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E: [EHN] Hit Nrampl KEE 6 N TLZAERAHPRTER (REgEn. KAFMREER)
M R SR iRk & . 73k Y %A PCR-RFLP 3£ &t 165 3k K B 4% A 109 3k 37 BAf Nramp1 HHE
6 WETLZAMEREDE (FHENARTRE I mEgapanEs ox) Wl xERTTHE. [ER]1 FA
BRI A FESSYE, BE. SFERAR RS EERTKR, B KM AT EERA R Z R,
KE% BB AAAMRGE AR AMEET 2 F BEGT AB EFA MK (P<0.05) , BB FFHA MK o M 41
JL NBT 36 B 1 AR B3 & T AB R EAAMK (P<0.01) , TAEAMITE RN R AB 3 FH A MR & M ok 48 NBT 3
FEAEREST BB HEEAAMK (P<0.05) ; ABTHHE A6 5T F 947 B R K G % BB 28 B A AMKSE - F W B 1K
T AB HEAAMK, M BHNZ AB EEAMRG R TEH BT BB HREAAMK. [£i] &M A FE Nrampl
FER G R A EE BEMK, Nrampl FFFE N HUR ARG — DN EEFEHALE.

KIF: f4; Nrampl FK[H; PCR-RFLP; %7z &

Relationship Between Polymorphisms of Nrampl Gene and
Immune Function of Pig
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Abstract: [Objective] To study the distribution of polymorphism in natural resistance associated macrophage proteinl
(Nramp1) in two pig breeds and the association of this polymorphism with some immune functions. [ Method JPCR-RFLP technique
was applied to analyze the correlation between the polymorphisms of Nrampl gene and immune function (value of
polymorphonuclear leukocytes (PMN) by nitroblue tetrazolium (NBT) reduction and effect of cytotoxin of monocyte) in 165
individuals of Large White Pig and 109 individuals of Songliao Black pig. [Result] There was one Nde I restriction loci in both
Large White pig and Songliao Black pig. The immune traits was not significantly different in different breeds and different genotypes,
but the difference was significant among different genotypes in the same breed. In Large White pig, both of values of
polymorphonuclear leukocytes (PMN) by nitroblue tetrazolium (NBT) reduction and effect of vytotoxin of monocyte in genotype BB
were higher than genotype AB (P<<0.05). The death rate of genotype BB was lower than that of genotype AB. By contraries in
Songliao Black pig, the value of polymorphonuclear leukocytes by nitroblue tetrazolium reduction of genotype AB was higher than
that of genotype BB (P<<0.05), and the death rate of genotype AB was lower than that of genotype BB. [ Conclusion] The results
indicated that there was a significant correlation between different genotypes of Nrampl gene and immune function in the same
breed, and it could be treated as a candidate gene of disease resistance.

Key words: Pig; Nramp1 gene; PCR-RFLP; Immune traits

ks BEA: 2006-07-17; $EZ HHE: 2007-01-09

EETH: WX “863” W H (2003AA243030) Al “+ 7 WEFHLMKITH (2004BA514A-13)

TEERN: M (1980-) , L, BRpUsEe N, W-LOFsAE, W7 hshsft 5 A5 %0, B-mail: whm0212@sina.com. JWR{EE T35 (1965-) ,
S, v, SR, SESUT I AR RS F Al . Tel: 010-62816011; E-mail: iaswlx@263.net



