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W OE: O TUIRESR F AU LA R R BB (Malate dehydrogenase, MDH) 1 fI5 2 H 15 B (Lipoprotein li-
pase, LPL) 5& K 33K 5 L i 105 & 2 B g D BR A AR o0 8 T DL IR 05 i DL AR AL . A BF 98 DL B 1l B 4 5 36
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WU e 7 & RO DT TR A R C R . G5 R R BEE R AN, B 3K Fy AR X KA ILA MDH 5 [N %351
20~70 kg Y Bt = LA LTE T0~90 kg BRI R T HRGHG IR F BMEK X KAMNN LPL JEH &k B8
TR MR B F % MDH I LPL mRNA RE¥ 5L RN & & 2 B 3F EAHC(P<<0.05, 5
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5 LA G 5 & 4 A G i 35 I AR 56 (P>>0. 05 F1 P<C0. 05), 43 3l 5 PUFA/SFA 2 1) W 35 Fi i 35 14 ¢ (P<<
0. 011 P<C0.05);2 g ILAA PUFA/SFA 5 LA fig 7 & 4t B &2 3% 614 ¢ (P<C0. 05) . Z5 R8N MDH
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The Gene Expression of MDH and LPL in Muscle and Their Association with

Content of Intramuscular Fat and Composition of Fatty Acids in Pigs
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Abstract: This experiment was conducted to study the relationship among gene expression of mal-
ate dehydrogenase and lipoprotein lipase in muscle and contents of intramuscular fat and composi-
tion of fatty acids in F, hybrids with boar X Laiwu pigs, and to investigate the sedimentary
mechanism of intramuscular fat. F; hybrids with boar X Laiwu pigs(called YL F,) and pigs with
Landrace X Yorkshire (40 pigs for each, 20 for male, 20 for female) were used. The dorsal-
waist longissimus muscle were collected when the body weight reached 20, 35, 50, 70 and 90 kg.
The developmental changes of MDH and LPL genes expression was detected by fluorescent quan-

titative RT-PCR method, and the relationship between the change and the content of intramuscu-
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lar fat and composition of fatty acids was analyzed. The results indicated that with the increase of
body weight, the MDH gene expression in muscle in F;, hybrids with boar X Laiwu pigs and pigs
with Landrace X Yorkshire pigs increased from 20 to 70 kg, and decreased from 70 to 90 kg. The
LPL gene expression in muscle in F, hybrids with boar X Laiwu pigs and pigs with Landrace X
Yorkshire pigs increased with the increase of body weight. Correlation analysis showed that in F,
hybrids with boar X Laiwu pigs, the expression of MDH and LPL mRNA had significant posi-
tive correlationship with content of intramuscular fat(P<C0. 05), but had no correlation with rate
of polyunsaturated fatty acid to saturated fatty acid (P>>0. 05). In Landrace X Yorkshire pigs,
the expression of MDH and LPL mRNA had no correlationship and had significant positive corre-
lationship with content of intramuscular fat, respectively(P>>0. 05 and P<Z0. 05), and had signif-
icant negative correlationship with rate of polyunsaturated fatty acid to saturated fatty acid (P<C
0.01 and P<C0.05). The rate of polyunsaturated fatty acid to saturated fatty acid had significant
negative correlationship with the content of intramuscular fat in two pig populations(P<C0. 05).
The results suggest that with the increase of body weight, the expression of both MDH and LPL
genes in muscle of pigs have apparent developmental characteristic. We can adjust the content of
PUFA in muscle by controlling the content of PUFA in diet of pigs, which can affect the expres-
sion of MDH and LPL genes, and adjust the content of intramuscular fat.

Key words: pigs; content of intramuscular fat; composition of fatty acids; MDH mRNA; LPL

mRNA; developmental changes

WL BB i (Intramuscular fat, IMF) & & & 7F
FE A TR EE B AR AR B IR E TP B KUK L B A2 T
P o WLPN R 7 1 B 5 2 20 R N A £k B A5 5%
& ATt Z A AE IR (SFA) 2 S 2 %+ LDL JH
] 52 P 3 00 R O 0 189 2 A= 8l ok ks e 48 1 I A
& A AR, 2 KA AR U R (PUFAD ] fifi il
6] 52 T Al o e AU ot e OB [ I R H it = TR A % & L IR
I VBORE A8 B o 235 I VTR A B0 52 v I 0 ) 955 2
BhaRic 12 gy AR 4E R O pU MR, B Ok O E e
SELL L TR L AR 7 R 5 0 AR I R 1 L
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fE(PUFA/SFA) XF LA A W7 /9 9T FR & A i 2252
M0 AFUX B 2 75 A S I I R LARGE

