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WEM N TT>TC>CC,CC 5 TC Z a2 F 83 (P<<0.05),CC 5 TT zZ @& 2 M 8BF (P<<0.01); Nramp1 3
[ 22 251 5 1 75 00 2R I TE 8 B0 G L 22 S 3 (P <<0.0D) , MR IR IS 2R 5 15 50 AALAB B KT

BB, H AA #15 BB 2 7 i 2 (P<<0.05), AB A1 5 BB #1238 8 % (P<{0.01), #F%
F A Nramp1 FER A R F B K AW EE A 2

ZERFW, BCL10 3
S, Nrampl N 535000 KRB IR S 800 7S

£, BCL10 M 3"35 1149T/C {7 5l Nramp 1 ZEW SN ST Nde T BV 50T RIAE R K AT B0 03 16 Bt

75 7 A>T AR

K4E BCL10 2K ; Nrampl 275 BIE; Hinid #

PESES S828 XERFRIRED A
H A, 54756 1875 AR 5G9 fige i KL X B o3 - Fm i
R ETURE M — DN EEMRNE . B 4
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ARG R BB WCAR . B e U A 5 A i
A7 A8 09 22815 B, R SR 56 4 % AR 31 21
H o DT 4% 309 i) 174 15 17 0 B B B R o R R AT
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13 H &%

DFEFZH DNA $EHC,  FH il i / 40 e/ 20 205
41 DNA $2 B & 42 BURE & DNA L IR & 38 T
RRAARHE LD BBRA A .

2) 5| ¥ #% i+ F1 PCR-RFLP 4 #r, A3 98 3C ik
[6,10]¥% 31 BCL10 3£ FHl Nrampl F:H Y 3514
(F 1), 519 dy db 5t BB G R A U B A BR 2 H)
B

PCR §" 8 2 W #& & (10 pL): Premix Tag™
5 pL,ddH, 0O 3.6 pL. EFiE514 (10 pmol/pl) ¥
fn 0.2 pL A4 DNA50 ng/pl)1 pls PCR N 4%
4:94°C 5 min, 35 PMEFF (94 °C 30 s,iE K 30 s,
72 CHE 50 s),72°C 10 min, 15 °C 2 min; ¥ H
Y T 2 90 Bt B R Je H Dk Rz T

Wi ) ;2 AR % (10 1L : PCR ¥ 3 pL,ddH, O
5.8 pL,Buffer 1 pL, BRI A YIEE 0.2 pL (BRI A D)
il Y900 T e B RAEY A FD WA R E T 37 CHE
TRLAR T Ak A 7. BV W 2 00 B R B E I F UK
oAUl N
14 HEHH

iz Excel 314411 50 3 PR A P 3R | 45 47 Fk R A
IR AT SRR B R AR A A% (Hardy-Weinberg)
SEMFPEAS B, SR SPSS 20 #4 ) F B AT S i
JEXEAS ] 5 R 2 0] 38 700 22 S R AT W R .
SAS B A N7 B Y X 15 e IR 5 AT A S o A K
AR B VS 48 B R TS AR R AT G Ay . AL A .
(1)iz i MLM (mixed linear model, Ji & £& LA
R GETT o3 M A 326 3 PR 1) 35 R AR R0y B e 5 0 A o
W 5 | DT 3 T e R YOG R H b [ E AL
7 AL A58 TR A 2 A P ) 280 A 3o DR i) R R R A
N o BE AL AL FE 28 B RN 8 B N RE R AL (2) 3
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Table 1  The list of PCR primers
KA 44 B 19750 (5'-3") B K/ C JrBORE /bp (=
Gene Primer sequences(5'-3") Temperature Size Site
N 1 GCCAGCTTCCACAGTCTCCAG 63 483 Nde 1
ramp GGGGGTACAAAGGGGAAGAAG
BCL10 GAATAGTCGTGGCTGGGAAGAG 64 635 Hinpl I

