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Abstract: It has been found that epistasis for selective response plays an indispensible role in animal genetics and breed-
ing. In this study, the polymorphisms of T123G in apoliprotein B (4poB) and C1197A in uncoupling protein (UCP) among
individuals from the 8th to the 10th generation populations of the Northeast Agricultural University broiler lines divergently
selected for abdominal fat content (NEAUHFL) were detected, and genetic analysis of the epistatic effects between the two
SNPs on abdominal fat percentage (AFP) was performed using Natural and Orthogonal InterActions (NOIA) model. Ac-
cording to these assays, we concluded that at least one out of four epistatic components between these two SNPs was sig-
nificantly associated with AFP (P<0.05) in fat lines from the 8th to the 10th generations of NEAUHFL; on the contrary,
none was significantly associated with AFP (P>0.05) in lean lines. Our results suggested that epistatic interactions among
QTLs and functional SNPs in candidate genes affecting fat traits might lead to differences in growth patterns of fat traits
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between lean and fat chicken lines.

Keywords: chicken; fat; gene interaction; A4poB; UCP; SNP

FEIENW AR, Wik, feli& &
B KRN R A TR 1 2R 7 5 R TR AR () AN A7 A
R —— X R, TR AT 0 Ak
fE2ALEE, B2 51X IR AT W (1) PR 28 A A9 2 )
AN A R AR 0 N R S RN A
IR VAV e [ (VAR S S /= I o A Il o 1 o VAV V2
(Epistasis) A & % S8 356 [R5 3R 85 L 4 M. B4 2%
I A2 Al A5 A7 5 DR T 0 AR B AR i 7 A R 3 DR
RIEAS RIS i b () 22 BRUAH E AR, G800 A i 25 A7
DR BN AR, 3 40 e 5 1 2 (B FR R
FER A LA RN A, IR Bh R4 A% B R T,
Je e EERR S EY SR, AR 5
i A= 4 v 2 PEOIR I 8 A% 215y, 78 22 FP 34 W T it
FE e o AR 8 — R A LA e R A B 00 i) 3k %
i R DA R — S [T T B P B A Sy S58B4 R T
FEW, ERK IR BE R v, A0 20 1 e o 8 3 %
SN EEEE R O 9F H, IR SE oY A B AR R,
AN A A R A B R 4R B IR ) 2 R o s o R
R PEE AR .

S K Mk E, DA AR ) AR K R A A
FEE I B A . AR, PR A XS P AR K
FEA AR 2 AR, AR L BRI A5 A M R A
TR DR 3 AR B S 8, R St PR X I P o R T
U2 WA 20 R R e R 58t 1) f 2 — o AR
DALY I 7 K 20 AR 15%~20%, J6 o 15 I 2 JIg 07
AR TR B AR AL RE
(AN ) B B0 B B K S AN R 2 R 1 R IA, 1K S8 JE [A]
Z R AFAEAG AR MIAH B, P ) 58 g i Rl
AT IRITRARE . TG R B, W, R
26 T IR QAR DG AR A S R RS Y, g il
AR B ORI T R 2 5 w39 5 R
QTLs Al i 1% 5 K] 2 i SNPst' 18 (H A&, b Fix 2t
QTLs By B i K& DX Tl g SNPs - [8] 1 AH HAE H LA
T FASE S5 %ot X0 g s R 35 A 1 35 i T e A7 — A W
A . NApoBFIUCPE:IRAERE RN . iz .
U FE R FEE AR, —E N 5 XSG i
PR 5 DA 5 ) T B Ak gk i DRI U021 R 9 DA 1
TR EY, LhApoBMUCPIERE AW SN %, &
FE RIS T Tl R DR () A7 255 1 af g I TR 38t A% 11
REMA, DAY 20 4 52 2% B IR RN 28 5 2%
()53 F I A5 2 B

FEW FL B R N ApoB K [ 3= BT W Bl AN [H] JE
i, H4poB-100 FlApoB-48, X #HH :X1H) ApoB
B ) — AN 6 R g A, 28 3 el Bk 1 g B 1L 1) 1 T ok
(222531 38 ApoB I mRNAA B G, 235 74 K AT
ME— (¥ ) 2 HE 22 ApoB 100, HF 5k 2k 1B Ik . AT
RERUIN o 258 IR ) 308 X e s ol . A
Refr — e B, T RE 8 R) 32 52 A5 IR G Ui
FER R EFE D), Xt ApoBIE N £ &M 5 N850
Ty A PRI DG 23 AT B ATE 9 R B IR Bk . B-NIR R
FIIME  HE WSO B O I 0« L I i £
R LA PN, 28 & 25 ApoBIE K]
Z &M ST AR A M K I, ApoBXE A
20 25 M0 X0 1A (18 A F R IO R S A T S
(20,32, 331 FE AR SE T IBF AT R, R A% 3 A
% 26 ANET EAAEAT—-G(T123G) R L RAR,
FHOG A 5T 45 SR R % SR AL O 7 JE e 115 T
AT BE R,

