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Abstract Uncoupling protein 3 (UCP3), as an important regulatory protein, is mainly involved in the
regulation of the body's energy metabolism and plays an important role in lipid metabolism, fatty acid
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oxidation and fat deposition. It plays a decisive role in the production of ATP in oxidative phosphorylation. In
order to study the relationship between UCP3 gene and pork quality traits, 11 meat quality indexes of 165
Jiangkou Luobo pigs (Sus scrofa) were determined. SNPs loci were screened by sequencing all exons of UCP3
gene amplified by mixed DNA pool. Single sample DNA was amplified and sequenced for validation and
typing. At the same time, the difference of meat quality among individuals with different genotypes was
analyzed. The expression of UCP3 gene of individuals with different genotypes was detected to study the
relationship between meat quality and UCP3 gene expression. This study identified 6 SNPs, they were
2.3127A>G, g.3205T>C, g.10439C>T, g.10441C>A, g.10466G>A and g.10479A>G/T. Population genetic
parameters analysis showed that the heterozygosity except g. 10479A>G/T locus was high , which indicated
that the distribution of alleles in the population was relatively uniform; the number of effective alleles was
high, which indicated that the degree of variation in the population was large; and the content of polymorphic
information was more than 0.25, which indicated that the loci could provide some genetic information. ¥ test
showed that the genotype distribution of g.3127A>G and g.3205T>C loci was in Hardy-Weinberg equilibrium,
while the genotype distribution of g. 10439C>T, g. 10441C>A and g. 10466G>A loci deviated significantly
from Hardy-Weinberg equilibrium. Linkage disequilibrium analysis showed that g.3127A>G and g.3205T>C
loci, g.10439C>T and g.10466G>A loci were completely linkage disequilibrium, g.10441C>A, g.10466G>A
and g. 10479A>G/T were strongly linkage disequilibrium. The correlation analysis between SNPs loci and
meat quality showed that marbling scores of TT and GG individuals at g.10479A>G/T loci were significantly
higher than those of AA and AG individuals, whereas shear stress was the opposite. Genotype-expression
correlation analysis showed that g. 10439C>T, g. 10441C>A, g. 10466G>A and g. 10479A>G/T loci were
significantly higher than those of others. UCP3 gene expression was negatively correlated with shear stress
and positively correlated with intramuscular fat content. The results showed that g. 10439C>T, g.10441C>A,
2.10466G>A and g.10479A>G/T sites were important SNPs sites affecting the meat quality of Jiangkou Luobo
pigs, and the increase of UCP3 gene expression was beneficial to the deposition of intramuscular fat. The
results provide a reference for the screening of molecular markers that contribute to intramuscular fat
deposition in Jiangkou Luobo pig.

Keywords Jiangkou Luobo pig; Uncoupling protein 3 (UCP3); SNP; Meat quality; Correlation analysis
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) : 53<Opto<<63 Jy & : B = ; Opto=63 ML : N
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4. 40 N6 FE 58 LS A 60 CZ 95 CLAEES s
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£, 5 5 [K] 4l & FF (homozygosity, Ho)- 3 [K 24 & F
(heterozygosity, He). 4 &5 55 £ 5 K] %5 (effect num-
ber of allele, Ne). 2 %15 & 7 & (polymorphism in-
formation content, PIC)7E PN 1) %% T B AR 515 S 44,
I H o 46 56 Hardy-Weinberg “F- 7 . 857 55 2 1] {1
EBN O R HTE 28 314 SHEsis (http://analysis.bio-x.
cn/myAnalysis.php) 7 H1 . A [7] 5 K B4 AN A o P
REA HI SPSS18.0 Hfv i) B[R 3K 5 22 73 M idb AT 22 7t
FNE T 5 SR o I R R A A & T A B AR AT 2
18, SR P BMEARE 2R OR . UCP3 2ENEE I
KU IR AE G 208 R FH 27T B, AR R A
MARIE R 7 R R R 7 204, R R A &
55 BT IR IR A8 7 A S FH XUAR B AH DR A 70 A