3P B iR B A i (Malate dehydrogenase, MDH)
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Table 1 The information of PCR primers

HL(Sigma /A~ 7)) ; ABI7500 Realtime %¢ 6 %€ 78 PCR
X (2 B Gene Company Limited); & [K #2 B Y ;
D9108A % Trizol, DRR036S %l Jz #% 5% ik 7 & .
DRR420A # SYBR Green & & i # & CK & 5 4
WIRARAFD,

1.2 A&

12,1 WU ARG & 8 BN i i 4 A i il I8
PR D 2 o 4 B 5 b o R AR TG 4R 0
(GB/T 5009. 6-2003) 5 i i B2 2H B 4 B K b
A GC-2010 # A AH € 3% 4 3 17 0 & (GB/T
9695. 2-2008) ,

1.2.2 516 4 GenBank 1 f%
cDNA JFH] L Bt 519 51 AL s e R AE R A
FRAFG R WER 1,

5149 4 B 5151 (53"

Primer name Primer sequence

B-actin-Forward
B-actin-Reverse
MDH-Forward
MDH-Reverse
LPL-Forward
LPL-Reverse

CGAGCTAAAGCACAGATT
TAGGGAGACCTTCAACAA

GGACTTCGAGCAGGAGATGG
GCACCGTGTTGGCGTAGAGG

CTCGTGCTCAGATGCCCTAC
GGCAGGGTGAAAGGGATGTT

EZlIR= F=H KN/ bp

Accession No. Product size
AY550069 233
XM003484245 430
AY686761 147

1.2.3 MDH F1 LPL X 335 8 19 & h5
RNA ) 2 B I 26 4k £ %+ W45 /) Jr 3% MDH
M LPL PR 355 5 I e >k H 2¢Ot 2 & RT-PCR
Tk, LRI Bactin NS, F] H1 DRR036S
7 %% R 70 £ f DRR420A % SYBR Green & 5
WA & FE 7500Real time PCR System [l 5 Ct
(B SR FHAR S f i iy 2 229k S Rk i,
1.2.4 FAamsit ot LN R 105 & £ R 7 IR
Y .MDH F1 LPL ik #5045 H] SAS 9. 13 4t
A B 5 22 20 B (One-way ANOVA) L £
B la] i 2 8 ] Duncan 25 A5G 43 A 8 ] De-
scriptive F1 i) Correlations J5 %,

2 &% B
2.1 HERF BEMKXKXKEBREIAWAL MDH
LPL mRNA Rz X BHTH

WIAAHEZ MDH mRNA )Rk w78 2 MR

Bt A A ) B R B e T S BRI K B
OB F MBI R A BTE 20.35.50.,90 kg 1A B B
P TR VU HAE 20~50 kg B 5 XK
P 22 5 8.3 (P<<0. 05) 7 70 kg 1K 5 B BE A i A%
FEXKAR(E 1), LPL mRNA Fik &% 2 4
TR RS B ORI A8 I B L TR Rt BT
HE MRS RASERER B ZER TR XKA
W AR 20~35 kg B 5K XK M 22 57400 3
(P<<0.01),7E 50 kg i} 22 7 i 2 (P<<0. 05) (¥ 2).,
2.2 BHERF BMKXAABINEHSENLS
I

B3 Fy 48 AR XK R WL IR D5 & = B A Ik
FA A 2B T m R R T S R E
BOFE 50 kg ARHE By B IR B R mKOE L Z R FFIR T
B AN 70 kg FFiR AL F B THBY BE . 7E 45 1R B BE
B3 F, SENLN B G & AR TR R A, AR
20 F1 90 kg AEM SK X KABERBE(P<
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0.05),7E 35 kg Bf 25 4% . % (P<<0. 01,14 3) .
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Fig. 1 Developmental changes of MDH mRNA expres-
sion in muscle in two pig populations
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Fig. 2 Developmental changes of LPL mRNA expression
in muscle in two pig populations
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Fig. 3 Developmental changes of the content of intramus-

