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3 My LLAE A 3 3k K R T 0 25 i ik B A
SNP;35 Kk K HME .39 kK E MM 37 kMg 1l %
FHT SNP o7 5576 A [R5 B o (1) 382 45 2 RE R 50 A1 s —
MREA XM F, RBEEE R (285 k) H T ik
SNP 137 85 5 5 WA MR Ok 4341 . SR 20 DNA ¥y
I 2% B - S 00 e B 3 DR A/ T I 1 40 43 5 3R A
1.2 FERXF

PCR 2X Taq Mix(dt 502X 44 Y) ; FR il 1
P YI# Bst Ul (Thermo Fisher Scientific) ; pMD-18
T 3% /& (TaKaRa); 2000 bp DNA Ladder ( TaKa-
Ra) s K HFF 2 B 40 TransSa(Jb 5 422044
Y1) s DNA BB 1 ) & (b 21 AR YD
1.3 MKRN3 EEEENF

PLEE B ENSEMBL A A5 19 )7 51 (7 3145

ENSSSCT00000005338) A4 , F] | Primer prem-
ier 5.0 Wit 2 WEEFI Y (LE DY M MKRN 3
FE, T MKRN 3 3K 0 B0k i 5L R, 2 %
=7/ S Ea B N S N N i = o -
SERE S X, DA% DNA H AR 47 PCR §7 1,
PCR JZ i f&K & N: PCR 2 X Taq Mix 10 pL,
5 mmol/LiEI] 51 ¥ & 2 pL,ddH, O % 2 &
20 pL. 519 M-1 F/R 9934 5644 . 5 5 94 C Tl
APk 4 min, SR 5 AT 34 ASPE IR (94 °C TR T
30 $.60.2 ‘CARIRIE & 30 s.72 “CHRIEM 40 ), %
J& 72 ‘CHEAR 10 min, JfF T 4 CORAF: 519 M-2 F/R
R 25AE N 8 94 C TS ME 4 min, SR 5 4T 34
APEFR (94 °C B2 M 30 s.61 CR IR & 30 s,
72 CHRAEM 40 ) 5 72 ‘CHEAH 10 min, I T
4 CHEAF . PCR P73 7= 4 28 2 0 B g W 8 152 PR Ok
DNA BERE IS TA 3B 5, Pk BH M v B 132 X
DU A P T .

*1 % MKRAN3 E[E PCR3I#11=2 8
Table 1  Primers used for porcine MKRN 3 gene
EIR/EZ S F191)¥ 51 (5'-3") IR AN/ bp AL/ C
Primer name Primer sequence(5'-3") Product size Temperature
M-1 F CAAGGAGACACCGGGGTAGTT
806 60.2
M-1 R GCCCACACAAATCGCACATA
M-2 F TATGTGCGATTTGTGTGGGCT
787 61.0
M-2 R CAGGCAAGAGCAGATGACAGAG
MS5ECI F ATGCCATTGAGTTTGTTCCC 361 58.9
bl .
MS5ECI R GCTTTCTCATAGACCACCTCC

1.4 SNPs &%

SERILL 3 kR I .3 S Mg L% DNA SR,
FIHBI Y M-1 F/R.M-2 F/R #"1#45% MKRN 3 3 A
O B X, JF v BE W . AR AR W F A5 R s, R
DNAStar 7.0 #4:) SeqMan B L % K 5% Fl
i MKRN 3 5[5 7 51 22 5, i 356 12 5 R 4 05 X 1)
TETE SNPs 7 45,

15 PCR-RFLP

B X SNP i g5 371519 MS5ECT F/R(%
D T BRI PE R B B 2 8 P40t (RFLP) . 43
BILAR F# Mg 1L A DNA S EAR PCR 3759 [ U1 5
B 8k 5 47 RFLP /& . PCR R W & R W
PCR 2X Taq Mix 10 pL,5 mmol/L iE [f] , JZ ] 5]
W4 2 pL,ddH, O #h 2 = 20 pL. 5% MS5ECI
F/R P #4444 K94 CHAEYE 4 min 5, #5147 34 4>
PEFR (94 °C B IRAEPE 30 5.58.9 CAREIE Kk 30 s,
72 CHRIER 30 ), Fie )5 72 ‘C ZEMH 10 min, JFF

