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Screening and identification of miR—133c—3p target genes
related to chicken muscle development
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Abstract The aim is to investigate the expression of miR-133c-3p in different tissues and satellite cells of
chickens, and to screen key target genes affecting muscle growth and development in pectoralis through
bioinformatics analysis. In this study, an online website to predict chicken miR-133c-3p target genes was used,
GO and KEGG enrichment analysis were performed and protein-protein interactions networks was constructed.

Using an online public database, the expression of miR-133¢-3p in pectoral muscle relative to other tissues was
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constructed and potential target genes were screened, and target validation by a dual luciferase reporter gene

assay was performed. The results showed that: 1) 103 target genes were predicted; Functional enrichment

analysis shows that target genes are involved in the synthesis and transport of various polymer compounds; And

significantly enriched in multiple signaling pathways related to muscle growth and development, such as actin

cytoskeleton regulation, mTOR, etc. 2) Five Hub genes were identified through PPl network screening. 3) MiR-

133c-3p is only expressed in pectoralis and heart, and its expression decreases during satellite cell proliferation
and increases during differentiation(P<<0.01). 4) Four target genes, SGK1, MYH9, KLF7 and NFAT5, were

identified through screening. 5) Dual luciferase reporter gene detection revealed a target relationship between

miR-133¢c-3p and NFAT5. In summary, chicken miR-133c-3p can indirectly regulate muscle growth and

development by targeting NFAT5 in the pectoral muscle. This study provides a reference and basis for analyzing

the function and molecular mechanism of miR-133c-3p in chickens.

Keywords chicken; miR-133c-3p; bioinformatics; gene expression level; muscle growth and development;

target validation
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PrimeScript ™ RT reagent Kit, miRNA First
Strand ¢cDNA Synthesis Tailing Reaction Kit 14 H
Takara 2> & ; QuantiNovaTM SYBR® Green PCR iz
7 & . DNase/RNase-free 25 & F 7K 1 LipoPlus ™
Reagent Iy H Sigma-Aldrich 23 &l 5 B 2¢ % % B i) &5
B ) & TRIzol™ Plus RNA 44k i 71 & |
it 4 1T FBS . Th i3 . DMEM i B 20 Jfg 1% 77 5 Al
0.2 R R/ R AT CHH/RBHEA A .

qPCR 5[ ¥ . miR-133¢-3p mimic, mimic NC
NFATS5-3'UTR ¥ A= B X5 5t 3 A 4 1 2 R 3
(pGL-NFAT5-Wo) Fil 5 28 # # {& (pGL-NFAT5-
Mut ¥ i A T AW gD I A BR 2 w6 i
1.1.3  SedEatst

F] F miBase Chttps://mirbase. org/) T #k& X4

(Gallus gallus) . & 5 i (Danio rerio) . i
(Chrysemys picta) | Jit 88 (Columba livia) | B M
(Macaca mulatta) . 4 ] W (Python bivittatus) bl
B 25 M1 (Tor tambroides) . 3F P I ¥ (Xenopus
tropicalis) . % K (Canis familiaris) . W W &
(Ornithorhynchus anatinus) /1N B (Mus musculus) |
] (Pongo pygmaeus) | BE &5 X & il Cletalurus
punctatus) R 4 (Bos taurus) 55 14 A~ %) F# Y miR-
133c-3p W AR P 5] . H GenBank 5 il J¥ %1 {5 B
WE 1,

£ GEO Bz 1% (https: //www. ncbi. nlm. nih. gov/
geo/ )P N R GSE124418 WA GSE93855 1%, 43
S AK ST 2 R X A M L Lo I LU I e R L
JIE 6 4~ 2 21 v gga-miR-133¢-3p il 5 52 4 ( Counts) LA
KB s 4 Counts

£1 KWH miR-133c-3p B R 2K 5 51

Tablel Mature sequence of miR-133c-3p in each species

JF51(5"-3")

Sequences (5'-3")