UCPH [ /2 67 T 2 R0 A4 P 11 o 1~ % 18 4,
AJ IR U BE S ATP = 2B 1 R AR B, Ad 11k 2
B RS O, T R AR A Tl TR A 2 34 I T AT PP 5t
AR fig s DL HOB SR, B9 g = W FE,
JEAE B AR POl AR I — AN R KK,
FEUCP1. UCP2. UCP3. UCP4 PUAN A, %t
BRI ORI T UCPEER ) — Fp 2 AL, i
HPUCP2. UCP3 21845 KL 70% 1) [F) P57,
5 S M A R R DL AP, R UCPs IR £ Ak
55N Zy I R A DG 23 A (R T 903 B G )
PP TL R JR s AT B P Y, RS UCP I
N 2 &1 5 2 BF R 0 AH OG0 B b R, UCPZE
DRUGHGRLRH R T AR 0 UL PR RN R F PR A
SR A R B A E T R L% Y 3 UTR
AFEAE A C—A(CLI9TA)RARNT 55, MR MEHTF 5T
gh PR WL IR XS 7 B IR IR R B0
s,

ARTFFCHEIR LA P 7 o I A
W[’ ApoB 3& K T123G A i UCP &K C1197A fif
2, TEARACAR ML 2R PIRS wr ARE M  IE BF R
8+ 9. 10 AR AT MIX P4 SNP 1 2 P70 —
VAR AN X 7R S N A S . AT



512

JUESE: ApoB 15 UCP 5 [K] 18] 1A 250 0l 48 B A DR 8 i 1 368 4% = 20 3

FUR T BRAAE PR KR S AR i CE 2 IR IR & L 2
) 0 - A% S LA R A S B AP SR, [H]
I A1 06 N SR PR 5% 52 2% 0003 (RO T 5 L AT BRI ) i 46

1 MBI
1.1 SEEGXS I

AHIFIT UL AR AE AR MY K 2 TR XS I G XL 1) 3
P ARG 8. 9. 10 AT XS A S RE . XS BESL
W EHAT A IR BE . 47 H W I ¥ ik SR 1., EDTA
Pk, ®y. S 4iHhiE DNA 25, TE % iE—20 C- 1% -
Mg 7 JE AR EBW) R ENREAFW), il &5 iE kR
K(AFP), EHNER =G5 TE/AE,
1.2 LMK SRR 55
1.2.1 ApoB 3 B

R 48 A 5 56 %5 58 B (1) X% Apo BFE K FJmRNA J7 411
I8 5 IR 41 ) 7 45 SR (www.genome.ucsc.edu), 1
Primer 5.0 ¥ il 514 : ApoBF(5'-CATATTTCTAAT
GGCATCCAG-3") 1 ApoBR(5'-TTCCCAGCGTTATT
TCCG-3"), ¥ ¥ ApoBILH I 26 b1 555 X Ik,
PG E 779 bpo AR P 45 F P8R 1 S A4 A
KHPCR-RFLPH) 7 i%x . RIEREE 8. 9. 10 tH:
AT RS FEAT AMARFE R I A0 B o XA, s VRN 2 35
PRI 5 43 847 v WLk AR AP

122 UCP AR

AR 4 X0 5 R 20 )7 45 2 (www.genome.ucsc.edu),
i F Primer 5.0 ¥ il 514%): UCPF(5'-GCTCCGGAAC
GTGGTGA-3'), UCPR(5'-GCTGCCTTTGGTCCCTC
T-3"), ¥ WUCPIEIN ) 3" UTRER /> X3, §7 48K J&
206 bp. M4 S5 R T 8 oR SRR R, KA
PCR-SSCPIW 7 kR iy IRIE &S 8. 9. 10 HEARAF
R FEAT AR R R B 20 M o WA VR4 1 22 A TS
D55 43 700 7 3 R e [ 1420
13 it
1.3.1 SNPs #& M| 5 o5 K-8 AA4&-F 5 5 #1

et 2 AR i AR AN K S SNPs ) 2k A B A
e, IR 56 5t SNPs 3 [R] 7 451 356 43 A7 HE AT W3 4R -
TAA RSP, ZETT A IMP4.01,
1.3.2 SNPs [A]_E A &7 AR oA B AE 7 £ 3] 5
AMFST K H Natural and Orthogonal InterActions
(NOIA)YKE M i+ $ ApoB T123G 5 UCP C1197ARL 45 I
AL 20 53 KF J G 246 (0 S W), I 5 3K P A7 155 Wi