2 HERE5HH

2.1 PCR¥E55| 945754

P0G R WL 1, Hodr 1~5 A LSRR 2 DNA A
B AT 14 14 4= 5 40 51 17 41 5 6~7 4 B ¢cDNA A
B, 38 PCR 3G 1 5%t 7€ & PCR 51 4%t B H (1)
B TR 51 PR . PCR &5 W 5 75 L 4
WL =i AT B T B e J FRL R I L R DL B HL
kA im T B s, o ARy, Jo R, Ul B g1 W R
U, P4 A B B B, B DNA Marker
AT LUE H 38 7 BOR/N S SEBG BT E 51 s B B
KAN—5, 5B AHFT .

2.2 PCRillF4E!

PR R PV O 2 ME UCP3 R A 4 R
TP AiE A LAY TRECE) B A BR A 7] XU
5, 78 B A A 7 3 51 A ik 21 6 A 2 4L

*®1 UCPIEESIWER

Table 1 Primer information of UCP3 gene

ROHRE UCP3 BRI S % 753 | MB35 1 A6
FEE SUHHT, NIX 6 ML 853 3 fiy 44 8 < g.3127A>
G.g.3205T>C.g.10439C>T.g.10441C>A . g.10466G
>A F1g.10479A>G/T. g.3127A>G i1 g.3205T>C fif
RALT STUTR, H4 4 M7 53467 T 3'UTR, H
2. 10479A>G/T i s A7 1E A>T BRI A>G B Fif 58
AR (P 2). W 360 22 2547 A0 2 B LI 3
WAFE T 2% 75 a6 AR SCH R,
GAMEE SCARET, 527 7 5 R 406 BAS
g SUNEFAERY, Horbr g 10479A>G/T A7 25 A A 2]
AFRFERY, 73 R A GG AT, BF AR AA, LA
R AR AG, AL A 31 3 Fh I (R Y

2.3 BEEESHSNT

WL 2 Fis, UCP3 ZE A F [ 6 1~ SNPs iz i1,
2.10479A>G/T AL i A J9 A SE AT B[R] , 5507 5 [R 43
250.560 6, FHH T 47 HE R IRAK, 4 0.121 2,
T 1% A AT AE 3 /NS JE R, A LR I 21 4 Fh 5
DRI Y, 3 RS bV i S5 A7 5 DR o A1 AN 380 50 A A AL
FNBAR H A A N0.569 8, 255 B & miin
TREZA, UL AL S8 R KB 5 B R+
& o LT S'UTR [ 2 AL S AT 3'UTR K 3 ML
RUBMESHE T — 80 R RN AL 52 (8] PR B3R
I, SFEGEAL EAFEEER. (HR A LLE B LML
FEE HUEMNEREYE S, 285 EESEDR
AL REHA N R R, ] DRt
— BB AE B o o A5 S5 7R BT A AT s 35 IR Y 4y
A Y B 52 35 s 25 Hardy-Weinberg 117 , 1IX 7] BE /2 FH
TR TIEERIR, S8 e B R R A =
Ll

SRR RBORMbp  SIIFSI(5-3"Y) Tm/C &
Primer name Product length Primer sequences Usage
UCP3E1 472 F: CTCCAGTCAAGTGATCGGGC; R: TGGGGCAAGGGCTTTATG 62.8 PCR
UCP3E2 527 F: GCTGGGATGCAGGGTCA; R: TTGGGCGATGGTGATGG 60.0 PCR
UCP3E3-4 892 F: CGCCACGAACCTGTCATT; R: TGGTTAGGGTGTTGGTTTAGAAT 57.0 PCR
UCP3ES-6 1214 F: TCTCTAAGACAGACACGGATAAT; R: GTTGCTGATGGCACTTTGAC 50.5 PCR
UCP3E7 932 F: CCTCTGCCCGAGTTCCCT; R: GCTTTGTGCTCCCATTTTACG 62.8 PCR
UCP3 194 F: CCAACATCACGAGGAATGCC; R: CGAGTTCATGTACCGGGTCT 61.0 gRT-PCR
B-actin 165 F: CTTCTTGGGCATGGAGTC; R: TAGAGGTCCTTCCTGATGT 61.0 qRT-PCR

