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Screening and analysis of differentially expressed genes in
fast and slow twitch muscles of cattle

LI Shuai'?, HUO Chenxi'?, GUO Yagiang'?, NA Rigela'?, ZHU Lin', NA Risu', SHI Caixia',

GU Mingjuan™, ZHANG Wenguang*®
(1. College of Animal Science and Technology, Inner Mongolia Agricultural University, Hohhot 010018, China;
2. Inner Mongolia Engineering Research Centerof Genomic Big Data for Agriculture, Hohhot 010018, China;
3. College of Life Sciences, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract The study was to explore the key genes regulating muscle growth and skeletal muscle fiber
transformation. By differential expression analysis, gene co-expression network analysis (WGCNA), and exon-
based selection signal analysis, transcriptome sequencing was performed on the gastrocnemius (G, n=18) and
soleus (S, n=21) muscles with significant differences in muscle fiber types. The results showed that: 1) There
were 1 576 differentially expressed genes, with 170 genes upregulated and 1 406 genes downregulated in

gastrocnemius compared to soleus muscle. Enrichment analysis revealed that these genes were mainly enriched
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in pathways such as muscle contraction, skeletal muscle contraction, glycolysis process, myofibrils, troponin
complex, AMPK signaling pathway, and Regulation of lipolysis in adipocytes. 2) Weighted gene co-expression
network analysis showed that the genes were clustered into four modules, with the blue, black, and blue modules
being significant modules. 3) Exon wide selection signature (EWSS) identified 26 467 high-quality SNPs, and
ultimately combined multiple methods to screen for 6 candidate genes, including CACNA2D2, PFKFB4, ATP2B2,
PRUNE2, PRKG1, and FAM13A. 4) The candidate genes were validated by qPCR, and the results were
consistent with the RNA-Seq data. Protein-protein and protein-metabolite interaction networks were constructed
using the STRING database and OmicsNet, which revealed that the proteins that interact with the candidate genes
work together contribute to shared biological processes. In conclusion, this study ultimately identified six key
differentially expressed genes (DEGs) that are likely to regulate muscle growth, lipid metabolism, and skeletal

muscle fiber-type transformation. These findings provide new insights into the molecular mechanisms underlying

2025 4F 45 30 %

muscle fiber-type switching and offer potential targets for improving beef quality.

Keywords transcriptome; gastrocnemius; soleus muscle; meat quality; muscle fiber types
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[ 51 51 (5'-3") e Sl (5'-3D
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pruNgs  FrGTATCTCCGGTCCATAACCT
R:AATCACAGGATTTGTGTCCA . F:TGGTAAAGTGTTTGGAGAGT
cacnazny FiAGCCTACAGCTTTCCTCAGE PRRGL g CGGTATGCTTGATAAGTCCT
R: TGAACGCCCCCAAAGATTCG
— F:GTATACGTGGTGTCTGACC | GAPDH Ejéiggigiﬁ?ﬁﬁg;ﬁ?ﬁ;ﬁ;ﬁgﬁf
R:CATTTTTGGGGTTTCATGCT : C
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(a) Boxplot of G and S gene expression; (b) Principal component analysis (PCA) plot of sample population clustering.
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Fig. 1 Gene expression distribution and PCA plot of gastrocnemius (G) and soleus muscle (S)
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(a) Volcano plot of differentially ; (b) GO enrichment analysis of downregulated genes; (¢) KEGG enrichment analysis of downregulated genes; (d) GO

enrichment analysis of upregulated genes; (e) KEGG enrichment analysis of upregulated genes.
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Fig. 2 Volcano map of differentially expressed genes and functional enrichment analysis of the top 20 pathways



