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KWz, & 7, T, FAW, B ®&", 44"
(BRAOIKE SPRERAR B, 2 B 650201)

WE: [ B ] RIEFIEE R BT R E b BRI OGS B R . [ ik ] SR AT (R L3R 1A N 2%
ST (weighted gene co-expression network analysis, WGCNA), FEFE B AEIRMZE LI PO, %12k H NCBI
FE R FR B HE R IR T 1B 45 8 S MA M T S K UL R SRR 8 42 GSE119368 i AT XAl L R AL 3R 5K
FEHCFIIE A58, LA 3 SIS 3 Sk R A 00 A R MR 2 S B N BEAT qPCR I63IE, [ 4528 ] 3t
YeE M NZ (0 2 A 505 R TR A G 10 56 R 3R AR B (- (B 43 51 0.89 1 0.91, PEZ IR
SE~6 Fl 7TE-7); Wi (A B B R 28 5 8 LT 2k 5% 4 S A M AM R BT S A G, P Y 10 AN JEE COL3AL,
COL5AI, COLIA2, COLI4Al, CRTAP. COL5A3. LEPRELI, DEPTOR, COL4A2 F1 COLG6A2 ;A BRI
HEELIR ;AT B HE PR 32 5 R B UL AN B K R D A i o A A OGPy 11 N 3E R FBXLY . RNFIIS,
FBX040, ASB4, ASBI5, UBE2L6. RNF41, ASBS5., HERC5, SOCSI 1 ASBI11 A BHAREHEEL ; 5 (fs
HUrHT 3 A TERIUE MR U B KU h ik 22 il B 3 (P<0.01), ZLABEERATT 3 MR ERIEE
AW (P>0.05). [ 45t ] BFREER0I0 S8 T AR PR BT BBl 1] PR ST AE DG 19 JEE (R e A AR A G B ]
EARTR] PR T 25 B o ) TR T PR G B i DR B Oy ml e AP AR B 25 5%

KHRIR): B ABTPRIR; ERRIRIA; BRI IERIAM L SCHEE
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Identification of Key Gene Co-expression Modules and Genes
Associated with Pork Quality Based on WGCNA Method

RONG Liyun, HUANG Ning, WANG Xiaoyi, LI Mingli, CHEN Qiang, LU Shaoxiong

(Faculty of Animal Science and Technology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose] To explore and identify the key gene co-expression modules and genes asso-
ciated with meat quality trait in pigs. [ Methods] The key gene co-expression modules and genes
were investigated using gene expression data GSE119368 of longissimus dorsi muscles including
eight Dapulian and eight Landrace pigs from NCBI GEO database by weighted gene co-expression

network analysis (WGCNA), gene interaction network and centrality methods. Some key genes asso-
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ciated with pork quality trait were identified by qPCR on three Saba and three Large White pigs.

[ Results ] Two gene co-expression modules including the blue and the red modules related to pork
quality trait were identified, which the » values were 0.89 (P=5E—6) and 0.91 (P=7E—7), respectively.
The genes in the blue module were mainly associated with transition between fast and slow fiber and
extracellular matrix and so on. Among the identified genes, 10 genes were identified as the key genes
associated with pork quality, including COL3A41, COL5A1, COL1A2, COL14A1, CRTAP, COL5A3,
LEPRELI, DEPTOR, COL4A2 and COLG6A2. The genes in the red module were mainly related to
skeletal muscle and fat cell differentiation. Among these genes, 11 genes were identified as the key
genes associated with pork quality, including FBXL4, RNF115, FBX0O40, ASB4, ASB15, UBE2L6,
RNF41, ASB5, HERCS, SOCSI and ASB11. The expression levels of the top three genes in the blue
module had extremely significant differences in longissimus dorsi muscles between Saba and Large
white pig breeds (P<0.01), while the top three genes in the red module had no significant differences
(P>0.05). [ Conclusion] The results preliminarily identified the co-expression modules and key
genes of meat quality between different types of pig breeds, but the key genes associated with meat
quality trait and their effects between the pig breeds with the same meat type may be significantly dif-
ferent.

