer name  Primer sequense (5'-3")

Strand

Yachi_m_F1 GGC GTC TAC TAC GGC TCC TAC AAC A
Yachi_m_R1 GAGGGT GGC TTT ATC TAC TGA AAAT
Rat_m_F2 CCC GCC TAT CAGAAA AGAGGC G
Rat_m_R2 GGA GTG CGC CTG GCT GTC CTA GTT CA
Hime_m_F2 TCT CCA TGT AGG ACG AGG TAT ATAC
Hime_m_R2 ACT AGG GCT GCA ATA ATG AAT GGA
Lepus_L CTA ATA ACC CAT CAGGTA TCC
Lepus_H GTGTACTTGTCT GGG TCT CCG

I rITIrr ITrr ITr

Strand indicates light (L) and heavy (H) chain.
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IRTOFREFEBEBEIL, =P F A, EARAI FTRXIBL

NV a2Fx 7Y FT, TNEFN 427, 3.3%, 7.6 L N374% ThHho7-, —JF

U heTIEL, ENE55.2%, 6.9%, 10.3%FB L N374% TH Y, MmgHAHIZE

WTEY Y FRAIPROHEE TSN, &6, =YY FRAIDA

OB E OHERLIL, [Fl—% > 7 & AW BEEE T o MR (Kondo

and Shiraki, 2013) LML L TR Y . Spearman DONERZAHBE I HTIZ X W 58V IE OFH

BN R &7 (r=0.783; P =0.003; Fig.9, Fig.10) .
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BAE BE

ABFFENZ BN T, 175 H 2 7LD FEH K DNA I S EHEHRT /) L3k &
., TOEIEIL729% Th -7, EHEDNA 2% 7L L LTHW4A, PCR
PRI DNA TIEFE LAE T 4228, I b= U7 DNA TRy B 47
RN G 541D (Frantzenetal., 1998), ZAULEI b= KUY DNA D=2 B
—#, B DNA % ERl>TWnh72H & S TW5 (Takenaka, 1993), fiE> T,
ABFFETIEI b= FU T DNA Z2ifn~—A—& L THWEZ &5, PCR %
DIEENE ELIZEB 2 BTz,

BT OFERTIX, NIRB LY b romfEICENT, =¥ F X
THCRT 7 A0 IS S, dRHREARES, R, A K OV
A E LICERE TR, = v F X, =V 7 X (Apodemus
speciosus ainu), B A X XI B LRI B R XX (Clethrionomys rutilus mikado)
WHESN, ETOMEM T Y Y F X AINMELEFTH L Z LR LT
> TW% (Nakatsu, 1981), [RIBRIZ, AWFFEDY 77U > 7 BIfE HHZ AR SERABR Y
(X o THEE SN A X IHOHERETH, = v F R X OMERS

PEBIOAR =Y 7ERNEBICREL LR>TWND, bR L, Nk &
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OVINEKIT Z i & LA T, =Y Y F X XAIB LRy 7 2 X

INHEIN, VYT R AT ORIRICIB W TE SETIE A2V R

BH & 2372 > Tv% (Kondo and Shiraki, 2013), 215 OFEHRITZ, =V vFx X

IR E RS A EE S D LV ) A EFL TV 5 (Yoneda, 1983),

—J7. BAMEHER TR 2 XY R Y F R A OB EZ R T Z &N

B &L 72> Tv% (Kondo and Shiraki, 2012) ., F£7-. AHFZEICEHBWTHW - #

E2PMEE TR LS Th, FRIC= Y Y F X X IR b mHE TR S

T35 (Kondo and Shiraki, 2013), #t-> T, ABFZEIZBIT A=/ ¥ F L AXI D

BHAERIE, 7Y ROBIEZ ERICKB L TWD Z LdvRahiz, &5

2. BAMEEEIZS (Kondo and Shiraki, 2013) I2 X2 =Y P F 2 X I D HHEOMHRH

BEFE DRI, AFTEDORE R L3RV IEOMBE 2R L7z (Fig.9, 10), AHWFZEICE

FHEY Y FRAIOREMRIT, ZRoOWMEELIFTLH L LB, BIFD

MELVLEZLDEMENPLZYYFRAIEZHREB LTS (Fig9), it-T., &

[BIFESE S VT3 2 Y ROBMHMTIEIL, SEEOEmWEEEZ AT 2 &

M GNE RS T,

Efo, EAXKI, F7RXIBLOZY 2% 0413, BEHMICHL
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THTIZF 2 Y XL DFAPFHER SN TH D, AUFEICE N TE A X

XX ORHEBEEMENZ &G, BMEEE AW 7= &MEfEST (Kondo and Shiraki,

2013) Tik, AMEORMMZMHTE o EHERI STz, FTXXIE

JR=y 2oL, 20ROV A XnE, XY REERWTARD—

HARESND CHEH S, 2o, WHEITEME FICB W THRORED A

AR CThoTo B XN, UEDZ LG RBFRICE T 2 BMEMEITIEIL.

