oottt oddd

00 0000000 =The Japanese journal of zootechnical science
ISSN 1346907X
ooo oo,00
oo,00
oooo
oo,00
oo,00
00,00
00,00
0,00
oo,oo
ood Zootechnical Science Society of Japan
0/0 870 10
ooooo p.1-10
oooo 20160 20

00000 00000000000000000000000 eA“
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council oMyrinnowiedge
Secretariat



(—RRER30

FEILREROREMERD RHOBEFHVITE ORI

KEB—E - BEWDDS? - \iIERHE - BREF -

HAAAAD® -

Slege’ - BEEZ? - T BA% - BRER

ERSICKBEGTRWRN, SR 569-1017

! BUAFALRRIBESFARR, @M 700-8530
*AUAFEAZRERRPER, @M 700-8530
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E # FEENECRECHNSHREOEFIBRELOBEGRBELO>TVSN, ZOEDICE, 880
BLAREERDSHRERMEREICAIATDIET, EROEGHERDHEEERSIENEETHD,
ARECEREDEOREDZHROEDOEGHWRBICDVWTEHLE. Y1000 51 hY—H—D@BH T
& PLUy Uy FRAETFONTOEGER, WFNBIORENBOMEED SN TEWMETH O 2.
SAOWERF TR, MOMBEEDEERBRDIE—DISRY—KDBRHEDEERLEZ. S FIYRUP
DIL—TEETl&, 80%DBHNE—DNTOY+( TEF >CTVED, —ATHRONTOY 1 THEEL
TWz. £EVEICBETHEGT TR, BNEZ6ETFDIE 2B LFTCE—D7UIICEBESNTLE
BEDZEDDS, ARDRMELDDECNZERMEEMORENEOEDELNTEND, HOEBCERER
DECIRHMERDIEND, RENEDEGHSHRIEERIST D L CRELEDTHHEEXSNZ

BAZEZ=®SE7 (1), 1-10, 2016

F—T7—-F ! BFENR, Y1O0UFTISMhY—hN—, IV RUF DNA, BEGHSRME

A, BENEBTR, MEHECROFEICKIDERTE
EHREEHE & FIERMDB LFIC KD, BREIROMR
EREBOICALLTND. EDORIBRPT, RECHLT
SLWFAIBRHE DEFGEHFOPICE, ATERIC
KOMREDEHER C2ENICLHASH, FREHER
EDEODTHASNDRDIBBEDHEELTVS. DK
DEREDREFOLEBRHAORSR, BENBICHIT
BEMADBHBAEZTEIIEFEBZ LI ULTVREIT TR
<, Bk, RE8icUTEVICHEERES NS
EHE L THEHESNTVWEEBOMEBENERT D&
T, BLNICHBELGERERD, EENBOEGHNSERNE
FREFALLTVDZEDERESINTNS (Nomura
5 2001 ; Nishimaki 5 2013). ULEHD-T, 2EEOD
BENSEEZERETDZDICE, BE2ENICTIASN
TWREERDHORFUN B EEEDECHF TS
DRMERENICRIBAT DT, RENEERDSEEN
BROBELERIEBRBEEZBND. UIZHH T,
REZOHDNKRELFLLUDDHDEMBEDOEETDREK
(&, R, EBFENEOECHSHREOHERCBLNSED
RODEBRELEREGDURMEDDHD, INSHIR
BEBENCHBREIDEEBICEOERNSHERS

MET B EFRENEDOETEICSVCERREECDH
3.

BURICBNTE, B<HERENBOMBOIHES
<BHEBEULTEEELLHD (ALESERRERZER
1980), CNSDORFEDP(CHBAEEOKE B UEKk
ULDDHADEDHEHDN, BLEXINETIC, BFOBK
ERE E EHRERRERP T EDBNRD(CRFE
DB mBt T TSN TS CEREER I BLR FICHES
NTVBZEERSELTND CKEH 2008). CORE B
E - TEIR, UTHEIRRETD) (FHIPHREIHOXRR
FECHIZILEZOEARED [84%] LTSNS [0
BE] ICHRIDRHMETHOD (£ 2003 ; KB 2008),
RETEEFEHOIBICEA L TND ORGFEHHFR
FYDBHNHTOERBRICL > TEDHOSNTEE kB
2008). COXROSBEEOELNERERDFEIREDE
G ZERSHCIDEECDIC, BAENERE UTHS
ENTERINSDEFNEDEEDBTENS R T RTT
ULCTLBHZERASHICT DI EE, BENEDTELEE
TERECTHD.