1.2 FAix

# 8 ok

Name Accession
gga-miR-133c-3p MIMATO0001176
dre-miR-133c-3p MIMATO0001832
cpi-miR-133c¢-3p MIMATO0037753
cli-miR-133c-3p MIMATO0038513
mml-miR-133c-3p MIMATO0006777
pbv-miR-133c-3p MIMATO0038940

tta-miR-133c-3p

URS000075AA59 329116

xtr-miR-133c¢-3p MIMATO0003595
cfa-miR-133c-3p MIMATO0003595
oan-miR-133c-3p MIMATO0007150
mmu-miR-133c-3p MIMAT0025078
ppy-miR-133c-3p MIMATO0016973
ipu-miR-133c-3p MIMAT0029409
bta-miR-133c-3p MIMAT0029949

UUGGUCCCCUUCAACCAGCUGC
UUUGGUCCCUUUCAACCAGCUA
UUUGGUCCCCUUCAACCAGCUG
UUUGGUCCCCUUCAACCAGCUGC
UUUGGUCCCCUUCAACCAGCUG
UUUGGUCCCCUUCAACCAGCUGG
UUUGGUCCCUUUCAACCAGCUA
UUGGUCCCCUUCAACCAGCUGC
UUGGUCCCCUUCAACCAGCUG
UUUGGUCCCCUUCAACCGGCUG
UUUGGUCCCCUUCAAGGAGUCAG
UUUGGUCCCCUUCAACCAGCUG
UUUGGUCCCUUUCAACCAGCU
AUUUGGUUCCAUUUUACCAGC

TE % b R e AR 15 A T XA

Note: The underlined bases in the table refer to the sequence of seed areas.

1.2.1 miR-133c-3p & 4 F 4% F 5 #7

FIHIMEGA 7. 0 84 #9 Alignment £2 77 X% £ 3K HX
14 FP ) miR-133c-3p #EATA R R R P56 E
1.2.2 gga-miR-133c-3p ¥ 2k B 7 m & 5 4k 5 7

FIH miRDB Chttps: //mirdb. org/index. htmD)

TargetscanChttps: //www. targetscan. org/vert_80/) i
I gga-miR-133c-3p MY HE L P, X 25 SR B sg 4 01 2 o
Venn [ . F| i omicstudio F & Chttps://www.
omicstudio. cn/home ) fi¥) clusterProfiler(3. 8. 1) ¥ 441,
XL HEAT GO FI KEGG & 840 Hrie g P<<0. 05
WA, P<<0.01 Atk B35 W 4R A 7E 2 Bl 12
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STRINGC http: //string-db. org/) , 73t gga-miR-133c-
3p H8 2 A 4 5 2 1 A ELAE T OC & L, STRING
PE4>0. 75 I EAES H XTS5 A cytoscape_v3. 9. 03k f4:,
JEFIH Cytoscape H Y CytoHubba [ 2 7 , 8 1 4 Ff
ST 7E (MCC \DMNC \MNC ,Degree) i 5. % 45
(9 hub & DA, 222 i1 3 PPTE A 9 2% 4]
1.2.3 gga-miR-133c-3p #9 20 2% & ik 5 #F

M GSE124418 % #f £ v 5 11 1 R XG0 JUE LT
JUERBLAE L A L B UL R B miRNA & e
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ORI B 8 Ccount) , JF O L UE 47 TPM
(Transcripts per million) 19 — fk &b ¥ | jiF A A X
ﬂn‘F:

TPM=T/NX10° (D

A T miRNA count i %1 ; N A HE A B miRNA
count %4 .