Bl e BB ORIEICHICHRETH 5 Z LR ST,

FHR DNA Z2 W= BT T, RV 2 OFMEICB T2 v F R A2

DR 72 B ONIHT T2 22 & F DO RE &2 ATREIC LTz, fiE> T, 2 O RVERRITIEIL.

XY ROFIZRBEMEEZWLNCT D LT, MO THMRFIELRD LN

Wi asnz, —FH T, XY RITROEREMEE RTZ L5 (Misawa, 1979;

Tsukada, 1997). % O #EAEIEIRI R L7227 EHEIRD DNA =5 AT 5

EHERI S D, 1E-> T, FEHK DNA 7226 O BRMMITIE, mWRritE L2 R>7' T

A~—Fty hPRELRD,

O TIX, BB Ok DNA %2 F W72 T ic, witfe —

g —Z i LB S Tuvd (Ando et al., 2013; Gerwing et al.,
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2016), Wity —27 =P —% W= FEHB K DNA 226 OBMEMENTIX, MERER

MOERNRENT Z L 95, LrL, ZOfTITEm=a X FTHDH Z L1

2. BoNDT —F A HEMEICE T 5 EM R A MLBE L 2 5, FRES

MBI ATE L~ E TR AT, E 7 3RE S AU BT 25 i A e S

DFEBICEENTWVWDLZ L EZEMNTDHEODOFELMLEL TS, 00, K

FFEICRB W THW BT, BENSEa X FTH D BIn~— T —DRHIEIL,

YO BMEMATE S L TR TEENDAX X — RpFiEL b2 0

Hirs s,

—Ji. Blnv—h =2 AW EEEITIEL. 77 v —&2®EHT 5 ETTRA

MR, HOWILEBRMEOBFREE T v 7 =V 2B+ 5, o T, AF

EORRIT, L0 RERDPEROERR I 0 —=0 7T 477 ) —hhb Ok

FCYIRTEIE DMESL Z LB L T 5 L B bz, AWFZEIZR W THESL S - FiE

(X, BELDIEMEEDOEWL DO TH L Z L0, OB O ZMEMRITIC b

MARETH D EBEADN, SHBOSTERFZSIFIZEBONTARRY —LDOOL

OB ENHfEENS,
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=R

FHYRIE, BREEISEEN O SRR DL S b IRER LR

T 72 RGN D72 WBIRIZH D, ZDO LIRS, B L TR Y

IHR~A 70 YT T b= —A—DRFEEITIR o7, AWRIZEBNT, F4

X REERH K DNA LV 28 Fio~ A 7 a7 F 4 MEESHEESh, b

OHEEEHT NCBl OF —H RXR—R X H XY 2HKT ) bDO~A 7 YT

REEEE LTI TBRERENTZ, £/, 7TEED % % 2 ATl k& DNA %

RAWTHHI~A 7 0T T A b~—T— Okl 4 FEfi U725 R%, 18 o~ —7

— BV TELEFRNRE SN (Tabled), BIfE, 7THAXYRIIBITE~A 7

Y%7 A4 MEESIIIE, NCBIHIZBWT 119 B IN TS, LorLZiuh D

FNE, FZ XY RXHERT ) LD SN~ = — TRV, K

KL TILTLOERmWRREEZAE L TWRWnWZ LB bz, RIS

TRMDNFESNTe~A 7 0 dT T4 b~—h—I%, FZFYRITK L THR

M2 RmTbobiobNnTe (Fig2), £/, TNENOELFHETITEEDOHRE

(Oishi et al., 2011) & kil U CRIFRE D & EBEE D LRI Hi7- (Table.5),

BT, RKBFFRIZBWTHEIN -~ 70T T4 h~—h—I, XX
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R DB ZARNE R b DN AL DOFHRIZ B W THH 2 Y — 272 % 2 &3
WS %,

%2 T, AW THESIN T~ A 7Yy T4 h~—D—%
AV 3R DNA 2> b OEIERER 21772 o 7oy AWFETIE, 22 Y 7o 3
K DNA 26, 6 OB T EIZB W TEIE R AR E L7z (Table.7,8), Z4uiZ
0. MEN/N\IHEICIE, 2 b 2l EROFZ XY RXPERTLH L L

HEH & A7z (Table.8), 728 1 #BICB W T & £ kR 2~ L (Fig.2) .