4 °CPR-AF. PCR =¥y U] 2 i % 14 9 : PCR /=9
4 pL, 10X GZ o 1 pL, BRI 9 VI (Bst UD 0.1
pL(10 U/pl) ,ddH, O #h 2 2 10 pL, R4 & T
37 CHE AR B Y . 2 % B V) ™= W) FH 2 %0 (9 B R
W HE AT B e FL VK 43 BT . O Syngene B S R R B2
WEZE AR A il 1) 2l 78 4 By SNP g B R A
1.6 BRI KB 5 #4

FIH PCR-Bst UI-RFLP X K H X Ll F, AR
JRR Z (285 J)DNA i il ) 43 70 g r S5 1
W MR R AT S A BT . R BR A M R 7 22 70 B
M /N 3 A AT, R SAS(VS.0,SAS Institute,
Inc.) — & £R 45 B (general linear model, GLM) 43
B, BRI R . T =g +S, +Y, Gy +b .
Xoe Teye s Ho T Fom MR MEAE , 0 AR FE TN
JiEEHE S ACRMIN AL, Y, RN LR BN . G AR
FIEH AR (Hih k=TT, TC 8 CC) b, &Mk
JoT g 4 1T U R B X 2 TR BT s e 3R B AL IR



% 6 3]

% . R SAS A REG B2 E 40 T It 2508 Fin i
PR, BB TT, TC. CC By hm 4% 2 4 1l 8 X
K—1.0.1,3LFE R TT . TC.CC By 1%L v 2 5 &
MR 1.—1.1,

2 HREHSH

¥ MKRN3 £ E %5 X i 52 B & 0l 5
LI %F M-1 F/R #il M-2 F/R #t47 PCR §" 1
(B D & 38 B B, TA 58 B LI L 5 51 BF
.3/ 15 % MKRN3 2 H K DNA F%1 1 573 bp,
fi & 52 CDS F 4 1 497 bp, 45 498 4> & 3 R
(http://www. ncbi. nlm. nih. gov/gorf/gorf. html) ,
F 1L cDNA 734 )7 51 5 DNA ¥ 34 )37 51 #F 17
Xt B3 MKRN3 SE AR — . ¥ 53
Hhi ¥ R, X8 FE 8 AT BLAST Chttp: //
blast. ncbi. nlm. nih. gov/Blast. cgi) o % & ¥
MKRN3 % H #4515 A (91%., NP_005655. 1),
(93% ,NP_035876.2) . (86 % , XP_005221747.2) i
JE R
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FE M 25 SEENCEN MKRN3 1) SNPs 77 1% K i 44 bR 56 5 20 79
2.2 ¥ MKRN3 B [H % 5 X SNPs §i it & B V]
I§ i

WL Xt 3 kK. 3 I MKRN 3 %
H g i X 7 51, dh 4k 2] 7 A BRI IR 2 S A
(SNPs), SNPs il J37 bb X} B i WL 2, Hod 5 4>
SNPs(293C> G, 361G > A, 497G > A, 678T > C,
1376C>T) K 4 L% 4F, 2 4> SNPs (630G > A,
1407T>A) Ry [a] L 548, H AR v g5 678 T>C A] L)
B PR 0 M N V) S Bse UL 32 31, F] A1 PCR-Bst UL
RELP XFiZA 5 AN [A) 5 PR 780 3k 47 il U0 56 0F (1L 3)
ER IR AL 678T>C MM TT W) 5 ik &
1 257 (361 bp), LR CC BV 5 vk 2 2 &M
(230 bp M1 131 bp), B F & TC @Y 5 Ik & 3 &
#7 (361 bp.230 bp F1 131 bp), &5 F £, F
PCR-Bst U-RFLP "] LIX} 678T > C i 5 #E 47 J5 £k
F14) 5 DRI 3643 AT B R 4 1 R S B 40
23 % MKRN3 E[E 678T>C (i S & i H FE R X
Vo)