BREINETIEEARFARRELDICONT, vroOb
T o hN—hH— 23 iz BULEBGNBTET), &

BH8E  KB— (fax : 072-687-0699, e-mail : dradenoy@ybb.ne.jp)

BE=# 87 (1) 1 1-10, 2016

1



KB - BE - HEE - B

DEBRDBLHZARM S ORTEFEEDICLANTEND
ZEEBESMCLTNSD KBS 2010a). FHRTIE,
CDESDFROEDICOVNTRDLE LD 52 BUDY 1D
OUF50 bY—A—ZALSEEBIC, FHECI Y
RU7 DNA DIEEES, HRULEFEICEDDHEEN
BLEFOZEZERN, ZORBRERTNROMEDEHEAN
BIET, FRDRAOEEDECERFH BTSN
ERDFHBICHSDICT DI EHHBTE

MHE LU FE

1. FLREEH

AMETE, BUEHFRHICTEATEEINTLS 17
DEE] ([CHXRTDHBEB - TARORENEHFIRRED
ICEBI 285 21 5D DNA ZAWLZ. DNABINS
DEEOFERKIDEEICLIEHA DT ProteinaseK M8,
71 ./—) - 200RABEICKDEBERUEZ.

2. w1470 5F7(1 bhv—H—

BLENERDOIEDDSRT—H—EUT, V0BT
YL CH<FEASNTWVD 52 BOYT 0TS~
N—Hh— (X1 ERVE Y1000 751 ~MEIBRT

CE - Sl - 82 - i - B

SAY—RY MDA, FHEDTTAY—D 5 KiFEHEN
&%k (FAM, HEX, NED) T#R&L7z. PCR R(&, DNA
BRE TSN —B KU MultiPlexPCR kit (Qiagen,
Germantown, MD, USA) ZAWVENRILFILY IR
PCRICKDT, BHDENZIBIBLT=. PCR DRELE
(& 94T 15 DR THEEMEIT oIz, 94T T 307/,
59CTO0#ME, 72CTOMBOEETIOTroIL
DIBBEITOIEE, 72C 10 HEDBRET>Z. B5N
= PCRIEIBEYZ, BRERI BBHETEE (Applied
Biosystems 3730xIDNA analyser) (C & D 58 U,
GENOTYPER V7 h DI 7EBVWTCELTFEZERTEL
2. 5% U EDRAEEEDEEIE, HFHSERAUE.
AEDFRERDOEENIH OB LNSREZETMI D
HOREBE LT, Nishimaki 5 (2013) [CKRDEENRE
D8 FEMDRILYM /0PS54 hN—H—I[CKD
ERBF—vEAVE.

EROFHETUIE, HEANTFOBESEOHS=EDKLT
HRfFE(E, the Excel Microsatellite Toolkit (Park 2001)
ZANWTEELE. PLUY OV yFRRARZ, HIBETF
EEICDWVWTOBGETREHE UIEREDBRVINEESOB#&F

Table 1 Information of 52 microsateliite markers
Marker name Chromosome (BTA)* Marker name Chromosome (BTA)*

BM1824 1 SPS1156 15
BM2113 2 TGLAB3 16
DIK2204 2 BM305 17
DIK2719 2 DIK3005 18
DIK2962 2 DIK4013 18
INRAD23 3 DIK4232 18
MNB84 3 MNB74 18
DIK026 4 TGLA227 18
MGTG4B 4 DIK2574 19
BMS1248 5 ETH3 19
ETH10 5 BM5004 20
ETH152 5 NRDIKMO11 20
TEXAN15 5 NRDIKMO021 20
ILSTS097 6 TGLA126 20
BM9065 7 TGLA122 21
BMS2072 8 BM2613 22
ETH225 9 BM1818 23
DIK020 10 CYP21 23
DIK023 11 DIKO10 24
DIK2110 11 INRA222 25
DIK4274 11 BM4505 26
DiK4301 12 CSSM36 27
TGLA36 12 CSSMm43 27
AGLA232 13 DIK2365 27
INRA100 14 DIK107 28
HEL1 15 OARHHZ22 29