216 S A N

0 35

[T 70 Y fE KM, AM—HA
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LI L (B s AR SR A I 8 S5 Tl T VR 2081
GLIoi IR R AEFIRAT o BEAE AR i 22 20 H 2 57T,
FESE BT HeR . 29WIaTT CAS REA 2 AN fif pox
Loin) @, A V) FE G HOBBIa AN AR, B
Iy It 2 )G R AN — S i AT e i BRI
BOBMERRIC AR I, R AR S &
MIHTIR EFr, DL AE AT F4e m & & o ) 2k
h RO G ) A 04, TSR E S L —
2 FHRBHIZEEPUR )] CREERI. O
PEMZR-GBIERE ) ) 1 8O N B T g KA . L
NWEFEE e DRARPUIEAR O¢ EE 25 ] (natural resistance
associated macrophage protein, Nramp) K| 55 il 7
A RILT/NR (musmusculus) H, Belouchi 2556 &
B IE N 6y 4% 4 Nramp L 55N, Nramp 1 3E 4]
VERA IR 2 —, 1] G B AT ¢ 5 1) e P B
HH, O 10~ 12 MEE MR L, HAA S iiiE
FHIZ DIRERFIE, S — DB R, T3
AEAE T ML T MR S iS5 00K P e 4
T, AR R A SRR S, LB T
MIZ B H B S R A R T A T ) 4 e B
Mn* 5 Fe* S5l 4l 14 Joik & b i &=, M imi i zh i
PORBAR A, B RM, AL Bl J5 /0 Nramp 1
FENEHE 15 NMME PR 14 AW ST, {H A Nramp 1
B4 Kl 13 604 bp, /NS RIINZ 50 4 12 kb
HI15 kb 2477, JLrf i) cDNA JF4124 1617 bp,
gt 539 MR, DRERTIGA . R— 8k
ik 87%H1 85%!* . HHIA# ¥ Nramp 1 5E P O e 47 1
o515 S YR q23-26 T Nramp 1 JE 8 3 587
e W 4 6 oy R 4 Y AR Wk v P 4 i A 471 ) i 4 i v
R ik, BEns2mishyi Ak, X522 RN
AT IR B HRE TV E A DG, T HoR s i pitE 2
W JEURE R 1), BT LA SE SR G P T 1Y) R L i i BE A
2o HW, EPAIFEEXT Nrampl FER KH00E T
FAE TAD TAE, Liv G580 08 1) iz 118 2 &1
(single nucleotide polymorphism, SNP) 43#7 K,
PRAFDXH) SNP 55l 9 Vb 17T IR 2 P 4 b S Bt it
J ) A N B A <), Sanchez-Robert 25 %2 3% () )
1 2 TR LI 491 ZHFD G E ZH TR] ) Nramp 1 3[R 22 &

17 2% 22 5 0Y; Tatiane 25303 SSCA VL4 Hr o i
b, JR7F Nrampl ZE[R 3'UTR X £ 5, R BIA
) it P ) S PRI R 2 e B2, AN RIS DR 2R A 5 1
[CRRER R ko S iR, ST E N a2 ST 8 Y T
Nramp 1 JFE0EE 6 W& FAEEZ A AT, [
IS TR7IPANI=Y IR (EBE ST TI e 72 O Sh R N AN NS S ]
b, TR Nrampl FER AT HOE R >, 1 BLAE
W E AU RNZIE R ) 2 AT TS, IR
DISET Nrampl JEPE A DhREE DR R UL R 45 44 5 it
TRTEIR A SGE . CRMA P SR ) J ] AHIE T LARR
LA KA R AME RIS AR, SR F B
MW UIEE Nde I, X[ Nrampl JERZE 6 A& T
PCR-RFLP Z2MEE HAZE R4 gn e d/E /.
PRz 20 o i A % DY UM (nitroblue tetrazolium reduction
test, NBT) &J50 )7 554000 S Fa b5 AR EAT 40 4T,
ST Nrampl JERE 6 3 1 2 8P 50K 111
RZ, AR bR B BRI TR U B MRS %

1 MRS

1.1 SRR £

111 RIEAR KA (165 k) .« MM S (109
KO MFEEYR B o [ AR Bt & BT T B PR
S . TR IR RIS T A
FEREOR G SR S %, AR IS TR ZE 4R AR 20
d W, 30 d g, HOAWEBREMET G MP0E 2 5, ik
IHETE 60 HIS R, 10 d JaarfEFe kR I 6 ml/
H O (10%EDTA $iit) , 51036 2 4y, H 1
B T S Fa bl o

1.1.2 2 FREFE

(1) DNA Ff&b 58 iy 8 DR 20 42 s R 193 /4
PR, TE %,

(2) EZ5A5 DNTP W A nt = ZAMihil A
M/ 7], Taq DNA Polymerase I H i K22 b TR A
AR A BR AR, BRI N VIR Nde T 18 H % 4EY)
THAHRAR .

(351915 PCR-RFLP 2347 #iE %% Nrampl
FE 6 W& TS (GenBank: AY368470) ¥#itsl
Yy, YR B 483 bp. G I AESHIR
A BR 2 7 B, FE A R : i 5-GCCAGCTTCCACA
GTCTCCAG-3"; Tiif 5-GGGGGTACAAAGGGGAA
GAAG-3',

PCR [JWAKZR (25 ul) : 10 Xbuffer 2.5 pl. 2.5
mmol-L" dNTP 2 ul. 5U-ul" Taqg DNA %4 0.2 pl.
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10 umol- L™ f_ L RIF 51444 1 uly FEH4L 2 ul (4 50
ng) . ddH,0 16.3 pl.

