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Abstract: To investigate the genetic variability of Hal, RN and FTO genes related to meat quality
among foreign and Chinese pig breeds, the polymorphism of these genes in four pig breeds
including Duroc, Landrace, lLarge Yorkshire and Jinhua pig were detected by PCR-RFLP,
respectively. The genetic variation of g. 276G>T and c. 594C>G in FTO gene were analyzed.
The results showed as follows: (1) For Hal gene, Hal¥Hal" genotype was detected and its fre-
quency was 0. 166, but no HalHal" genotype was detected in Duroc pig. Only Hal¥HalYgenotype
was found in Landrace, Large Yorkshire and Jinhua pig. (2) For RN gene, only rn/rn genotype
was detected in four pig breeds. (3) At g. 276G >T site in FTO gene, three breeds including
Duroc, Landrace and Large Yorkshire pig had polymorphism, but Jinhua pig had no polymor-
phism. At c. 594C>G site in FTO gene, all the breeds had polymorphism. However, higher CC
genotype frequency was found in Duroc, Landrace and Large Yorkshire pig, but in Jinhua pig GG

genotype frequency was higher. These results indicate that higher frequency of Hal“Hal"
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genotype has existed in some pig breeds because Hal gene show benefits and defects for pig pro-

duction. Moreover, FTO gene could be regarded as a candidate gene affecting meat quality in spe-

cial pig populations according to its known functions and the previous reports. This result show

that the genotypes of FTO are very significantly different between the foreign breeds and Chinese

indigenous breeds, which provide some data for further study on the molecular mechanism of

meat quality of different pig breeds.
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Table 1 Primer information for PCR-RFLP analysis of Hal ,RN and FTO genes
M Gene P44 B /bp Size BAJRE/C Tm BlYF %1 (5'-3") Primer sequence
Hal 650 5 F. TCCAGTTTGCCACAGGTCCTACCA
¢ R: ATTCACCGGAGTGGAGTCTCTGAG
F: GGAGCAAATGTGCAGACAAG
RN 258 58
R: CCCACGAAGCTCTGCTT
210 60 F. TGCAGATTGAGACCATCCAG
R: TCTTCCCCATGCCAAAGTAG
FTO
207 60 F. ACAGGCCCTGAAGAGGAAAG

R: AGTAACCTGGAGTTCCTGTGG
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Sy IGEH R RV B R BE U Hal RN 1 FTO 3[4
g. 276G=>T Fll c. 594C=>G {07 s, it 35 PR TR 451 53 1 45 437
FERBI AR XS FTO SE A F 2 A 2 8540 5 0 2k P 7Y
WA S A i il POPGENES. 1 4t i1 43 #r 8 1F #E 17
Hardy-Weinberg V-1 y* 1 G* K%, F|H SPSS17. 0
X FTO SR | 2 A Z2 3507 5 00 3 R B 347 AN ) 4
FERIA] 1) & J7 #6536 (Chi-square Test ),

T ™ v
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23 kb £ 47, HEL 4] DNA (52 8B4 (F D,

Hal #1 RN 57, K& FTO #:H F ) g 276G>T
il c. 594C>G 2 AN Z BN MY =2 1.5 %358
T 8 H KRS & 43 B AE 659,258,397 1 240 bp 245
L1 2R M R ST DNA 54 (8 2)

1 12 13 14 15 16

bp

23130
9416
6557
4361

2322
2027

I~4. RAFHE:5~8. KHAM:9~12. tE w13~ 16, @5 M. DNA X2 7 5 &k 45 i x-Hind I

digest marker

1-4. Large Yorkshire pig; 5-8. Landrace pig; 9-12. Duroc pig; 13-16. Jinhua pig; M. »-Hind [[I digest DNA marker

B 1 FEEMEGESDEREZE DNA REU IR S 15 8 ik E
Agrose gel image of blood genomic DNA of different pig breeds

Fig. 1
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1~4. 659 bp Hal 3 PCR #1474 ;5~8. 258 bp RN % PCR #7915 9~12. 397 bp FTO %K PCR 4"
721 513~16. 240 bp FTO 34 PCR 774y ; M. DNA A%} 4% F i i 4% 7 DL2000
1-4. 659 bp Hal PCR products; 5-8. 258 bp RN PCR products; 9-12. 397 bp FTO PCR products; 13-16. 240 bp

FTO PCR products; M. DNA marker DL2000

2 Hal RN % FTO £ PCR #1& 7= ) i) 35 fig 1% F8 ik [

Fig. 2 Agrose gel image of PCR product of Hal, RN and FTO genes
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Hal"Hal", 1 T4 34 = ¥ AN Ge % Hha 1 N V)RR
Sl % PCR =¥ ARemF ) . o L A3 5 659 bp 1 5%
W WX F 44 1 Hal¥Hal", fig 4] s 9k i) 0l 15 )
659 . 493 F1 166 bp 3 &7, A [A] 5 A I ¥ BE A
DNA {9 3 r=4 28 Hha T BR$M: P3G A5
LUK S R ILIE 3,

