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T, BB OT, EDPEL L LNBRREEEZ LR, R L2 Fo ZR2EBICBNT, ALY ARV AR
FREET (CCKAR) @ 5 JERNFRFEIS O EE AL IZ 81 5 — LT (SNP, g 420C>A) & Fo kD ERL & o
2, AEGBEMEEZERL, AT7IMECT IV BEFREIHT 2MESENL TN I & e L, KifkT
X, BERESYLE SN TR WERESRROLNE 2 FV T, 45% SNP 12X - THNHBHORE D YE SN L PRIE%
75720 NFBRRMARIZBF %2454 SNP oz 8l (A/A, A/C, C/C) ZEEHIZHE-> T, 4 BHIZ % AHTIZHE L7288,
4885 14 B E CHEHES — U TEHE L7z, 48005 148 E T, 2AMB S ICKEAOKRELE L, 2 HFME
OFHHBEEL B L7z, F72, 28BS ICAHERE IS L, &SI FS HBERE L ARHENED S, ARZEREY
B L 720 ZORE, A/A BUEKIIMOBEFREAR X ) 14 BEEEIEZICE L, FYHMEE L AEICER T,
fARHERGR Cld, EE TR CHERIIRO b N h ol RZERETIE, 4-10 BlGI2BWT, A/A BlMEKA C/C Al
TARL D EEICEN TS, 4148 T, FRETHEICHAERZEROON L o7 D EOEELS,

CCKAR #151® g 420 C>A SNPIZ X o T, MHNEOIEVEBIIUESINL T EXWL 2R 572,

F—TJ—F:HNB L IRNF 2 ASHEREET, —EESE

R, RE

#

REIC L B HEERREOKRE SO, EEICHEkD B
DB L TW5D I EDREEINL TS (Burkhart et al, 1983 ;
Denbow, 1994 ; Richards, 2003) o &£ HALHIRER & KA IHRER
TREE SN B BATTEY R & WHI B OBEME A ERRIZ L o T
s\ b (Wynneetal, 2005), 2L ¥ A F¥F=> (CCK)
i, EERICTFTRBMICHEA L-EWoRlic L), +2iRE
REBRO IME?LHWENLHELESXTF FO—2Th 2
(Buchan et al, 1978) . WFLF TIE, CCK I3 HONEM OHEH %
Wl 2 & &bz, MHEENGEZ 12 L, BEREROS W NS¢
% (Dinoso and Murthy, 1984) . F 7z, HEEO W I L, 2208
IR X, {EEE M S5 (Gibbs et al, 1973 ; Kissileff et
al, 1981), B Tk, CCK (B »EH) (Martin et al, 1995 ;
Martinez et al, 1995) RREIT D55 % E# L (Duke et al, 1987),
2D O T I 7 — X5 E LT % (Satoh et al, 1994 ; Xiao

and Cui, 2004), %7z, CCK ZET % L i 8 OIEHHE S
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(Savory et al, 1981), =7 ’) OBEEIWATH 2 &G S
LT w % (Rodrigues-Sinovas et al, 1997 ; Savory and Gentle,
1980 ; Denbow and Myers, 1982) .

CCK OZ#fRE LT, I VYA M¥= A%k (CCKAR ;
Sankaran et al, 1980) & I L ¥ A b %= B %%k (CCKBR;
Innis and Snyder, 1980) #Fl%E &M CTw 5, CCKAR (ZHRHISMHE
R AR AR D — ISR %A%, CCKBR IGHARMFRICHFES 5
(Wank, 1995)0 7 v b Tl&, =N ® 5\ 213 F~0 CCKBR 1§
BHEFL 512 & > THEASIIIML 225, CCKAR EE#E5-(12
Yo THEAEREDEMNMT 5 (Corwin et al, 1991 ; Crawley et al.,
1991) s CCKAR #A=T 2SR L 725 v b (Otsuka Long Evans
Tokushima Fatty rat) Ti&, 2~ ba—1L®dF v b (Otsuka
Long Evans Tokushima rat) & Ib#k L T, filgHERE AL <
(Moran et al, 1998), 4% 1 HHBKICE S £C, KEHFEL
(Schroeder et al., 2006) s 72, CCKAR #B{xT-D/ v 7T+~
% Z (129/SvEv ¥ % ; CCKAR™/7) Tl, CCK % JEIEpIzi%
G- LT EBHERE DA L2 v ol L, AR (129/SvEv
WA ; CCKARY'Y) % CCKBR BETD/ v 777 MY A
(129/SvEv ¥ A ; CCKBR™'7) Tl&, CCK O#%512 L b fil ¥}
BIE™HA$ 5 (Kopin et al, 1999), & +Tld, CCKAR #&fz
T o —13 3% (SNP) & A BR B (Funakoshi et al, 2000 ;
Miyasaka et al, 2007) °JEiii (Koda et al., 2004) & OREFE AR
BENTBY), CCKAR EfrT Xk b DL G fET0—>2
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H A R & %