cular fat in two pig populations

2.3 EFEF, B X KXBE LM AER S BR 48 RY
MEBETWL

B3R Fy 5 LD AR 07 %) 46 R Bl 105 2 R B AN 1 0 g
175 P I A A T A9 4 2 B el A 3 o 2 S B AR R T
A (R 2),50 kg (R iy Beik Bl s KF B S
At A% 1A T B B B 25 5 W3 (P<C0. 05) 5 1l & X
KRGS B i e 2R 2 05 T 7 R AR 34
(£ 3,70 kg AR B Bk 3 i m/KOF B 5 = A 4 A4
TRE Y BOAE b 25 5 8 3 (P<<0. 05) 5 2 A1 F g
TR b6 R T A 3 N 3 By R 2R B0l AR B = TR
fRAy 50 kg /R By Be ik 2 & m K H 5 HA
TR B B A B 22 57 AN B 3 (P=>0. 05) , 1T & X K
o e B Z 05 T e R A, 20 kg (K
By B i e KO B 5 Al 1A TR B BAE b 25 R
(P<C0. 05) 5 Z2 AN F i 7 R 5 1 R i 07 2 %) L
WE & 1A N BT 3 Fy R R B s IR S T
o P R A P A2 e s T >R 1 4 3R B e v 3
R T X 2 AR B 7645 7R 3 B BoAl
Fb 322 5% 8 % (P<<0. 05),

2.4 BT, EMKXKA¥INA MDPH 1 LPL
mRNA RiZ5ALHER & E X PUFA/SFA =& 2
iE] Y A8 5% 1%

SRR PR (GR OB 3K F, % MDH
LPL mRNA ZE¥ 5NN & & 5 2% EAHX
(P<C0. 05) , 5 Z A~ 1 F B 7 2 R 1 R i U7 2 1) L
{H(PUFA/SFA) 22 A (P=>0. 05) ; K& X R
MDH 1 LPL mRNA 3355 L g 5 % & 52 A H
A E A (P>>0. 05 f1 P<C0.05), 5 PUFA/
SFA 4% I 25 1R OC Fi i 3 9 AH 5¢ (P<<0. 01 fil P<<
0.05) 32 MERENLN PUFA/SEA 5N R & & %
S0 2 AR DG (P<C0. 05)

RIS S
3.1 LPLmRNA REEAHNERSERERRA
JI& 25 NG A CLPL) 2 I8 7 40 O JUL 40 i 25 48
JULZ0 6 2L % 200 i A e s 4 i 45 52 o 400 i i R
Gy U —FIOBE R 1 AL S B SRR IR Y H v = R
(53 MR ARE . B PR I ) 7L B RO R AR A %
Jig 25 1 T 485 44 0 Tk = B K A B Tk R A 5 R . LA
HEA RS AE IR . V. Gerfault 5058 £ W,
6K B D 4048 LPL A ey 2235 RB A% Sk 25 1 34 in
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Table 2 Developmental changes of the composition of intramuscular fatty acids in F, hybrids with boar X Laiwu pigs mg e+ g '