1 2 3 4 5 6 7 8 M

bp bp
2 000
%50000
853 500
2
166 30
100

1.2.4. Hal®Hal™ JH AY;3.5~8. Hal¥Hal" & [ &Y ;
M. DNA A% 43 F it it b f D1.2000

1, 2, 4. Hal¥Hal¥; 3, 5-8. HalVHal";
marker DI.2000

3 Hal EF PCR F=#) Wy Eg 1] B8 ik B
Fig. 3 Agrose gel image of digestion of Hal gene

M. DNA

[F#E RN JEH i BsrB 1T BV 5 . rn/rn 3E A
RIYEEG 52 VI IF . BB 218 F1 40 bp 2 &k 5t 4%

i s 2R AT RN/ rn i DR 7Y D) g 9 U0 A 58 42 g )
HPE 258,218 F1 40 bp 3 4547 s RN/RN 3 & | 58
RAREBEGEVIIT L B 1 26 . A [ 4 i il R AR
DNA (4" 54 /=¥y 2 BsrB T BR il 4 4 V) i 1t U1 119 35
IrHLTKES R ILIE 4.

1~7. rn/rn FEF A ;8. RN K PCR 747 ; M. DNA #f
Xf 735 i i AR i DL501

1-7. rm/rn;8. RN PCR products; M. DNA marker DL501
B 4 RN EFE PCR =4 §9 &5 1] B ik B

Fig. 4 Agrose gel image of digestion of RN gene

AHWESERFE Bseau 1 A Tai 12 FBR 61 4 1) 1
Syt FTO RS 3 4h T M 4 N & T3
A Bt A7 A, FIJH Bseu | B Y] PCR =4 )5 .
FTO 1y H 38 Je A8 Ny il U0 7 Be K B2 43 1 b CG
240/156/84 bp, GG: 156/84 bp, CC: 240 bp; F|
i Tai 1 BY) PCR F=9)J5 . FTO {55 A K A1 1
fit ) v B A B2 43 i o TG 397/275/122 bp, GG
275/122 bp, TT: 397 bp, A [a] F 5% i % #E A
DNA 4 ## 7=#y 28 Bstu | Ml Tai 1 2 FlvBR i 7E A
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1.2.5.6. CCRHM;3.4.8. CGCHEIHA ;7. GG HENK

A1 M. DNA FXS 43 7 B b DL501

1,2,5,6.CC; 3.4, 8.CG; 7. GG; M. DNA marker DL501

E S5 FTOXEMEA g 276G>T fif 5 PCR =4 B 1] i ik &

Fig. 5 Agrose gel image of digestion at g. 276G T site of
FTO gene

1~3.7. TT 3HA 4.8, GG FF A 5.6, TG FLHE A ;

M. DNA #IXf 7y ¥ J ik hr i DL501

1-3, 7. TT; 4,8 .GG; 5,6. TG; M. DNA marker DL501

6 FTO EE c.594C>G i & PCR 7= EG 1] ik B

Fig. 6 Agrose gel image of digestion at c. 594C>G site of
FTO gene
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20001 78 Hal 3£ Hha 1 BEYIAL & b 78
BRI Y 70 Sk & &AL SORE R b R BT U Bk A
2% 4 ¥ Hal“Hal®, H 3 K 45 %2y 0. 166, fH K
K IRl A I ek S e 5L B Hal® Hal® ; 76 £ 46 00 14
Zyyi KRG AR E RO R R TE A )
P & okE At Hal¥HalY, 7k & ¥ Hal"Hal* X
Hal¥Hal" (9%, 78 RN 3£ H 19 BsrB 1 B9 {7
PR SRR (41 UL SN BN S = N L B e
A AFORERER T  RAELE ro/o B BRELES TR
K 51 RN/RN Fil RN/rn (i 3 R 7

KRR FTO 3 | g. 276G>T il c. 594C>G
{7 5 1) PCR-RFLP 3[R 78 45 2R %5 37 3 R 01 % 1)
GEATERIR 2, 18 2. 276G>T fiL i b, &4 R
I GG Y 1 Fp LR A, K24 e A R 9 5 5 3
AFRE R AR GG.GT Al TT 3 A 3L H AL, i
HARRINGEAIER T R . £ c. 594C>G
i b4 MRS B CCL.CG F1 GG 3 FpRE A A,