* Cattle chromosome number

BE&H® 87 (1) 1 1-10, 2016



RENRR D RROBECEEN

BUCR > THESNIZNIDELG T THD (Bl Mousadik
& Petit 1996 ; Petit 5 1998), FSTAT version 2.9.3
(Goudet 2002) #RAWVWTCEELEZ SHEEEEOE
THDEDREICDWVWTIE, XRFPIIX FaitEEs
FSTAT version 2.9.3 & B L) T Weir & Cockerham
(1984) DHTEEICKDEHEL, R T TO—HIEULE.
i E DB DEEEREE, Reynold DEBEIEEE (Reynolds
51983) ICKDEEL, SplitsTreed version 4.12.3
(Huson & Bryant 2008) Z& RWT Reynold MBI
Bt [T & TJ< Neighbor-Net graph (Bryant & Moulton
2004) EHBEULURE. RAIFYISRAIUVITE
STRUCTURE version 2.3 (Pritchard 5 2000) % B
TV, BRE@LDLEBISRI—ICHEITBDIE
[CROTERBDDEDOEEZREL, SEBEEFHHL
Z. REUREISAS—H (K) & admixture model
[CETJZE, burn-in & 100,000 @17 072%, <L 7TE
BWEYTFHILOEICLD YT U H7% 100,000 @FTL,
KD 155 9 DEFEICEL 10 QDMITHITZET > THE
EUE.

3. I MILKNUF7DNA

= h3YRUZ DNA QOINTOY 1 TOETICE, D
= b3 RUP DNA OIEEES (Accession number :
V00654) M55, Lofius o (1994) (CL7=HN 15738
bp Hh5 992 bp DEEZIBIBL, NTOF -1 THETIC—
RICBWLWSNTWLWD D-loop EH D 15916 bp H* B
334 bp OEFOBEEFIZBWNE (Mannen S 1998).
PCRI&, 74 9D— F5-CTGCAGTCTCACCATCAA-
CC-3, BRUUN—R5-GATTATAGAACAGGCTC-
CTC-3 D/S1~v—%=AW, 94T T 1 DD T HELE
Fo/z%, 94CT30WME, 57CTI0®E, 72CT 0
MREDHEHET, GoTag DNA polymerase (Promega,

Madison, WI, USA) Z#BWNT, 3001 2)LD1EBIE%E
Io2% 72CTA4RADOBRETORZ. PCRIETH,
ExoSAP-IT (Affymetrix/USB, Santa Clara, CA,
USA) ZRAWT, PCREVZEREULEZ. ZOPCREY
ZRWNT, dideoxy EICKDmARDIERRHZREL
1z. dideoxy %I PCRIEICAWVEIS/NY—&EBUHD
ZRWZ. D-loop DIREBEIF—F & @MY Ik
MEGA version 6 (Tamura 5 2013) ZRWVWTERT L.

4. EEVREICEETSEET

EENBOLEEREICED D BT F CHS Stearoyl-
CoA Desaturase (SCD) [Z D W T (& Taniguchi 5
(2004), Sterol Regulatory Element Binding
Protein-1 (SREBP1) IZDWT & Hoashi S (2007),
Fatty Acid Synthase (FASN) ICD W T & Abe 5
(2009), Non-SMC Condensin | Complex, Subunit
G (NCAPG) ICDWWTI Eberlein 5 (2009), FE&(CBE
g5 Melanocortin-1 receptor (MC1R) &EFICDW
Tl Sasazaki 5 (2005) SKU Klungland 5 (1995),
EBTHEECHDIMEREE X| RFRZEODRBELTF
Tdd Factor X (F11) IZDWTl& Kunieda 5 (2005)
ICKDTEBRENIEFEICK D TPCRERZE PCR-
RFLPAICKD, BETFEHEZETOZ. ENENOD PCR
[CARWETSAY—0OEIGER 2 ICRULE. PCROKIG
FHE AT 2 HRATIHEEETHEER, 94TTIOH
B, R2ICRUETISAN—CRELEPZ-UVTR
ETI30#ME 72CTI0RREDEHET GoTag DNA
polymerase (Promega) ZRWNT, 35 U1 2 JLDBIR%E
o7z, 72C s pADBRETOIZ. ED%, SREBPT
BRUOF11 BELTFR, BESNEPCREYEI% 7H
O—ATIVICTBKXEZETOROSL, BBHARDEN
[CEDBETEEHBILIE. SCD, FASN, NCAPG $&

Table 2 Primer seguences, fragment lengths, annealing temperatures, and restriction enzymes

for genotyping

Gene Primer sequeence (5 to 3') Length (bp)*  Ta (T) Enzyme
SCD F:GTGTCCTGTTGTTGTGCTTCATCCTGCC 197 60

