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Abstract

Intramuscular fat (IMF) affects meat quality, especially juiciness, tenderness and flavor.
The content of IMF are various in different types of muscle. Previous literature indicated that
IMF content in M. longissimus muscle was higher in Kaohsiung Animal Propagation Station
Black Pigs (KHAPS Black pigs) than in exotic pigs. However, the study in pig meat quality
and phenotype of gene expression always focused on the longissimus muscle. Therefore, the
objective of this study was to investigate the expression levels of lipid metabolism-related
genes in different types of muscle among breeds. The study collected muscle samples from M.
Longissimus Dorsi (MLD) between the 10™ and 11" ribs, shoulder (M. Semispinalis Capitis,
MSC) and ham (M. Rectus Femoris, MRF) of 14 KHAPS Black Pigs (K), 14 exotic pigs (E,
seven Duroc and seven Landrace pigs) and 16 black pigs (B). Real-time PCR was used to
quantitate mMRNA expressions of the lipid metabolism-related gene, including ATGL, SCD,
HSL, LDLR, SREBP1c, CPT1b, FAS, Leptin and H-FABP genes.

FAS is a key enzyme in fatty acid synthesis, and SREBP1c is the principal regulatory
transcription factor for fatty acid synthesis in mammals. H-FABP is critical for fatty acid
uptake as well as intracellular trafficking in muscles. Our results showed that the expression
levels of SREBP1c and H-FABP in E pigs were the lowest of all (P<0.05), and were similar in
K/B. However, the expression level of FAS was significantly higher in MSC of K than E
(P<0.05) , which suggested that the lipid synthesis and fatty acid transportation were higher in
K and B compared with E, indicated the MSC of K expected more fatty acid synthesis than E
pigs. ATGL is present in all cell types that can start initial step in lipid hydrolysis. Unlike HSL,
ATGL shows strong preference for triacylglycerol as substrate. In skeletal muscle, Leptin

played a major role in anti-obesity by directly affecting glucose and fatty acid metabolism.The
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expression levels of ATGL and Leptin in E pigs were the highest of all (P<0.05),and were
similar in K/B. In KHAPS Black Pigs, the expression levels of H-FABP, FAS, and SREBP1c
were the lowest in MRF (P<0.05); but there were no significant difference between MLD and
MSC. ATGL was significantly higher in MLD than in MSC (P<0.05); but there were no
significant difference between MSC and MRF. In exotic pigs, the expression levels of ATGL,
H-FABP and CPT1b in MRF were the lowest of all (P<0.05), and were similar in MLD/MSC.
FAS in MLD was the highest of all (P<0.05), and there were similar in MSC/MRF. The
expression levels of SREBP1c were in following order: MLD, MRF and MSC; MLD was the
highest (P<0.05). Leptin was the highest in MRF (P<0.05), but not significantly difference
between MLD and MSC. In black pigs, MRF showed the highest expression levels of
SREBP1c (P<0.05), but was similar in MLD and MSC. The expression levels of H-FABP in
MRF was the lowest of all (P<0.05), but there were no significant difference between MLD
and MSC. ATGL was significantly higher in MLD than in MSC (P<0.05), but there were not

significantly difference between MSC and MRF.

In conclusion, high potential of IMF accumulation could be expected in loin,shoulder and
ham in K and B than in comparison of the expressions of lipid metabolism-related genes to
exotic pigs. However, We need more information like carcass trait to analysis the association

between phenotype and mRNA expressions.

Keywords: intramuscular fat, Lipid metabolism-related genes, M. Longissimus Dorsi, M.
Semispinalis Capitis, M. Rectus Femoris , pig.
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Table 1 Sensory evaluation of longissimus dorsi from different black pigs and crossbred white

pigs
Items/breed TLRI black pigs ~ Commercial black pigs Crossbred white pigs
Tenderness* 5.1+0.3° 5.8+0.4° 54+0.5°
Juiciness* 5.3+0.3" 5.7+0.4° 5.5+0.5%"
Flavor* 5.2+0.6° 5.6+0.3° 5.2+0.7°
Mean £ SD.

2b¢ Means within the same row with different superscripts are significantly different (P>0.05).
* Sensory panel test: 1 for dislike extensively and 7 for like extensively.

'( % > 2007)
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Blood Lipoproteins

Glucose Fatty acid — albumin LPL
GLUT4 Fatty acid transporter !
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1 | TG
PFK NADPH —— glycérol
M G3PDH
Glucose-3-P Fatty acid
]
NADPH = MADPH }
r FAS
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- Lactate = Pyruvate =
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Malate |
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ATP, CO2 02

Bl 8 3p 2 Py ipsimre 2 iy £ 1 FHwE (Hocquette et al., 2010) o 75 B 4 = F% (+) 5 %5

ipdnre ¢ A R eDNERIT o BF IV L F CHLFZ v Y 2 0 RpT e

Figure 8 Overview of energy metabolism in muscular and adipose cells.Lipogenesis (right)
is a major metabolic pathway in adipose cells. Mitochondrial oxidation is a major pathway
in oxidative muscle fibres. ACC5 acetyl-CoA carboxylase; COX5cytochrome-c oxydase;
CPT-I15carnitine palmitoyltransferase-1; CSbcitrate synthase; ME: malic enzyme; H- or
A-FABP = fatty acid-binding protein (H-FABP: heart and muscle isoform; A-FABP:
adipocyteisoform);FAS = fatty-acid synthase; G3PDH = glycerol-3 phosphate
dehydrogenase; G6PDH =  glucose-6-phosphate  dehydrogenase; ICDH =
isocitratedehydrogenase; HAD = hydroxyacyl-CoA dehydrogenase; LDH = lactate
dehydrogenase; LPL = lipoprotein lipase; PDH = pyruvate dehydrogenase; PFK =
phosphofructokinase; TG = triglyceride
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N

#B B EFODLF (P<005):m & ML sjew @ - Hpxap e sxps (free fatty acid )

!

>
e

3
)
\“‘b

EFIMF 2 235 A FHF (P<005) > &r IMF 2 2 § P 8T ¥ mie
CN - d ERICLER R R A S Rk RS b p

VRS A8
(=)' 2 s 4p bl & 5]

1.75 %5 & = pe (fatty acid synthease, FAS)

Paipfs b Rk AR 0 T A S A 5E CTypel 2 Type Il - Type | FAS 35 3¢ ¢f 5t
B2 EFAY 0 LR FHN L SN E i Eme ) > Type Il FAS & 5 o f
(archaeabacterial) 2 E ‘w f7](eubacterial) ¥ > H »5 i B 23 B & w5 M o EE;%%EJ Fr
#] Type Il FAS e * 7 fr 4 72 & (Fulmer and Writer, 2009) - 7 2. FAS 4 FASN
AT TS o FASN 220 12 554 4 g8+ » H 5| 3 &d 22 B4 A 7] (exon) %
5 BdE~ B 7) (intron) ‘e 3F 3 545 (domain) (B 9) » Edv Fa+255