4 ASHANEFD g 276G>T Fl ¢. 594C>G £ 55
25 Hardy-Weinberg CHD) - 4R 25 73 #7 45 2R WL
K3, Z MG ERTERL R R K ML
Wy 3 AN EAMER AL g 276G>T Z 807 fiAk T
HD “F R (P>>0.05), 1 c. 594C>G Z &7 4
b R 2 SRR 3% v R ORE B AR SR B s HD SF AR S
(P>>0.05), i 4 15 R4 58 56 76 0 A7 2 4L F AN
RS (P<<0.05).,

F£2 FIOER g.276G>T Fl . 594C>C R A A ERBRMEREMNEFMEERNRAEMHFANS G
Table 2 Genotype and allele frequencies of g. 276G>T and c. 594C>G sites for porcine FTO gene in different pig breeds

o . T TR % Lk R
B ad S Fh Breed Pt 3l %k K Genotype frequency Allele frequency
Loci Number
TT TG GG T G
K#j55 Large Yorkshire 58 0.672 4 0.258 6 0.069 0 0.801 7 0.198 3
K 4 Landrace 32 0.562 5 0.281 3 0.156 3 0.703 1 0.296 9
2. 276G>T
#13% 5¢ Duroc 70 0.414 3 0.4143 0.1714  0.6215 0.378 5
4 1E %% Jinhua 28 0 0 1.000 0 0 1.000 0
K #7535 Large Yorkshire 58 0.069 0 0.344 8 0.586 2 0.241 4 0.758 6
K 4 Landrace 32 0.1250 0.1250 0.750 0 0.187 5 0.812 5
c. 594C>G
K3 58 Duroc 70 0.1714  0.4286  0.4000  0.3857 0.614 3

4= 48%% Jinhua 28

0.678 6 0.142 9 0.178 6 0.750 0 0.250 0
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Table 3 Hardy-Weinberg equilibrium at g. 276G>T and c. 594C>G sites of FTO gene in different pig breeds

R g.276G>T . 594C>G

Breed Y P G* P e P G* P
K5 Large Yorkshire 2.256 6 0.1330 2.0151 0.1557 0.2649  0.6068  0.2568 0.612 3
£ 9 Landrace 3.7971  0.0513  3.6046  0.0576 12.2546 0.0004  9.7652 0.001 8~
F 3% 5% Duroc 1.1257 0.2887 1.1172 0.2905 0.7410 0.3893  0.7368 0.390 7
4468 Jinhua — — — — 11.666 9 0.0006 10.554 1  0.001 2"

RARGALE N RS BT s . P <<0.05

—Indicate the loci is single polymorphic, no y*value; *. P <C0. 05

2.4 FIOEEMBEFEANEEERXER

W& RER FTO $1H g. 276G>T # c. 594C>G
7 5. 1 PCR-RFLP 3 [K 5 43 A 145 K 7 K5 56 1 22
SR EMELRIWE 4 ME S, 78 g 276G>T i i
bR E AR v AR SR Z IR R 7 (E Y T B
225 (P=>>0.05) , M Ak 58 5 K29 o84 Z ] R B i
% 2% 5 (P<<0.05) . 45 5 AR 3 DA P
P Z [E B 7E P<<0. 01 7K b 3R B0 A 2 2 22 5%
TE . 594C>G b L. KA w 5w KAKZ
B f) R 5 JC 35 22 55 (P>0. 05) . MK A 5 4%
AR Z AR B R B 25 S (P<<0. 0D . &M S
HE 3 MR Z W 7E P<<0. 01 /K¢ L
RN E 2R

&4 FIOEME g.276G>T L m A [ £ FH B 7E A 3 55 7 8F
FEBSHFARER
Table 4 Chi-square test of genotype distribution at g. 276G>T
site of FTO gene in different pig breeds

KH e &t

Landrace  Duroc  Jinhua
K#)75 Large Yorkshire 2.004 8.878" 70.060" "
£ H Landrace 2.121 49.955""
#3& 7& Duroc 56.840" "
*. P<C0.05, **. P<C0.01, T
“. P<<€0.05, **. P<C0.01. The same as below
3 3 i

4t b B 3 A T A A — S B H AR A 2 A0
T dE S AT Wk B R . H PR SO A

N TEE W52 . 5 st (% 2 HE P & R A — SR
fb. EIEA AR Hal 3R 098 R A6, K2
TR R R A R 0. 1. K BB N 0. 2, %
SLZAN 0. 02, 1 3R [ b 75 8 Fl A 5 B e ik R s
BIRAAR Y o AR I rh, AR K L R 2 5 R 4 AR A
3G R R X R R BB U S R B Al A
ARG T AHAE S F AL e 5 AR AR o 20 % B T A
TR ) S eSS P A A T IOAEAE . X BRI
Tt 3 R % B 0 5 00 A R B, L ARDRE AR % v L A
7 e R R PR R L X R 25 S T B AE B R LUK
ST R I AR O 8 L DN A N i A )
AHAHMEE R, WERA MK A%, T8
A e B R 2% B F S R AR PR RE R MR S
EH A 22 RN W B e A T R A g kAR
BN LR AT A B T S b AR . R RGE A
TR [T 1 b 5 ol v s R 22 50 I A A A B g o R
PR s 400 S ARAIG » HLS 43 i o A1 7 7 R P 9 e 2 IR L
SR I RESY R BA R WAE &R LR
IR o S5 R ) i

x5 FTOER c.594C>G i m A F & EBELRE S E
EERSHFARER
Table 5 Chi-square test of genotype distribution at c¢. 594C>G
site of FTO gene in different pig breeds