Keywords: pig; pork quality trait; gene expression; weighted gene co-expression network; key gene
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a) b)

FIRAHONEUE
log, fold change

0 2 4 6 8 10 B K
B IE P XEUE Dapulian Landrace
log, (adj. P value)

TE: a) 2 RIBEERR MG, LLERLSRE LR RIBARIRIER 5 b) 2257 RIBIN I RIBAKT, mLLEEFoR SR FRKF d @ 2T,
Note: a) distribution of differentially expressed genes, the red and the green dots indicate highly and lowly expressed genes, respectively; b) expression of
differentially expressed genes, the color red to blue indicates high to low level of gene expression.

1 KHEENMKBERERTEERS T RFTIAKTF

Fig. 1 Distribution and expression level of differentially expressed genes in Dapulian and Landrace pigs

*1 ERFAERARTESEN GO KB

Tab. 1 GO terms with extremely significant enrichment of differentially expressed genes

FikKF GO¥ x5 FES EEENY FEBH PfH
expression level GO accession term description gene number  term type  P-value
GO: 0030199 Jiz ) £F 4412 collagen fibril organization 5 BP 1.37E—4
GO: 0007520 J&ULEMAERLA myoblast fusion 3 BP 5.83E-3
GO: 0014065 B fRTEENLEE3-## (5 5 phosphatidylinositol 3-kinase signaling 3 BP 9.88E-3
= GO: 0005578 % HJRAIAEAMET proteinaceous extracellular matrix 12 ccC 4.14E-7
high GO: 0005604 L/l basement membrane 4 cC 3.77E-3
GO: 0005615 M4~ (7] extracellular space 17 cc 8.85E-3
GO: 0050840 HEAMEEJTi4E & extracellular matrix binding 4 MF 1.25E-3
GO: 0005509 #5E5F 454 calcium ion binding 14 MF 4.77E-3
GO: 0035914 H#&ULAHN{L1k skeletal muscle cell differentiation 7 BP 1.29E-6
GO: 0006457 #HH¥ T protein folding 8 BP 2.69E—4
GO: 0043524 FHZEJCET i FE F113% negative regulation of neuron apoptotic process 7 BP 3.77E-4
GO: 0043065 JHT it FEMIIEAE positive regulation of apoptotic process 7 BP 2.57E-3
GO: 0006351 #:3%, DNAMEMRAL, transcription, DNA-templated 12 BP 2.65E-3
GO: 0090084 LigifA 4% 171 17 negative regulation of inclusion body assembly 3 BP 2.85E-3
GO: 0009408 #J v response to heat 4 BP 4.46E-3

JT 54 5 PEDNA S & 4 3% R -3 M I T 4%

GO: 0051091 positive regulation of sequence-specific DNA binding transcription 5 BP 5.65E-3

factor activity

Z 5P T R A DR R T A R B 7 7 e 4%

fik GO: 0043154 negative regulation of cysteine-type endopeptidase activity involved 4 BP 7.64E-3

low in apoptotic process
GO: 0042692 JLA4IHE 7k muscle cell differentiation 3 BP 9.96E-3
GO: 0097193 W{EST {5 58 E intrinsic apoptotic signaling pathway 3 BP 9.96E-3
GO: 0001894 HZIPNFaA tissue homeostasis 3 BP 9.96E-3
GO: 0005634 4% nucleus 50 CC 1.41E-5
GO: 0005829 4HE¥ /5 cytosol 25 cc 1.71E-5
GO: 0005737 #4Hff)5 cytoplasm 43 cc 3.01E-3
GO: 0031674 Tif 1 band 3 cC 5.64E-3
GO: 0031012 4HfIAMEST extracellular matrix 6 cC 6.19E-3
GO: 0019888 & [ & 1 5% 1k protein phosphatase regulator activity 3 MF 2.38E-3
GO: 0043565 55157 EDNAZ; & sequence-specific DNA binding 10 MF 8.63E-3