B 5 ¥ TPM 3R 38 8048 047 5 I R Oy 22 730 i
S A Graphpad prim 9. 0 8 {1 #F 17 3 15 = R K 1Y
gl .
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chicken. txt) o7 T H 5 22 JFR X 5 2H 23 v (%) 7 Sk 28
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DI N1 A = 1 L s A A N B S P I
IR A 45 21 I IUAE XoF 45 2H 213 R 8 2 3k i Bk
. FIZE N E S gga-miR-133c-3p 1 3 [N 48 1
K B B, 00 4 0 9k 15 31 gga-miR-133c-3p 7 i AL
A oG B AT S TR, 25 AR DL RV (Venn) I JE 50 &
P A5 F 6 (http: //www. bioinformatics.
com. cn) [ 38 28 H PR B tof HE 35 PR 114 326 8 (E AT A
P 22 41 5[] oo G AR 4% 4 20 b il R (L B S A
Graphpad Prim 9.0, #f 17 gga-miR-133c-3p 3¢ # §1!
BRI By R R KRG 2
1.2.5 S8 % &% & PCR(RT-qPCR)

K F TRIzol™ Plus RNA #iifk a5 & 42 B T2
20 B A S RNA 4% BB B 5 s a0 & 3R 4E 20 3R Gl
cDNA , i 52 52 B 2¢ 5 22 £ PCR J7 v A6 ) 356 [R A X
Fikh L AL U6 B-actin NS, B4 FE %
3NHE R 2221 gga-miR-133c-3p S H A
BRI A Rk SIME R R 2, P AR CE
AR 10 pL): B F##F51#4 0.5 pL, SYBR Green
5upl,cDNA 1 pl,ddH20 3 pL; ¥ 3 & 5 : 95 CHi
5P 3 ming 95 CAEME 20 s, 1B kIR JEB Kk 20 s,
72 “CHEAH 20 s, FL 39 MEIR .

®2 5MER

Table 2 Primer information

E S Sl HI(57-37) B Gl B /°C
Name Primer sequences (5'-3") Annealing temperature

F: TTTGGTCCCCTTCAACCAGCTG

gga-miR-133c-3p 58
R:AGTGCAGGGTCCGAGGTATT
F:CTCGCTTCGGCAGCACATATACT

Ué6 57.5
R:ACGCTTCACGAATTTGCGTGTC
F:GACGATCGCATGATGTGCAG

NFATS
R:ACTGGTGGTTCGCATTGCTT 58.5
F:TTAATGGGTGCCGGAAGGTT

KLF7
R:AATGCCTTGTGAGCTCGTCG 60
F:GCCCTTTGTTGTCACACGTC

MYH9
R:CTTGCCGTCCACTTCCTCAT 57.5
F:GGTGGCCATTCTCATCGCTT

SGK1
R: TAAGTTCAGGCTCTTGGGGC 56
F:CAGCCAGCCATGGATGATG

-actin
g R:ACCAACCATCACACCCTGAT 60
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NFEAT5-Mut) . #2937 4il g R 2 i 78 48 fL Ak ,
DMEM +10% i 25 I 35 85 37 , 24 40 i %5 1 34 3] 2
70%~80% Bf , H miR-133c-3p mimics (5'-UUG-
GUCCCCUUCAACCAGCUGU-3D & NC (5'-UU
UGUACUACACAAAAGUACUG-3) H1  pGL-
NFAT5-Wta pGL-NFAT5-Mut ki e85 e | 45 %
AhHE 3R L FEYL 48 hE , i R WO F W R
5 PSS U 3 790 6 156 B A5 000 € ' R I 1
1.3 HE\EHH

gga-miR-133c-3p Fl#E Kk P 1Y 2 34 2 B4 K WL
B 2 WIS EE 4 S A Excel #E47 % B, 45 51 L)L OP
Yol AR 22 F % o ] Graphpad Prim 9. 0 #E 47
ST REAS CRG 40 BFRL PR 2R 7 22 43 B, P<<0. 05y 25 %
B, P<0.01 HERWEE,P>0.05 EZ R AR

F IR AR AR P i I 2R 1A
HERE5NMH

2.1 miR-133c-3pEBERFA LWEME %W

gga-miR-133c-3p i T 23 5 e e ik [, i T
IFI271.2 3£ H N 5 BT 7 51 gga-mir-133c(4704445—
4704523) 4K 79 bp, H: S'UTR M1 3'UTR 4351 Jin T 4&
72 A A miRNA, 43 5 i gga-miR-133¢-5p
(4704457—4704478) 1 gga-miR-133c-3p(4704493—
4704514) , T A8 B K Je 4546 (L D
2.2 miR-133c-3pRFEDHT