UCP3: AR K 11 3 ; B-actin: B-ULBN & 15 R [H)
UCP3: Uncoupling protein 3; The same below
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2.4 EPIRNFESH

iz F SHEsis 7E 28 X AF XL 1138 S J% UeP3 2
6 1> SNPs {7 sUBEAT B AT 53 BT, 25 R WSR3
FE 4. H DEFN P B A7 2 BB R BT 1 4
WA, b DE 9 1A S ) S8 A8, =1 58
SEIE, D'=0 8L =0 4 0 IE B BOE BT, 7 >0.33
TR NamiES . UCP3 M g.3127A>G H1g.3205T>
C /7 A .g.10439C>T 1 g.10466G>A 17 5., D'=1,r’=
1 58 A B T4, 2.10439C>T. 2. 10441C>A
2.10466G>A .g.10479A>G/T 4 M S 2 [B] D'~1, >
0.33, N ES AT . thah REKH g3127A>G
2.3205T>C i £ LA J& . 10439C>T F1 g.10466G>A
B R BB ERUE N — AR T R AL
() 7] A EL ST

2.5 EFEZSQH IR KBS

UCP3 3 LA 21 6 /> SNPs A7 i, & 4 1]
DA H 7E K B G008 43 A1 8BS 1) 7 76 T4 A b
2.10479A>G/T {7 /U B A BRI A4 45 2 AN K BE A7 4L
VPO 5 PR 98 AR YA AR L LI, 22 57 35 T BT )

bp M 1 bp

bp M 2 bp

bp M 5 bp
2000

1000
750

500

250

100

E1 UCP3EEBIPCRY &
Figure 1 PCR amplification of UCP3 gene

JIM IR Z o TR AL 28 T A5 i b A0 UL DAY 2E S e

SEEFHALE (HEWBTLUET], 2.10439C>
T.g.10441C>A LA K g.10466G>A fif i |- 5848 A
PRI BT FINLA B & B 5 B A B DL R i
RURH L B R, BY V) 77 9 AR BIAN AR B R A T 7
ARG RARTT ,3X LS SNPs A AU )
DRI RS VL I SR 3 B K3 8L BT ) AL
NE WG & & 3 ifabs EAFE R 2R, BRI N
RIA LT YL e & B, B9 V) 0k, I
M RE R AT, IX$278 UCP3 3£ 3'UTR 1) SNPs
A7 A BT BEARHET 18 N LD B 7 iR

2.6 AREBEEMEUCPIEREREIEEZRNT

AR SEBS AL i B AR R AR B 104 RNA FE
A, BALIE £ 13 5 RS FE A cDNA %%t 7€ & PCR
P18 CofE NN IR, T UCP3 35 IR % 2 AL AN
BT O3 MEE KL UCP3 FE R Rk
HPMEES). TTLLE R, UCP3 3K S'UTR E 1
2.3127A>G Al g.3205T>C o7 5 %2 R R R I8 18 7%
TR, UL B 2 AN U6 UCP3 B[R (1) 3 1A 5 52 1)
BN o 3UTR E Y g 10439C>T. g. 10441C>A.

bp M 3 bp bp M 4 bp
2000

1000
750
500

250

100

M:DL2000 DNA Marker; 1~5: Sh & 538 J Bt s 6: UCP3 B R 9 iE B PCR Y48 ) B s 7: W SR N DO 8 B PCRY B

1~5: Exon amplification fragment; 6: Real time quantitative PCR amplification fragment of UCP3 gene; 7: Real time quantitative

PCR amplification fragment of internal reference gene
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2.10466G>A UL J2 g.10479A>G/T fif s 2 R Rk & RIEH R,

ZS R NG AEMMEES IR W 27 vcP3 EEFEEE KR MEEX N
AN 5 R (A S RS .