R A ()38 A T 22 AT T30 5y Gk AR — K
HE TR IR AR ‘noia” 149491,

2 R 50r
2.1 SNPs &l -5 w5 AR -WLAT AR 1 1l 23 A7 45

B AR b K2 RS vy ARSI O ) R &R
55 8.9 10 AR MY A/ MAREAT T SNPs £ ill, 4t
1Tt ApoB JE[Hl T123G i s UCP J:[H C1197A {7
S AR AR A 35 DR 43 R S A R e B DA R % 35 DR R
XF LA EL, P MEEARREA 1 312 KR, i
AR AR RSP AT R 45 SR B, B C1197A 7 57E 9
AR JIE R (P=0.000404)5k, 1X P/~ SNPs 3 [ 1 4
O30 AE IR BE AR AT G e AR IR A R AT (P >
0.05), &R W% 1,
2.2 SNPs o7 s [] A7 %0 A6 ) &5 S

TX P AN A5 W T 24 TR 38 A 200 W] BAR 43 B
8 ANy, AN AL RS RN R R (additive
effect) fl & £ %4 . (dominance effect), LA AT £ [0 i
AT RO o He e A R AT BARE 25 g3 Sk i <
I Pk (additivexadditive) & A7 2 B« Pk x & M
(additivexdominance) b A7 % B W M x i #E
(dominancexadditive) b 7 2 M . W P x & M
(dominancexdominance) FA7 N5 4 AN 5y, ASE
645 T UK L8 b A7 R4 2 53 ) I T % 1) B2 Wi

SHTE R, RS SRR 8L 9. 10 HAR
Bk, ApoB HEIK T123G {755 UCP %M
CI197A L 5 Z (B #AF AL — X i A A7tk 2% 5%
(LA RN 4193 (P<0.05); 5 BRI, 6 A XS ARG b
8. 9. 10 ARy, 38 2 [RARART b A7 25 4 53 %
I 1 R 34 TC 5 (P>0.05), &5 R ILER 2.
2.3 LTy 2 o) 2

X AN w5 I 6 IR st A T 2 W UK i L g
FERLN R 43 i 8 A4y, JLrp i< B A, Bk
<IN ARV LA H A —K 7 2 V(AD), Tf 328
AN T 7, A V(AA). V(AD). V(DD). it
FE 7 223 oy 4 AR W], M T304 T =4l 5, W
JE AT 1 35 (P<0.05) 5% Wi [1]_F A 28508 4143 #4806 3
BRI I8 4% 7 22(3R 3).

3 i

AR R A e Y] 4 Bateson T 1909 4E4E
IR, AN R A PR R 3 DR L ] 5 i — 5 A G IR B
o —xF BE DR R A il 5y — X R DR R B, X E
FHER K EA7AEF - Bateson WANMAIK -2 FE 1A B AE



4 4 ¢ HEREDITAS (Beijing) 2009 % 31 %
F1 SNPsHMEMR-BREIETESTE
Y R AR Riks . P RElEs v P
AA AB BB cc CcD DD
8 wlli 164 29 92 43 2779515 0.095473 54 78 32 0.161177 0.688076
9 il 172 24 90 58 1364468 0.242765 41 108 23 1251278 0.000404
10 &fs 314 18 115 181 0.002255 0.962129 107 158 49 0.551753 0.457602
8 fichs 215 46 92 77 3.414221 0.064637 120 82 13 0.041646 0.838297
9 fichs 176 36 92 48 0.445957 0.054261 110 57 9 0206144 0.649807
10 IR 271 47 147 77 2.620274 0.105506 201 65 5 0.009284 0.923241
T ApoB FEH T123G 17 A HER T Ky 44, AB. BB; UCP J:[H C1197A A7 AN ) ¢C. CD. DD.
2 ApoB EE T123G 5 UCP £ F C1197A (8] I35z 48 4 % BE fs 3 A9 52
LA aa+SD Paa Ad+SD Pad da+SD Pda dd+SD Pdd
8  HHE  —60667<107+£1.0x10° 047184  2.5040x107+14x10°  0.02323* —1.5206x10°+£1.3x10° 058661  —2.8945x107°+1.8x10°  0.0851
9 ElE  -3.6237x10°+1.5x107°  0.006255% —23351x10°+1.8x107° 0224735 —1.7053x10°42.1x10° 0313752  —3.2941x10°42.5x10°  0.153356
10 wfE —14911x10™*12x107° 08237 52108x10°*41.7x10° 07188  4.6055x10°£1.9x10°  0.0292%  3.4589x10°42.8x10°  0.8238
8 IR 3.6068x10*£7.0x10*  0.6052  —12433x10°+£12x10° 03138  8.8348x107+1.0x10° 03734  2.6450x107*1.7x10°  0.8734
9 & 1.0720x10749.0x107* 022095  6.9868x107+1.6x10°  0.65946 —2.8732x107%+1.1x107 079989  —1.8255x107°+2.0x107 035478
10 f®F -32541x107+9.0x10™ 0727973 —32579x107°+2.4x107  0.174987  33552x107°+1.2x10°  0.97813 NA NA