R AATATTCTCTCGGGGGTTGATGGTCTTG 156, 41 Nco |
FASN F : CTCACTGTCTGTCCCACAGG 243 60

R GCCTTTGGAGGGCTTTTAG 149, 94 Hha |
SREBP1 F : CCACAACGCCATCGAGAAACGCTAC 348, 432 65

R: GGCCTTCCCTGACCACCCAACTTAG
NCAPG F . ATTTAGGAAACGACTACTGG 129 51

R:ATTTGTATTCTCTTATTATCATC 66, 63 Tsp509 |
MC1R F: TGGTGAGTCTCGTGGAGAACG 214 65

R : TCGATGACATTGTCCAACTGCTGC 149, 65 Msp A1l
F11 F : TCACATCTCAATATGTGCTTCTGC 95, 110 60

v}

: TCTACGATGTCCAGTTCTTCTCC

* [talicized letters indicate lengths of digested fragments.
TAnnealing temperature for PCR reaction.

B&&#k 87 (1) 1 1-10, 2016 3
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U MCIREGFI, 1BIBSNZPCREYER2ICRL
TZRIBREBERICTHEIELER, 3% PHO—RTIICTES
AKEEITOIDS, HIREBFRETH ORSDBVICKDIER
FREARIUE. AFRDIREDOECHFEETHI S
ZHOREBELT, Nishimaki 5 (2015) ICKLD EEE
LFICETDRENED 8 EEBDT—5&EALE.

5 £

1. =(oBYFS514bT—H—
EVZRGERDD 21 BFEICDNT, 52 EBROTr 20
US4 bR—D—OEGFREREL, HRECLTO
Nishimaki © (2013) [CKD|EZN TS 8 RDEE
NREOHEEDDT—F EHBRUEER, RIICRLE
KDICFEHERILELTE (MNA) &, FLRFT 3.48,
WBETE 421 D569 THD, THNILEBTTFHE
Y TIETRHRIELEZPLYU YO UwFRA (AR) &,
HARMT 348, WEBETIEX 344 H 5539 THHE.
£z, BOZRESHTINTOEDCBNT, B—Ox

TEBGTFICEEENTVDEGTFEIEFEELEDN . A\
FOBESEDTHER, FNENEAE (Ho) THLR
ik 0.514, WEEEFTIF 0.553 55 0.710, #AHE (He)
THRDFFIL 0511, WIBBTIL 0.535 H'5 0.685 T
2. BORHEDE, FHEEDEUTRERFEINTVS
TEDNIBNT WD HIGES E &#iR<, RENBOMD
HEEREHE L TOTNEERICEWVEERUE.

B EMARDBEGNMEOREETHAT 2 120ICXP
D1 X Fsr EHRUEEBR, BORGEDR, EihigERd
EOBTHRERVVEERL, thOihRERE OB THHE
HEWMEZERUE (E4). &2, Reynold OEEIEHH,
BARMED S EIBED-DETREREDN D2 (R
4). E5I(Z, Reynold MEME R EE ICE T < Neighbor-
Net graph [CK>TESDNEHEEDRORKER Y ~
D—oTl&, EgEREROMISEERE, B0
RIDENE BB UL TVBDITH L, BARGEDIE,
O EMNSROERN/ZABICOMRLTLE (K 1).
SEDROBGIERBRE, XTIPYISAIVUY

Table 3 Summary statistics for the sample size (N), mean number of alleles (MNA), allelic
richness (AR), observed (Ho) and expected (He) heterozygosities

Subpopulation N MNA AR Ho He
AT 95 6542517 525+157¢ 0.702 £ 0.007° 0.685 £ 0.014°
Bt 130 671 223 516+142¢ 0710+ 0.006° 0671 +0.017°
o 86 6442100 518+ 15220 0686+ 0.007° 0.668 £ 0.019°
Dt 138 665 +256° 498 +137¢ 0673 £ 0.006° 0633 £ 0.017°
= 95 421 +£149 344 110> 0.553 £0.007° 0535 + 0.025°
Ft 173 683 +258 530+ 151 0.700 £ 0.005° 0.680 + 0.0172
Gf 100 690+234° 539152 0681 +0.00620 0672 =*0017°
Ht 189 683 +£232° 512+ 142* 0.671 £0.005* 0.651 £ 0.019°
Rare 21 348 £1.15° 348 115" 0514 £ 0.015° 0.511 = 0.027°

These data have been published in Nishimaki et al. (2013)
=*Mean = standard deviation within the same column with different superscripts differ
significantly (P < 0.05).