R T B MKRN3 S 678T>C i # 76
HEAS ) B B b 2 B AEAE 22 5, Bl PCR-Bst UT-
RFLP %t 35 sk K P339 kK 35,37 S i L g% i
77 I BIAG I, 3 BUZE R L3R 2, 25 R, thE
KA D R TT B, UL T 3
G A 0.92) 5 1M 76 Hb [ 4% Fp b 32 22 & CC #Y
o, TC #, L C A& 36 M ok 3=, Horpr C S BE R 7E K

MKRN3-1 MKRN3-2 F5 R 3 R 0,70, 764 36 P b 45 7 3L X
B1 MKRN3 EEER By ugs AR 1,00, Y HIAL A 678 T>>C 7 H AP il v i 52
Fig.1 Results of fragments amplification for MKRN 3 gene ﬁﬁ%% o
. 490 \ 560 880 1010 1060 1110
1}#‘:#’?5” lv;l‘r‘qlr‘d TCCRCAG C ;\‘7;Tn‘1 GCTRACT CCGYGAT 11; ‘;Il CTCTGAG
Consensus . . - — —
A A Aafh .,:[ v AAARARA A Anf A AR AR [ A AW A A
et YOGV VA AN AW AN ona [
Yorkshire GTCOGATAH TCCACAG CTGAATEF GCTAACT CCGCGAT TTCTTTC CTCAGAHG

CTICTGRG

\ A ANA - Y. TATATAN alla ALY aftl IFAT ‘\ A ] \ H " AN
suse Yopnuon oo dotocnnt froelloa ol
T )

Meishan SLCLCtn 1] T T T T
SNPI1 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7
293C>G 361G>A  497G>A 630G>A 678T>C 1376C>T 1407T>A

B 2 SNPs il FF bk 3¢ B i
Fig.2 Alignment of SNPs sequences

24 ¥ MKRN3 EE 678T>C i &= 5 ¥ IR {1k
KBS
285 k RHAXMILF, RTEBWXARM T

MKRN 3 #: 5 678 T>C {3 /&5 5 5 i A PR 5¢ B 43
Br (3 3). %3 PCR-Bst UL-RFLP %f 285 4~ DNA
FE i J R A B Ko SASHER R S B 4 B 45 2R R 0
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M TT CC TC TC CC TT R 2 ¥ MKRN3 BEEHBE 678T>C
IRBEESHEESTER
Table 2 Allele frequencies of the polymorphic site
00 1;21 678T>>C in the coding region of MKRN 3
250 230 . Hik A I 51 %
100 131 Breed Number Genotype Allele frequency
(=111  TT TC CC T C
KK Yorkshire 35 0o 21 14 0.30  0.70
3 PCR-BstUI-RFLP B+ 1% iF K M Landrace 39 0o 0 39 0.00  1.00
Fig.3 Digestion verification by PCR-BstUI-RFLP Fyili Meishan il pg + 1 09 008
R3 ¥ MKAN3 BEHWEX 678T>C MR 5HEMEAEMERXED WL
Table 3 Association analysis between porcine MKRN 3 678T>C genotypes and carcass traits
IBIN FEHE (p£SE) (n=285) Genotype FEHEE (u£SE) Effect
Trait TT (n=64) TC (n=151) CC (n=70) IPEALN Additive %% Dominant
S RSP 0.094+0.002 0.09340.001 0.09340.002 —0.00140.002 0.00040.001
H & BP 0.1227+0.003 0.124+0.002 0.1297+0.003 0.00340.002 0.0014+0.001
JIL A R FMP 0.24440.006 0.23840.004 0.23540.006 —0.00540.004 —0.00140.003
J8 A % LMP 0.539+0.004 0.54540.003 0.544+0.004 0.003+0.004 0.000+0.003
A % RLF 2.395+0.085 2.43040.057 2.425+0.083 0.019+0.065 0.02040.045
JB 323 DP 0.73920.005a 0.72520.004b 0.736+0.005 —0.001220.004 0.005+0.003
N % IFR 0.03140.001 0.03240.001a 0.02940.001b —0.001£0.001 —0.00140.000"
A —HiHE CL1 91.39940.514 91.53340.343 91.99640.500 0.287+0.429 —0.12940.297
— M CL2 78.0754:0.467 78.15340.311 78.47440.453 0.18740.389 —0.15440.269
JA # B JEAb SFT 3.59240.090 3.68440.060 3.58740.087 —0.00840.069 —0.07840.048
6~7 JEHEM RET 2.848+0.072 2.856+0.048 2.76540.070 —0.04840.056 —0.05640.039