THb (Arvaetal, 2004) . RETIE, 7I12BWT CCKAR i#
7o 5 IEEIERE (5 -UTR) OESGRT YY1 AL
9% SNP & fipHEIE, 586, fEHEIEEE OB EE s S
T2 (Huston et al, 2006, 2008) s T 5 OFEFRIL, CCKAR i#&
BB EREICEE R ZEHE R LD e RIELTW
%o

Feald, BERICBWTC, BEDRL 2 S EREY; (DT,
FRHZE ) OINERKE & PR B - JNE - &GS
(LLF, BF2) OISR A B L T Fo 5REMZEH L,
BB ETFE (QTL) T2 iro7z. ZOfE, B1HEB X
O 4 T et RORFEFINIC 10 ARAE, 14 HikE, 4-108
LUV 10-14 il O FH H R EICEE T 5 QTL 2 Ml L 72
(Rikimaru et al, 2011) o %5 4 et b QTL ¥ — 7 F (chr4 :
72.8Mb) 12 CCKAR @iz ¥ 23 52 &, CCK B LT
CCKAR 2MEE LB L TWb 2 &b, Fo KRB P ft4
R D CCKAR #AZT OIRIERH| % Jesg - K L 72468, 320
NTUy A TEBRKL, NTus A TERFRELOMIIEER
RAEMEZ i L 720 (Rikimaru et al, 2012), ¥ 72, CCKAR i&fx
T o 5-UTR @ YY1 # & #ALIC A #E 9 5 SNP (AB604331 ;
g420 C>A) L HANE Fo ZAEFOREILE & @ Bk % Fi -~
TR, ATUNMECTIUNEY OEEFAEIENL TSI L
% B 5 A2 L7z (Rikimaruetal, 2013) o & 512, FKHER & HAF
LD IHHAEIC BT 5 1535 SNP O 7 V) VHHEE & Hil L 724558,
ATVIVOREKEIX, FEN 0889 & 0124 TH ), WHRMHICHE
T A SNP O 7 ) VHEOmEWIL, BERETHNE L7-EE
DFRIZ L o THELLAERTH L 2 L2t Lz, AW TIEL,
BEREPUR SN T WRFRRATOIWNE L T, 4%
SNP % BIRIEE L § 5 2 LIC X o THNBORER2LET S
LB TERH, MERET A 2 HIYE LT

MEEH &

1. gEEME

FH R & e B THEFF L TV A RESDOHNED S b,
CCKAR #{5¥? g420 C>A SNP 25 A/C TITH % 9 FIDff &
11 FIoMx LR L T, 3 20T (A/A, A/C, C/C) 2B
B S AL D N FE R M & BT AL/ L 72 fEERTEI 5 |24 ¢
SAbL, 105 DL 106 FIOMED 5 7 % A5 211 T Fe N #AH
A&7,

2. BIEFRHE

M IR TEIR2? S RIME T, FTA 2 9v v 25— F
(WB120028, GE NV AAZ 7, A ¥ A) ZHWT, #/ 4 DNA
OB EFT o720 MiiE FTA 753 v 72— FEIZES L, 5
I CRE S 7o, W LMt A5, BEHOEE L2mm O
N A=A 7 a8y F (WB100005, GE ~NIVAT T) % FwT,
T4 AR IO BIRE, ThE 02ml F2—7~B L7,
F2—712100p O FTA R8RS (WB120204, GE ~NIV AT 7)
A, By T4 v 7 CTHEL %, 30 o REE Lz, BiEE
T, 1001 @ DNAzol BD #ifi (10974-020, 1 v € ha vz v,
TAUA) BINA, EX_vF a7 THEELZE, 30 2HEEL