Table 4 Pairwise Fsr estimates (above diagonal) and Reynolds’ genetic distance (below diagonal) among
the nine subpopulations of Japanese Black cattle

Subpopulation A B C D E F G H Rare

AT 0.023*** 0.014*** 0.041*** 0.091*** 0.017*** 0.017*** 0.044*** 0.156***
B* 0.027 0.006***  0.043*** 0.098*** 0.013*** 0.012*** 0.041*** 0.155***
Ct 0.019 0.010 0.029*** 0.082*** 0.007*** 0.005** 0.036*** 0.153***
Dt 0.044 0.046 0.033 0.089*** 0.030*** 0.025*** 0.057*** 0.176***
Ef 0.096 0.103 0.087 0.095 0.084*** 0.068*** 0.111*** 0.236***
Ft 0.021 0.016 0.011 0.033 0.090 0.006*** 0.034*** 0.147***
Gt 0.022 0.016 0.010 0.029 0.073 0.009 0.030*** 0.153***
HT 0.047 0.044 0.039 0.060 0.118 0.037 0.032 0.162***
Rare 0.180 0.180 0176 0.198 0.250 0173 0177 0.186

TThese data have been published in Nishimaki et a/. (2013)
*P<0.05;**P<0.01;***P<0.001.

BE=#|, 87 (1) 1 1-10, 2016



FRENRRDRADBLCACIEN

SEBVEEBEEITICR O TRITLE. RELEISRA
=8 (K) B’ 1 BB 9 DEECDODNTHEZETOIEER,
HORMEDF, KO3 BRU4DESE, LBREER
DHERE FRED O SRAY—ERR LD, D
IEDE EDBELEE. &2, KNN6DEE(CE—DD
SAY—EEN, thOLTOEDESBLE (B2). K
D6 U EICBNWTERERDERN RS,

2. XpaAZKFUFZDNA

HOFRMEDD 21 BFEDSED 20 BHEICDNT,
R3O~ KU DNA @ D-loop B DIBERIIERE U

11

Rare

=t (L1

Figure 1 Neighbor-Net graph among the nine
subpopulations of Japanese Black cattle based
on Reynolds’ genetic distances. A to H indicate
local subpopulations of Japanese Black cattle
described in Nishimaki et al. (2013) and Rare
indicate the rare line of Japanese Black cattle.

K=2

K=3

K=4

K=5

ECD, FEARFEDICE 2 DOINTOY 1 TUDTEE
UBWTENESHERDE. INS5D 20 @8&FE0D55
16 BERXINETICEENEBTERSSNTWLS/\TO
JI—F T4 (Mannen 5 2004) [CBTDE—D J5/\
0%+~ (Mannen 5 1998) Z#&Ho>TWL iz (K 3).
D J5N\TO1 TEEENBODEDICHNTIEEER
INTO&ATTHD. HBOD4BEERID/NTOSY1 T
ZFO>TCVED, CONTOY1 TRINFTEENEZE
BOBEFD D YDEREBICBNTHRSN TLRVFRD
INTOSATThoiz. BLFID/IN\NTOF1 TERIC
J19 &Lz, JI9/\TB91 & J5/\T09 1 T&F=

variable nucleotide positions

1 1 1 1 1

6 6 6 6 6
0 0 1 2 3 1
haplotype 4 9 92 6 0 6
2 3 2 0 2 9
V00654 T G T C G A
J5 (16) C A - A G
J19 (4) cC A C T A G

Figure 3 Sequence variation in cattle D-loop
sequences of 20 animals of the rare line of
Japanese Black cattle. V00654 is the taurine
reference sequence published by Anderson et
al. (1982) (Genbank accession number V00654).
Dotes indicate the identical nucleotide with the
reference sequence. Numbers in parentheses
indicate number of animals in the population.

F G H Rare

Figure 2 Bayesian clustering of the nine subpopulations of Japanese Black cattle obtained
by STRUCTURE analyses. Each individual is represented by a single vertical line divided
into K colors, where K is the number of assumed clusters and the colored segment shows
the proportion of the individual’'s genome corresponding to a particular cluster. The
subpopulations are separated by vertical black lines. A to H indicate local subpopulations
of Japanese Black cattle described in Nishimaki et al. (2013) and Rare indicate the rare

line of Japanese Black cattle.