AGACAGATGGCAGGAAATAGGC

i GLM (generalized linear model, |7~ S & P4 45 751 )
G 1 43 T A 38 5 DRI 1) 5k PR 78 34 5 T A A R
BRI OC R . T 2= 797 P 3R AT RE S me A1 44 T
5, PRt A B 5 8 S H B8 PR 3R O 22 43 B v =45 1A
FIEAT W PER I, G4 RN L WO A3 BT AR
AR v [ 5 200 AN A 455 R A 14 (L L R 4 28007 R g ot R
PAL 1 5 BRI B G0 I iR AT B /s — 3fe A B kot DL S Ak
[K] 7 6] 1) 2 8 LA

2 HRESH

KB FEHMEIES R

AREAFHE AN A5 21 H % 300 1) 4 vk RS
ISR A PEIY L SR GE T R F1 A 3 1 W 103 i ) 9 A
DL EORERH, A RER B TE RO 32,000, Hoh iR

2.1

HE VS AR B BB 13.8 %, RIS AR
19.1% AgHEAMA L 67.1%,
22 KEBFEAFAEAESEENMERE ST
i SPSS #4241 45 PR E AT 3 M A
5L 25 B (3R 2) R W IEF 5 B RS 4 1) W 4% = F ST
WA EESHEEKREAZESHEE (P<<0.05),
L B MRS S R BT R A AR 2 W 5 FE A 13.0 06
HEAL 16.2% .,
23 KBEFEETEIETS S MmIFiE
S5 A A2 3 21 d W7 05 1 75 0 5% #0448
R DFRWRIAFHE N EEE 7T~11 Hig 17~
21 H ¥R TS 5 b & 2k /N e e AT 0 IR TS
BRIV RS S B R IX 2 AR B B
Tt

®2 XKBFHEBEETRESEENERESIT

Table 2 Individual phenotype statistics of different diarrhea degree in Large White pigs
" , WK 475 & / k -3 H O/ k [ RCEEY O RCE
B AR WL ke - HRRe e i
X R Weaning Average Diarrhea Frequency
Level Number Birth weight K . i . .
weight daily gain index of diarrhea
1E# Normal 329 1.56+0.32 6.69+1.13a 0.02440.004a 0Oa 0a
REKEE MD 68 1.5640.31 6.64+1.27a 0.024+0.005a 1.2240.41b 0.048b
HEETE SD 93 1.50+0.30 5.924+1.47b 0.021+0.006b 4.34+3.30c 0.16+0.10c

R MR BUE B bR 22 L W 9 B0 A F) PR R R 2 R A B R R P E R 22 5 13 (P <C0.05) , Note: Values of traits

were mean standard deviation,and values with same superscripts are not significantly different, with different superscripts are

significantly different at P<C0.05.

30 - 4 Total
—A- 1% Mild
—— E ¥ Severe

HEPEA AR k)
The number of diarrhea pigs
—
w

123456

78 91011121314151617181920

H i%/d Day
Bl XBEFEHNIHESSE
Fig.1 Distribution of diarrhea before

weaning in Large White pig
24 KBFHEBEGTEERNER
IDPNISEER - RCE IR vl AR G e St
(9 40 3 FEMEAE o3 I 4 21 B HATIR B0 2