7oo BWEZEFET, WK 1004 TTF A4 A7 % 3 WIS L7z, &k
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e
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12, 50ul DEHAKE A, 90°C T 10 /B L 725, EiE%
EUL L, PUFIZib_ %R * 5 — g KIs (PCR) D8 DNA
BE L TR,

CCKAR #{5T® g420 C> A SNP Ot (x - A% 1%, Rikimaru
et al. (2013) DHLETITo7z0 FHHEIERIBTIUL, 1D 7 +
77— K754 <— (5 -GAATGTGTGTCTGCGTGCTT-3") &,
2DV N=ATITA<v— (AT)IVTTF4~<—:5-GGATC-
CACAGGTTAGCTGCgAt3 , BLXUICTINT T A ~¥—:5-
GGATCCACAGGTTAGCTGCgAg3 ) ZHlAAHLET, ABL
WCT7YNVEMET S PCR USSR #H# L 72, PCR MBI,
75 4 <— 2pmol, 4uL ® 2XPCR 2 v 7 A (EmeraldAmp : ¥
HTNA G, K, HA), FTAZ Iy 72— FHomIL 7z
DNA V& 1uL, WEZR K HAE L, miaa oul (2L 72,
PCR YA 7 vid, B2 (98°C, 10 H), 7=—1 > 7 (65T,
30 FbH), R (72°C, 30 FbH) oA 7 v E 30 [l KL
720 PCR ET:, A T7VUIVBLOC 7Y VEHET S PCR UG
i, 4 2uL %, 1XTAE (Tris Acetate ETDA : ) AFifEE—F
LU T I v UEEER) Ny 77— LA 20% 7 Aa— A7
NVOBED G L — IR TEKKE 217V, BALmF Y7 o4
6 LC, PCR [l EW A Lz EETEEX, A7V
IN= AT T A~ —% T UGEO AT, PCR HEIFEAFRD 57z
BEEA/AT CTIVIVIN=AT T A= %7z SO
AT, PCR BRSO 728412 C/CHL Wi LR T
PCR HIEAE00 S - 85613 A/C R EH5E L. BEROE(E
THEMEE, FERBE RGBT 5 4 8EE T To 72,

3. BEEE

SMEL7ze i, S50 48iE Ty ) B (D
885cm X HLAT 73.0em X & 483cm) THIHE L7z CCKAR #fx
FOBLFRVHER, 4 HlGRE(HERE R 1B (m 5 2 & 12T
B2y, B —Y (B 906 cm X BAT & 60.5cm X & & 605
cm) Tl #EE CTHE L7z, BRIMNEFEIE, 0206 48 F T
e (CP21% LLL, ME2900kcal BLE), 5205 98 F CTHgk
(CP18% LL k., ME2850kcal UL E), 10 20 & 14 i F T K4
(CP14.5% Ll L, ME2800kcal LI L) R % #85 L 7z, FRE
JOUKITEBBERE L, BHERIZAKHIEE Lz, AWIEICE
T HEOIY v & NS FIERL, [E)EBRO IR 2 FEifi 12
MF7=774 B4 v 1 (HARFE &, 2006) (ZHIDATo 72,

4. REME

REL 48075 2 BB &2 1488 F TlE L. FHH
HAEX, ZHEEICB2EKE,LSHEH L7z, FRHEIGE 2 &
L OWENHETH 5720, WS LR AT &
P SEM Uz SBEORERIZ, Py H R E & R E
SEM L7z SPRHERGE & fPRHEOREROWIEE H L 4-10, 10-14,
4-14 B L L7z,

5. #EEtREAT

fRE, FHHEAE, FAHENE, ARZERRIBEEI LI
SAS (SASInstitute, 1999) @ GLM 713 ¥ ¥ & FHwC, 43I,
S, BT ERERIRE LT

Y =145+ 5 bm +#{m TR +e
DETINCTHEETHORREZ KD,
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& R