250 kDa~272 kDa > d & % % iS5 - fARFTRE S 2 AF M0 ¢ 7 0 B -ketoacyl
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synthase | ~ [3-ketoacyl synthase Il ~ S -ketoacyl synthase Il ~ ACP ~ malonyl-CoA:ACP
transacylase ~ enoyl reductase -~ dehydrase % g -ketoacyl reductase (] 10) » #7 i it 5= B
F e 4 #-lmre o 5 el o fs A(acyl-CoA) 2 fqih A + #1 & 4 2. ¢ fis 7k off fis
A(acetyl-CoA) & 5 = fi# (malonyl-CoA) > d ﬁi&&;‘ 8 3-v (acyl carrier protein, ACP)
REHFEEERFE S0 £+ 5 16 2t 1Ppe (palmate acid)ff 41 > H it F 3
Acetyl-CoA + 7Malonyl -CoA + 14NADPH + 14H" —Palmitic acid+ 7CO, + 8CoA +
14NADP*+ 6H,0(Stuart et al., 2003) » i& @ } 4 e f ;7 fe Nz B/ Bmie (74
Ea Al AR H T TS oo PSR & S fE e B 3T {*ﬁd F o S
(upstream stimulatory factor) f= ] fF: & ~ 2 % & v (sterol regulatory element

binding protein-1c » SREBP-1c) :i& {7 # 453 ¥~ (Horton et al., 2002) -

320 140 600 220 230 75 300

S581 H878 NBD-1673 |
K326A NBD-1886 S2302A

B 9 FAS AA F B 72 4 Bl 3¥ (Stuartetal., 2003)-d = T + H i &5 i B 2 B 3
5 -ketoacyl synthase (KS), malonyl/acetyl transferase (MAT ), dehydrase (DH), enoyl
reductase (ER), b-ketoacyl reductase (KR), ACP and thioesterase (TE)

Figure 9 FAS domain in gene sequence. The order of functional domains was established as
5 -ketoacyl synthase (KS), malonyl/acetyl transferase (MAT ), dehydrase (DH), enoyl
reductase (ER), b-ketoacyl reductase (KR), ACP and thioesterase (TE).
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I |
-S-CoA HO-C-CHo-C-S-CoA

CoASH 0 0
Malonyl-/Acetyl i i
-0O-Ser581 Transferase HO-C-CH2-C-O-Ser581

ACP
Ser2151PSH
I

I
-S-ACP HO-C-CHo-C-S-ACP

1L

(o} COs
p-Ketoacyl = 1l .
R-C-S-Cys161 | S-Ketoacyl
Synthase =% y Sonthass

]
CHo-C-S-ACP
pro-45 NADP{R] + HI¥ B-Ketoacyl
NADP+ Reductase
Q
CH»-C-S-ACP
Thioesterase prosana0P (] A Valipdoast
16:0-0-Ser2302 (I? o HO[A
Clrl H-C-S i
H20 HHEEH C-C-S-ACP
Enoyl |1|
Reductase
C16:0
acid

Bl 10 #~ 4~ 48 FAS it 2 5 B 4 & = F g (Stuart et al., 2003) -

Figure 10 The fat biosynthesis of animals by FAS catalysis.
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2.7 g &~ i 1lc(sterol regulatory element-binding protein 1c)

SREBPs (sterol regulatory element-binding proteins) & % &% *2-Tk - 4% *2 6 Y&k 3 4%
(basic helix-loop-helix leucine zipper) s 4% F]+ o of ' & 4> e SREBPs 3 = #f @ 4 %
% sterol regulatory element-binding protein 1(SREBP1) % sterol regulatory
element-binding protein 2 (SREBP2) (Yokoyama et al., 1993) - SREBP1 # F] & 7 %5 % F
iz a3 3 f87) 5 hE 44 (isomer) - & %] & sterol regulatory element-binding
protein 1a 14 2 sterol regulatory element-binding protein 1c » # ¢ SREBPla +~ & #
2 E ¢ e o B e N FREE R K & e DR G 0 @ SREBPILC R
RELEAPE AL AMA e 5 A A AR A0 F haE
TIRG A 24 A wivp wsd > SREBPIC » ARG A E LR H e
A E RS el 0 @ SREBP2 e e N ERA N B H A K I

sim¥e ¥ W 3 4 IR o (Parragaetal., 1998; Guillet-Deniau et al., 2004 )

752 SREBPL A Fli=3t % 12854 ¢ # » B AFR 5|1 8d 13BLIREF|Z 6
B4R~ B Fl TS o #rgk 2 SREBPlC s:rkdd i 4 38 7 4 3815 2 4F (post
transnational modification):& » fm*2 §%2 ¢ » ¥ 2% & 3 FAS # F|efcds + (promoter) + 1
7# 14 FAS ehi J(Kimetal., 1998) - ¥ 5 # 3 48 % 45 1 » SREBP1c it 43 % & 1 SCD1
% LDLR z. CCAAT/zi& % & 39 * (enhancing binding protein) @ #% % # % 3.( Le Lay
etal.,2002); ¥ - * & » SREBPlc & ¥ #z3vv w7 iie =~ s 1l (hexokinase Il)=h

CRREE ELLA O R L U
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(2 )% FiEiEAp M )

1w BgA]Pg e % & 39 ( heart fatty acid binding protein, H-FABP)

B Py AL £ v A %R £ 3w (FABP) joEH ¢ — B o FABP A
FIR7AE D 4 BEMAEZZ 3B/ B 797 FABP 2+ & 5 = + 57 fatty
acid binding protein (FABP) ~ cellular retinol-binding protein 1 and Il (CRBP land 1) &
cellular retinol acid binding protein I and Il (CRABP land Il) - 2 # FABP ix H #1 4 ke
PR R T A G S A(R 2) 0 4wl L] (liver, L) ~ % 4] (intestinal, 1) ~ 5
B % <% (heart, H)~ 75 %5 i #e ] (adipose, A)~ % & 2] (epidermal, E )~ #5 | (ilealm,
1) ~ %875 2] (myelin, M) ~ 53] (brain, B) 2 % ¢ 3] (testis, T) ( Hertzel and Bernlohr,
2000) - H-FABP i & % 3 v 54 & = e B ~ F Be9v2 o gt pRgp eyt H;]U‘ v d 132
Brefipiries > 23§ % 145kDa- 2@+ > H-FABP & 3% & dapr R M7 sk 3
AT BF 1t @~ RIFR AR (citricacid cycle) 1% & 75 Fau & 2 %2 posrd @
Shd 2 W& F) S fedla 515 mre N g 4 & & st @ oL (signal transduction ) o %‘gt“

A yewmre a3 £ ¥4 v (Gerbensetal., 1997 ) -

P2 H-FABP A F = 5 2 4 4 g+ > A TR |d 3BIE > B2 4 B4 A
Flocie s o N2 AR H U LG 84~92% 2 4p v o H-FABP 3-v i &
PE P AR T LT Y A b A UL BT A E IMF
NZEARBREEET 22 §EFF AR A %M IMF 2 £ (Gerbens et al,

2000) - F]#* H-FABP ¥ dfdh 5 825885 IMF R Ap A2 2 i3 8 A 7] o

16



2Rt L B el

Table 2 Fatty acid-binding protein family

Gene Others names _
Common name . Expression
name (species)
FABP1 Liver L-FABP Liver, intestine, kidney
and lung
FABP2 Intestinal I-FABP Intestine
FABP3 Heart/muscle H-FABP Heart, mammary,
skeletal muscle
FABP4 Adipocyte A-FABP Adipose tissue,
macrophages
FABP5 Epidermal E-FABP Abnormal skin,
endothelial cell
FABP6 lleal ILBP lleum
FABP7 Brain B-FABP Brain, olfactory bulb
FABP9 Testis T-FABP Testis
MP2 Myelin P2 Myelin P2 Schwann cells

1 (Hertzel and Bernlohr, 2000 )
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2.7 B SRR Py w2 AE
(1)75 3¢ (lipoprotein)

Fade Ao fAha R @E Tk o - B A S0 ¢ g a RS (A
Z P iy X R FRRA ) MK A & (Ao A SRR 82 4 4 39 (apoprotein ) -
HixRBROE MT A 5w 8 & 5B 558 9 (chylomicrons) ~ & M % & 75 k-9
(very low density lipoprotein, VLDL) ~ % & #3 3+ (low density lipoprotein, LDL) %
% % & "5 3¢ (high density lipoprotein, HDL) (Lewis, 1973) o & 4= ¢ %g B Ak -] % &
LB fE A, R FU B FD o EAFMERGE N L P 0 AP fRAE T TR QR E DK
+ W fig f#:@ﬁf%w oo AR R R D ST o VDL d R o Vi 2 Y B
fia % v g fREFIE Y R spk i mskfl® o LDL 5 VLDL = iz i
LAY BMBR R ERIHEE L LDL FNPERER REH{IY 0 LR
MR R g B -PERIRAF EREE R BB € 4o BB "% A 1 ehig & (Fredrickson et al., 1967;