B 2 FICB W THBKR DNA OB FEREN ATRE Td > 7= DVNok10 3 LWt

DvNok23 | (Table.8) . ¥ % &Y x&*kfR & LIz FARTHINIIEIZI W TR
THMR~——ThoHEeBEADLNT, —J7. EHRKDNA DS H, % DNA %
A2 PCR Tl BEIROE TR #HE LTV %  (Frantzen et al., 1998), A4
IZBWNTH, BEDNA & —75 v N & LIc T OIB B TR OREDRITELD -
e, —Ho~vA a7 I My — T —TCRURMBITDNFERRINT
(Table.9), {X4HE 72 # MK DNA THEWPCR RIIEAHFLT-DICH, 2D X9

wvA YT I A4 hvy—h—lZBiFsEaE R L, 280~ —T—BF

EEDDHZENEEND, i, TAXYRIHT DREO~YA 7 a7 T4
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[FAATH D, AFZETITFEB R DNA Z W, Fil~A 7 a¥ 774 h~—7

— DMl AT 5 2L T, HFERPICBI D~ — I —0FAME R LIz, Z

NOEDZLENG, RBFEICBWTHRESNTFTR~A 70T 714 b~—0—

13,3 2 %Y XOEKRD 2 WITFEH K DNA Z W 7o BRI ZARMERHm 2 35V T

BRI — B Z N TE 5,

HI3ETIX, XXV ROWEHERREANI ha R 7 DNA ~— 1 —DR%

RO, ENOEZHWICEMEOIT 21T/ o T2, 5 F Y RO BMMAT Tl

BAMEE 2 WA L0 L WIS T 2R 7 1 7 0 — L 57N

I TE7= (Misawa, 1979; Tsukada, 1997; Kondo and Shiraki, 2013), L7>L Z D

FiEZ HWIZlE T, &l OO RHREME, 720 TR B O 1B

BEEEDS, WFZEE I K- TEBT D ERIENH D, Thid, HFFEE OB FRH

WDFEF, D WITHRIHE DO ETIEDENI L > TELTNL EEXD

. ZNDDRENDVIRVFEDORENLEEND, AUFZETIE, FZ VXN

TV TFRAI RO EMEICFIH L TWD Z EBDNAEIT LI B E 7o

Fo FAXYRDTY YT XA ~OEFET, BEEOREICBNTH RSN
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TV % (Kondo and Shiraki, 2012) , 7= AWFRICEB W THW -EH O EH % |

BAPMEE FIZBWTRE LM RICBNTH =Y P FRAIDNR L M SN

Tk Y (Kondo and Shiraki, 2013) . Z DOHERIZFRWVIEDOFR 27~k L7= (Fig.10),

S HIZ, AUHETIZINE TOBMBE FIC L 5E S Tl Sz

AFAXI, FTAAXIBLOY 2% 7YX OMEOFBAIRFEFIZKD) LT,

PLEDOFERS . #EHDNA ZHWAS Z & T, L0 SRR E ORIEN ]

BRCThHLZ VLN o1, EoT, TxVABLILER~Y—I—ITLD

WEHOREET, BEEBIRIC & 5 BT ORMER 2T 5 L THil

TARRFETHLEEZEZADN, SHITAHIETIE, NREBIOY buox

Z %Y LIS, =Y 2% U XORHBEOERZRD, =y 2% yH

FOURY A XZBESTLH L, FEAFYRTAREEO 2B LTVDLLEX

D, LLZDX ) i T, #EHKDNA ZHWD Z & T, HilkfiT

OF|HBEDZRZIH LN TE D[N RISz, ZOREERAKRICT D

IZIZiE, WPRAHIC IS HEHE IR E R b TN, 4 %Y R O E JEA ] T RE

PEIZOWTHLNCL, T OMERDHDH EEZ b, —HIEFETIE, K

Ay —7 = —2 W72 HKk DNA 726 OBV 33k S TV 52
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(Ando et al., 2013; Gerwing et al., 2016) ., ZiL 6 DT — X ZHfHT 572012