BEETFRHERR

A/C RIOHE & W% R L T S 372 105 IO HEE 106 T O i
DBAETT 2 F 58 L 72kE 9, HETIX A/ZA B3 28 3, A/C s
593, C/CHEIA 183, METIZ A/A R 31, A/C BIAY 44 3,
C/CHRIIZ3L P TH o720 AL COTVIVHHEIZHENMZN 21
055& 045,05 £ 05, 4fATIL052 & 048 TH - 720

FREH LU FHEBEHEE

CCKAR #1{5F® g420 C>A SNP & MO KT B L U

HBGROLE 2 1 1R L2, 48R EE T, SETHEC
BERETRED SN o728, 6 B A/A BUEMARIZ RO
HETREA X D REHEIC (P<005) T o7z P HBEEK
EIZBWTH 10-12 8% B THRE & [AARRIC A/A BUE KA
DA FIREAR L D AREIC (P<005) BTz,

FRFHERE 6 LURHERE

FFHERGE1E 4-10, 10-14, 4-14 B L @G TRICE SR
BEBO LN o7 (1), HE ko fERkEIzB N T
1, BETREICEERZEIRD SN0 275 4-10 B[
BHESREICBWTE, A/A BUEARAS C/C HMERR & ) BRI (P<
005) LT (M1,

% %=

AWFFE T, CCKAR 5T ® g420 C>A SNP |2 & - TN
FEOFBENUEE ENL D EMGLET 5720, FEEREFUREINT
W WX O NEAR M E LT, M3E SNP & NFE O
PRI 7 & DN SRHEIGE: M 0N R EORER & o BIEMEIC DV TRl AR
ATo 720 TORER, A/A BMERIS MO EE AR XD b5

e
BEVAEICEN, BiESNPIZX > THNBOREIUHEEINS
p&f]‘ﬂﬂ%ﬁ‘&&oﬂo

CCKAR #{zT-® 3 2#(=T8 (A/A, A/C, C/C) EDIE
BfE L, 4R T, #EETHEMICAEREIROLONE
Mo 7275, 6 BEFLIEEEFRBICE B R ZA RO 5N, 14 Ak
REIT A/A TUEMAD A/C T 5 \vid C/C AR L D A EIZE
Molze ORI, FOMIIBIT LA EE I L > TR
HAHILRRLTEBY, 414 BlOFHHBAEIFETH S S
EDD L BETIRIC X o TR R 5 2 ENEMITOENL,
4-14 AfG oK% 4-6, 6-8, 8-10, 10-12, 12-14 A X Y- 72
WLAEIZBWTY, 10-128 (P<007) 2BV TZFofiodIrE T
FHEEICWAENEL > Tz, IO DOMRIE, TAD FRA
EHZHVAER L1333 L TB Y (Rikimaruetal, 2013), %4
FSNP 12X o CHHNBORENUESNLZ LEZRL TV,

i, Dunnetal (2013) IZHBL VR —r & T04 5 —DOH:
RAEFZ VT, FEEPRL 2 HN 16 AR S L7z R/
2B WT, CCKAR 5T ® 1.56 Mbp F it ® SNP (ch4 : 77,
192, 329) PMAERLHEE i b MEMEIEH W L2 L, £
7z, 2/ HICBEMEDSE W CCKAR #fnT-ox 7V >~ 3H? SNP
L= M) OFGEORE & OEEN S, FEVENL N T T
5 A TIRBEOWHIERHOLEERNCEL {AFHEL, ZHUdrdE
DBMIZTEIRICE DO TIE AL, RAMERIZET. - TR
THREMED D A LR L TWb, L2LADS, o2 HmEL T
W5 5% SNP % &7 CCKAR #1510 36 o> SNP 1214,
T ERERIZ R, 5 R 3 IERIFEEIC S SNP 1o o T
Wi\, F72, Dunnetal (2013) &, TNHD SNPs 12Xk > T=
7 M) OFEEPERICEEE S NS0 FE TIEHLAIIL Ty,
=7, A, RFERIZBWT, CCKAR #{xT 0 5 FEFIFRAHK