Kwiterovich, 2000) - HDL i & #-% ¥ H‘%‘iﬁvpiﬁ,ﬁﬁ%@‘% PEER R D BT e

FREY > EMAARE G -
(2)™ @ & "5 v X 48 (low density lipoprotein receptor, LDLR )

AT R R Y LA TR VY R T R a AL 4
#7) » & w]4_ low density lipoprotein receptor(LDLR) ~ very low density lipoprotein
receptor(VLDLR) ~ low density lipoprotein receptor-related protein 8(LRP8) ~ multiple
epidermal growth factor repeat-containing protein (MEGF7) - lipoprotein receptor-related
protein 1 ~ lipoprotein receptor-related protein 1b 2 megalin > #73 LDLR 32% = J 317
e deom XA A B T R &y T8 PE B X e T f#i=(Gotthardt et al.,

2000) -

ftde 2 LDLR ~ 3+ £ 5 16 kDa > d 839 i s=flfit o = L&Jiﬁ‘;’ﬁ»n (mosaic
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protein) » H fm%% % & X 48 *ﬁf 22 LDL F =03 48 39 B 100(apoprotein B 100) -
e q # o~ LDL & f# R i mre 1] % 5 SR 95 T0%:*&F 5 d LDL/LDLR
PaPk & SLEiE > gt b > LDLR » i %ﬁﬂ ¥ %8 39 E(apoprotein E) m = x 54 B F-v

7 A8 2 VLDL 2 8@ 8 014 > envg e ps 1 i % ez 41 (Gotthardt et al., 2000) -
(Z)% 1A f#4p b 4k 7]
1.7 f % &<k 2] 74 f2p# (hormone sensitive lipase, HSL )

bt 2 R F AR AR 0 A3 95 84 kDa v B A & hih LA fEim
¢ ¢ ey 1) i (lipid droplet) o p % #74ven HSL 1 - BREHY T3 kol
Yo AR EAEEAS BN AL R G AHBE Sl L ¢ kR
YR A R PR e Fm A e sl

,%’Fﬁ—f’_ ]”;’t‘!‘.’\p H}%\Bi,‘_% %rgiﬂ"b‘:’ o

=
S

B HSL % R p A R R R 0 S TA SR YRR 0 A7 R AL
e dosukk g HSL % B g% 2 cCAMP ehi®# 5 b & &5 52 & fis ¥=(catecholamine) -
2 R F H;j‘ui B #c# (adrenocorticotropic hormone, ACTH ) shie* £ it » @ Lbr 5 iF
i€ HSL 2 3]a i ® 3% § F4rd] » HSL 5 - A 4r 4 o £ 11% onE & A F](Kraemer

and Shen, 2002) -

‘GH-

i

2 HSL ATt 2 5L 4 48 > A 8% 9 BAILAE 5| (exon)  H N i
@ Cx

By 87 Rg lm e Pg BT & §-d (adipocyte lipid-binding protein, ALBP) % & >

3t
i

B s B par > B b ahskoep (serine) % A i S AL -9 Jrps A(protein
kinase A, PKA)#:fiz i* » 4 ‘¥z 2 | CAMP & 82 5 s /=75 1t PKA {5 > PKA € B it
o B e Ak F-d (perilipin) £ HSL > & gipk it 2 perilipin ic #24 HSL 22 75 5] Jf 38 *
B e 2g B 4 f2 1% (Kraemer and Shen, 2002) -

2.75 %% m¥e = faH i fig f2f* (adipose triacylglycerol lipoase, ATGL )

P im e = PR H Y fa fRPF 5 B I Tl F A ehdz 4ok f2 pF (first step
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hydrolase) » %>t patatin 72%¢ - F > @ patatin - &% 2.5 £ %2 icflpd } R
2 pER-G 0 H %8 % AL S patatin domain - B 4% ¢ chpatatin § 3F 5 B oA R b
# % 7 7| (conserved consensus sequence )2 Gly-X-Ser-X-Gly £ 47 & £ # =( motif )
B 5 ZLaF R M pE Ak f2ps (acyl-hydrolase) &4 > @ % patatin 2 F # f# (isoenzyme )
PR A G Ser-Asp A tidt - H 3D i gifzfs (phospholipase, PLA) #g i1 » F]pt
# AL % patatin-like phospholipase domain-containing protein (PNPLA) > & % 3¢ 5 &
%4 fAPLANA & & B¢ P35 ~f H ¢ ATGL >t PNPLA2 (Andrew et al., 1988;

Rydel et al., 2003) -

72 ATGL A T 1= % - 554 4 48 ¢ > d PNPLA2 %45 2. 504 B iR pt 1 &
ATGL % .ty % imte ~ Witz FRaVCl » L B S N Z Y W Anhf o 3§ o
%2 CAMP § £ =i a LT o) f & 2 perilipin # 21 CGI58 -5 > @ CGI58
Fv VA T- ATGL F-v i fads ;| 4 fi2(Granneman et al., 2007)(# 11) - ;“gr} RNA
+ 4 (RNAInterference) & ATGL £ 2 # i {6 > VB F & H evf S & RPN 225 %
e PR F e fom R A IRLATGL » B F 2 0 Fg B JF 0= - (Smirnova et

al., 2005) -
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Basal Stimulated

B 11 ATGL 2z *3 f%#-5% (Granneman et al., 2007) -

Figure 11 ATGL model of lipolysis.
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3.%%8 % (Leptin)

1950 & % » A dpEgF IR R ) B g p ARy g 2 ek, Hog ke Akl & (ob/ob
mice) - @ > LA E PEAHT A P - B o RN RWLhR F] B T
Zhang etal. (1994) 41 * ob/ob -] &£ = & Leptin <2 32 @ (physical map) > % R
Hoaw i L F) b g - B 167 M A i hiRT RIS A 8- RO\ ARG A
A a2 A § T A fLL WA o R E (leptin) A_d 57 i(obese) A& F]#T
Yokl 2 Akt G0 B Hd 167 BrRAR TS > A3+ E 5 16 kDac 1 & JRp e

Franiedo mgRd g R RS PR 2 A T R R 2

e oA LA RO S AN ERIMIFEAL T PAEY o B
TALE &g ¢ R & S 44 g Ers Y (neuropeptideY, NPY ) £ % %

(anandamide ) «i% * - % 4 alpha &_2 j% (alpha melanocyte-stimulating hormones,
a-MSH) £ = » NPY £ anandamide 3 #r#] L B # S~ BRI EA S 2 Hi2 G
E* o @ o -MSH s Frd] 8 45 > @ 2t id SR F Frilac 8 B A A A A PSS (W
ebber, 2003) > ¥ - 2 & B F Afg A iTp W W R S F LT A
R0 g R A > § R R S 6 1 dwe P AR IS g d R HBHRE T 3 g
fi# jxcfi’s (AMP-activated protein kinase kinase, AMPKK):# i @ #ips it H;jufﬁ PSR
F-v i (AMP-activated protein kinase, AMPK) » /& it e AMPK £ & Btk it ¢ fipdyf fi=
A # it fs (acetyl-CoA carboxylase, ACC) - #mips it e ACC ¢ #ri| /ot % 4 k™
REREPNR - RANA A 7 &7 IR EF &1 ARE H pF 1b(carnitine
palmitoyltransferase 1b, CPT1b):h& Rm @ S F it {¥* 45 3 > i@ 7 g Feng it (v

(® 12) (Minokoshietal., 2012)