T NA BRI KA aa AR INHE AT 5 ad AR M x M BN ; da A8 SN IE_EAL BN ; dd A 5= M B A8 5 Paa %
FEAE NP AL N T A 6 MR A Pad AR DN < B A RN S A I R A Pda AR < I b A R S I A 1) A
FA; Pdd AR < S A7 % S ARG R SR A, xS KR B KT P<0.05; Ak, BT 10 AR R UCP FE K C1197A 47
#1DD LA AR5 H k> (DD=5), BEfAT AT BBDD JEN LKA, #AH B (1 075 045 M S 7 08 i £ 8L

3 ApoB £EF T123G 5 UCP £H C1197A £ MMEREEMIEX A EH S

e BE T7 ZE My
V(A) V(D) V(AA) V(AD) V(DD) V(G) V(P)
8 il 1.6172x107 7.7990%107 7.5082x107* 8.7907x1077* 4.7703x107 2.3728x107° 3.0022x107°
9 millR 4.3306%x10° 1.7054x10°° 2.1872x107%* 7.7163x107 5.4375%x107 5.2513x10°° 5.3100x107°
10  mflF  4.4770x107 5.8260x1077 3.8660%x107° 1.3984x107%* 3.6459%x107° 2.4362x107° 7.6086x107°
8 AR 2.1869x107 1.3903x107 2.4146x107* 1.6365x107 2.3218x107° 5.4784x107 1.6209x107°
9 f&fF  6.9384x10° 4.3762x107 1.6281x107 2.7482x107* 9.5372x107® 7.9267x107 1.7526x107°
10 f&& 1.0509%x10°° 8.1657x107 1.3390%x107® 4.0002x107 NA 2.2809%x10° 1.8519x107°

T NA RIRERAE, V(AR IR PIAL s I 7 22 2 M5 V(D)7 P o i 2

= i T A T S VA SR DONA O BU

X%, EORE AR, HiE, X #
& I AN BEMR DA AT A% 27 o T T W 1) 552 s ) A, T
&, Fisher NERK- 5 18, T 1918 4EH& H A7 2800
e AR S5 A e AT 1) F) A B AR T A R B R 2, B
AT s 1R 35 RLAH A Y, FG 200 X A7
{20 ) 2 T AR AR 2 A R W
AT A A AR (1 I Ty RE e DA 1] ) 3 1 75 MY
g USY. ly A T AL 1 A A DAL IR R R T ANAEAE
FLARM AR, R, IS0 5 1A (1 3844 20N
F147 58 TR X 5P 2588 A 280V F BT S I R AE AR K
i 125 o X 0N X e TR AR AT AR T B RS, A R
AR 5 23 BT R 22 07 AT ) R B A B i R AN e
B o B H R IS R PR, ST T ik iE

T 2 V(G)R IR AL s A% 77 22 2 F; V(P)RAR KR 7 7. Inxs

SR FUREAR KT BTN e AT 0 0 T B

FENFE . WL AN E S, i A A K Ak
Z A5 5 e s A g, P AmREEE
e P D A RESE N, e IR T & s 38
IS NI (e T S DN BUR e Ay € L o Y]
AE. SRT, IR G A0 B A R 5 RS ALAA HE e 1) 3= 2
IR 2 19300 DR AT T s AL 2R 43 1 8% 2 L
FEORH Bl LB WU AA B M 3k 58 8 A A RIS PR A o o) B A
2.