PCRICE DWW EBHAFENVLETH D, ZDEMTEFT/2 5 728D PCRIZEB W T,

AWFIE THESL SHUTZF 2 Y 2 O BMEMATIEIL, D THEDe b DIZ2 % &

FFTE D,

AMFFETIE, BRI X OVBVERT O 7O D~ — I — 2B 722 L, *

XX FHH K DNA IZBWCZEDOFHMEZRFHME Lz, ZiuuZ XD, £ DNA %

~—H—& LIZ5BE, PCR RO THEZ 58, ~— I —IC X > THEIx

TR DR ENARETH H Z E DS E 7o 7= (Table.9) . F7-. mtDNA

~v—A—& LA, B DNA X0 b PCR EhRITm < 22 v | BRG] 2

L LARWEMEBITICEWCIImO THER FETH L Z ENRE N, Lk

D LD, FEHEDNA Z W= 2 Eiid 5 LT, HIICE

DY~ — 1 —%BIRT L2 PBOTHETH L LEEX O, £DRDIC

(T, #EHR DNA IR L S iz~ — T —BHFE Ok 72 B DN HANFE R S 2T

b, INEPRERO G T ARTFAEFICRELSFEGT LMD,
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L3

FL2FYRT, ALBEOEAFEMCTH Y, BERBREFROVOLHSOTH D,

AHEAE (T BR ISR 03 < BRAR B EHTES £ TRk & ZRBREEICIE S L TR

LTW%, ZHICHENMERK L L, oo/ ay 7 JEZHI L, &7

T 0 ERLDFRN &0 D FFEN S | EBHRERCRBYEIC DWW T O 220 72

WG DD JRBM 5 DNA 242 2 & T, BEmfFHRzE5 20T

XL FAERETFHFEL FEAXFYRITH L THFICAITH D L E X HILD N,

I EENT 572D DR RBEERITZ L, £ 2 TRIFETIE, 4%

VEAFH~A 70T TA b =D —DBRABB L VISHR 5TNZ, #HK DNA

O DEMRIEDHSLZ Bfe Lic, ~A( 27 u¥T T4 b~—I—F, F4F%

Y il S DNA L 0 28 FESBAR SNiz, 20 H B 17 filE, 7 KD F ¥ %

VRICBOTERBRD bz, SRHD~A 7 aYTF T4 bv—h—% A

7-#Hk DNA 26 ORI Cix, D &b 21 iR X4 Y Rk - T

FAEHAFH SN TN I EZPLNI LI, SbIZ, 2096 2 MO~ A7

RHTTA v —H—I%, #EHK DNA 2B W TEREFROWRENATRETH Y |

XX XY RIIK L THRWEERMZ R LT, 6> T, b D~—h—t, 4
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F Y AOEMBRFAHINIEICBNT, AHR~—I—TbosEx LN, &