PCR & 4% 94°C 1AL ME 5 min, 94 CAEE 30 s,
64°CiBk 30 s, 72°CZEM 1 min 30 s, 36 MEIR)A,
72°CIEAH 8 min, 4°CIRAF.

I 6 pl PCR F=H0N 2 ul 6 X My i FAF 25 i s
LRETF 1L5%BIEREER (& 0.05% EB) , 5 Vem™
HiE, HUK 1 h, SRAMT NS KL R, JHm.

PCR-RFLP 737 % 1 Nde T PR 1 D)1 4} PCR
FEPHAT R R Y. RINVARFRN 15 pl, g air=
Y8 ul, PFRAEITEANVIEE 4u (0.4 u) , bufferl.5 ul, i
KA 1S5 pl, 37°CI NI . BEVIF=YIH 2%50 e B vk
LK T BB 5 Veem™ HUESHIPK 2~3 h, AMT
MRS UK R, IR
1.2 GEREHRFIAE
1.2.1 KEAR LR 111 S R 1
B F T3 2 SR A A MR rh R 4 M, FLI VR AR S5 T
RUEAT S FRbn i, LAGsgmille 4558 . 54k,
FAAZ N I 1 20 B e A 2 A I RE 85 Sk A%
HEAT TR
1,222 EERA MEHRSEHE: LE 1077+
0.001 C EHEF M AHAFIA R AR , RPMI-1640 17
TR (AR EIEZAY GIBCO) , /NI (=R,
K562: N FIMLpEANAE (0 A E B Al s 24 0F 0
B s MTT (ZRAEPAFD , MHEEEIIEME (=3
AT, SRR Rl F A FD
1.2.3 R&7*

(1) R MR M g a5 AR, ATk
LN o0 B o B T s A0 o LRI 36 0 B 2 DL SC ik
[14]01) “ANIELL LR L RO B o

(2) e dRbrill R B 5 5 R4 i NBT
IR T (PND WE (1 S B BAAD B8 2 WSOk 14] 1)
“rppER A I Th R E s HOR% A R 4N R 2 4
(CMD M5E : FIH MTT Byl Pz 40 o K562
CAAMEA D 2 e 1 5%, HARD RS W
BR[LSTIC “ PR -Wix 40 M 40 M 25 4 FH AN
1.3 FHitHA&E

X AR LA MR AR B AR, DT AR A R
IR (85 k), RAEKEHMFN A AVONA Jj 224347
X ERLAE i NBT 18 )57, oG FAIREAL, FIH] SAS
WA GLM R M JLAE O SR RN 46 [
TERTY Sy 2

Yi =9, +b; +(gxb),; +e;

Arby oy AR NBT 3 O MRS o
RERIRLN ;s by SRR (gXb) g R FEDRIAY
BN SRV I EAE s ey R BEMLER 2580
2 HRESH
2.1 PCR 4Ry 1BLER

KHEAN RIS LA L AL HEATH 14, PCR =414
1.5%B IRt e e AT AN, RIS 5 H b i BER/h—3K
=4, Hr=4caia i oA « oo tEARy sk if,
nTHEH T (B 1D .

bp
500

300

M 4 Marker; 1~8 JKiE 2 BEHLAEY 11
M: 100 bp DNA Marker; 1-8: Individual PCR product

1 Nrampl Z£[& 483 bp #Y PCR F=4))
Fig. 1 483 bp PCR product of Nramp1 gene

2.2 PCR =Wl Uy g R BRI PE i 1)
Nde I X PCR /=#IdtATEEY), M 2% b bl il
VKA INBED) 4 o RIRAE P a8 AEAE Nde T BEY)
2N, WU SRR (A 51 (B) 74
3P, b AA FERTLEIR 1 44 (483 bp)
BB RGN 2 447 (373 bps 110 bp) , 24T
AB FEN A IR 3 457 (483 bp. 373 bp. 110 bp) &
7| SRS IR
2.3 AREIGMERMESEREBHE S