AL IR AT UCRS BRAETTRIIUTE g spssis.0 s i v b7, 0 ¢

g3127A>G 2.3205T>C 2.10439C>T g 10441C>A
2.10466G>A g.10479A>G/T

B2 SNPs{if =R il e i

Figure 2 SNPs locus pooled sequencing map

/\AW\ /\M /\/\/\Z\

G 2 A

g 3 127A>G (AA) g 3127A>G (AG) g.3 127A5G (GG)

c c T G c C L G G
2.3205T>C (TT) 2.3205T>C (TC) g. 3205T>C (CC) g 10439C>T (CC)
I I U
2.10439C>T (CT) g 10439C>T (TT) g 10441C>A (CC) g 10441C>A (CA)
g 10441C>A (AA) g 10466G>A (GG) g 10466G>A (GA) g. 10466G>A (AA)

L c A G A c = G A C G G A c T G
2.10479A>G/T (AA) 2.10479A>G/T (AG) 2.10479A>G/T (GG) 2.10479A>G/T (TT)

B3  SNPs{Lm A [EHE 2 E i
Figure 3 SNPs loci sequencing map of different genotypes
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UCP3ZERE T KNP HIRIEE SRR E & &R R A, 5850 2R 2 fAH .
MM (E 5). FTUAER B, UCP3 LN BKAL 7T WL, UCP3 3 [ (2635 B 5 LA IR 5 i SRR 25 )
FHIRIARESWE KD EESEIRNIEHR, 5 MR UCP3ERET KNI HIREER S, A
pHVHE A S ESEAANAEE H LA NER  RIT LA RETFIUTAR , R0 P4 BE St R 4«

F2 UCP3EREBEFEESH
Table 2 Genetic parameters of UCP3 gene population

(=} FEAK ZENRY JEDIAUGIAR SRR SEALIEIMR Ho He Ne PIC  HWE()
Locus Sample Genotype Frequency of Allele Allele frequency
number genotype
2.3127A>G 10 AA 0.0606 A 0.3788 0.5294 0.4706 1.8890 0.3599 17.7778
105 AG 0.6364 G 0.6212
50 GG 0.3030
2.3205T>C 10 TT 0.0606 T 0.3788 0.5294 0.4706 1.8890 0.3599 17.7778
105 TC 0.6364 C 0.6212
50 CcC 0.3030
2.10439C>T 80 CcC 0.4848 C 0.5606 0.5073 0.4927 1.9710 0.3713 79.1156
25 CT 0.1515 T 0.4394
60 TT 0.3636
2.10441C>A 80 cC 0.4848 C 0.5606 0.5073 0.4927 1.9710 0.3713 79.1156
25 CA 0.1515 A 0.4394
60 AA 0.3636
2.10466G>A 80 GG 0.4848 G 0.5606 0.5073 0.4927 1.9710 0.3713 79.1156
25 GA 0.1515 A 0.4394
60 AA 0.3636
2.10479A>G/T 80 AA 0.4848 A 0.5606 0.4302 0.5698 2.3244 0.4939 229.8186
25 AG 0.1515 G 0.3182
40 GG 0.2424 T 0.1212
20 TT 0.1212

Ho: 25 s He: % 7 [ s Ne: A A AL S INH PIC: 25 E B B PIC>5: mE 23, 025<PIC<05: FEZE, PIC<
0.25:fIREE 235 s HWE() - 5 R B ARIR AT RS P48 5 2C001079.21

Ho: Homozygosity; He: Heterozygosity; Ne: Number of effective alleles; P/C: Information content of gene polymorphism; PIC>
5: High diversity, 0.25<<PIC<<0.5: Moderate diversity, PIC<0.25: Low diversity; HWE(y’): Genotype Hardy-Weinberg equilib-

Tium, X20.01(2):9 21

%3 IO% & UCP3 EFE SNPs i SE M A F T

Table 3 Linkage disequilibrium analysis of UCP3 gene SNPs in Jiangkou Luobo pigs

37 4. Locus g3127A>G 2.3205T>C 2.10439C>T 2.10441C>A 2.10466G>A 2.10479A>G/T
g3127A>G 1.000 0.595 0.599 0.595 0.602
2.3205T>C 1.000 0.595 0.599 0.595 0.602