A& /kg Body weight

i H Item
20 3 50 70 90

+ kR C15:0 0.11=£0.08 0.10=£0. 05 0.10=£0.03 0.11£0.04 0.07=40.02
AR C16:0 32.3240.74%  45.7240.73*  63.10+0. 93 30.28+0. 13" 52. 8440, 74
++L kg C17:0 0.5140.16 0.4940.08 0.4840.10 0.4140.06 0.3040. 00
fifi fg iR C18:0 101.36£0. 625 145, 1841.10" 207.8241.59%  71.46=+0.68% 132.07£1. 22%
AR C20:0 0.331+0. 117 0.5540. 044 0.58+0. 18" 0.10+0. 02" 0.5540. 07
+ EREE AR C15:1 0.04+0.02 0.0340.01 0.06+0.02 0.04=+0.01 0.0340.01
ER I ER C16:1 5.0640. 15" 5.9640. 20" 8.0010. 37 5.0940. 12" 8.8240.19M
LR AR C17.1 0.3240.06 0.35%+0. 22 0.3740.06 0.38+0.15 0.30240.00
e C18:1 37.71+0. 48% 50.72+0. 85 78.28+0.06™ 40. 270,294 68.07+0. 8578
HE—WER C20:1 1.1340.12¢ 1.5740. 28" 1.7840.11" 1.3040. 28" 2.0540. 27"
WhER C18.:2 23.1440. 87° 25.0840. 21° 24.9740. 15° 15.7140. 40" 13.89-0. 56"
A R C20.2 0.90+0. 124 1.36£0. 31" 1.090. 14" 0.2240. 16" 0.2140.08"%
W JRRIR C18:3 0.84+0. 17" 1.1040. 27 0.99+0. 20 0.53+0. 25" 0.3940.11%
A =R C20.3 0.7540. 17" 0.8740. 254 0.940. 154 0.40=40. 21% 0.3840.03™
2B U R C20:4 6.8340. 45 5.95+0. 24 7.14+0. 39" 3.27+0.10% 3.9040. 39"
WA 1R C20.5 0.24-+0. 03" 0.331+0.06™ 0.3540. 14 0.06+0.01"% 0.0910.02%
TN C22:6 0.50£0. 09" 0.70+0.13M 0.7240.20™ 0.1440.05% 0.07+0.02%
HFIE MR SFA 134.6340.78% 192.10£1.22"  272.08+1.34" 102.36+£0.86%  185.93+1.02"
RS IS A R MUFA 44, 2640, 22 58.6340. 41% 88.4940. 34" 47.0840. 32 79.2740. 447
L AR R PUFA 33.2040. 31" 35.3940.26™  36.2040. 24" 20.3340. 15 18.9340. 24"
Z AR R/

5 1:4.06+0.11% 1.5.434+0.13*" 1.7.52+0.21* 1.5.0340.18"  1.9.8240.13™

1 FNBE W5 R 2 Lt PUFA/SFA

ARG FHE R oR 25 55 B (P<T0. 05) , R [ KE FHFR R Z RN B E (P<0.0D, THE
The different lowercase letters indicate significant difference( P<Z0. 05), the different capital letters indicate extremely signifi-

cant difference(P<C0.01). The same as below

R3 KXKBEBNANEHERRERNEZEEENL

Table 3 Developmental changes of the composition of intramuscular fatty acids in pigs with Landrace X Yorkshire mg e g
kg Bod ight
5 H Ttem 1A /kg Body weig
20 35 50 70 90
T HBERR C15:0 0.18=+0. 03" 0.16=+0. 05" 0.14=£0.03" 0.1340.02" 0.1140.01¢
AR C16:0 39.37+0.18% 30.62+0. 45 78.56+0. 117 80. 44 0. 214 53.3340.05%
iR C17. . 0840. 06" .7240.03" . 7940. 04" .7940. 05" . 6040, 08¢

+-t4Em C17:0 1.08-+0. 06 0.7240. 03" 0.7940. 04" 0.7940. 05" 0.6040.08
fili 5z C18.0 142.46+E1.47%  94,0140.22°  244.584+1.41% 247.8241.83%  155.361. 38"
HER C20:0 0.3940.11%¢ 0.2640. 06" 0.77=40.09% 0.8040. 04" 0.48=+0. 05

R A R C15. .1240. 02 .11£0. 03 .0540. 00" .04=+0. . 05+0.
+ HRE AR C15:1 0.1240.02* 0.1140. 03" 0.0540. 00" 0.04-+0. 00" 0.05+0.01"
FEREhER C16:1 4.8040.17% 3.78+0.11% 10.774+0. 06™ 10.1840. 15 7.8340.06"

K AR A5 TR : .6240.07% 0.4840. 03¢ 0.7840. 04 0.63+0.06% 0.5640. 05
+ LR AR C17:1 0.6240.07 484-0. 03 78+0. 04 63+0. 06" 56+0.05
e C18:1 45.29+0. 28% 40.1040.21%  112.8940.56* 118,254 1. 247 80. 1640, 27"
etk — IR C20:1 1.43240.11¢ 1.26+£0. 04% 3.5440. 04" 3.6940. 08 2.5440.11%
Wil g C18.2 32.5240. 18 18.7840.05™ 26.39+0. 16% 21. 6540, 33% 20.55+0. 23%
Wk R C20:2 1.5540. 06" 0.9340.11" 1.6340.03" 0.38+0.07°¢ 0.3740.03¢
W kR C18.3 1.06=+0.11° 0.54+0.05° 0.84+0.03" 0.6440. 05 0.6040.07¢
WA =k C20.3 1.2240.04 0.8740.06 1.0540. 04 0.7740.12 0.74+0.06
A6 A DU R C20 .4 10.3140. 31™ 6.580. 09" 6.2640.08™ 5.3640.07% 5.43240.10%
A6k TR C20.5 0.36+0.07° 0.19+0.03" 0.144+0. 03¢ 0.10%+0.01¢ 0.13+0.01¢
TR MEIR C22:6 0.89+0. 11 0.5440. 05" 0.38+0. 04 0.24+0. 04 0.19+0. 03
M FIg Mz SFA 183.48+0.82%  125.77+£0.56™  324.8440.65" 329.984+0.47  209.88+£0.97%
PR FN RS W7 TR MUFA 84.7840.24%  45.73 40.32%  128.0340.61%" 132.79 +0.46%  91.14 +0.53%
Z AR R PUFA 47.91+0. 32° 28.43+0. 33¢ 36.69 +0.15%  29.14 =+0.35° 28.01 +0.21°¢