: BP. CCHIMFZ il #mAEM A id i . difase 7 fnsr 1 Dk

Note: BP, CC and MF indicates biological process, cellular component and molecular function, respectively.
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KEGG # #§ B R (% 2) Bor: 189 1M
FEIRFEAN 201 MR IR IE 43 50 B 3w 4R 1
543 4~ KEGG % [ Hip, maiksiil £

L5 R P T A TS P A L
Fot UL B R R Re A5 SR AR O, IRER
IR F 25 MAPK {5538 #% . P90 2 1
TN LA R MR A 5l B A AR G

*2 ERREEEAREZTERMN KEGG BB
Tab.2 KEGG pathways with extremely significant enrichment of differentially expressed genes

Tk JHERID 1 B A4 TR (=€ =504 P1A
expression level pathway ID pathway term gene number P-value
s5c04974 R AR LRI protein digestion and absorption 6 1.02E-3
TR [ D A8 5 A0 By EE I
$5¢04960 aldosterone-regulated sodium reabsorption 4 718E-3
l% N o e
. LIRS EIRRGEE TS
high s5c04261 adrenergic signaling in cardiomyocytes 6 8.37E-3
5500910 Z AR nitrogen metabolism 3 9.00E-3
$sc04068 FoxOff 5 # FoxO signaling pathway 6 9.20E-3
5504010 MARK({5 5 il MAPK signaling pathway 10 2.67E-3
{(i8 PR R A0 T
low ssc04141 protein processing in endoplasmic reticulum 8 3.06E-3
$5¢04915 Wi A5 518 estrogen signaling pathway 6 6.03E-3

2.2 FEPPERIEBE
RRGIR R TR AR AR %

FR L —2E (K 2a), ARETTHE A SE A A)AH S 2
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correlation between the module and pork quality

correlation between the genes in the red
module and pork quality

correlation between the genes in the blue
module and pork quality

E 2 WGCNA Dhss

Fig. 2 The results of WGCNA analysis
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BT 75% MBS, RIBa, st 34
FE AR (B 2¢), Hip, D@k (=
091, P=TE-7) M Bk (=0.89, P=5E-6) 5
PSR A DI B e e (18] 2d), PSR rh L PR 36
K SRR R EAED (7=0.93, P<IE-200; r=
0.90, P<1E—200)(/ 2¢ #i1 2f),
2.3 5P PR IR 3 DI (R B R B[R] Th B8 b
55 PR TR e B 3 ORI I £ AR 660 A~
R i 3 (P<0.01) & 4 5] 17 1> GO Y2t 2
112 4~ KEGG @i I (& M e imn 5 A~ EY

2t #R A KEGG 38 #% WL3% 3), FES5EA R
T HERNAIM L . BRGSO RS
T B ETIN TDR AR O A S A G
WO 527 AL B3 (P<0.01) 45 12
A~ GO AW A 10 > KEGG il i | (e &1k
TR AT S DAY 2E T B A KEGG 38 B IL3& 4),
FEGPRALUEETC . CHENLRWSE . P
L 2 e o B AR 1 B AL IR . ECM-3Z AR AH
HAEF DL K B3 BEAEAR 5l A G

*3 AERREFREEZENF S5 GO £BH KEGG B
Tab.3 Top 5 GO terms and KEGG pathways extremely significantly enriched by the genes in the red module

EEVE:N GO 5 /KD Sk H AR EE 2Tk PfE
enriched method ~ GO accession/pathway ID term description enriched gene number  P-value
GO: 0006457 FEAJF Y12 protein folding 19 2.72E-8
GO: 0035914 H WL 73 1L skeletal muscle cell differentiation 8 7.19E-5
ggi}i GO: 0043086 FEALIT P 67 4% negative regulation of catalytic activity 7 1.24E—4
GO: 0005977 FEJEAR LR glycogen metabolic process 6 2.70E—4
GO: 0045444 Ji 0y 41 531 fat cell differentiation 8 1.90E-3
ssc05164 F AR influenza A 23 2.07E-6
i ssc01130 YA R A4 i biosynthesis of antibiotics 24 5.76E—6
KII€< ggiﬁ%ﬁy ssc04915 W% 2 A5 5B estrogen signaling pathway 14 2.00E—4
ssc04141 PN J5i 9 & (10 I protein processing in endoplasmic reticulum 17 1.18E-3
ssc04010 MARK{E 5 i@ # MAPK signaling pathway 22 1.65E-3