H12k DNA 72> 6 O BT TlX, 2 EOm I8 W T, FFXFYXB=Y v

FRAI i b ME ISR L TOW D ATREMED RIR S L7z, & BIZZ DR RIE,

7] U318 2 7 BRI T IS 1T 2 RMEMRHT SRS L SRV IEDOMB 2R LT Z &

MB ARWFRICE T 5 BRI R S D LEX 6N, AFFE TR, B

METTCIIRESNR ST EARRI, RTRAIBLR= V2% 7 XDF|

M7z, FEHEEDNA KV LN LT, 6> T, #HK DNA v 7o B s

BT, TERDFEICHANT I SEREICERTE 2 Z LR S i, HEOfR

RIND, BBFZEICBW TR SNTZBIE~Y—I —Id, F XY RRECICAR

Mz B REZRET OO FARZRMNIEICE N T, HERY —/L

IZRDEF A D,
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B

KL BT DI2HT=0 . ZRRD ZTHRERL NI ZHELZHY L LK

WHIEDFREHIR T H L BAURER PR EWPESE PO IER - 2%, BILth—

it (EMPEST) ([JEEHLP L LT 5,

ABHFEDST N TOEIT, FCER & KIGE K25 FREB L OBHeiEE L

5 ONTHRBY 2 THW T RAURSER A PESR TR - R, iR it (W%

PESET) IR OB 2R T 5, WIS, EBRZT &M SCE I L T£L<

DITE W o7, TTHARER PR PGV PERRFIIGER - HHR, BiAR

WETE NHOR I E R AT e « vy =7 MU —&— HksE it (B

) ML L BT S,

70, TIEBEHRLEAOTIREAR LN IHEE oo, BUURERY - 4

BHR - BAEDERK AR LICEILER L TS,

SHIZ, MERERL WY 7Y I THATEE £ Uiz, ARZEE 23R

i

WiE - B - B R, v~ A 78T 74 bv—F—HEEOERIFEIC T

/

B TEE £ Lic, ARmMETEAFREE SR SIITET « BEKR it (EWpES

) WM OEEFET S,
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Flo, BTV TR BN ERSATICTMAITAEE £ Lo, Rk 22 R

BETH D EIIED K, PR 28 FEZEEAEDOHIFRIE K, Pk 24 FHE2

RAEOET B RBIOERZEFE K, FAk 25 FEARELDR FEE REBEIV

TR AME K, VR 26 FEARZEAOM B K PRk 27 FEAREAD)IT

BEAT FCds K ONRBUSSER S E PR 4 4F « /NIMER RICE# OB &R

Do

RIS, AWFTEI, TRk 26 R U R SER PR B LR RRAR SR L,

Pk 28 4 BE HURUR SE R PR B P R I RRAR SR I BE 6 KL ONHURUR SE R "2 e b

o7l ADIEDOL ETITolz, ZZIEGHOEEFRT 5,
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Summary

Development of novel genetic markers for molecular ecological study

in the Ezo red fox (Vulpes vulpes schrencki)

Tomoki Tada

Graduate School of Bioindustry, Tokyo University of Agriculture

The red fox (Vulpes vulpes) is one of the most widely distributed terrestrial

carnivores in the world, occurring throughout most of North America, Europe, Asia, and

North Africa. The Japanese red foxes can be subdivided into two subspecies—the

Japanese red fox (V. v. japonica) and the Ezo red fox (V. v. schrencki)—based on their

habitat differences. The Ezo red fox is an endemic subspecies on the island of Hokkaido,

located at the north end of Japan, and is a known final host of the tapeworm

Echinococcus multilocularis, which causes the serious zoonotic alveolar echinococcosis.

To manage the population size of the Ezo red fox and prevent the spread of tapeworm

infection, it is important to characterize the ecological features of this subspecies.

However, detailed ecological features of the Ezo red fox, such as its social structure and
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home range at the population level, have not yet been clarified. In this study, we

developed novel genetic markers to establish standard methods for the molecular

ecological study of the Ezo red fox.

1. Characterization and application of newly developed polymorphic microsatellite

markers in the Ezo red fox

Polymorphic genetic markers are useful tools for ecological studies of wild

animals. A microsatellite marker is composed of one to six nucleotide repeats, and it is

advantageous for molecular ecology research owing to its high polymorphism and easy

allele detection compared with other DNA markers. Several microsatellite markers have

been developed for foxes belonging to the genus Vulpes. These markers enable analysis

of local genetic diversity and population structure of Vulpes spp. However, polymerase

chain reaction (PCR) failure is occasionally observed when markers developed for

different species are used in the analysis of localized subpopulations, indicating the

existence of sequence differences in the flanking DNA of repeat regions. Therefore,

polymorphic microsatellite markers specific to the Ezo red fox genome are required for
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accurate identification of species and characterization of population structure and

ecological features.

To this end, we isolated 28 microsatellite regions from the genome of the Ezo

red fox, and developed 18 novel polymorphic microsatellite markers. We confirmed that

several of these markers could be amplified from feces-derived DNA. First, we used a

basic local alignment search tool (BLAST) to identify unreported DNA fragments

within the cloned genomic DNA sequences, obtaining 18 novel microsatellite regions

within the genome of Ezo red fox. Based on a comparative genetic map between Canis

familiaris and V. vulpes, 18 sequences could be broadly mapped onto the autosomal and

sex chromosomes, with the exceptions of chromosomes 1, 2, 3, 6, 7, 8, 9, 10, 11, 13, 14

and X of the Ezo red fox. Using genomic DNA extracted from the livers of 7 Ezo red

fox individuals, the 18 microsatellite regions were amplified. Polymorphisms were

identified in 17 of the 18 regions, with DvNok5 excepted. The number of alleles per

locus ranged from 3 to 7, with an average of 4.41. He ranged from 0.27 to 0.85

(average: 0.73), and Ho ranged from 0.29 to 1.00 (average: 0.72). Except for DvNOKS5,

all of the analyzed markers showed no deviation from Hardy-Weinberg equilibrium

-96 -



(HWE; P > 0.1). The deviation of DvNok5 from HWE was attributed to its low

polymorphism and the small sample size used in this analysis. Although we genotyped

only a few individuals, a moderate number of alleles (3—7) was detected for all 18

markers. Thus, we successfully developed highly polymorphic microsatellite markers

for the Ezo red fox.