M (=3 7
= AHURIE W R/ 1:3.8340.12%  1.4.4240.11" 1.8.8540.09% 1.:11.3240.17% 1,7.4940.17%

AR R Z . PUFA/SFA
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F4 21¥%BIA MDH 71 LPL mRNA 25 IMF &8
K PUFA/SFA =& Z [E /)6 5% 1%

Table 4 Correlationship of MDH and LPL mRNA expression

in muscle, content of intramuscular fat (IMF) and

the ratio of polyunsaturated fatty acid to saturated

fatty acid( PUFA/SFA) in two pig populations

i H Item il Breed variety IMF PUFA/SFA
YL F, 0.88" —0.62
MDH mRNA
LXDB 0. 80 —0.97""
YL F, 0.95" —0. 80
LPL mRNA
LXDB 0.90" —0.94"
YL F, —0.91" -
PUFA/SFA
LXDB —0.91" —
CLORRAHEE F (P<C0.05); . RIRAH G B (P<

0.0D

*. Means significant correlationship(P<C0.05); " *. Means

significant correlationship(P<0. 01)

i 7 A OB . ISR W AE 3 96 BB % LPL mR-
NAFY /&5 2 25 07 350 UL g 105 09 & & A B 1Y 52
Mol ARAFIRAE R R BF 3K B K X K A
LPL mRNA ik HE & A A3 2 4k b
THry @, BB F S s TR XRa¥. &
USRI A 1R A K T LA A KR B TS L
PR A i B D 55 i D7 TR AR Ak 4t e X 7 SR RIS
LPL 3Rk AU T o . HAEA T, R U
A& 50 kg (R I 4h A 0 iR R 5 2L R T s
Bha B T NLA A A B S T BRI R SE AL T RE Y
oK R, LPL 1 BRI 3h /K 4R 2L BTk,
XFBRLT R A5 B AR A R — 8. ARRFIE LMk
SR A IR R B3 Fy AR X KB WL AR D &
w5 LPL mRNA £iEH 2B EFMEEMRKX (P
0.05),PUFA/SFA 5 LPL mRNA % ik 4 5 & A&~
3 R OG (P=>0. 05) Fl i 3 1 AH ¢ (P<C0. 05) . 1
) PUFA BE% T 90 A IR Bl S PR A9 5% S A ik I
H o mRNA @52 M o DT 0 ) H KL R R 38 L R 44
JEAC T, B PUFA 78 g 105 b /Y & & B
LPL K& [H (% 3% 35 8w o DR -S 350L N s D & o5
o
3.2 MDH mRNA RiZ 5 K5 & = & 5 &
HBH KR

SRR I B (MDD 76 390 7R 9 i 4k 3 1 iR

AR NI RR FE 7= 4 NADPH., i NADPH J& 3 ¥
A PN B 7 5 180 ) 2 4l 1 L 1R i MIDH 76 B8 5 6 B
PR T EENMERT . EEREGIEN, A
K MDH mRNA 3 ik & [ I AE 1o 2 K& I s 1)
PORS . AREFFE S R B, B3 F MK X KA
% MDH mRNA ik & B & (R 5 09 3 in i 255 7+
i E AR a3 TE 70 kg MR Y B4R RR R R KT
FEAE AR b B v B A R SR 0% 1 s LS s ) AR AR
HAEAWT A N . 3% 75 B MDH /36 P 7 & i = 2k
21 NADPH 2 5 244 i 5 19 & it #2 v
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