Mo JEAE ] TFT 2.17340.068 2.0510.046

BHEE)R BFT 2.178+0.085a 1.990+0.057
FH IR ABT 2.69840.066 2.64140.044
AR AL S LEH 7.08540.166 7.08240.110
ARALTE LEW 6.54740.162 6.69240.108

MR ALHE A LEA 29.266+0.568 30.019+0.378

2.00740.066 —0.08840.051 —0.006+0.036

1.89420.083b —0.14540.062" —0.00320.043
2.56410.064 —0.072£0.052 —0.034£0.036
7.26040.161 0.1134+0.215 0.11740.149
6.57840.157 0.000£0.177 —0.16040.123
30.23540.552 0.52340.475 —0.28840.328

# Note: * R 2 RN ] 25 5 B 3 (P<<0.05) .

% represent significant difference between the two effects (P<C0.05).p4SE. -1

A EARMEIR 25 /b RPEATIRIEA A AR FRR 22 5 W% (P<<0.05) . pEtSE:Mean value+ standard error; a/b:Different let-

ters represent significant difference in the same row (P<C0.05).

centage, LMP.

Lean meat percentage, RLF: Ratio of lean to fat, DP: Dressing percentage,IFR: Internal fat ratio, CL1:

SP. Skin percentage,BP: Bone percentage, FMP. Fat meat per-

Carcass

length (to the first neck vertebra) ,CL2: Carcass length (to the first breast nib) ,SFT: Shoulder fat thickness,RFT: 6—7 rib fat

thickness, TFT: Thorax-waist fat thickness, BFT:
height, LEW: Loin eye width, LEA:

MKRN3 3£ 678 T>C v 45 5 P iig R S B 30 i )
B FEAM (P <C0.05), H1,678T>C fii fi X} N g
FEA BN (P <C0.05) . £ % A7 5 42
He 2l 7 B = Y IR 5 T % A A Tﬁ’ﬁ{sﬂmr

LA RN (P <C0.05) , RN ZEALFE K 678C Y
%ﬁn LA R2R AL R R M T2 1) R

Loin eye area.

Buttock fat thickness, ABT: Average back-fat thickness, LEH: Loin eye
A A
3 i it
S i HBIBFZE 454 T, 06 T B IC 5 IR A9 45 0] RHR R

B RAE AN T Z I RR, flan, 56z %k
BN PWS-AS Bl 5 i Je 78 A A/ A g e
FE L IF HZ X rp S A BEAREDE AR SR IR Y BN iE B
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MKRN3™ . E A& LLE 8 Lk e A K
MKRN 3 5& K 1F yfg i B i AT T EDid 30 UE . A<
WEFEAE L Al L om 5 e 3 Sk KA #% . 3 Skl
MKRN3 R X 75, L3 58 7 MR £
AP A (SNPs), Hi 5 4~ SNPs(293C>GL361G>
A497G> AL 678T >C,1376C>T) N4k L 5 1F,
2 NSNPs(630G=>A1407T>A) N [F) LR7E,