Ji A OR A S R ) B o R R, A X R O
PO 2 10 ) LR S R XS AR E S KB M AR
BIRRSERVE . HAE, BEAE 2 5L DR Ia) B4 X XS IR
JU A 2R S5 W £ 38 A ML BELATS AR R 38 A% BOE T BT I8 i )



512

JUESE: ApoB 15 UCP 5 [K] 18] 1A 250 0l 48 B A DR 8 i 1 368 4% = 20 5

— AN IE S, AT RF TS SRR, R T
JEHR AR S, EABRZ S 5 EITARKE
PIEE R, ERGER S H A SR . ApoBAE b il
W AR B R 2 R4y . LDLAZ AR (R 4K, % LDL
PIARH M P VDLW B EEAEH, 5440 H
—EerE . A% VIR, M52 e g 107 41
U AP, UCPTE v 38 3 fif R 3% 4 38 I e = 1)
THFE, AR AL AR SRR B4 T B gk ik P

AHFTIET ApoB FE R 5 UCP LR 1E BE B WO
Heam . AQU I R v AR R, A X Y A 5 A )
TEAY)E D RE b ] ReAEAE P R G &R, SNPs Z [H] 4 nf
Refr etk B BARE, B b7 RN, 33k iy ot
XS R PR = R . g5 RS R I ApoB LA
T123G 7 i 5 UCP K C1197A A7 R A7 AE AT
N H HAE R A2 18 6 10 RO S IR R T, IR AN A
2Z TR A7 20 NS W T 2R AP AR 2 s[RI, 7RI
IFEN e TR R VA VR K pa )Y S WAl

H 2 UL 55 A ) 2 W1 IX T 52 ) & L SE A7 A
Mo 58, XFh R AE R & g i & A R R T
St AR, TEEL 2 AN AR AR, & aE A I 1S 2
H AL AL 58 B8 AT Hk, A REA
AR PIFE A R AR, FEA S XS HOAH] 1312
H, X SR B IX R 2 2 1 IF AN i TR A i D
B PBH T, 56 =, RZRFEIEF M, XA SNPs
(1) 52 DR 50 0 5 A AR () AS T AR Ak, (EL7E &% AR AT e
Rtk B 22 KO B B SN 415y, IR R
PELE FIFANSZ SNPs [ FE R BUITUR i, 550U, J7 2%
T i W Fr B TS A, b, TEIRIER
W, ANHIFTE A R IATA I8 21) W) 3% sl Bz 30 W 25 19 B4
Hor. UL EZITHMUEE 2R, ApoB LK T123G {if
R UCP FEK C1197A A #5218 () A7 280 X6k v B
F NG 2R A A 30 35 7% W 3X — = SEAN R UH A Bl AL
E: OO

Carlborg 5! I7E 43 BT 3 iy AR A4 T 0L 17] £ 48 5 R
MR B 25 5 1R 0 1 1AL 24 SRR N R B, — N AR R
W KIQTL, i g 4 ANAFQTLIE _LAZLA
T EE S, IXEEQTL [A] 1) T A X 16 48 1 0 25 A 2 3%
T AN QTL L8 S N o ARSI, = i
A W 1A ApoB 3 R T123G 4L A 5 UCP 3t A
CI97TALT mi 22 18] 55 1 i %6 2 25 AH DG 19 b A 2% 9 41
Gy WAL Ty 2205 0k KT 3 2 T 2= . X
B R SRy s (S 0, A R T R 2 2 W Y 3%
PRIV 1) RN

AT TR IR, 3K P A 510 1 A A 0N 4
Iy AE AR IR B AR AL 7 25 . HEMNIK S T
F R4 28 LAV R 40 BT 48 1 R AS B X 43 W] 35 4% 11

AN Sy B AR AT AR AL Ay, WO SRAS B E
PERGN )5 2 AT Re A 2 3 AR T s AL 1 41 4 B i
R R IE LIk F REAA T, IEAE A I B
RN Ty 75 HR AT LA e AR AR, o U, & AR
() FRTAH [F] SNPs ] 1) b A0 24 B 77 22 20 93 2 i AAS 2 A&
TE AN, S DR O AE IR A 28N T 2 v A
(1) 3 e nl as AR 1)

HAr, & & 205 MR QTL Bl i I Jt [K Th RE AV A
(6] b A7 %% N 43 A1 1 2 98 B 2T 2 2247 General-two-
Alleles(G2A)FINOIAP AN . 2005 4F, ZengsilY
et T G2ABR, KRR 0 e ), T DLAb 3
A T 3 B AN P A TR () A RN A B, AR AT AR
Pin Y VA PN NI S (T RS R AV K (R S TR TN
AP, 2007 4, Alvarez-Castro5 41 7E G2 AR (1 I 7l
AR TN VI )T R NOTARE Y, 3K A 7Y (1Y)
P R TE T WG A A S5 67 25 DR (1) 0% 23 A Ak T HE S
R-EAT K- PEOIRAS, AEORUE F ALY 415031 43 1
IEACPEROY, sipR b, MR MBI R BENLAS
T5CL P S AEURE A, 5 7 5 AT 0 26 40 A ] e Ak T ERG
WA RSP HDIRES o AFFSEH CI197AL S5 AE 9
ARG R WA AL T AR ARIRAE AP BPIR S . Xl
LR B A 3R Y ) BE VS AL R 43 it O v N AN 52 B
1A SNPs A5 A7 e R 70 4351 22 43 A1 R 41E (1) 52 1), NOTASE Y
AY DA A X MR, PRI, AT IE FHNOTA R A Ab
BHAH B 1 A