HEAT 95 JEL A . A 45 2R 3R W12 B TS A1 6 AR R AE
FETRAT VRGNS ALYk B W R R RO 3 3 Al 3L
2) K AR WE 15 20 B A DU 25 5 . X i 4R %)
Y 40 Dy 2 A 5 B O 5000 0 A e TR AR DN L 25 R R
W, U0 I IR A th 8 PR PEREAS, (5 HE 22.5 %05
EX R N 7R S S s A N S K G = Nl
17.5 Y0 5 10 Wl 46 W8 I TR7 B 2K AT L R BB Ml 5% ik e AT
TR 22 A P T DR T R ip DT T 080 G ) B PR AR AR
25 BCLI0OERESHMSMHRXEKSH
DBCL10 BN Z R4S %R, X BCL10 J&
3-UTR ¥ T1149C i s Z B PE# 17K . BCL 10
LK PCR P34 7= WK 8 4 635 bp ., 28 BR il 4 P9 VI il
Hinpl T B§ V)5 455 TT.TC.CC 3 FI&H#, TT
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FERNAIA 635 bp 1 2545, TC J N AIA 635 bp.492
bp #1143 bp 3 &7 . CC FEHRIA 492 bp 1 143 bp
2 450, A SR R Bl D) A R AN 2 PR .

M _TC CC TT TT TT

bp
750
500

bp
635
492

143

2 ¥ BCLIO BEEMIIHBER
Fig.2 The genotyping results of porcine BCL 10 gene

2) W A TR A A 7 i K 5. B K B i RLFP-
PCR J7 #4743 B, %F BCL10 £ £ 25 47 5 k47
e AR A G AR A I, 45 2R (3R 3) W . BCL10 J&
B C Ry it 845 07 56 L b F s AR IR 10 4% O

3)BCL10 3 2 &M 5 RSB 0 . Al H
SAS X BCL10 3£ K 2 259 5 YRR 347 B 43
Br 455 (% )£ . BCL10 B W 2B 59L&
AISEBE (P<C0.05) , TT Ak )£ 8 KT TC AIA
K, 2R BFE(P<<0.05);BCL10 RN L EMS5ETE

®3 BCLIOERASEMSHAMBRKRBRARERRN
Table 3 BCL10 gene polymorphism distribution and Hardy-Weinberg law detection
HH K FEH T Genotype S IR AR Allele frequency A2 Al P
Gene Number TT TC CcC T C X% value P-value
BCL10 342 0.17(58) 0.45(154) 0.38(130) 0.40(270) 0.60(414) 1.13 0.29

VE 28 T B S X 07 3 DR AR /A5 A e PR BRUR (SEBRLINED) . Note: Values represent the genotype frequency/allele frequency(actual ob-

served values).

R4 BCLIOEARE 1149T/CEEUERBMER . BERHURBAERKERNXEK ST

Table 4 Association analysis of the 1149T/C SNP for porcine BCL10 gene fragment in the diarrhea index, frequency of diarrhea,growth traits

Wi % 7 / k ¥ H K E /K [-RCE = o7 15 47 %
: AR BT ke e e e
BCL10 X . Weaning Average Diarrhea Frequency
Number Birth weight K . R . .
weight daily gain index of diarrhea
cC 130 1.62+0.02 6.67+0.12 0.02440.001 2.20+0.60 0.5640.17
TC 154 1.5740.02 6.58+0.10 0.02340.001 4.11+0.61 1.0640.16
TT 58 1.7040.04 6.59+0.22 0.02340.001 5.93+1.04 1.5540.27
P-value 0.021" 0.847 0.848 0.007 " * 0.006 * *
CC-TC 0.151 0.565 0.737 0.036 " 0.036 "
CC-TT 0.165 0.774 0.569 0.002* * 0.002* *
TC-TT 0.010* 0.942 0.679 0.120 0.108

W "RIR P<0.05,¢
P<C0.01; Values of traits were LSM=+ SE.

TR TS TR RO DGR, 22 S B3 (P <<0.01), >
IR TS RIS 8 B R M A TT>TC>CC,CC
H5TCZEZESRBEP<0.05,CC 5 TT ZH%
S i (P<<0.01),
26 Nramp1 EE S HMEESMHRXBESH

D Nrampl FHRZEZHEEMEE R, X Nrampl
FEHENHNE FAE 1A Nde | OIS 25
BEATHEIN . Nramp1 F P PCR 4714 F B K B 483
bp, 28 B 1 9 VI B Nde 1 V)5 15 5] AALAB,
BB 3 FhEERI AL, AA LA 483 bp 1 444, AB 3
RIRIA 483 bp.373 bp 1 110 bp 3 4547 . BB kK Y
A 373 bp Fl 110 bp 2 A% , 2% i DX 24 1) il Y1417 2 4l
Bl 3 Fis