112 0 LN ES I Y NS S 4

2025 4F 45 30 %

Xof 2 S e Ik R HEAT D BE 4 23 (P<<0. 05) &
WLFE TR ERS, FEEEEGOMELS S
(Microtubule binding) .2 F1 B RR {k 1F 7] #4845 (Positive
regulation of protein phosphorylation) Fl%5 B - 45 4
(Calcium ion binding) Ph S V17 £F 4k i 1 17 240 i 2 fgh
(Parallel fiber to purkinje cell synapse) ; 7 KEGG 1 32
B3 P A0 A IR 7 40 G #5715 (Regulation of lipolysis
in adipocytes) . 22 24 J5U3 AL 4K (5 53 #% (MAPK
signaling pathway) . AMP I {1t 2 11 3 B 15 5 38 2%
(AMPK signaling pathway ) FlJig 17 4fi s X 15 538 %
(Adipocytokine signaling pathway) (] 2(b)~(¢)) ; 7F
R B Y GO 2R A AR W i 72 (Glycolytic
process) A 2 LI 47 ( Striated muscle contraction) L
Bl H #2454 (Actin filament binding) JJLER & HITE
A ¥ (Myosin 11 complex) Fl L A H 45 (Muscle
contraction) %5 ; KEGG Hv -4 & [K] 3= 2 5 SE7E W e fie /
BS54 (Glycolysis/Gluconeogenesis) | LA 2 fifd i 42

(b)
)

0.2

] 1T
AT
Merged dynamic \ m

.

Z 4¢ (Cyboskeleton in muscle cells )45 i HL (& 2(d)
~(Ce)),
2.4 hRALE B 4R K W % i
R T B R G v M 2 8 e X 3RS
4 337 AN . MR power (B K4 7 L 36 35 N 26 L 50 H
SR, [l —Fh (8 s [F]— M, ly T AL Se s
Z A A — 22 M S, T LK X6 B ) B e A5 Ay [ —
B, BT 77 ) Merged Dynamic A 245 2] AR
XTI TR S0 40 B, Herh IR B (Grey) AN g
HE BT BB B G A 275 5 LK 3(a),
SRR, BAETEWE (A (Blue) BEH i IR i &
(2 6674, 4l B (Magenta) 15 B4 75 it ik PR B0 i
D (140 4>, 208 (Red) B He 3 A 8 i (571D, R 8
(Black) B 35 R KR (198) . 4 MR AH ¢ 2 8k 4 Wi =
0.3 H P<C0. 05, fifi BE A A PR ARAH G Y BBE B . b 210 €5
B AR W R 5 PO LAY AR OC R B
512k 0.93.0. 86 F10. 80CK 3(b)).
I0.75
0.50

(% Black (198)

ARZ1 {8 Magenta -0.25
(140)
-0.00
e -0.80 )
B2 Blue (2 667) --0.25
I -0.50
2144 Red (571) ~0.75

H H #f1 Soleus

MER L Gastrocnemius

Cad ZE PR 3 1k ) SRR TR 5 A5 Bl da] 4 5 () ik PR Bl 5 i UL 2z ) ) S T

(a) Clustering dendrogram of gene expression levels and module partitioning genes; (b) Heatmap of the association between gene modules and fast/

slow muscles genes.
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Fig. 3 WGCNA analysis of gastrocnemius (G) and soleus (S) muscles
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Fig.4 Manhattan diagram of SNP selection signals in gastrocnemius (G) and soleus (S) muscles
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(Beta-D-Fructofuranose 6-phosphate) | 5 4 -6 - iz
(Neuberg ester) Fll D-H 4 2, 6- B iR (D-Fructose 2,
6-bisphosphate fCIHPIMEH (K 6(d) & 3) . EHIRUL,
TR A T B AR EAE M 2 v, R 5 G B BRI A
M E e AT Z m 3 EE e L T — A== T RE X
AR R LET 4 5 5 ALY AR 4G D S ks 1A o 4 At —
JE UL
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DL A HEI LR LG B LR SR X0 42, it 2 R LA
5% SR R Ol AR 2 i B LG S 45 4 TR B 5 4 b
FEEHE -

WESE & B, AS TR] 4 ILET 4 2 R0 2 52 i ) J 7
IR 35 WLER 45 A & 8% (Myosin heavy chain, MHC) ¥
R UEF Y TT 4y Sk TR £F 2k F 1T R 25 4k TR &F
Yk, LRI AL 47, & A 18 LEF 4k (Myhce slow)
(9 WUBR 25 11, W 4 A B2, P o7 Mok o TT R 2F 4k
PR Ry PR OB I i 27 48, B A& A Myhe, 322K
SEUBE R AR BURE I . 124 1k, — S L Bk
) B 7 JUL 2T 4 L5 Al v Ok 4% B SPE T A 45 DL A0
BRI 2OMEF2) WUE R MH R (MSTN) (JLET
HEVE N T (MREs) JJRE RZHEERK N T UGEs) (it