&G, HEEERNZARRT RS ERARSE
G Z A AARER S DAH ] ) JE R, &P I F
RAFHY, HEFRE B A AR o ASBF R ILAE &
FA PN IX AL 2 TR AR 0 R 8 TR 6 AT Wl 255
Mg 1) A8 R 21 43 (P<0.05), FF H. 3% P 250 v 7F 1% &8
Z AL B R A B RF AL AR E AR AR, AR &b
HARRIMMING . XEWSE, 2P0ERBRN, BIE
RN 15t 52 B X P AN DR )b A7 280 IR e . aX
AR FATT, PAZR AR DS R QTL i HE 22 i ik A T fig
A7 53 2 TR AN [R) 1 dst A B AR X mT R 2 5 R X A
RIEMEERE KRR ZE R EE W R —.
XK A Bl T FRATT R A R O b 35 A i 105 2 SO R 11 43
A Ak 2 ML I e 28 R RO 28 PR XS A4 TG 8 AR I 2
i) 750, R R N A8 PR 25 52 2 5 9 TR I 9 A, L A7 A
AN R =9

£ 2% 3Lk (References):

[1] skocs, BB, KR%E, AN EAERELREE
FFs R . B B2, 2004, 2(2): 39-41, 50.
[2] Cheverud JM, Routman EJ. Epistasis and its contribution

to genetic variance components. Genetics, 1995, 139(3):


javascript:AL_get(this,%20'jour',%20'Theor%20Appl%20Genet.');

i3 HEREDITAS (Beijing) 2009

%31 %

(3]

(4]

(3]

(6]

(7]

(8]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

(7]

1455-1461.

RV, 57, R AT AL S A% JE R BT ST RE e . Fh
T, 1998, (6): 53-56, 58.

RVURK, PHHE, A, w7, MAE, FEK, K
JA K. AT ROUN R KA AR A A 10 T B AL R At
[ Bl (C H), 1998, 28(4): 333-342.

SO, MR T, DRI, [, e, A8kELE,
WOT, BWAE, R, TRPE T KRR kA 5 AN
P EAPERONA QXE IAERIHIMT. #ifLa%4R, 2006,
33(6): 542-550.

EpE, 2k, XEEE, B, E8I, B, BUL.
EANLRESE IS 2c VN T N SR VA 90 iy VA VTG S /A =
2006, 13(4): 573-578.

XEE, B8, R, RZE. B QTL X 3B 1
% K #8 (Oryza sativa L.)Fi B 0) (0 B2 0. 4% 22 4R,
2007, 34(7): 608-615.

skamdk, WA, Bow, EHH. AH DH AT/
R IR RN SR B ARV K QTL
S TRRIC AN, BE2EIR, 2008, 35(2): 119-127.
Carlborg O, Kerje S, Schiitz K, Jacobsson L, Jensen P,
Andersson L. A global search reveals epistatic interaction
between QTL for early growth in the chicken. Genome Res,
2003, 13(3): 413-421.

Carlborg O, Jacobsson L, Ahgren P, Siegel P, Andersson
L: Epistasis and the release of genetic variation during
long-term selection. Nat Genet, 2006, 38(4): 418-420.

Le Rouzic A, Siegel PB, Carlborg O: Phenotypic evolu-
tion from genetic polymorphisms in a radial network ar-
chitecture. BMC Biol, 2007, 5: 50.

Le Rouzic A, Alvarez-Castro JM, Carlborg O. Dissection
of the genetic architecture of body weight in chicken re-
veals the impact of epistasis on domestication traits. Ge-
netics, 2008, 179(3): 1591-1599.

Griffin, H. Understanding genetic variation in fatness in
chicken. Annual Report Roslin Inst, Edinburgh, UK, 1996.
Wang HB, Li H, Wang QG, Zhang XY, Wang SZ, Wang
YX, Wang XP: Profiling of chicken adipose tissue gene ex-
pression by genome array. BMC Genomics, 2007, 8: 193.

Li H, Wang HB, Li X, Wang QG: Genome-wide tran-
scription analysis of genes expressed in chicken adipose
tissue. In: The 23thWorld Poultry Congress. Brisbane,
2008.

B, . SANRTER QTL B, RKlbfol X
225 3R, 2005, 36(1): 99-103.