Pelleymounter et al.(1998) 5| % ob/ob mice = Leptin & F11s » &5 ¢k iR T2 Aot
B is o B R ilge B RE F e b o Baor Leptin A Fl¥ sl 4 g &

Bk d o g2 Leptin AF =3t 18545 % o d 3 BLAIAE ] (exon) 2 2 BIE
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Bk s (intron) > 22 A 55 Leptin & 7|5 92% rdp iz o 39 AL FE4E g 0k b
2. Leptin mRNA # & & % 13 p Al p 48 0 Bom Leptin #3 @ & 0% % R £ 5

ipE =~ 022 (Ramsay et al., 1998 ) °

H

Leptin —

—

Sympathtic Hypothalamus
nerve

a-adrenergic receptor

\ / Skeletal muscle

AMPKK
AMPK

£

v
Acelyl-CoA =\ l Malonyl-CoA

' Fatty acid oxidation

B 12 vep e Skl F ors Az 2 Fsfe § 1t g /2 (Minokoshi et al., 2012) - okl % & it
e ¢ AMPKK/AMPK £ i2 > ACC A AMPK s i e drd] 7 B A drd] 1 3 2 ik
AWps At P BRI SE LS ARt BT MIE? » A kg g @
P iRPL g LI o

Figure 12 Stimulatory effect modal of leptin on fatty acid oxidation in muscle. Leptin
activates AMPKK/AMPK in muscle. Activation of AMPK phosphorylates and inhibits
ACC activity. Leptin then inhibits malonyl CoA synthesis, by activating carnitine
palmitoyltransferase (CPT1), thereby increasing mitochondria import and fatty acid
oxidation in muscle.
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4.¢ ¥ 17 17 fied 4% f7 (carnitine palmitoyltransferase, CPT)
P ook 17 17 Pl 45 fF G0 B odk/PE4& © figdE 45 fi= (carnitine/choline acetyltransferase) 7.
% - R > H ¥ & 5 carnitine palmitoyltransferase 1(CPT1) ~ carnitine
palmitoyltransferase 2(CPT2)£: carnitine O-octanoyltransferase(COT) » CPT #2% 1 &
T F RPpR R R EE I PR B3 ViR A A2 g 0w COT
F2% B i1v octanoyl-CoA + L-carnitine = CoA + L-octanoylcarnitine g — it 5 5 J o
Fe ARE b & e k& 13 17 e 4% B 1(carnitine palmitoyltransferase-1) » ¥ ik #1 At

iz .?7%“« i~ F A

-

Mo 2 A AW G A NI k13 17 A g 42 fe la(carnitine
palmitoyltransferase-1a, CPT1a) ; B LA # w5~ B v~ b § B4z d e v

Sk 1z 1P Fkdg A % 1b(carnitine palmitoyltransferase-1b, CPT1b) 12 2 % #5%e ¢ 4 31
i #1517 FRdE 4% A% 1c(carnitine palmitoyltransferase-1c, CPT1c) » e # - im#t 5t 7 &
PR o B2k AR Rl SR & anp k2 A7 fedE 45 BF 2(carnitine palmitoyltransferase 2) » A

ERh o E’.#« ? w3 % J(Yamazaki et al., 1997; Price et al., 2002) -

e CPTLAFIAFIA R 5 BAMAT] P FARAFEF S 4cF 29
dE O~ BN o Gk b - i p g R IR 2 ®A AL 48 A 71 (short interspersed
repeated sequences, SIREs ) e 2 e 4+ fa @ # CPTL4E » A 7185 A+ L B 4ot
5 CPTL A T 55y ez AEFA 7| FIMT 5 BT RITY o @ A B 5

E2eF s p 7+ % F (intron retention) 3 % (van der Leij et al., 2002 ) -

CPT1b i & 2 L Avf Fo o cnwvedr f feaed » B2 A TR MM d » 4 E4a
Pk fk b 4o~ Carnitine 18053 FAT/CD36 88 F-v #4794 i% 3 o SUH N WAL e
7 B % i (Campbell et al., 2004 ) ( ] 13)- Huang et al. (2009 ) 7 e # ¥ 44 ( Betaine)
2_ &P Ak 4032 2 7% (Duroc xSeghers) 22 Ak 45 M dfir2 7 ($HRR ) AP0t o B F (S 3R
HFuEs 4 B K vofg e CPT1la 2 CPT1b 2 £ I » % TLARA S F ik 2 7¥ & 3Fug e se

p e CPT1b 4 £ 8 F MOt AR B dicenpd § (P<0.05) » @ & Bk wud giep oy
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g B HFRTHRE (P05) fed KPR g BE XY LR 0K

i e CPT1b ek TR ic &g F 0 oop p Pgim e 4= o
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LCFA Acryl CoA CoASH

Outer membrane FAT/CD36

Cranitine Acrlcranitine

Translocase
-
CPT2

Inner membrane

Acetyl CoA Acryl CoA CoASH

@ Beta oxidation

B 13 5vp &P 2 8§ it i j= (Campbell et al., 2004 ) -

Fiugre 13 The [ -oxidation pathway in muscle tissue.
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()7 s b fe ik -

1.4 "o 9 s A 2 4¢{cps (stearoyl-CoA desaturase, SCD )

A s A 4 4 fofis £ Aokt (micromal) 2558 2 fiF > 2 FedpdE® 5 2
AR enfiy = s AR P A4 (stearic acid) ¥ 1z 17 A4 (palmitic acid ) z_ 4, 5582 (Co) 2 -+ 55
B (Cro) b Hr & 4> 2530 N gt & 4 b e (oleic aicd) 2 43 17 7@ A% (palmitoleic
acid) W B IR R AL A F c PEHERA 2 Z Y W e SR 0 Z Y W
fa B asi F A S e ohE R 5 0 2 873 L § i A e i B N R e
wa F P i B PERIIRA 8 2 A W o B R OTEE SRR R B 3-d (very low

density lipoprotein, VLDL ) #=t 4 » 44 £ p% € 82885 5 1 ¥ 2 12 1% #H(Mihara, 1990) -

SCD & & % B e M p e 4vg 7 8758 L E & ] &9 %) SCDL-2 -
3% 4- sz A4F¢ I SCD5- | B2 SCD A F% =3 % 19584 ¢ 4 » &
FlEZI 3 6 BARAEZZS5BRHEAAE7|SCDL~2-3 2% 42 "l KE 75975 85%
sp 0t &+ & ) 41kDa - SCD1 2 SCD2 4 & £ AT ef FLdr cnu B ~ 37~ §5 2
R &R e 5 SCD3 AR A Y o @ SCD4 R i § 43R - SCDI
L E 2 WEZ Y gk S EMAREFT HSCD A5 > SCDL ¢ 7 3
Z BRS04 W L 4 (extracellular membrane domain) ~ B 132
(transmembrane domain) % p ﬂi.ééf#ié%(intracellular membrane domain) » 2 N3 %2 C
e m ooz B C Ben 8 B leviepk (Histidine) 7% £ 5 it /& 42 = %7 &.( Paton and

Ntambi, 2009) -

Dobrzyn and Dobrzyn (2006 ) 7%= 3 4% 3. » SCD1-/--| & # +* p & »~(soleus muscle)

G L S B F MOt ¥ ) B0 A SCDL & Flehad & W RCE dme )\ g st 5 R

LEI
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NV IEE K S I M Y ¥

ERAFEE- P R HE ¢ IMF 2 £ 8 ¥ 3 >0 F A48 0 Zhao et al. (2009)
A5 A (WUjin) 7 &2 B aras 7g T sp M AT > g 7 R 7g T2 & 4
MR F1 & B F 3 20 (P<O.05) Eah 277 > *g [ 4 f2 40 B 2k FIRV B % 00 o 2778