*4 BEEERERBEZEEMNE ST GO £BHM KEGG B
Tab.4 Top 5 GO terms and KEGG pathways extremely significantly enriched by the genes in the blue module

EBHETN GO 3% 5//BHID % H AR =35 P18
enriched method GO accession/pathway ID term description enriched gene number P-value
GO: 0055010 DFE DL A KA ventricular cardiac muscle tissue morphogenesis 6 1.18E—4
GO: 0060048 LR cardiac muscle contraction 6 2.20E-4
(C}igifn GO: 0014883 TRAZ LT 4E [R] #5 4 transition between fast and slow fiber 4 3.31E4
GO: 0043588 J W& & skin development 6 4.82E-4
GO: 0007160 2 Hfa B3 B P cell-matrix adhesion 8 6.75E-4
s5c04974 H A FIH AR protein digestion and absorption 14 9.75E-8
i ssc04512 ECM*Z i H A ECM-receptor interaction 13 8.71E-7
Kg(l::g iﬁrfay $5c04510 FH# Pt focal adhesion 18 8.29E—6
ssc04151 PI3K-Aktf5 5 i@ #% PI3K-Akt signaling pathway 22 8.59E-5
$5c04260 OISR cardiac muscle contraction 9 5.27E-4

2.4 PPI W28l S OB BE AR )

TR A 2T B He L Y PPT 2% f 4% 163 4>
FEPR (75 80 R 371 450 (18] 3a), Femi i 53+
%A 11 N3N (FBXL4, RNF115, FBX040.,
ASB4 ., ASBI5, UBE2L6., RNF41, ASB5, HERCS ,

SOCS1. ASBII) #155 2&ih (Kl 3b), 11 DFEHY
PR G RrARIE (R 5), A BTHEARAR DG
RHEETA

JIT AL A ) W (A B E DY) PPT 4% 40 7% 128 4>
KLU 341 4530 (K 3¢), B i T M 440 &
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a) ZLEHLEL N PPT 4%
PPI network of genes in the red module

¢) W (AR EL R PPT 4%

PPI network of genes in the blue module

®
® -

b) LLEAREHIL D PPT 2% f5 i HARAS 7T 45
PPI subnetwork with the highest score in whole PPI
network of genes in the red module

ENSSS.OZBDQZ ‘

d) 35 CRLHRILR PPT 45t i AR T 4%
PPI subnetwork with the highest score in whole PPI
network of genes in the blue module

T ZLOME O R BIFRTER A RIS IMRIGAEN, 1 AR 2
Note: Red and blue nodes represent the genes of high and low expression of Landrace pigs, respectively, which the bigger node represents more links.
B3 EEEEMESSRHKERRIAR]

Fig. 3  Gene interaction network and highly related module identification

22 NFERFN 112 4538 (] 3d), HotEgEA155
i BIET 10 NFER N COL341, COL541., CO-
LIA2, COLI441, CRTAP. COL543, LEPRELI .
DEPTOR . COL4A42 Fl COL6A2 (3 6), NPJFE
ARAEICI I A
2.5 REEFERIRIE T I qPCR B iiF

R 4 AT 2 A BRIt 1y 3 AR Bk
PROCHRSE PRUE O R PN K 1 e KL i R
KK S B 25, Bk RNFI115 (P=0.00184)
AN, COL3A1 (P=0.00016), COL5A41 (P=0.00165).