LA W Tty K 35 5 ) 900 A2 R y (PPARYy) | forkhead
R W T 1 (FOXOD | 2 2L 5% Ak & H b
(MAPK) MYHG 58 # 25 i 2 il 25200 45 98 ol
W R G T AR S — RS A T 0 22 R - O 2R W R
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TE A WF 53 v i 1 1) 19 O 5 FE R CACNA2D2
PFKFB4 . ATP2B2 .PRUNE2 .PRKG1 1 FAMI3A ,
KB FAMI3A FE 43 AL AT s, B S5 18 4
FE M Jili 2 95 ( Chronic obstructive pulmonary disease,
COPD)Ag & Z fif — TR 52 3¢ BH , 7 WL 5 i s 4
JLER £ 1 /N BRI BN B AT DNA BERE S 43 Br
W2 73R R A ET 204, 45 FAMI3A
KL HEAME ST T FAMI3A 16 J8A4F 4 A8 [F] 41 41
B F AR M FAMISA @IETRIF 9 R 5 R B W,
R BRBRIT AL LU, B B 7 4100 T A5 e 2 i 35k
o WEB FAMI3A 3& 7 4 g 05 40 i b i 42418 T
e LAl , LA AR LN IR I UL RR . R i 9 0IE
WIAE N8 i 20 RS 78 v i g 7 4 i i FAMIBA 1Y
RN TR AN A3 Ak . FE/NERUR S A A A
L, B BR (KOYFAM13A R Y /)N BRU7E =5 B 7 AR £ 1l
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I%, KO /NG B2 R IR I 4L, & B /INay A B 2 1] /N
TR Ik 7 40 6 20 A% 1) e A, T) e Bt 5 i I 24 1 R 7 19
P, CACNA2D2 3 W7 GO T B h AL 5 U K]
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Ml KEGG 1 MAPK {5 5 i # (MAPK signaling
pathway) ; 75 JJLIA FIB- 8 th ¥4 R A s A 1L 5k
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4 KRRz SR 2 MG RRIE 0 R 64T T 24 7
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Fig. 6 Analysis of protein and metabolite interaction network

#3 KB KEGGHEEMRITY

Table 3 Metabolites originating from the KEGG database

[k (MR
KEGG ID KEGG ID
Go Metabolite GG Metabolite
C00017 Protein C00085 Neuberg ester
C00008 ADP C00665 D-Fructose 2, 6-bisphosphate
C00002 ATP C00001 H,O
C05345 Beta-D-Fructofuranose 6-phosphate C00009 Orthophosphate

CACNAZD2 #i F/NR I I3 20, AR KGR 2%, %
TR K AE B By AR, A5 w46 s B /N i T g

B 75 5 | 1) L 357 2 9 S B8 b A M 2 D RE SRR, A
51T SR % WU ZEMLEKTE S S ek . 18



116 0 LN ES I Y NS S 4

2025 4F 45 30 %

B LT T A R ST 1 100 A T 22 38 o - A
XFF WL RS BRI 225G 2, 7F— T PRk RNA
Xof PR JULAN 12 LA UL PR 8 24 AR 09 7R R & B cire-
MYLK4 5 CACNA2D2 A1 HAE F 3 BOILH W H Ca™*
o T 411 i) DAL T 400 ) T o (LR IR T R B- SR fk g o
T = RRAG I RMGR AR E AR AL MiE LA s
A2 3 AT v i B TR 3 A 7 I A RR U TR AR
Bt R X ARG R -3 BRikZ 4, PFKFB4
FE K AE AMP T A6 25 G5 538 4 (AMPK signaling
pathway) it 2 & 4 , W58 & W], AMPK 76 34 15 g Jiij

L T A g 7 1k A A 3 B A A R R AR LI IR
U7 L SR R S5 4 R 4L 2 v e o ke AR 0 PR e s 2

H (FAT)/CD36 [n] 4 g 5 5% 7% S 14 i i 107 B8 (1) +%
BV, PRKGI & cGMP MKHE 2 P13 1, PRKG 1
X RHOA 1) 85 2 Ak BRI T2 8 1 #E TC 8GR b 1 4
F EERNET RHOA By 5 3l 2 W 4 5 45 1 28 35
I WLEK 2 AR B W R AL 45 s PRKG AR IR T TR
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