Abasht B, Dekkers JC, Lamont S: Review of quantitative
trait loci identified in the chicken. Poult Sci, 2006, 85(12):
2079-96. Erratum in: Poult Sci, 2007, 86(1): 206.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Koning DJ, Hocking PM: Marker-assisted selection in
poultry, 185-198, In: Marker-Assisted Selection, edited by
Guimaraes EP, Beate JR, Scherf D, Sonnino A, Dargie JD,
Food And Agriculture Organization of The United Nations,
Rome, 2007.

Jennen D. Chicken fatness: from QTL to candidate gene.
PhD thesis. Wageningen University, The Netherlands,
2004.

Zhang S, Li H, Shi H. Single marker and haplotype analy-
sis of the chicken Apolipoprotein B gene T123G and
D9500D9-polymorphism reveals association with body
growth and obesity. Poult Sci, 2006, 85(2): 178—184.

Liu S, Wang SZ, Li ZH, Li H. Association of single nu-
cleotide polymorphism of chicken uncoupling protein
gene with muscle and fatness traits. J Anim Breed Genet,
2007, 124(4): 230-235.

Mahley RW, Innerarity TL, Rall SC, Weisgraber KH.
Plasma lipoproteins: apolipoprotein structure and function.
Lipid Res J, 1984, 25(12): 1277-1294.

Brown MS, Goldstein JLA. Receptor-mediated pathway
for cholesterol homeostasis. Science, 1986, 232(4746):
34-47.

kAR, M. BREO B WFREERE. EHER LR,
2006, 29(5): 364-367.

Zhang S, Shi H, Li H. Cloning and tissue expression
characteration of the chicken APOB gene. Anim Biotech-
nol, 2007, 18(4): 243-250.

Lemieux S. Genetic susceptibility to visceral obesity and
related clinical implications. Obes Relat Metab Disord,
1997, 21(10): 831-838.

Allan D, Sniderman MD. Non-HDL Cholesterol versus
apolipoprotein B in diabetic dyslipoproteinemia. Diabetes
Care, 2003, 26(7): 2207-2208

Inui Y, Keno Y, Fukuda K, Igura T, Makamura T, Toku-
naga K, Kawata S, Matsuzawa Y. Modulation of apolipo-
protein gene expression in fatty liver of obese rats: en-
hanced APOA-IV, but no APOB expression by a high su-
crose diet. Int J Obes Relat Metab Disord, 1997, 21(3):
231-238.

Chiodini BD, Barlera S, Franzosi MG, Beceiro VL, In-
trona M, Tognoni G. APOB gene polymorphisms and
coronary artery disease: a meta-analysis. Atherosclerosis,
2003, 167(2): 355-366.

Peacock R, Dunning A, Hamsten A, Tornvall P,
Humphries S, Talmud P. Apolipoprotein B polymorphisms,
lipoproteins and coronary atherosclerosis; a study of
young myocardial infarction survivors and healthy popu-
lation based individuals. Atherosclerosis, 1992, 92(2-3):



512

JUESE: ApoB 15 UCP Jk P ] 1Ay 2 180 60 0% SR AR 52 i PR 38244 22 0 7

(31]

(32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

151-164.

Burnett JR, Shan J, Miskie BA, Whitfield AJ, Yuan J,
Tran K, McKnight CJ, Hegele RA, Yao Z. A novel nont-
runcating APOB gene mutation, R463W, causes familial
hypobetalipoproteinemia. J Biol Chem. 2003, 278(15):
13442-13452.

S, AFFE. MEEEA B R 2SS L KER
AHOCHE A . IR & A, 2008, (8): 53-55.

BRYER, EFk, 28 3§ ApoB HEMNZ &M MK
FRLL AR FIAR RPEIF S, AAEAR ML K 2 244, 2009,
40(2): 60—64.

KAk, AR, M. 19 apoB &R T123G £ &M 4 51K
ZH IR A S HEE L. B B A4, 2006, 37(12):
1264-1268.

Kozak LP, Harper ME. Mitochondrial uncouplingproteins
in energy expenditure. Annu Rev Nutr, 2000, 20: 339-363.
Vianna CR, Hagen T, Zhang CY, Bachman E, Boss O.
Cloning and functional characterization of an uncoupling
protein homolog in hummingbirds. Physiol Genomics,
2001, 5(3): 137-145.

Lee HJ, Ryu HJ, Shin HD, Park BL, Kim JY, Cho YM,
Park KS, Song J, Oh B. Associations between polymor-
phisms in the mitochondrial uncoupling proteins (UCPs)
with T2DM. Clin Chim Acta, 2008, 398(1-2): 27-33.