2) M AR R A OF i A 5. BF K08 i PCR-
RLFPJ B 47 43 T, XF Nramp 13 R 2 25 47 55 oF

* % RN P<C0.01 3 A MR B R B/ TR BB bRk R

Note:* * ” means P<(0.05;“ * % ” means

B 3 %5 Nrampl EFEETHABLER

The genotyping results of porcine Nramp1 gene

Fig.3
AT IE AR AT AR 2 HEA I, 25 3 (£ 5) R, Nramp 1
BLH B O 0 3 S A PR ™ i S e AR
iR (P<<0.01).

3)Nrampl BEHZ 8% SRS 2. fH
SAS BAEXT Nrampl FEFZAL 5 2 5 M5 Mkt
13RI BT A5 R (GR 6) K W] : Nramp 1 FeH Z 35 1%
HETE MR, ETE I8 B G, 2 RN R E
(P<<0.01) s M E 5 M % Y5 18 804 8 AA LAB,
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x5 Nrampl EESSUESHNBREBERETERLEN

Table 5 Nrampl gene polymorphism distribution and Hardy-Weinberg law detection

SETE e

HEH K S A Genotype X2 P i
Allele frequency :
Gene Number X% value P-value
AA AB BB A B
Nramp1 407 0.07(27) 0.07(28) 0.86(352) 0.10(55) 0.90(380) 156 6.28E-36

T« 28 B S X 0y 3 DR R /A A 3 DR BRUCR (SEBRLINAE) . Note: Values represent the genotype frequency/allele frequency(actual ob-
served values).
Fz6 Nrampl EE SNP LR SHEEREEME ETHEHERBAYERKERNXES T

Table 6 Association analysis of the SNP for porcine Nramp1 gene in the diarrhea index, frequency of diarrhea, growth traits

. ’ PR HE /K M5 1%/ % Ig 15 41 %
MR WL ke Wi T/ kg R e
NRAMP 1 . . . . Average daily Diarrhea Frequency
Number Birth weight Weaning weight . . .
gain index of diarrhea
AA 22 1.55+0.09 6.1940.45 0.02240.002 7.81+£1.82 1.9340.54
AB 30 1.57+0.06 6.2940.29 0.0224+0.001 8.42+1.42 2.5540.41
BB 354 1.6240.21 6.6040.10 0.02440.000 3.22+0.45 0.854+0.12
P-value 0.715 0.606 0.671 0.000 " * 0.000 " *
AA-AB 0.736 0.769 0.811 0.779 0.344
AA-BB 0.452 0.389 0.449 0.017* 0.050"
AB-BB 0.455 0.339 0.389 0.001" 0.000 " *

L% "EIR P<0.05,¢
P<C0.01; Values of traits were LSM= SE.
BMAT BB B, H AA 5 BB M 2 % 8 ¥
(P<0.05),AB % 5 BB %22 34 B % (P<<0.01).

3 it

31 KBMFHEWMEEEE S

TP IS 08 8 R BOK AT 8 DB 0 i A ™
BELYHS , A F 5 45 SR 3% B R A 0 W7 % i BB S R R
32.0 % » R FAT 4 B B VS /S AR B IE SR 21 H i
S EAR 13.0 %0, HIE AR 16.2% , 2 5 3
(P<C0.05), 5 Far7""" Mgt g e — 3.