Xf 14 A ¥ Fh 59 miR-133c-3p 5 %1 ik 17 £ )% %
FexF 20 (R 2) o B4 (bta-miR-133¢-3p) RA A1l He
il 134~ A ) miR-133c-3p 7 8 4 <7 P4 i, AUA
A A A2 2 B IX P 5 (UGGUCCO) 58
SRR TE] o A 07 30 5 Al R O S MR 2 HLA
TXFEF(UGGUUCC) & C<<U 745,

2

c g AA A A aacu
ugccuu cug gGCUGGU AA GG ACCAGAUC a
CTECEE T THT 1 10 T e
acgggg gaC UCGACCA UU CC UGGUUuag a

u G AC (6 c guca

[4701712) Chromosome 23-NC_052554.1 [4768451p
LOC121107456 = SFPQ
IFI27L2—
MIR 12248-
MIR 133C=
MIR 1B=
ZMYM4

1 gga-miR-133c-3p LM EE L
Fig. 1 Structure and localization of gga-miR-133c-3p
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Fig. 2

Sequence alignment of miR-133c-3p between different species
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2.3 gga-miR-133c-3p FEE & i il
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P, A 3] 103 N HE R
2.4 gga-miR-133c-3p MM EFE I E &£ & PPI W

B

GO ®EL R ME 4R, 7EBPH B &
B T mRNA YY1 oK ik il 15 Pk 90 L 40 AR
SIRE KA MR E o F ORI RS
REFEFRHTECCH FER N FE 5N BN RS
R IR S AR 9 S 4 2 1 R A OG5 X T MF,
R EZHA 5 PRE AL S DNA S G % W
I PR N B R A B I A 2 R TR R O 4E 0 1
IRE .

XF gga-miR-133c-3p (8 JE R #E17 KEGG 18 %

mRNABY ] Alternative mRNA splicing, via spliceosome
fig I 25T 45 & 1 Anatomical structure morphogenesis |
A& Cell development F

JK iR AR 7R 4% Negative regulation of hydrolase activity -
N J5 M % 4t Endomembrane system

JI5(U 32 % Transport vesicle membrane

A A4 Synaptic vesicle F

AR NI 75 & /L Cellular component morphogenesis |
I RIEAR IR Golgi membrane |

ZEfi/INf Exocytic vesicle |

R 6% B Embryo development -

B8 Transport vesicle -

R IEEAAR Golgi apparatus F

YAt #5455 1% Bounding membrane of organelle

I F-IIRE A% Negative regulation of molecular function
ARG Kinase activity b

B R L H Skeletal system development |
DNAZE G 57 H 117 DNA-binding transcription factor activity |
W% R Bili 15 7 Phosphotransferase activity F

B R EEUEEE 1 Protein methyltransferase activity | *

WLERZE (1454 Myosin binding + *

1.4 1.6 118 210 252 2{4 2.6

miRDB

TargetScan
B3 gga-miR-133c-3p ¥R E FH
Fig. 3 The predicted target gene of gga-miR-133c-3p

HESV ERME SR, WENEESE AW,
W 1R Wk UL 1215 5 R 4 L s IR AR Ak L L 3l 2 11 40
B R A A RS B E 3 m TORAE 5 38 1 .
FoxO . I B2 41 e 3% 32 . p53 457 7 3l i -

L -lg P

® 250
225
2.00
1.75
1.50

GrEs
Class
e BP

a2 CC

= it
Count
® 5

| @ 0
| CRE

‘#5430 Enrichment score

B4 gga-miR-133c-3pWEERE GO EE N
Fig. 4 GO enrichment analysis of gga-miR-133c-3p target genes
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Fig. 6 PPInetwork of gga-miR-133c-3p target genes
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KEGG pathway enrichment analysis of target genes of gga-miR-133c-3p
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(P=>0.05). Same as below.
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