KEa®  figw &tk
Landrace  Duroc Jinhua
K75 Large Yorkshire 5.324 5.504 35.919""

K H Landrace
& 72 Duroc

11.650" " 22. 062"~

23.879" "
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PR, 3% 35 PR O M st A L T 3 308 TR e 2% pHL R AR
I JE 518 B AR AS . B UL P K 5k B 24
20%0 LA A AR 2R 38 i 2 25 % . RN JEPH ¢ Ik
BT D B L A 56 DA B b v A A 3k
(RN) B2 A] &3k 0. 63122 AN fEK K
S A AR A I B T — A RN S A
DAL A1) I 7 v ), 5 o o 20 B R v R I L AR A
SEPA AR AT 3K 0. 375 (HAEARBEZE . K %K
2yl FN G FR AL 5 5F 3 AN SISk R R A R PR i 1A 1
SERIR e/ BR MRS G R KB RN M55 7
SEDH L U B A AR 1 T L AR R RN SR B
ZET NChE K. A, B AR 2 8 fi A F
B B3 A T AE N & R A 32 22 H bR 2 — DA 3k
— AR T R L R A A . i HL AR O 5 I
RAEGARFERET M B RN 5P 27 56 Lt ok I
KliE . A BE R &R A BN fE7E RN 3t
P AR R AT 6 A A i O /N DR O 4 SR o e il —
HIIE

JUL P g o7 R L TRD A U 5 2 A DA 4 A 5
10 E B A, LTS LA Y e A 3 25 DA G,
1M FTO He B AT 3 i ML Rl 5 75 #6194/ T = 40
A KBERBE IS FTO 5 0 8147 IR £ A4
(SNP) 5 JL # Fl AR N 9 BB B A 25 AR 58 09 41 5%
P, T EREESE R B FTO SRR 2 2807
&g 276G=>T Ml c. 594C=>G 5 WL g 17 F UL 1E] i
1 4 0 AR A G, A R WF T R R I 1
FTO W g.276G>T A b KA KH KH Y
50 B R 22 AR R A 2 B 2 A EA L
FRFEHAR YN GG R 5 — 8L fEA
I B AR K 24 5 KRR 9 T A R R (AR
BITE g 276G>T {5 LB 225 1 v [ )y %
it 4 A A W e BOh B RIS O GG 1Y, 7€ FTO
(1 c. 594C>G {7 b AR E A Y 3 ~Fh ok
TR R 24 v A R U o A B e [ by o P 4 AR
YRR ZAE AR 3 ADHPRRE R AR C Ry
FRAG R T ] b R P A A I S SR GO R
. Hardy-Weinberg -7 IR 25 43 #7 45 2 2% B £E
8. 276G >T XA Z AL a5 10 3 ARG P BE R Yy
b F HD ik 245 3% AT 8 & i ik LA B R 7 38
7P 7 T ELAG 38 A R A O A K 0 0 RN B A AR
kR TR EPIR A . TAE ¢ 594C>G XA Z AL
m LK A4 B W AL F Hardy-Weinberg AS

SRS T RE SR T A R A A TR K b
i R A2 B R Y R v AR L A TE 4 AR
LT b R — B AR — A oy B &5
PER AN 240 . A 1 T A< 2090 26 B JLASFE A 1Y)
FEAS B0/ S DR i 285 SR AT o B A R AR rh i AT
K6 56 F1 B8

4 & i

TE 6 F LU SO R 1A o R BT A0 3R ) 3R
BeIE R 8 G FAETE ABTERK 8 R e e 408
PR BB b 3L I 4l 5 F A 7 L5
SRR H] Hal BEHAE 208 A 7 v i) ) 3 00,
I S S oo AR rh A A7 A A S A . T AE 2 R T
) E A 4 AR REAR B TR LR 8 rm/m R
PR G . 75 FTO XM g. 276G>T fii s b BR 4
HRBRI N RSIN H T 3 DR MIYRI N2
BT 7E FTO () c. 594C>G i & b, Sk m 4 4
BRI R L2 BB RSEA I G R
S THE 3 Ak g8 Fh A8 AL FE P C I R 8 1w
$&oR FTO B HAE [E P A 5] Fh R B 4R ] 1) 3 b 22
SR AT eSS A BT MR U e R — .
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