B&=#®, 87 (1) 1 1-10, 2016



KD - 2B - BRI - - WE - BE - 18 T BR

3> RU” DNA DIEERS] (Accession number :
V00654) D 16,122 BB & 16,260 BEDEENELDH,
BENEOEZEG/N\TOII—TTHD T4 N\TFOT)—
TICBIB/N\TOY1TEEZ BN

3. £EVBECEEYTEEF

HARMEDD 21 BEICDNT, SCD, SREBPT,
FASN, NCAPG, MCI1R, B&KU F11 B TFDEGTER
ZRAN, INETICHESNTWVDREFRED 8 il
BOFEOEETFHRE (Nishimaki 5 2015) SHE&ULE
(k5). SCOERTFTR, RENBOFHETIFERNIL
BT CTHDANIDELFDEEG Q.77 THADITHL,
HOFHEDTIEF 060 THD, KERERERDHOSNA
Dofz. SREBP1 BT TR, EFENBOEBTEHSH
IDEGFOEER 0.40, L RILELRFOIERK 0.60 TH
BDICHWL, FIPRREDTE L WILEGTTFDHDER
BNz, FASNEEGTF TR, EFENROITETE BWIL
BILETFOEER 0.82, L WINEGFOEEIF 018 THS
DICH L, HPRBED TIE B WILBEFDHEE 0.48,
LWINBGETDREKX 0.52 Th oIz, NCAPGETGTFT
(&, RENBOFHETEH GHWINETTOEERK019, T
WINBELTFOIEER 0.81 THHDICHL, HORKED
Tl THIDEGTFEITHROSNEZ. MCIRERLRTF T,
LENEOFHTE E WILBETFOEEN 046 THD
DICHL, BFIRGERICHIFD £ JHILBTCTDEER
093 Thoiz. FI1EBETTR, EREZFD (—) Wi
BLTFORERRENBDIATIE 0.29 THaADIZHL,
HVFHEDTE 019 Th o1z,

% &

RENECTR, RESUCUTEFRECNRENESD
RSN SN, ZOMSERNTINSORIEFD
L<HASNDIET, HOthgERC ERBRDEEDE
GRRHER DIGEIHNERESE(IE U TEMSN AR
Bicooz. UDULIEETE, RBURBXFEPEFDA
TRERTHASN TV SERFI2ENICLBLSN
BDIET, INSOEHEFDEICBVSNDMETHE, 1€

REMSN TWzEEOEED & UTOBGERENIK
DN, BENBHELLDEA TR OREEDEREN TV
3. &, Nishimaki 5 (2013) (&, SFEED8ED
WEICDVWTRr 2095751 hN—hAH—Z2BNTC
NSDOEBDEGRHZRM S EDRBOBGEHNSLERNZ
&3, BRE, B—ODORBEAVCHREERE U TGRS
NTVDREDERED—HOMHEDFR L, BIDE
DithiFEMRE T IFEEREGHNDEHRO SN TRENE
A TIREBCHNBECTEATVDTREDNREESN TN
3.
REBICHBITDEHREDT G, BRIREEDHBREL
T—RISEAS LY I VMBERICH D ZEHD, REEBDE
CHNZHEERRIIDIEHICE, EROERESHDIRR
ERERDBIBIRBERET DI EOHEENEHEN
TW3 (Taberlet 52008). #ic, AFEENETI,
AT BREOE R LEENDBUVREDRBEF A EPNICHR
ENBDEBEICKD, BHBRET v XFBEIT/NEL
BOTETHD, BENSREENDICHITHIDNDER
BRELB DTS (Nomura 5 2001 ; Taberlet 5
2008 ; Nishimaki © 2013). =72, BTN FREORD
&, FERRIEBLCEGEREBDREBEDENELEZS
galgEENBH D (Kunieda 2005), ESICHRRORZE
EICBIT DRBERDZE(LPREDZE(LICERT 2712860
BRENAZEHEIDDICE, RBEAOECHNZHKIEER
YD EFMETHD. UENDT, BENBOEREIC
BT, BEOHTBOEKRICHEUZAREDIEHRED
RHEODUREFRCB OEBRET O TREEZTOEHE
RIS, BEERE UTORERISECNSHREZRET D
212, BEOEEDENEG > IERYEHOED R
EHL<ERTREDAE U CHRT 2 0ZEMBIERSNT
3.
AHRICBNT, BERED (E4) LTSNS [T
DEE] [CHRIDEALEDHEDSRFOEDCONVNT, ¥
1 ODTT3541 b —A—ZEBWZBENGEERENIC
KO TEDEDERBR/REBNZECS, EENRBOMD
i EER & (FBARRIC KBS N D E—DBEIENER > /2

Table 5 Allelic frequencies of 6 genes in the rare population and Japanese

Black cattle
Allelic frequencies
Gene Alleles
Rare Japanese Black (average)'