Shin HD, Kim KS, Cha MH, Yoon Y. The effects of
UCP-1 polymorphisms on obesity phenotypes among Ko-
rean female subjects. Biochem Biophys Res Commun, 2005,
335(2): 624-630.

Oh JD, Kong HS, Lee JH, Choi IS, Lee SJ, Lee SG, Sang
BD, Choi CH, Cho BW, Jeon GJ, Lee HK. Identification
of novel SNPs with effect on economic traits in uncou-
pling protein gene of Korean native chicken. Asian-Aust J
Anim Sci, 2006, 19(8): 1065-1070.

Zhao J, Li H, Kong X, Tang Z. Identification of single
nucleotide polymorphisms in avian uncoupling protein
gene and their association with growth and body composi-
tion traits in broilers. Can J Anim Sci, 2006, 86(3):
345-350.

Sharma P, Bottje W, Okimoto R. Polymorphisms in un-
coupling protein, melanocortin 3 receptor, melanocortin 4
receptor, and pro-opiomelanocortin genes and association
with production traits in a commercial broiler line. Poult
Sci, 2008, 87(10): 2073-2086.

BRI, AR, FOR, B R, ER B, ETHE. X UCP

[43]
[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

HE PR D g U R Ak 2 B PR R F 9. i AR AR, 2002,
29(6): 481-486.

Cary, NC. SAS Institute Inc. JMP User’s Guide. 2000.
Alvarez-Castro JM, Carlborg O. A unified model for
functional and statistical epistasis and its application in
quantitative trait loci analysis. Genetics, 2007, 176(2):
1151-1167.

Le Rouzic A, Alvarez-Castro JM. Estimation of genetic
effects and genotype-phenotype maps. Evol Bioinform
Online, 2008, 4: 225-235.

Development Core Team, R. A Language and Environment
for Statistical Computing. R. Foundation for Statistical
Computing, Vienna, Austria. 2007, ISBN. 3-900051-07-0.
Phillips PC. Epistasis-the essential role of gene interac-
tions in the structure and evolution of genetic systems. Nat
Rev Genet. 2008, 9(11): 855-867.

Gjuvsland AB, Hayes BJ, Omholt SW, Carlborg O: Statis-
tical epistasis is a generic feature of gene regulatory net-
works. Genetics, 2007, 175(1): 411-420.

FE, EE, bEZE, T, FR, AT R
M) AR R Th BE R AE L. b E RS R, 2009, 36(2):
42-45.

Jones KT, Ashrafi K. Caenorhabditis elegans as an
emerging model for studying the basic biology of obesity.
Dis Model Mech, 2009, 2(5-6): 224-229.

Ricquier D, Bouillaud F. Mitochondrial uncoupling pro-
teins: from mitochondria to the regulation of energy bal-
ance. J Physiol, 2000, 529(Pt 1): 3-10.

Hansen TF, Wagner GP. Modeling genetic architecture: a
multilinear model of gene interaction. Theor Popul Biol,
2001, 59(1): 61-86.

Carter AJ, Hermisson J, Hansen TF. The role of epistatic
gene interactions in the response to selection and the evo-
lution of evolvability. Theor Popul Biol, 2005, 68(3):
179-196.

Zeng Z, Wang T, Zou W. Modeling quantitative trait loci
and interpretation of models. Genetics, 2005, 169(3):
1711-1725.

Wang T, Zeng ZB. Models and partition of variance for
quantitative trait loci with epistasis and linkage disequi-
librium. BMC Genet, 2006, 7: 9.

Alvarez-Castro JM, Le Rouzic A, Carlborg O. How to
perform meaningful estimates of genetic effects. PLoS
Genet, 2008, 4(5): €¢1000062.



	ApoB与UCP基因间上位效应对鸡腹脂性状影响的遗传学分析
	户国, 王守志, 张森, 陈维星, 刘爽, 田建伟, 李辉
	关键词: 鸡; 脂肪; 基因互作; ApoB; UCP; SNP
	Title Genetic analysis of epistatic effects between ApoB and UCP on abdominal fat trait in chicken
	HU Guo, WANG Shou-Zhi, ZHANG Sen, CHEN Wei-Xing, LIU Shuang, TIAN Jian-Wei, LI Hui
	Keywords: chicken; fat; gene interaction; ApoB; UCP; SNP
	 
	1  材料和方法
	1.1  实验鸡群
	1.2  多态性检测与基因分型
	1.3  统计分析

	2  结果与分析
	2.1  SNPs检测与哈代-温伯格平衡分析结果
	2.2  SNPs位点间上位效应的检测结果
	2.3  遗传方差剖分结果

	3  讨 论
	参考文献(References): 