M2 1 T RUE Y, 3 R R B/ PN dn Rl A7 A,
HREDS i RO DR R AR 75 S AN K. FEP R AA
RUERIR D, %4 —1, AB B %, BB M, KN
A [FARZIE T LD B (5% .
2.4 Nrampl EEZ NS RRIEIKEEXED

X CM [ ZaiTiER (82, KAKHAH
FEAE CM =57 3% (P<<0.05) , BB JERAIAMA
BE T AB B, X PN Wi/ /TR, afh
AN L A RN PN SSRGS, B SRR
FE DRI [R] ) AN 6 PN RS AR &5 25 (P<<0.01) »
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1, 2: AA; 3, 5, 8: BB; 4, 6, 7: AB1.3.6 N KAMKMILNA, 2,
4,5, 7, 8 JRAILBAE SRR Y

1, 2: AA;3,5,8: BB; 4, 6,7: AB 1. 3. 6: genetype of Large White pig; 2, 4,
5,7, 8: genetype of Songliao Black pig

2 Nde 1M§1]]483 bp PCR F=HIBUIRBEHEEAS (2%) R
KEE

Fig. 2 Agarose gel (2%) image of digested 483bp PCR
product with Nde [

F2 mMAREEERE GRS R LR

F 1 ARE&G&#IE Nrampl E[E PCR-RFLPs Y E F B A1 (L
HEARE

Genotypes and allele frequencies of PCR-RFLPs of
the Nramp1 gene in two pig breeds

SERLIED ERR

Table 1

b FE R Genotype frequency

Breed JL R A AEE AR Allele Gene frequency
Genotype  No. Frequency
Lw AA 1 0.006 A 0.340
AB 110 0.667 B 0.660
BB 54 0.327
SB AA 1 0.009 A 0.372
AB 79 0.725 B 0.628
BB 29 0.266

LW: K% Large White pig; SB: FAIL244#% Songliao Black pig

KEEHARFRIER R PN 223 2% (P<0.01) ,
BB JEKANAR PN {H 22 1 AB JERIAMA, 5
CM 45 R —380. AL AR AL R BY 1) PN 2 5 W

Table 2 Comparison of the immune traits in different genotypes of each breed

LRLIERIN LW SB

The immune traits AB BB AB BB
A E > (48) 37)

Rate of MT (%) 80.40+8.0a 85.5046.3b

NBT i& J5i i (110) (54) (79) (29)

Reduction value 0.217 £ 0.114A

0.27940.136B

0.2584+0.093a 0.21740.095b

LW: KA Large White pig; SB: FAIZ 224 Songliao Black pig. F[A]  The same as below
JARR PR R e K, ARIKRS TR AR B2E/KE P<0.01, ARG FBER IR 827K F P<0.05

Different letters of superscript between the means indicate different level of significance, the small letters indicate the level is significant P<<0.05, the capital

letters indicate the level of significance is P<<0.01

# (P<0.05) , MMt AB JEFBIAMATY PN {2
F T BB SER A AMA,
2.5 HTELSH

IR AL PET 3 (R 3) 40K, fhFh

*3 MMAARREIEEZEE TR

R RN -G T D Y AL AE T2 238 AH ZEAN K Pl N AN [ 2 A
M), KEAMT AB B T/MATET 265 T BB A&
TIAMA, TS SBE R BB JE I AMARISET 2 T
AB JERITIANME, 5 e R R — 5

Table 3 ~ Comparison for death rate of different genotype of each breed
vl LAY BETAMAEEL TEHRAME syl PET-% BB
Breed Genotype Death number Normal Sum Death rate (%) Sum death rate (%)
Lw AB 11 99 110 10 9.15
BB 4 51 54 7.41
SB AB 7 72 79 8.86 9.26
BB 3 26 29 10.34
MR Sum 25 247 272 9.19
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3.1 SeyRigRRIZEE PN F0 CM BYIEF