(P<0.05) » g &) 0t A F1& A7 av Aag & IMF R ff 0 FI(H] 14) -

TR AR TR AANLIRAAMA AT T L 7 MR R
PRSPy HRA{EFETH (ME >2000) - 5 PB4 BB 2R-I AR
ARES FHNIHL AWML R ey o f R ST AL KA
BB A ARM Nl B L vop g FlA S T 2 B2 - BH g et - A
ZROMRIER P HFME  ABFRERAEIY YRR Hp g £ ¥ 300
B ARRD L REE B LA AR - L AR LT

AR BE AR F1 A BN o P g B S AR B AR TR R ORFERIIOp g s e R B o
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Muscle tissue

SREBP-1T ——» FAST

4—— A-FABPT
4+—— H-FABPT

——ATGL and HSL L
A-FABPT

H-FABPT

GFAD_ Y, ?, B oxidation

S

CPT-1B Muscle tissue
Bl 14 £ 5 7% F S #bin M A %) 4 332 = (Zhao et al, 2009) PEE LB IMF 3 R2 62 BEEmTEL "1 "AaD
Mprl AFAR AT e A AR AR N AR A T *?ﬁ‘ﬁﬁﬁ/ﬁ‘ﬂﬁi '

Figure 14 The lipid metabolism-related gene expression pathway of Wujin pigs. The causes of higher IMF content in Wujin pigs
comparing with Landrace pigs. " 1 " represents up-regulated gene expression; " | " represents down-regulated gene expression. "+"
represents the metabolism pathways being strengthened; and "—" represents the metabolism pathways being weakened.
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£ HEa

- RmEE

AEHRFBL ARG R FRREEFLIREZIAFRTREAZI R A2 14 5

BHEIR(RopEAREL) BARRESZ TRHRERIN(cHEIF-RE 4

23

R )T R (B AR )% 162 (R oLt

{

EL) - RHRFELAFIWLN100~-130 27 - EAFHL Y b AL CBRF1E

USP I NS (;ﬁ;ﬁg’_; DF)EETEFE > MNERIARCR 15 1o o
B LLE S -
SEER IS S E VU R N RS SR I P

% 10 3 11 ** & 2. % & & »~(M. Longissimus Dorsi, MLD)( ] 16) ~ & @ L gks(M.
Semispinalis Capitis, MSC)( Bl 17) % & »z3x 8 »~(M. Rectus Femoris, MRF)( ]

18) -

2 RFFRKE

LR L EE R EERL o kB L2 FHE (live weight) ~ A H £
(carcassweight) ~ 82 % — » H# P E R s B ¥F g B ~ k{sEfad g g = gL
T 32 7y & K (backfat thickness) » & 3% =4 *» T3t 4oi% 1=t (boston butt) £ ~ 1 %2
f (ham) £ 2 54 (loin) £ ~ # £ 75 %% (forepart fat) £ ~ 4 4 (leaf fat) £ ~ # £ g%

(mid-portion) & #7 {4 £ #3 %% (hind part fat) £ -
LR F B EFe v Ezat plE -

2. FMEA T FTANE L EFE > RANLS TR RIE -
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B TR
B R IRl AR B
RNA 34 B~ 7 i {7 ?FF%?\ZE_%X&@FT;F}'@

387 1 S A B Ak P IR

AL
e I

%%ﬁ’ﬁ%%‘ﬂ&\*% gﬁfﬁ@%fﬂiIﬂyiﬂ?
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Figure 15 The flow chart of experimental design.
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Longissimus

Muscle Name
Longissimus

Group
Dorsal

Common Name
Ribeye, strip, Delmonico steak

Insertion

(1) The lumbar transverse and articular processes; (2) the
thoracic transverse processes; (3) the spinous and transverse
processes of the last four cervical vertebrae.

Innervation
Dorsal branches of thoracic and lumbar nerves.

2 — Blood Supply
- Dorsal, deep cervical, intercostal, and lumbar arteries.

Origin

(1) The tubera, crest and adjacent part of the ventral surface
of the ilium; (2) the first three sacral spines; (3) the lumbar
and thoracic spines and supraspinous ligament.

B TS
Sy

B 16 4 B £ 9oz f22) =% (%4 #32) (Porcine Myology, 2005) -

Figure 16 The anatomy section of Longissimus Dorsi in pig (green marked).
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Semispinalis Capitis

Muscle Name
Semispinalis Capitis

Group
Neck

Common Name
Biventor cervicis, Complexus

Insertion
Occipital bone between superior and inferior nuchal
lines.

Innervation
Dorsal primary rami of cervical spinal nerves

Blood Supply

Deep cervical artery, intercostal, and vertebral
arteries

Oriain

Transverse processes of five or six upper thoracic
and articular processes of four lower cervical
vertebrae

B 17 7 A v L gkovez f23) =% (%4 f&3%) (Porcine Myology, 2005) -

Figure 17 The anatomy section of Semispinails Capitis in pig (green marked) .
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Rectus Femoris

Muscle Name
Rectus Femoris

Group

Pelvic

Common Name

Culotte, Knuckle, London broil, Outside round

Insertion
The base and anterior surface of the patella

Innervation
Femoral nerve

Blood Supply
- Femoral and iliaco-femoral arteries.
— -
3 ¥ — Origin
'; ﬁ — A tuberosity on the ilium just cranial to the acetabulum

B 18 pbis"ein e vuz f22] =% (% ¢ #&37z) (Porcine Myology, 2005) -

Figure 18 The anatomy section of Rectus Femoris in pig (green marked).
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 ~ TEF 2§ R4 pFsad £ A (real-time PCR) 4 5

(= )rep .3_5'_‘%«*,%, RNA 3 B~

AR LN EFI L TR EZ ANV RAR LR E R REF
PO AR 4 ok 3 RE 5 Y-80°C sk dn ¢ o vup _B.ﬁa z_ % RNA 12 Trizol 2 3 B
RNA(Chomczynski and Sacchi, 1987) » # #H AT o

1.5 15 5o s~ 7 5 500 plL Trizol reagent 2 2 mL eppendorf @ > 32757 {8 £ 4e
» 500 pL Trizol reagent -
2.4 » 100 uL BCP -
3yl 745 15 X4 % 5 ~ 4@ Trizol v *
4.7 4°C ™ 12 14000 xg &g 15 4 48 o
S.#-1 ik # 3 A7eh 1.5 mL eppendorf ¢ -
6.E4 21 52 %3
7.4 ~ B 3 f% (isopropyl alcohol)** % g # % - 4 48 » % 4°C = 12 9500 X g
o 10 A4 o
T,,;z R e o L 70% JFp e RNA -
9.7 4°C ™ 12 9500 x g &t 5 A 4k o
10.£47 8 3 9% 3 > 4 p R It~ -
1.8 > b Ik 32— ~ 48 > 4 » 20 uL DEPC -k 7% 2 RNA -
12,5535 > -80°C k@ & * o

(= )F #4-DNA 2 8 &

i B~ 2_ 4% RNA e & 4 & & & 3+ (Nanodrop) & ¢ AR S Lpg/iul 2 kR
P~ 4 ug RNA +c ~ Bioline Reverse Transctiption kit(Bioline, UK.) » # {s 12 DEPC -k

%82 20l 0 i 7 F e DNA 2 7 i -
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12 GenBank Primes Premier #it %2 3% 2+ H-FABP ~ FAS ~ SREBP-1 - HSL ~ CPT-1b ~
SCD ~ LDLR ~ Leptin 2 ATGL £ %)(# 3) o 2 HPRT1 £ F]i%¥ % internal control 2_
Fodlie, F1H e @ H s F * 2 housekeeping gene § 4% €% I w2 HPRTL