E 1L TLUA Ry A BEERET g420 C>A SNP & HABOETS £ P HHETOLE
A/A R A/CHl C/CHl

e L WABE  mABR mAEE L bE0 s
P e S B T P
4 ﬁllgAﬁiﬁ (g) 211 248.0 247.1 239 0.297 37.1 14.6 31.8
HEAEE (g) 211 423.8 411.9 396.7 0.0325 87.2 36.5 51.5
AR (g) 211 659.4 628.9 604 0.0011  145.0 35.4 74.9
10 HEAE (g) 211 898.2 848.5 806.1 <0.0001  200.7 46.1 100.2
12 AR (g) 211 1107.3 1047.1 996.4 <0.0001  284.1 61.4 124.5
14 M EE () 211 1318.8 1246.3 1183.7 <0.0001  368.2 67.1 147.6
4-6 Wi H I AE (g/day) 211 12.6 11.8 11.3 0.0097 3.6 1.8 2.2
6-8 i HIEAE (g/day) 211 16.8 15.5 14.8 <0.0001 4.1 1.1 2.3
8-10 i H A TE (g/day) 211 17.1 15.7 14.4 0.0002 4.0 1.3 3.1
10-12 JAiis H ¥k E (g/day) 211 14.9 14.2 13.6 0.0607 6.0 1.3 2.9
12-14 Hiig H ¥k E (g/day) 211 15.1 14.2 13.4 0.024 6.0 0.6 3.2
4-10 M HI¥AE (g/day) 211 15.5 14.3 13.5 <0.0001 3.9 1.0 2.0
10-14 sHiin H 344k E (g/day) 211 15.0 14.2 13.5 0.0122 6.0 0.8 2.6
4-14 Wi H A E (g/day) 211 15.3 14.3 13.5 <0.0001 4.7 0.9 1.9

S ALEOIE - /:zlu,-—d)% ZIC, did i EHOMUE GRS/ E RN
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@) A—103E R ATRHEAR (2) 10— 1438 FrPRHEE R &) 4— 1438 ATRHERE
80 685 150
60 EE_ - 100 96.7 e
40 -
- 50
20
0 0
c/C A/A A/C
4—10EE AR R 10— 148D Rk = 4—14B DR B R
% .
8 | | 8 6.77 8
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0 0 0

1.
* 12 5% KETHEED

D YY1 AEEFALNAFAET S g420C>ASNP 12 L » T, LH#ED
BEPLEINLZ L2 IZLOTHLNIC L, 512, Ziﬁﬁ?'ﬁ
AL, RIS BV TIRE LR & RES O 2 /8IS
1F %[ SNP @7 V) VHEED#EYY (Rikimaru et al, 2013) 235 ’»?Tﬁ/
BaHME LEEEOBRIC L > TR L ETH L Z L2 35H
LTwa,

CCKAR #f5T D SNP O#EETENZ L > T=7 M) OFEEDS
B 5K E LT, Dunn et al (2013) (& HEDH 5\ IZHHE O
CCK M T 2IEDEALN—DDERTH 5 LHELE L T\ 2D,
W H1% CCK # 7 & <~ 7' F Nk (CCK8) % =17 b 1) DREHEN

IR, EEPRwAT TS A T 24T B MEEKIE CCK I
BISEDE ., CCK8 45 30 73 R D FEHENGR 1313 & A LD

LS, BEMNBONTOY A T2 HT HMHETIE, FEHEI
EPWLTHIEEMEREL T b, /2, BEVPRLWANTOY A
TrRAET LM, B, B, B, BURTEICBL
5CdﬂRgﬁ%@nﬁNA@ﬂﬁi#%ﬁmen7U&47
HET LML DI, FIHETHIZBU 2 ERIEERTF R
THDLT I — %%@«7%%(Aa@)@ﬂm£# W &R
BLTWD, INHEDOREEMS, CCK Oy 7 F Vo L)y
KT & B A5 — > OZALDSEE LRI S LT
LEWMOIEIEREL VD, L Leds, RifgETly, #EinTi
M CREHBEIE A S 22RO 5N R Dol 2 OFERDEN
&, FRHERGE O #lE HRHE M oENEEZ BN D,
Dunn etal. (2013) & CCKS % JEIEHE G- 30 o Al RHE R % e
LCWB DR L, ARIFZECIXFEHG G- HOBIE TR <,
7 ) MERCL 72 A O fi EHE R O L 2 47 5 72 CCKAR
WEFAS v 27 b &7z CCKAR™'~ < 2 TlE, CCK8#
HiEBOBHEEIZER 2~ A EFBERENRDO LML
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A/C