o R R B A T S AN AN G o ALK
AR RIS, ASTR ) S 2 40 R0 532 531
Z R ME, SR HE AR A A e Aok
VR A 40 R 3 1 AR VE T, BRBIR AR e Ak o 11 2
B, BEEGILMER K. k. AW s ki
it NBT i&J50 (PN FISFLAZ 40 o 40 i a5 4 F A 4 B
R ien iy it 2378 | R Q DI RE G vkt OBy IR i P L=
PRI 1) 2 B e A, oy o9 1 0 P R ) 2/3 BLE,
RS R e h HAT EEME o g N, LR
— AN BRGSO TRAL,  A IR BRI T
Jis (20 - B AN LA B B R R e T
SEPRE AR R 2 G FTB R S —1E R £k, i AL
RIMEAHRZH MHC [ 801112591, 5P A
RKKR;  (3) zhang ZEMHFFERM, J%1) Nrampl
JEIA ) mRNA 7E4 J Ry M A b i n] ik, (HAE
g g An s vk an i p 2k s dp Ul R, AT
Nrampl 3[R 22 20k 55 v MR 40 il DA B 0 41
BWEINRENIA PR 7T L R X
3.2 Nrampl EEZ SR AN B EREIRIT

AWFFTFTAFFE N 2 &0 Nrampl 5606 541 56
278-279 fi ¥ CA—TG 584218 i Nde I B VI s 2K 5|
I ZZELER BRI B4, B3N
BRI D RUAUAAE P S B P (R 0 A AT, 02 AA
BRA (%4 14 « AB K%, BB H/b, 2547
LR A ORI TS5 L N B AR, AA JERA
BERMRE. X5 P SRS R — 57, B A
BE LRI R 3 A7 RS T 1 DL AT T e AA DR L S — ol
KL,y LAEE PR B Bk . AT
W SAR AT A Nrampl 2RSS 6 W& TN, X4
SRR P AN AT KM, e 5 H e MR AT IR
A B8 5 R MR K T BT S A A WA T 5] 2
(BN A i SN P B 42 S B L s R A e =R
e, A LA S DIRen RN .
3.3 WNrampt BEEAEERBELRR BRI RE

T REFE R RO BRI

VFZ W5 R W], Nramp & KRBT P B 2 [ 474
—EMAHSEC R . HJE HATWE S T4 Nrampl &
DAIFN 3% D REAR DG PEF I HROE . 7R ¢ R, AHf
RALL T T K ARARAIL B Nrampl K £ &M
SRR K R 45 F KW, Nrampl JER AR

[Fi) SR DR Y 55 G 3 T REAT P St Pl ) 2 S AN (3, RLAE
PR 122 S 2, i ELAS [R) 35 DR RS R S b o )
FENRERIAM I : K IAM BB FE K BIAMA ) A% 41 i
MMEE T % (CMD) A R4 i NBT id Ji i3y
BT AB B Aa Il BE AB JERIRIAMA M
R4 NBT i85 /8 (PN) Z# T BB i, X5
3 AT R AT RS PEHEN, KA
BB JERR/MAR AB JERIRAMAG T Tyt SET %
K, MM EESE I AB LRI ANMARE BB JE A 7R M4
PO S FET R A WL 30T, Nrampl JEPRIAS A2
DRI AR AN [5) i P v 8 Th RE SR BAS W) T B A& e T
CI AN [ JEE DR Y 55 AN A 78 Ty RE SR BT (128508 vl e 5
SRR AL TS S O (2D MUK I S O MR 1) 35
FERUHIAVE -IPLEIA LS 2%, T RERR Nrampl S5
ANAETFIRZEMER—EEHSN, EAAE Nrampl J&
R I e v R B e — SR R i e T (3D
B ) P 5 DR 55 90 D Ak ] 3 ] e A7 AE 52 2% 1) EAE

faray
STo

4 i

T E S PURTEREE MR EE MR, 2
AR AN R ZR R IE R, i HLE R (P s
SRR Sy, DR R B A B e Lk
RUME LLR AT BAR R, (HR ATAR Al Bhik£8 (MAS)
AT 235 PO 7 kT DUATI (Rt ok AN MR 48R,
P 1)L T B DR A (57 A B R 20 A i I S B
Fehmichl Bk PER et o AEFTE R0 K A B A
FAILFE Nrampl 58 22 25455 A DG S e D) BEAH G 1
(125 53 B A B, Nramp 1 35 DRI ) 4% 2 S 0 4 (1) i o
DREEA g, AT THUR BRI Rk
B R gt D AT I DU B R SR PR R
ECEAHITUA RN, Bl DA TR ) A 25 o o
PERLAR M NBT 3 J5 7 (B 2 2, JXn] REL i P () 22
TSR, B EAE IS WA R REAE A RN
WFFTILE AL R TR AR S0 o B D REFKI S o
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