# % internal control (Nygard et al., 2006) -

(2 )SYBR Green i# ¢ 7 2 £ R L fvsag F &

18 ub PCR R &% > ¢ 35 10 pL 2. 2x iIQTM SYBR Green Fast supermix
(Bioline, UK), 0.8 puL (10 mmol/L) 2. =+ % 51 5 (forward primer)2 ~ % 31 %
(reverse primer), 6.4 uL DEPC -k & 4c 3 96 F &3tz ¢ & {840 » 2 ub 0 1 RIHE &
2. 3 4 DNA(complementary DNA, cDNA) » =t T pF & & A& i@ 4% & Ji &k (ABI

StepOne plus, UK) » 1 = #HFz e 7wt 2 R ARG F & o

EDL S K &

Prix 12 & CDNA £ 1uL** PCR-} % ¥ % cDNAR &2 e fFe =1 i
F I L PCRLE? o @ 332l & # 2 cDNA R £ % 4 B4 » 96 5 Ji

gtf’gé °

COETSY

AT R T AL > A3 A 47 #5088 SAS 9.3(SAS, 2013) 5 T 4 - AR IS
(general linear model procedure, GLM )k 3+ 5e3- 340 ™ #77 » B F 8 > A 47

(ANOVA) ° Flhaidficdpavic b b 38 5 ] URTRERG - 4K 224
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e F ok (unbalaced data) > & ¥ 2 S Bicdp 2t 5 LB 2 S 0 B T
= 3278 (least squares mean) % ¥ % = it & ¥ £ £ ;* (Tukey's honest significant

differce)ig iz 447 > A 478 BRME RO R AT M CBAFARL AR o

Yi= |J.+Bi+Sj+(B*S)ij+Wij+eijk
Y;j is the expression of each gene
M is general mean
B, is the fixed effect of breed
i =1, 2 or 3 (KHAPS Black pig, exotic pig or black pig);
S, is the fixed effect of sex, j=1 or 2 (barow or gilt)
(B*S),; is the interaction between breed and sex
W;;is body weight as covariance.
e, is the residue effect of the Y.
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Table 3 The specific primer sequence of lipid metabolism-related genes

Gene Primer sequence (5° — 37) Accseeion number

FAS F:AGC CTAACT CCT CGC TGC AAT DQ845171
R:TCCTTG GAACCG TCTGTGTTC

SREBP-1c F:GCGACG GTG CCT CTG GTAGT AY183428
R:CGC AAG ACG GCG GAT TTA

H-FABP F:CAG GAAAGT CAAGAG CAC CA AF102873
R:TCG GGACAATACATC CAACA

HSL F:GCT CCCATC GTCAAGAAT C AJ000482
R:TAAAGC GAATGC GGT CC

CPT-1B F:ATG GTG GGC GAC TAACT AY181062
R-TGCCTG CTG TCT GTG AG

SCD FTCT GGG CGTTTG CCTACTATCT AY487829
RTCTTTGACG GCT GGG TGTTT

ATGL F:AGT TCAGCC TGC GCAACCTC EF583921
R:AGG GCACCATCATGG CTG

LDLR F.GTCAGC TGT GGC CGTTGTTATCTT BT007361
F:AAA GAAGCCATAGAC CCAGTC CGT

Leptin F:CAAGAC GTG CTC CCA NM_008493
R:CCAACT TCATCG CTCA

HPRT1 F.GGACTT GAATCATGTTTG TG DQ845175

R:CAGATGTTT CCAAAC TCAAC
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Table 4 Lipid metabolism-related gene expression levels in different muscles of Duroc and Landrace pigs

Breed\Mustle—Gene  ATGL HSL CPT1b LDLR SCD H-FABP SREBP1c FAS(x10) Leptin
Duroc
MLD 330+134a  88+27 1703+696 28136+7647 64+25 778+233a 135425 8.945.0° 2.7¢16
MSC 808+338° 5825 1041£374 115682774 32t10  1057+243° 85+17 26+1.8" 4.7+4.5
MRF 95+34" 2646 404+183  46800:12743 308 4746 66£13 1.0£05 8.9+6.3
Landrace
MLD 598+135a  64+26 2948+702 4428647930 42424 1166+243a 142+26 9.9+5.2" 1.4+08"
MSC 456+41" 32+24 992+378 14244+2799 2310 7784245 60+17 35+1.8" 58447
MRF 101+34° 23+6 711+162 76670+12866 358 84+26" 79+13 1.6+0.5° 12.747.2°
LSMean +SE.

%P Within the same breed, LSMeans with different superscript are significantly different (P<0.05).
MLD: M. longissimus dorsi; MRF : M. Rectus Femoris; MSC : M. Semispinalis Capitis.
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Table 5 Different performance of carcass traits in different breed of pigs

Breed

Traits KHAPS Black Pig Exotic pig Black pig

Backfat thickness, cm 2.47+0.12% 2.09+0.15° 3.07+0.34%
Fat percent, % 17.28+0.73° 12.000.86° 19.09+0.19%
Longissimus muscle weight, kg 2.64+0.17° 4.31+0.21° 3.18+0.45"
Lean meat percent, % 45.71+0.62° 50.00+0.73" 44.02+1.60°
Mid-portion fat weight. kg 3.08+0.15" 1.68+0.18° 4.44+0.41°
Leaf fat, kg 0.90+0.05" 0.42+0.04° 1.55+0.06°
Shoulder butt weight, kg 1.82+0.07° 1.82+0.09" 2.52+0.20°
Forepart fat weight, kg 1.93+0.14° 1.71+0.16° 3.12+0.38°
Ham weight, kg 6.65+0.22" 7.35+0.26%" 7.56+0.59°
Hind part fat weight, kg 2.21+0.11° 1.11+0.12° 3.15+0.29°

LSMeanzSE.

aPC values in the same row with different superscripts are significantly different (P<0.05).



CH)?P FRAFEF AL (MLD) " B SHip M A FIA IR L R

AR 4 2 4Rk A F) > ¢ 45 SREBPlc 2 H-FABP i A F M3t 3 4
TZ AR (P<005) LR F LB HATLERRLFEEFLAR AamFs it A
FICPTIb PIF 3B 32 R2AREIR R AIR2ARLIAAFRRRG K
FAP XA ATCLEE L 3 Z 2 p2 A2 il ¥ LB e s 5 P<O1

Gk (4 06) -

()% R H A 2§ (MSC)% T3 b A FI LR L 2

HAERE 2 g A fRAR M AT ¢ 35 ATGL & Leptin e A F 0% 3 2 pe Y
FARLE(P0S) R HARLATANS FFRFRFLE - FBRL T
4 L 3pM A F) > & 45 SREBPLc £ H-FABP e JLE ¥ M3t 3 3 2 AR R
(P<0.05) » e ism ¥R G BFLE A% 325 FAS 2B ¥ B W IXfE R

(P<0.05) > e F2RXF BFAB(LT)o

(I e #AF A eeniE (MR B A dHp M AT 42 £ 8

BHIRZ I E VAT CPTlh ¥ >0 Afar 2 A F 2 7#(P<0.05) » i
BREAPEIEALTRFHEFLE A AR 2 A2 4498 A% SREBPLC
MEFR B2 AEp(P<005) A 32 R SRR IHFLE 4y
PR ERT H-FABP 22 6 > AFLZREF > F AL EEREEK

(P<0.05)(# 8)
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(FORABF 2 pInpsop i FiIpnm AT 2R £ 3