TLYAMFZ Y A ZHFEET 2420 C>A SNP & N O fl BHEHGE 5 X O R 2K R o

(Kopin et al, 1999), 1 W& %\ 1% 24 EE 7 o FEHEE Tl
HEETEO NN EAMERE T2 (Kopin et al, 1999 ;
Bietal, 2004). 7z, 7% Cl&, A2 MM L T2 CCKAR i
BT YY1 AT 5 SNP O#ETRIC L - T, filk
B (15472007 4 —F— |2 fpHENE) 29825
(Houston et al., 2008) s N5 DFEFRD S, CCKAR #EAnT 1316
BHEICR ORI 2 $IHN I Z RIS 2 25, I 7 S RHE R (2

BB RISV EEZ LNL, AIFZETlE, fEHGSHROM
W BT 2 FEHEIE 2 W2 L T ez, FFICEIT S
SRHEPUHR I A CTH 5o CCKAR #5107 SNP O (5T
BIA=T M) OFFHENE I RIZTT AL NIT 572012

o

i, ’%f&'ﬁ'ﬁt@ DMGREDLHETH %o
AWITETIE, ZEFBEAER SN TR W IRIFR O N E &

%mmeQMR@ﬁ%wYYHE FALZAFTET 5 g420 C>A
SNP 2L 5T, WHNBOIEEFEPUHESINL I EZHL L7,
Sthix, LSNP L - T, NBZ Bl L 3 5 ILNHED 5\
bW I BV CRBEOR R AR T PR 2 T ETH 5,

WAL OFFTEI 2L L C 7722072 BkH I
WIET) 7 OERICEHFOBEETRL I

AWHFEIL, ~FHk 24 SEFEM TR N &
N7zbDThH5,

L e LN

DWFFEBIHIC & D 47D

5 A X ®
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The A Allele of the Cholecystokinin Type A Receptor g.420 C<A
Polymorphism Improves the Growth Rate of the Hinai-dori Breed

Kazuhiro Rikimarul, Hisato Takedaz, Takeshi Ohkubo3, Daiki Takahashil,
Megumi Komatsu' and Hideaki Takahashi®

! Akita Prefectural Livestock Experiment Station, Daisen, Akita, 019-1701
2 National Institute of Livestock and Grassland Science, Tsukuba, Ibaraki, 305-0901
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We previously reported the association between a single nucleotide polymorphism (SNP; g.420 C<A) in the
cholecystokinin type A receptor gene (CCKAR) and growth traits in an F, resource population produced by crossing low-
and high-growth lines of the Hinai-dori breed, and we showed that the A allele had a superior effect on growth traits
compared to the C allele. In the present study, we demonstrated that this SNP improves the growth rate using the low-
growth Hinai-dori line. Individuals of three the genotypes (A/A, A/C, and C/C) were raised in group cages until 14
weeks of age. The weight of each individual was measured every two weeks from 4 to 14 weeks of age, and the mean
daily gain was calculated every two weeks. Feed intake was measured every two weeks, and the feed conversion ratio
was calculated from the mean daily gain and feed intake. The data showed that body weight at 14 weeks of age and the
average daily gain between 4 and 14 weeks of age of A/A individuals were significantly greater than those of A/C and
C/C individuals (P<<0.05). There were no significant differences in feed intake among the three genotypes. The feed
conversion ratio between 4 and 10 weeks of age in A/A individuals was significantly higher than that of C/C individuals
(P<0.05). We conclude that the A allele of the g.420 SNP in CCKAR improves the growth rate of the Hinai-dori breed.

(Japanese Journal of Poultry Science, 51 : J43-J48, 2014)
Key words : body weight, cholecystokinin type A receptor gene, growth rate, Hinai-dori, single nucleotide polymorphism
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