RS KK FAAFEAE 7~11 BIR A 17 ~21
HIEAETE 2 Wi AT IR VS /= e, £ A& 6 i
SRR 12~17 HISRAFEAFIE IR TS /N i &
FIEAE 9~18 H IR A IEAFRE TS /N e, 45 th B T
i R — B0 AR RS B R B AP R 22 57, A
WFFE L BARSE . 175 7~8 B A A B L d v |
SR RGE, TREMIL B EEE 2L P
T~21 HE A . A7 4% DBRE IR 3R A5 10 G s 01 8 20 B
K, 10~18 H & A5 H & B oK P, 8 5 %2
B R, R BUREY . SRR, 9~14 H
WA 25 AT 8 AN RHIEA T BORE L S 3500 8 SR M VS 1T ik
JE T~11 HERHEYE /)N oy i () — > 15 22 5 IR 5 41 5
WYHT B WK A R AT 5 DBE R 4R 45 1 B U5 0 1R 95
%A I B R B ORRE, ] fiE 2 S BT S
17~21 HIBETE I A — D EE A,

%

* % "RIR P<L0.01; FPIHERIIE A /D e B AR MR . Note:“ x 7

means P<C0.05,“ % x”

means

32 BCL10 EEZ&MS MWK E XD

BCL 10 X 3 1 2 5 %F 40 Jfg X 1 70 3% [ 4 %
IR VA o DA A6 I8 B 200 i % 1 5 L oAk A S R T
R e KA vh kAR . BCL10 %78 %8 K
PE 1) 3k B2 v R AR AR RS S A R BT e 1 AEAE —
ER B R, AW SR R B BCL10 H B 7 B
1149T/C 2380 5 K FAT 5 Wi 5 i 17 15 4 =52 Fi g
TEFE B0 M & (P<<0.01) , At , BCL 10 LA 3" i
1149T/C i g /T LIAE B K A3 Wi i s e I 95 &
Pl A3 FhRiC . 1A V5 A5 5 RIR V5 48 5088 R 8 h
TT>TC>CC,CC 5 TC z 2R #FH(P<
0.05),CC 5 TT Z 8] 2 57k B 3% (P<{0.01) ; H Ik
AR, C S R O A7 % W 3 i RIS B PR IR, CC
SEHACH UL, 2SS SRR R
A (P <<0.01), TT BIAMAY) 4 8 KT TC.CC #Y
AME,H TT 5 TC 257 82 (P<<0.05) , A% JE A
UMy 22 57N B 2 e R ATT AT U HE T & C S A
SRR B AR B E, R REYN C 4
PLIE PRI 2 0,60, A F A7 FE IR, T 5 A3 R A
040, 4b T e AR AR A% P R A b . Huang
SV R BCL10 JE N 2 28507 85 5 ¥y 21 4
Mt & F (mean corpuscular volume, MCV) (0 H i) .
LL MM %K (red blood cell,RBC) (17 H # .32 H i#%)
B E ARG, C SR PITE R K B Gl o L —
AEI A AL U B A 85 i SR R, 5 AR 5T
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— 3, L5 Bk, C 407 5L K Sk A1 5 W7 405 i TS Y
PUPERE , CC A MA R E I R A K S
HUIGBE 7 T LI 1k X CC K PR aaf £ > K 1 3% 7
RE A C S B B CC PR RS B He 451, A
7T £ 2 FEUR BT 1 L BRAR B I 15 %,
3.3 Nramp1 ERA S &M SR B XBKRS T
Nrampl & FH FZAFE T WK PR 40 i s B
L A JE I 20 B R AT AR 22 RO R
WA . Smit NIRRT K& PR Nrampl FH 5/
BT U0 115 FEFF 1R . 43 AT B 45 5 i 4% 1) B 1 A7
FsHu U85 H B Nrampl £ N mRNA ik
b R AT LG i g 4 VD 1T T 1Y) e E e
RUFFEERFH Nrampl FEHEREFE SN T T
Nde T BVI0L 8 22 80 5 K AT 4 W 7% i 15 400 %
HE 75 45 50 0 3540 56 (P <<0.01) . Atk Nramp 1 %
HEE NN AT Nde 1 B0 5 AT DUAE B K AT
W RT PR TS B R FhRic . KA SR IE
EARSEIEIE BRI AAAB 2 H KT BB
R, H AA RIS BB IS R g 3 (P <<0.05),AB
A5 BB A2 S & (P<<0.01), HIt#E M. BB
BE DR Ay W O AT R VS B R R, R A
Iy R Nrampl HINEASNHNE T Nde | £
B SHEIBEEAG, AA R RAKIETE A H
3w T AB ZEFE AR (P <0.05) , Wu 2158 i
5% % L% A7 45 BB BUANK . AB B4R 5 A T 6
M 1, X B 5 AR SCEE SR — 3, BRgE4s R AB
TR PR R Y5 001 % R VS 48 0 T AA BRUSE A
R H 225 W% (P<<0.05) , il g J2 i T AA BRI AB
TSR B 85 /0 7 18 1) . Kommadath 25570 58 5o 3£ 4]
HH KWL ST R IHE Nrampl HH 5017 K H
B S AAE o 4B 7 SO T ARG 485 51 (7 1) P TR R
Jetb i 22.5%0)  ATHEWT Nrampl B NN &
T Nde 1 BV 5 2500 580 1T R TE IR Y MG .
WFoE 25 W B S 5 R F 0,90, A S5 HE A
WA 0,10, 7™ T fi 25 0 AR LR A% S iR S (P <
0.01), HZ: Mg 450 W48 th AA J P AL R AR
R, HY 33X b B PR RS G A7 A AS P A7 Y B RS RE
AA SEDH R — FhAg 35 56 4 R0, fT DAAE 36 O AR
WA e . G, o] DU o 6 AA 3 R RIAS 1A
TR T Nramp1B 4103 H 4l & K A3 3
PATHUIE TS & Fl .