&% % 257 MRF 2 H-FABP - FAS £ SREBPIC 7 AT ¥ i 0 4 f K i
2 §Ru(P<0.05) » # Bk m2 HgRyvd F 3G AEF LR MRF 2 CPT1b % 3
A% ¥ % >* MLD > MLD £ MSC 2. ATGL # 33 ¥ 1% »* MRF(P<0.05) > = MLD
ZMSCH FRiLF MFLE ALY »MRF 2 ATGL~H-FABP % ¥ 43t MLD
2 MSC(P<0.05) » MLD £ MSC R § 4p 2<% 3> MLD # FAS 4 731 ¥ % *+ MSC
% MRF(P<0.05) » 't MSC 2 MRF @ ¥ 2} B ¥ £ » A SREBPILC ¢
MLD #.% » MSC = 2 » MRF . 14 (P<0.05) * MLD £ MSC # Leptin # 5.4 % i<
MRF(P<0.05) » iz MSC 2 MLD % ¥ 2} ¥ £ 3 » FASPl & MLD # } 5 % ¢
2o AFRL G o SREBPIC & MRF # § & # ¢4 (P<0.05) » @ MLD %
MSC 27 B ¥ £ 8 > MLD 2 MSC 2 H-FABP £ £ ¥ % ** MRF(P<0.05) »
MLD = MSC % % iz F B ¥ £ 8 > MLD # ATGL % L4 ¥ % ** MSC(P<0.05) »

e MSC&E MRF 28 ¥ £ 82 (£ 9) -
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Table 6 Lipid metabolism-related gene expression levels in MLD of KHAPS Black pigs, exotic pigs and black pigs

Bree ene ATGL HSL CPT1b LDLR SCD H-FABP  SREBPI1c

5 .
FAS(x10 ) Leptin
KHAPS Black Pig 3514226  53+33  706+386°  1000+9675 80+32  1815+236" 273+42*  18.1+3.8 1.5+0.6
Exotic pig 7274238  87+35  2248+405° 31246+9569 53+36  905+248° 138+44°  17.2+¢3.7 2.3+0.7
Black pig 4214291  90+43  1087+497° 99658+11414  91+44  1203+303* 154+#54*°  6.3+2.1 1.5+0.7
LSMean +SE.
a,b

Within the same breed, LSMeans with different superscripts are significantly different (P<0.05).

MLD: M. longissimus dorsi.

2TRBER S FRBEAT IR A Loy FRspa b AR 4R
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Table 7 Lipid metabolism-related gene expression levels in MSC of KHAPS Black pigs, exotic pigs and black pigs

M ATGL  HSL  CPTib LDLR SCD  H-FABP SREBPlc  FAS(x107)  Leptin

KHAPS Black Pig 186+112°  40+17  1651+395  45398+6223 04423  1979+369° 369+35° 10.0+1.6° 1.2+1.5°
Exotic pig 838+138°  58+17 099+415  13641+6531 37+24  1170+388°  62+37° 2.1+1.6" 6.9+1.3°%
Black pig 02+139° 24421  1269+509  38718+7999 65+11  2124+501°  82+45° 2.2¢1.7%°  1.3+1.7°
LSMean+SE.

22 Within the same breed, LSMeans with different superscripts are significantly different (P<0.05).

M.SC : M. Semispinalis Capitis.
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Table 8 Lipid metabolism-related gene expression levels in MRF of KHAPS Black pigs, exotic pigs and black pigs

N ATGL HSL CPT1b LDLR SCD  H-FABP SREBPlc  FAS(x10)  Leptin

KHAPS Black Pig 7350 18+12  3642+635° 39835+13551  89+19 6574278  73+29° 1.2+0.4 2.4+1.9°

Exotic pig 157447 22+11 423759 43620+14224 3119 38+292°  65+31° 0.6+0.4 15.6%2.0°

Black pig 177461 42417 1309+841° 83920417421  45+23  705+358*  322+38° 0.5+0.5 1.1+2.5°
LSMean £SE.

22 Within the same breed, LSMeans with different superscripts are significantly different (P<0.05).

MRF : M. Rectus Femoris.
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Table 9 Lipid metabolism-related gene expression levels in different muscles of KHAPS Black pigs, exotic pigs and black pigs

M Gene  ATGL HSL CPT1b LDLR scD H-FABP  SREBPlc  FAS(x10) Leptin
KHAP Black Pig
MLD 3514226  53:33  706:386 10009675  80:32  1815:236 273td2  18.1:38 15306
MSC 186+112°  40+17  1651+395 4539846223 94%23  1979+369  369+35  10.0:16  02¢15
MRF 73:50 18412 36424635 39835:13551  89x19  657:278 7329  12:04 2419
Exotic pig
MLD 7274238 87+35 22484405 3124649569 53+36  005+248 13844 172437 23407
MSC 838+138°  58+17  999+415  13641+6531 37424 1170+388 6237 21416 6.9+1.3
MRF 157447 22¢11  423+759  43620£14224  31%19 3g+292°  65%31 0.6:04 156420
Black pig
MLD 4211291a 90+43 1087+497 99658+11414 91+44 12()3¢303a 154154b 6,312_1a 1.5+0.7
MSC 921139b 24+21 1269+509 38718+7999 65+11 2124¢501a 82¢45b 4_211_7a 1.3+£1.7
MRF 177+61"° 42417 1309841 83920£17421 4523  705+¢358° 322438  0.5:05 11425
LSMean £SE.

2P Within the same breed, LSMeans with different superscripts are significantly different (P<0.05).

MLD: M. longissimus dorsi ; MSC : M. Semispinalis Capitis; MRF : M. Rectus Femoris.
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Z R fg B R Ry 0% b HRt ] > @ 2 R b fig o0k ff X BP9 B AR BE
RSB T4 e %ﬁﬁ RHEERZ P R BATFhERER ¢ 77 g F
4 = 4p B £ 7] (lipogenic genes) -~ 75 ¥# & 18 % 2 F] (fatty acid transporting genes ) ~
Pq B A f2 2k F) (lipolytic genes) ~ *g»fk ¥ 1t JA %] (fatty acid oxidative genes)

g ikfk 3 47 {r A F] (desaturated fatty acid gene) - I {7 5 F 2 = (lipogenesis) 1 %
v 5 A 12 (lipolysis) » Tt 7 e i F e A A R D[RR Z MY W g R 2

?' o

(=) Fidtn b AT 2R IMF R f7 1 55

EARL- B ph AL 2 IMF s REF 3 E7425 > Zhao et al.
(2009) 12 § 7 7 82 R #12 MLD i (72 75 JF (% dp B Ak F1 4 00 i 7 7 1% 3
B2k Fle 455 B 4~ f24p M 25 F] ATGL ~ HSL 2 CPT1b - #5395 pk 38 ix 2K ] A-FABP &
H-FABP » #; f7 2 & A %] SREBPLc £ FAS 2 *3isfid 2 4 oA %] SCD » 2 % 37 >
£ P2 %R A f24R B AL F] ATGL ~ HSL #2 CPT1b - 3 95pki& i% A %] A-FABP £
H-FABP - #; f7 2 & A %] SREBP1c £ FAS 2 "y %sfé 4 4¢{r A %] SCD 2 A |4 %
A% % > 3 #7(P<0.05) - Campion et al. (1983)4p 1 % "3 % & ff ps f&H v 2 =
iz BER N ARE EF e N R R MY Wi BRSO

IMF » ¢ 52 # 3 (Fernandez et al., 1999) -

BB R mie N PRI ALY HH A G o it b A A B forg ek
BEB W EHH(P<005) 5 27 SCD # BEF 3 > 27 SCD & iz ifpiz