SCD A*/V 060 / 040 077 / 023
FASN B*/L 048 / 052 082 / 0.18
SREBP1 S*/L 0 /1 040 / 060
NCAPG G*/T 0 /1 019 / 0.8
MCI1R E°/E* 0.07 / 093 054 / 046

F11 +/— 081 / 019 071 / 029

* - Excellent allele, T These data have been published in Nishimaki et al. (2015)
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RENERDRROBTCAREN

EELTOEDRENEZ. SHICET IV RUP
ONA ON\TO% 4 JOEHHD, RENBEZSHEMMD
ERICRFINFTTHRESNTOWRVEBD/\JOS 1
J19DZEDBNZ. INBDIEDHS, AHDRBEDI,
BEOEGHNBER DEDTHD, BEENRBODEBELHS
HUEHZ LTV OOERBERED S UTHERRSU
TWCEBMETHDEEZDNE.

—AT, AHIPFEHREDDBENSIREICDODWVTEHEL
EECD, BENERMEOEZESH2D ARIX3.48 £1.15
THhD, BENBOMOIIHERE R U TOEGHSERLE
FBE BN EDROBNE. £, £LERERSEEE
FTH SREBPT & NCAPG BIL TR tDOEEF RDE
HBE8a0D, 8—0rUJLICBEENTVLEZ. &=5(1C, =
RO RUZ DNAD/NTOF TTI 20 @FP 16 8
FHERUNTQYA TERFDIEHN D, BROEEGEIZH
HHEBECENCEHREBENE. CORDICEFIRR
EADEBGENSHREMENVEBHEUTE, (4] O
KO MRESESHBRRADSHDEBE U TORFEHTFZ
75128, ZENOEGEE DT AR T -EEB BN
SNTERIE CKES 2010a), RRELTOREEZD
DEFERIELUDD, MOBRCEDIMRSNTEE
CEBENEZ SN EROECNHUHOEEICHEDS
BLEHSEREOE TR BEDRHER > IZRREENT
BICHIEZH>TRFATRBR ETHDD, MIHEEEIRE
TRIEBROECHEBOREBEDIENZELZS T TLE
WDHDIEND, RIERT—EDLNILOETHNSRME
T I D ENREFTREITFFLL. SB, AHEDFRR
R LU TWK DI, FROSLMSEEH#ERLDD,
EAARDETCHZAFIEZ AR SOV EELFES
BHDEDEEDOND. BB, BENECEEGDD, BY
BIcBV TR ESNEINOES S UTRBEH D VIFER
LTWBTERFE LT, REFBRUDOZEFDHSNT
Wd. INBODYOERICENT, ¥1ro095731 ~
N—H—ZBNTERNRZFREERANZHRSE (Nagamine
52008 ; L@ 2013) EAFDRBOBREEL
BEUTRDE, FHONUBGCTHTRIESSHTIE1.85,
0284 T 1.43 THADICNL, THEDRHKTIE 3.48
THD, RzBE—DOMILELFICETSN TV DERFEE
DY TEREEFTlF 21 BLFED 9 ELTE D&EF
TlE 52 BLFEP 16 BLTETCHDIOML, mHEIR
HCIE B2 BLFED 0ELFETHDEZ. ULIZH DT
FHEDRBEDDEBLCHZHKIEZRESF, OEFOER
DEGHZFEICEND EEWNMERNRSNE