55 A1 51 HE i 8 PR B R L S R P ) Bl A
T A R S B RN IR B TR A 6 S A > R I IX
S BT 51 0 A D A A AR A R I R 98 TR R T
FLA R0 R B e 3, i o [ 4 b A X 28y T AL T
B R, AT AT LA FE 4y a2 PN AR AS R R A
B R A R OC 3 R 03 AR ) 2 HOR S e T
B PR Th R 3L b BB SNP v 5, I 4 A is
DL FA R RIS, DA b R i e 4 1) A R 3 B8 SO TR o
AR LA T4 MKRN3 B 678T>C i fiAE
AN SE ol b A7 A 22 S o L0 o A 1L 8 rh R R
TT 8L UL T S 5 A F GERR AN 0.92) . 1 78
AP R 2 2R CC Al TC AY, LU C LA
S C A A ER R AE K 8 e R Ry
0.70, 78 &K F1 4% v i 45 4 % 3R R o 1, Ul B
MKRN 3 3K 678T>C v g4 76 o AN Fl v o 2 77
T2,

VEZHIC R S XEERKEFTMHL, B
PR DG M 2R I AE RE 98 4 19 IR iR B A0 & B L IR
JUIR AR JE M A K U OF 52 = N i, MKRN3 2R
FEA B AC AR 3k 9 B 3L B, v F Prader-Willi
LEAAE AR B (P K 15911-113) , Prader-Willi
L5 A MR SRR AR UK AR -k B & AR T S JiE
CEAAE R HET MKRN3 K A fE 5 4 g R H
X, WFFE & B, MKRN3 & 5 A b X pE
(CPPYMI KRy FE A, CPP & i T F o ii-7F A1 A
Wt BIEAL AR R T H F R R W
KB E ALY, MKRN3 177E T FL s,
AR RE M A T B, A5k
MKRN3 3£ 678 T>C v 45 5 N iig 3R S B8 30 i )
BB, Hd,678T>C fif 54 1 iig 3 B AT WAk
R, RIKIZAL S G F I FRAE NN
JI 2 T 2 AL i Xof M J5E 5 A I R 3R By 5
FLFER 678C Ay B I LA AR AL A8 ¥4 M J52 1) 200

ZE B RTR , MKRN 3 3 [H 678 T>>C v 5 1) 55 o7
BE R A rh AR R R AR AR 22 5 b LR oA
e £ 8 TT &, LT S50 3 Xk 3, 1 76 4
FER% Al E 8 CC Rak TC B, DL C & 52 Ny
F s MKRN3 [ 678 T>>C i & X 14 I 2 Fl & &5
EREEA —E W, K, A8 Mo+ FFfh
£ R R A 0 N IR R N R R R T — e B
WA

2 % X #
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SNPs identification of porcine imprinting gene
MKRN 3 and association analysis with carcass traits

WANG Longmei' GUO Ling' LIU Yulan' FU Shulin'
CHEN Hongbo' ZHANG Jing' DENG Changyan®

1.Hubei Key Laboratory of Animal Nutrition and Feed Science ,
Wuhan Polytechnic University ,Wuhan 430023 ,China ;
2.Key Laboratory of Agricultural Animal Genetics »Breeding and Reproduction
of Ministry of Education s Huazhong Agricultural University ,Wuhan 430070,China

Abstract Single nucleotide polymorphisms (SNPs) of the porcine imprinting gene MKRN 3 were
identified in Meishan, Large white and Landrace pigs by PCR-RFLP and were genotyped in the F2 popu-
lation of 285 Large white X Meishan pigs by PCR-Bst UI-RFLP.Subsequently, correlation between the
porcine gene MKRN 3 polymorphism and porcine carcass traits were analyzed. The results showed that,
the porcine MKRN 3 gene had seven SNPs in the coding region,including 293C>G,361G>A,497G>A.,
630G>A,678T>C,1376C>T,and 1407T>A.Of which,the 678T>>C site had different allele frequen-
cies among domestic and foreigner pig species.In addition,the 678 T>>C site of the porcine MKRN 3 was
associated with internal fat rate and buttock fat thickness significantly (P <C0.05).The 678 T>C site had
a dominant effect on internal fat rate (P<C0.05),showing an increased internal fat rate with heterozygote
form and had an additive effect on buttock fat thickness (P <C0.05), showing a decreased buttock fat
thickness with the additive of the 678C allele. Therefore,the 678 T>>C site of the porcine MKRN 3 might
provide a guiding value for the molecular breeding practice.

Keywords pig; MKRN3; SNPs; internal fat rate; buttock fat thickness; imprinting gene
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