95y 10 5L AV A, (b 4 S RIFR R BIFHR I X 2/ 5 ~ 7 & forg i
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fez Mg A 4 > Flpt SCD h& 7 it £ag S L AR G R F] o g 05 b s o]k
T e p TRt E o LAY BRERE R R e B E AN
H#r(P<0.05) » 35 Her g # g8 2y 4 & 49 M A 7] SREBPLC &2 FAS % #3955t 38
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FALHEROATGL 2 4 # i s §HEFR iy imie? T F LM @B
B A& e ATGL » € B ¥ 5 fmve |\ 7y B0 JfF <0+ -] (Smirnova et al., 2005) -
CPT1b 3-v s Hi+cimie i (7 B § (e 4 » A7 % CPTlb K& ph ¢ & 7
B g ik AR ¥ 3 40 (P<0.05) (Huang etal., 2009) « F]2 77 3 BIFR3L 5 § 7 7 g B
A faARM ATGL 2 HSL» #3174 i A FI CPTlb chic £ g Wi 6 3 pr 8 7q 7 A f2
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FEFR I 2R RR T R L F RN Pk A R G i# (Hocquette et al., 2009) -
Flt > At o L svep IMF AR E - SRAR > T2 L e R B
R AT SRR g IMF2Z 851 2 A3 3 25 CPTlb 2 4% <
JaFl o EAEFE 2 Leptin % AR F AMPK 412 1 - gipi it ACC @ #r 4]
malonyl-CoA &2 = » @ H-FABP j& > 7 &3 3 5 v W e ) & 7 Fehie 4 7 7%
» BEIEY Meaproape: CPT1b 8% > ig r R AM P e 7 B F 1 anig (W
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()7 P RARE T a3 AT LR LR
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FLREATZ AT L RALFER S P ﬁ%‘u? o dV I B & o Aif |4 s (descriptive
statistics) = Acit e & ¢ B 7 A& 2 BAGARE A AN RN W R MBR A TR A G
o E - R AR - iR A PT 0 2 E MRF 2 H-FABP
ToE R L LS 0 Fla F ] TR BEEEEFRE o {2 R A

AR L 5K R AR (2107 2 11; % 12)
(I )M 2 4 7 4 AE 3 IMF B 8

AL TR RER SR E s mgiaE ¢ s B e YR
FLNRBAREFRE RASERE T LN RARE AFLE
Brgip s L T2 £ B Ra F& IMF g £ & 49 M (Kouba et al.,1999;

Suzuki et al., 2005) » m» % (2007)~ 4 p iR SRR A R B R MO R RS 7y

51



Fra S Ap M A Pl R chif b 2o A fRAR MR B A L ens 4 0 B AR P g TS
S et o T 2 IMF R ff en%]5 (Zhao et al., 2009) o Tt A R 4 o A R

HIMF 3 fFES KB R L L AFLRH -

BB R SE DA ER UL R TR EMF ISR
#(P<O.05) LA FRHEEFHIRA s F ol FRFHFLE A - AR
BREE g LT e s L R S R A A Tyra et
al.(2012)4p & » Lo s radnin o v g RAEF K 2 HH L A B M P b
(P<0.001) - % IMF R £ RIvs 5 31 ¥ B P(P<0.05) - 225 » § 5 27 & 2 2
FEHPMF RSP AT AP EA R Ryt it AP RES F IR AT LR
Bt tp 012 IMF RS > AR A RS 42 TREEFEE D HES
pP#oEEE (M -2007) @ A2 A SPATERRES - AT ESEE

PELRFMELIHE A B IE BB TER o

52



Capillary

ﬂh Ma'.?”""“‘“wl« a -SREBP1C
H-FABP l

A Free fatty acid
V& "atty-Con
Lipid
droplet

cytosol

B 19 575 4 B £ vz & gkoua 5 B (5 A B A 71 2 LB

Figure 19 The expressions of lipid metabolism-related gene in MLD and MSC of exotic pig.
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Figure 20 The expressions of lipid metabolism-related gene in MRF of exotic pig.
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Table 10 The lipid metabolism-related genes descriptive statistic of KHAPS Black Pig

MLD MSC MRF

Mean SD Min. Max. C.V. Mean SD Min. Max C.V. Mean SD Min. Max C.V.

ATGL 352 159 261 702 0.45 179 84 35 465 046 113 31 61 246 0.27
HSL 66 52 12 154 0.79 37 16 14 56 043 26 11 5 141 0.42
CPT1b 734 623 132 1435 0.84 1920 1308 617 5942 0.68 3744 2235 1080 7985 0.60

H-FABP 1833 962 696 4614 0.52 1911 958 3825 1021 0.50 852 727 162 2726  0.85

SCD 76 31 5 303 0.40 92 67 31 370 0.72 144 110 51 390 0.76
FAS(x10°) 17.6 81 43 262 0.46 10.0 7.7 2.3 255 077 1.2 0.9 0.3 3.1 0.75
SREBP1c 274 162 83 566  0.59 375 184 125 654 049 98 91 42 417 0.92
Leptin 1.5 08 05 32 0.52 0.2 0.1 0.1 0.3 0.5 2.3 11 0.8 3.1 0.47
LDLR 4367 2201 1723 9295 0.50 44931 24304 12169 85855  0.54 49428 31898 9692 92950 0.64

MLD: M. longissimus dorsi ; MSC: M. Semispinalis Capitis; MRF: M. Rectus Femoris.

SD: Stand deviation ; Min: Minimum; Max: Maximum; C.V.: Coefficient of Variation.
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Table 11 The lipid metabolism-related genes descriptive statistic of exotic pig

MLD MSC MRF

Mean SD  Min. Max. C.V. Mean SD Min. Max CV. Mean SD Min. Max C.WV.
ATGL 740 493 244 1832 0.66 820 S77 376 2460 0.70 155 68 78 324 044
HSL 97 56 39 197  0.57 59 31 33 191 052 23 14 6 43 0.60
CPT1b 2427 1465 808 4925 0.60 931 541 263 2193 058 635 264 311 1084 0.42
H-FABP 972 485 213 176 049 1192 548 282 2253 0.46 63 45 13 144  0.71
SCD 51 39 10 138 0.76 38 19 8 90 0.5 27 7 15 36 0.26
FAS(XlOS) 166 72 33 202 043 2.6 1.7 0.9 7.2 0.65 0.7 052 01 1.7 0.74
SREBP1c 139 56 19 216  0.40 68 40 10 162 0.58 64 17 46 97 0.27
Leptin 24 1.7 13 52 0.70 6.8 4.9 3.27 25.9 0.72 14.9 8.7 4.9 339 0.58
LDLR 36211 19565 9983 89091 0.54 13954 6494 5893 23954 046 48930 21297 6085 99891 0.44

MLD: M. longissimus dorsi ; MSC: M. Semispinalis Capitis; MRF: M. Rectus Femoris.

SD: Stand deviation ; Min: Minimum; Max: Maximum; C.V.: Coefficient of Variation.
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Table 12 The lipid metabolism-related genes descriptive statistic of black pig

MLD MSC MRF

Mean SD Min.  Max. C.V. Mean SD Min. Max CV. Mean SD Min. Max C.V.
ATGL 396 259 233 1124 0.65 109 82 43 295 0.75 202 149 53 361 0.73
HSL 96 60 41 219 0.62 65 49 19 121 0.75 42 22 14 72 0.52
CPT1b 994 249 512 1308 0.25 1307 970 557 3267 0.74 1271 622 23 2379 0.49
H-FABP 1165 669 566 2665 0.57 2135 973 933 3481 046 762 462 241 1226  0.60
SCD 91 68 12 198 0.74 96 57 59 256 059 68 54 38 169 0.79
FAS(XlOS) 6.2 2.7 2.3 10.2 0.43 4.4 3.1 1.7 8.3 0.70 0.8 0.6 0.4 1.6 0.75
SREBP1c 168 122 23 512 0.72 86 31 53 139 0.36 342 143 100 554 0.42
Leptin 1.6 1.4 0.6 2.9 0.87 1.2 0.9 0.6 2.3 0.75 11 0.8 0.3 1.5 0.72
LDLR 92050 41856 40057 150987 0.52 4219 21911 9384 73462 0.52 76422 35541 23450 99263 0.47

MLD: M. longissimus dorsi ; MSC: M. Semispinalis Capitis; MRF: M. Rectus Femoris.

SD: Stand deviation ; Min: Minimum; Max: Maximum; C.V.: Coefficient of Variation.
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