FRRTRENYA2OYFS1 SNY—H—, T3V RY
7 DNA IZHAT, INEKTICEFNEICONT, RAE
£, EEAN, BEERBFOINEOEEMICEDST
ENREETNTNBIEBEGETFICDOWVT, BPRRERRICH
TDBLFREERDE. EDR, SREBPI BEF
(Hoashi 5 2007) 8K NCAPG &GF (Eberlein 5
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2009 ; Setoguchi 5 2009) Tl&, #ARMELAICE
NEN SHILBET. GUILEGTERESNT, LX
BT, TRIBETFICBRLTCWVWS ZEHRBENE.
FEERICADD MCIREIGTF TR, 220, 86
D E, BBOe D IWIIBLTHEEI DD (Klungland
51995), HARMEDTIE L DEEN0.07 &, BE
FROMEDICHERTESOOLTEWC ENBESHEBRD
(Nishimaki 5 2015). AEBOERGERNICRBET
HBDEND, DO MCIRBLTFONIDELTHEESE
BOEROHICFEIFRBOSNBH DIZ. NCAPG Efn
FTR, BENEEATIICO GRILBGFOETLTIE
ElF 0.19 THB—AT (Nishimaki 5 2015), BAREE
F£EVWVDONBBEFBLUOZEFOEBTIEAFE DR
EREFKIC G WIEEFERESNT, THIDEGF
[CBEEN TS EMREESN TS CKES 20100 ;
HERHS 2014). FELBONFOERICOBIZETH
BOXEtZEBENE UCEENRFIEHR S BASNE
SRR DIHENEDDNZDICHL, BEICTREIC
DEOTREREHDIVFEREL TV EREFBRUOEY
FINSHRREOFEESIITHOF, OXBEDER
FORFHER<ELTVDEEZXS5NTVS (Nagamine
52008 ; El472014). LIEHDST, BARDERFG GX
IELFEREZEY GRIDEGFEHRBEOXE LEZEMN
([CEASNZHRBEBICHFRT DAEEIERINTNSD
(IRERHS 2014). @FRIC, DVOEBICEHSD MCIR
BLFCTR EFNETHE L ORILETTFEEN 054
TH2DICHL (Nishimaki 5 2015), B84, OE
HTEECFEOSNBNCEND, BENBICLAKESN
% E° BEENRRIDBETEASNIZNRBREICHE
FHUREESERINTND (TBRHS 2014). £F
DRGEDOBEEDPRNED, CNOSDBLEFOER
FHEENRENEE AT ERD I EEBISERIGESD
BREBEZSNDD, FHEDRREDISIELRNICHRS
BOEEN NI BV THSSNTEZTENEEER
51, TEDOHEEEZ D L TINSELCTONMIEE
HROWHREEX BNE.

ME, &FETIE, ¥ro00573510 MN—Hh—, =k
O RUP DNA, £EEFEICREDDBLCTFOLEOEN
DIBRHD, MDOBE] [CHXRTIBURDOHDIRHKD
£01F, EANOETCHSREFERENEDOMOERDICL
NTEWND, fhEEIFIERICKFIEN S BEEDEGNE
HMERDIEDESHERDE. INDDEBRHD, FF
PRGEDF, BENREDDECHNSREERTIDZ
HOBTCERCEUTERTGAY, CORGEHERREL
TV EDICE, ERDT 1 AEAE L USTENGEERE
IDTEREICKD, EFRDEGNSFEDRDERALE
LTWKZEDRBTHDEBZON . Sk, —EES
BIC KD SNPs OB AERWVWEBEONRENTHE (/A
Bl OFB (BB 2009) HBEENETEHEFINT



K - 220 - BN - I - A - BiE - 1538 -3 - B

V3. EDOSNPs BRZEMAL TN ZET, THEDR
HRERET DEOOECHSAREPBLEROIEZLD
FiEICFHE g & EBURETH D EER DN

AFEDRREDOY > T IAERERH L TIRVLZHF
FIERROKHERRK, FHAEXK, BEE HEK TRE
REZEFUOBRFEDALICRHUKRT. AARO—EIE
MFNNH EERSERIERBOBRICRKDITON
z.
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The effective population size of Japanese Black cattle has been significantly reduced and
maintaining the genetic diversity of the population is important for breeding of Japanese Black cattle.
For the conservation of genetic diversity, use of different lines of the breed with unigue genetic
characteristics for breeding, instead of intensive use of sires of few particular lines as common in
current breeding of Japanese Black cattle, will be effective to prevent the genetic homogenization of the
population. In the present study, we performed genetic characterization a population of a rare line of
Japanese Black cattle, which has been originated from ancestral “Tsuru-ushi” in Okayama prefecture.
By using microsatellite markers, allelic richness, and average observed and expected heterozygosity are
3.48, 0.514, and 0.511, respectively, and these values were lower than those of most of the Japanese
Black cattle local subpopulations compared. The result of the clustering analyses indicated that the
animals of the rare line formed a single group with a cluster that was clearly distinguished from the
other populations. Sequence analysis of mitochondrial D-loop region revealed that only two haplotypes
were observed in the population and 80% of the animals in the population possess a single haplotype.
However, the other haplotype was a novel unigue haplotype that has not been reported in cattle.
Genotyping of six genes associated with important traits revealed that SREBPT and NCAPG loci were
fixed for a single allele in the population and more than 90% of animals possess an allele of MC1R locus.
These findings indicated that while genetic diversity of the population of the rare line is lower than those
of the Japanese Black cattle local subpopulations, this population has unique genetic characteristics
that were distinguished from the other populations and, therefore, the rare line is important for
maintaining genetic diversity of Japanese Black cattle.
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