COLIA2(P=0.000073), FBXL4(P=0.00097) Fl FB-
X040 (P=0.00054) 5 P By Rk K- 4 2 BN
K TR

qPCR 454 (K 5) B/~ WA CoL-
341 (P<0.0001)., COL5A41 (P=0.0006) Fl COLIA2
(P<0.000 1) FEAHCIRE AR FUIE S e KWL Y 258
KRB EER, mMaafidd 3 AR (RN-
F115. FBXL4 Hl FBX040) ()3 ik /K EAE 2 4 i
] U] TG i 2 25 5 (P>0.05),
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x5 AEERERE PPI FRGZEREFLEN
Tab. 5 Centrality analysis of genes in the PPI sub-network of the red module

Fes H TH LT & (EEsS AR P Nk blis a3 B

rank gene subgraph eigenvector information local average connectivity betweenness closeness network
1 FBXL4 2002.74 0.3015 6.0499 9 0 1 10
2 RNF115 2002.74 0.3015 6.0499 9 0 1 10
3 FBX040 2002.74 0.3015 6.0499 9 0 1 10
4 ASB4 2002.74 0.3015 6.0499 9 0 1 10
5 ASBI5 2002.74 0.3015 6.0499 9 0 1 10
6 UBE2L6 2002.74 0.3015 6.0499 9 0 1 10
7 RNF41 2002.74 0.3015 6.0499 9 0 1 10
8 ASBS 2002.74 0.3015 6.0499 9 0 1 10
9 HERCS 2002.74 0.3015 6.0499 9 0 1 10
10 SOCS1 2002.74 0.3015 6.0499 9 0 1 10
11 ASBI1 2002.74 0.3015 6.0499 9 0 1 10

* 6 HERRER PPI FRGEREF O
Tab. 6 Centrality analysis of genes in the PPI sub-network of the blue module

7 R TH RFAIE ) 5 Efs) AT Y itk bl a8 I 245
rank gene subgraph eigenvector information local average connectivity betweenness closeness network
1 COL341 5196.21 0.29290 6.2447 9.17 220 0.700 11
2 COL5A1 5015.27 0.28785 6.0254 10.00 0 0.525 11
3 COLIA2 5015.27 0.28785 6.0254 10.00 0 0.525 11
4 COL1441 5015.27 0.28785 6.0254 10.00 0 0.525 11
5 CRTAP 5015.27 0.28785 6.0254 10.00 0 0.525 11
6 COL5A3 5015.27 0.28785 6.0254 10.00 0 0.525 11
7 LEPRELI 5015.27 0.28785 6.0254 10.00 0 0.525 11
8 DEPTOR 5015.27 0.28785 6.0254 10.00 0 0.525 11
9 COL4A42 5015.27 0.28785 6.0254 10.00 0 0.525 11
10 COL6A42 5015.27 0.28785 6.0254 10.00 0 0.525 11
11 COL6A3 5015.26 0.28785 6.0254 10.00 0 0.525 11
12 COL6A1 5015.26 0.28785 6.0254 10.00 0 0.525 11
13 FBNI 907.06 0.03820 5.7853 7.20 216 0.656 9
14 FNI 819.99 0.01181 5.5213 8.00 0 0.477 9
15 CST3 819.99 0.01181 5.5213 8.00 0 0.477 9
16 APOE 819.99 0.01181 5.5213 8.00 0 0.477 9
17 MXRAS 819.99 0.01181 5.5213 8.00 0 0.477 9
18 RCNI 819.99 0.01181 5.5213 8.00 0 0.477 9
19 FAM20C 819.99 0.01181 5.5213 8.00 0 0.477 9
20 LAMBI 819.99 0.01181 5.5213 8.00 0 0.477 9
21 BMP4 819.99 0.01181 5.5213 8.00 0 0.477 9
22 GPC3 819.99 0.01181 5.5213 8.00 0 0.477 9
3 Whig 1S REEFEI
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Fig. 4 The expression levels of six key genes in longis-
simus dorsi muscle of Dapulian and Landrace pigs
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