2 % x
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Association between polymorphism of BCL10,Nramp 1

gene and diarrhea traits in Large White piglets before weaning
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Abstract To explore the association between diarrhea of LLarge White piglets and polymorphism of
BCL10 and Nrampl1 gene, a population of 490 Large White piglets before weaning was established and
PCR-RFLP was carried out to examine the polymorphism of 3" 1149T/C locus of BCL10 gene and the
Nde | restriction site in the 6th intron of Nrampl gene. Subsequently, correlation analysis of gene pol-
ymorphism with diarrhea rate (DR), diarrhea index (DI) and several growth characteristics were per-
formed. The results showed that DR of Large White piglets before weaning was 32.0% , average weaning
weight and average daily gain of severe diarrhea individuals decreased by 13.0% and 16.2% , respectively.
According to the results, piglets were easy to get diarrhea during two periods (7-11 and 17-21 days of
age). Pathogen was detected from diarrhea piglets and 22.5% of them were caused by salmonella and
17.5% by enteropathogenic Escherichia coli (EPEC). The polymorphism of BCL10 gene was extremely
significantly correlated with BW (P<C0.01). Specifically, DR and DI of individuals with different geno-
types were TT>TC>CC, with difference between CC and TC was significant (P <C0.05) and between
CC and TT was extremely significant (P <C0.01). The polymorphism of Nde [ restriction sites in the
6th intron of Nramp1l gene was extremely significantly correlated with DR and DI (P<C0.01) . The DR
and DI level of piglets with AA and AB genotypes were much higher than that of BB genotype. The
difference between AA and BB genotypes was significant (P<C0.05), and between AB and BB genotypes
was extremely significant (P<C0.01). In summary, the result illustrated that polymorphism of BCL10
and Nramp1 gene was significantly related to diarrhea degree in Large White piglets, and the 3" 1149T/
C locus of BCL10 gene and the SNP of the Nde | restriction site in the 6th intron of Nrampl gene
could be used as molecular markers for genetic selection in pig breeding.

Keywords BCL10 gene; Nrampl gene; piglets; diarrhea; breeding for disease resistance
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