2.10439C>T 0.165 0.165 1.000 1.000 1.000
2.10441C>A 0.178 0.178 0.941 1.000 1.000
2.10466G>A 0.165 0.165 1.000 0.941 1.000
2.10479A>G/T 0.139 0.139 0.771 0.726 0.771

TR LT DIE L M TP E

Above the diagonal of the table is the value of D', below the diagonal is the value of 1°
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RZ W ELIUESE, UCP3 JEH = AR B 3% L
A 0 fig 7 b 3k (Boss et al., 1997), 7€ fig i FR A%
Wi k1% %5 E B AE H (Argyropoulos et al., 1998),
DR I, ASHIF FE i £ UCP3 N (s ik 36 1], F 5 4L
LA M RIE R ST I8 Mg AR It A 2 18] )
M. RBFREY T UCP3 KT 4 BT
H, 3L 6 41~ SNPs A7 s, Hort g.10479A>G/T 7 5
RILH A R AR, AST B B B A A>G 7 i 5%
o BANFEARD T4 BN I 2. 10479A>G/T A7 1
1A 4 Fh 3 (RIS, A A7 i S50 K I 1) 3 Fof i [ 7Y
MG FE A RS AL RO 2 3605 B 81X LI
HEARBE S BORE B 2. 10479A>G/T 437 5 AMET 4 4
P AL EE R AR Y 5] TERFA N R AR E R, B
Al DA —E RS R . N g.10479A>G/T £
SRS TR A 22 S R AT R BT K B ARk
PN T E SN ESAR T4 0 K,
2.3127A>G il g.3205T>C £ £ LA K g.10439C>T Fil

® g.10479A>G/T -
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Figure 4 UCP3 gene linkage disequilibrium analysis
A R IR 2 R A R
The darker the color, the stronger the linkage

3.57 = GG AR GG mutation

3.0 ® RAA! Mutation
&, 5| "k F A Hybrid
g 77| mEAERWT
8.2.0F
X
o 1.5
E1.0f
050

0.0

XS ik
€

elativ

8
2.3205
T>C

g.3127
A>G

2.10439 10441

C>T C>A G>A

El5 UCP3EREAREEEBANEEIRIEZE

2.10466 .10
A>G/T
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RAEN— SR A, SE R0 2k DR R AR
TEHE R AL 5 P ) DG 2 A, AU I 2. 10479A
>G/T 7 i A [7) 35 (R B AR AE K38 S0F- 43 A B 1)
JIP TR AR EAFAE B35 2 5, R A7 2, WAL
Pt vl DL E M A A H g.10439C>T . g.10441C>A Fll
2.10466G>A i s FEAL B A4 5 Iy 19 ot 35 R B4 A
TERIRA S04 B U 0 LN AR 7 5 & 3 TR A
AR R 2, B UCP3 R A 3'UTR L1 4 4
B 5 LA i 07 & B A AE TR ARG, T S'UTR B
2 AL AN [ J DR R A PR 4 i TR R i i 72
FEAR, M H X UCP3 FER R IE AL O3 ME R

&5 UCP3ERARZEBSAFRMEXMEST
Table 5 Correlation analysis between UCP3 gene expres-

sion and meat quality

ik =LAy FHIGRHL
Meat quality index Correlation coefficient
pH, ~0.209
pHas -0.078
A& Meat color 0.231
K F4L Marbling scores 0.421
PARIZE Cooked meat percentage 0.036
JKIK . Rate of water loss -0.217
/K% Drip loss -0.221
B9Y) 77 Shearing force -0.918"
/KA Moisture 0.020

WL GG Intramuscular fat 0.968™
A Crude protein -0.056

ol A OC E EA OR

*: Significant correlation; **: Extremely significant correlation

-]

479

Figure 5 Individual relative expression levels of different genotypes of UCP3 gene

N KRG FRER R 2 B B E(P<0.01); WS B-actin;n=3

Different uppercase letters indicate that the difference is extremely significant (P<<0.01); Reference gene: B-aciin; n=3
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