To verify the utility of these markers, we performed PCR using feces-derived

DNA obtained from the fecal samples collected from natural fields. Non-invasive

sampling methods such as the one employed in the present study often risk

contamination, and the DNA extracted from such samples can be of low quality and

quantity. This can lead to reduced PCR success rates. We attempted to amplify 18

microsatellite markers using 192 fecal DNA samples, and we successfully genotyped 6

markers in 22 fecal DNA samples. The number of alleles per locus ranged from 2 to 9,

with an average of 6.33. Ho ranged from 0.05 to 0.82 (average: 0.48), and Hg ranged

from 0.21 to 0.87 (average: 0.68). Although a relatively low genotyping success rate

was observed in our study, these novel markers enabled genotype determination using

fecal DNA samples. Therefore, the results suggest that 6 of our 18 newly developed
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microsatellite markers are useful for ecological research on the Ezo red fox. To the best

of our knowledge, this is the first report on the development of microsatellite markers

for the Ezo red fox, and includes a microsatellite marker-based analysis of its genome

using feces-derived DNA.

2. Development and application of molecular methods for identification of prey

species in the Ezo red fox.

A diet analysis was performed based on microscopic observation of undigested

tissues from feces in the Ezo red fox. However, this method frequently requires

considerable effort for observation and knowledge of taxonomy, and may still yield

unidentifiable rodent prey. To more easily identify prey species of the Ezo red fox, it is

preferable to develop a standard method for identification of prey species and for

detection of their seasonal and locational changes. In the present study, we attempted to

identify prey species from the feces of the Ezo red fox via PCR and capillary gel

electrophoresis using specific primer sets for mitochondrial DNA (mtDNA) labeled by
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fluorescence dye for several putative prey animals, Myodes rufocanus bedfordiae,

Apodemus argenteus, Rattus norvegicus, and Lepus timidus ainu.

First, we carried out PCR in 211 and 29 fecal DNA samples from sites in

Yasaka and Utoro (Fig. 3), respectively, using a universal primer set for cytochrome b

(Cytb) amplification. Sequences revealed that 59 of 211 samples (30.7%) exhibited

nucleotide sequences derived from the putative prey species. This included mammals

(86.4%), birds (5.1%), fishes (3.4%), insects (3.4%) and reptiles (1.7%). In mammals,

rodents constituted 62.7% of 59 samples. These results suggest that M. r. bedfordiae, A.

argenteus, and R. norvegicus, which are commonly found in the sampling areas, are

putative prey animals for the Ezo red fox. In addition to these rodents, we predicted that

L. t. ainu is another candidate prey animal for the Ezo red fox, due to its commonality in

the study regions. The species-specific mtDNA markers identified that the most

frequently detected species from fecal DNA in Yasaka and Utoro were M. r. bedfordiae

(49.0%). In addition, mtDNA fragment derived from A. argenteus, R. norvegicus, and L.

t. ainu were also detected, contributing 5.1%, 9.0%, and 23.7% of the samples,

respectively. These prey animals were not visually detected in microscopy-based diet
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analysis, suggesting that newly developed mtDNA markers could be more effective in

detecting these prey animals.

Thus, this investigation enables straightforward detection of these species using

PCR, and is the first to demonstrate three of them as important prey for the Ezo red fox

in Yasaka and Utoro. In comparing DNA- and microscopy-based diet analysis, both

methods indicate high correlation with patterns of seasonal occurrence in M. r.

bedfordiae (r = 0.783; P = 0.003). Moreover, the detection frequencies of L. t. ainu

showed a large difference between Yasaka (37.4%) and Utoro (10.3%). Therefore, we

suggest that diet analysis based on fecal DNA sampling is better able to predict the

differences in predatory dependence on prey species across several locations.

Conclusion

In this study, we developed novel genetic markers and confirmed their utility

for molecular ecology in the Ezo red fox, especially in fecal-based analyses. These

genetic markers can contribute to characterization of Ezo red fox ecology.
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