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WE: N RS bla-miR-15a YR FRe I S0 HAR IR G 0 fad B rh i A 88X, 0 1 AR 0 05 B 2 o0 i 7
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Notch 22 2 J5036 A3 1 B ( MAPK) BRR 455 5l b, b — 223l i RT-qPCR 2341 A& B, bta-miR-15a 15 22 4%
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B BRI AR R 3 i W R T AR A B BRI TP A AR R 3k A (P<0. 05)  TELAR A, UAR AR 1 IR KL
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Prediction of bovine bta-miR-15a target gene and identification of its
expression pattern during adipocyte differentiation
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Abstract . To investigate the biological
e #s A #A:2025-06-11

EE&WH . T HFH WL IS E (2023BCF01006,2024BBFO1007) ; T &
FIARBIEE4 T H (2025AAC040003 2025AAC030558) 5 7575

characteristics of bta-miR-15a and identify its expression

pattern during adipogenic differentiation, bioinformatics

R AR A BT o analysis was employed to examine the conservation of
EB BT BAKFE (2002-) , 20, TR RN AFHE  BF5E 07 19 R 2R miR-15a across different species, predict its potential
MEZEZPMEIR, (E-mail) 13995035323@ 163.com target genes, and perform functional enrichment analysis.

BIRAEE BN, (E-mail ) weidawei@ nxu.edu.cn Quantitative  real-time  polymerase  chain  reaction



ThRR S : 4 bta-miR-15a $TJE R A FI00 B HAERR 07 400 43 (ot B v i A s

1203

(RT-qPCR) was applied to determine the relative expression of miR-15a in bovine longissimus dorsi muscle and subcutane-
ous adipose tissue, and to investigate its expression patterns at different stages of intramuscular preadipocyte differentiation.
The results showed that miR-15a was highly conserved across different species. A total of 7 582 candidate target genes were
predicted using TargetScan and miRWalk software, and 462 common candidate target genes were obtained after integration.
The target genes were mainly enriched in Gene Ontology ( GO) terms including response to growth factors, negative
regulation of cell differentiation, and Wnt signaling pathway. Pathway enrichment analysis based on the Kyoto Encyclopedia
of Genes and Genomes (KEGG) database revealed that the target genes were mainly enriched in Notch, mitogen-activated
protein kinase ( MAPK), and sphingolipid signaling pathways. Further RT-qPCR analysis revealed that the relative
expression of bta-miR-15a was significantly higher in subcutaneous adipose tissue than in longissimus dorsi muscle in both
Angus and Simmental cattle (P<0.01), and its expression was significantly higher in subcutaneous adipose tissue of
Simmental cattle compared with that of Angus cattle (P<0.05) , while the relative expression in longissimus dorsi muscle of
adult Angus cattle was significantly higher than that of Angus calves (P<0.01). Additionally, the temporal expression of
bta-miR-15a during bovine intramuscular adipocyte differentiation exhibited a pattern of first increasing and then decreasing.

These results indicate that bta-miR-15a plays an important role in bovine fat deposition, laying a foundation for further

investigation into its regulatory mechanism during adipogenic differentiation.
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(1) [RIFe )5 120 B3 5, Bl R ) oAk 2B i 4 B
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WESZ, #0715 RNA (microRNA , miRNA ) 7EJ§ 7 43 fk it
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530 1% A R 4 T T A0 B 1 B 5 R Ak, AN, miR-
326 BT H IR €/ EBPo, M40 04 G 4316
miR-27b AT LASE i 98755 B AR AH C 3L B PPARy 1) 3R
R VR BT A0M 434k s miR-450b-3p 1 LA L%
#U[i) SIRT1 FF38 33 Wnt/B-Catenin 1558 B AL HERE 5
JER s miR-15a . miR-15b J& miR-15 F G h 1) 2 4>
WENOL, TR AT AL, miR-15a A GE# 12 14
FEHREEIN ACOX1 . SCP2 ABCD3 26k E 2 5381
PR B DO A2 T miR-15b 3 i 8 9 4 L 1A
FOXO1 AHXF 35 58 i 38 o, DA 400 40 4 i 44 B s 40
M B9 43 463 bta-miR-15a 2 4= 48 5 M iK1
miRNA , il 1 53R CD163 454 W REAR W2 2R
R REZ | bta-miR-15a 7] LL3E 0051 454 4
T 11 M B-BEEE A H I = AFUAE Y 230 , DT 5 1]
AR AL e . SR, HATSE T bta-miR-15a £
A WL g A i R VR s 50 31 B
B AN B

ST I, A ST A B 122 X AS [R 4 R Y) miR-
15a BT H) Fh TP 9004 T BRSO 0T, IR R
GEtAERE, FUHAYIE B 25 5 2000 bta-miR-15a [
HUEL A, JF % FL i A7 5 A K38 ((Gene ontology,
GO) DI RETE R A AR HE R 5 F P 41 E #4245 (Kyoto
Encyclopedia of Genes and Genomes, KEGG ) ¥ & J&
55 Wk E o, i — 2P R SR 5O E =
PCR 3K bta-miR-15a 74 1 KL, B2 F AR
5 B A ik 3R ST bta-miR-15a 764 LN I T
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fEEHT bta-miR-15a £ R 4= UL B 5 DT AR o 72 o 8 3
AL R PR E

1 MRS INE

1.1 RIEH#SEH

RAETE ] — 1 F5 55 A T Y 24 0% A AR 1) £
FeLAR I PE TR A B T AR i KL 6
J IR AR B LA iR A 1 R KL 2

TRIzol .Prime Script™ RT reagent Kit with gDNA
Eraser, W [ 2B W) T2 (K% ) A R A ;2xM5 Hi-
Per SYBR Premix EsTaq,Wd A L5 R & F LY R
ARRAF ML 0, H AL R E R A RA A
WS phER IR W ML O IR IS (FBS) (3-5# T
L 1-F 3L B R s ( 3-Isobutyl-1-methylxanthine, IB-
MX) % 5 B A3t ZE K P A5 W) G A 3 BT P 2
( L) R G A BRA ] JoK QB PR = e
#£1 AEYHIE miR-15a B EAF 5 R FF5

SNBSS Y [ Al

1.2 _BT%

1.2.1  bta-miR-15a 89 £ %12 & F o4 NFEEE
FHEWFAAE B A0 (NCBI) 3048 FE (hitps :// www.
nchi.nlm. nih. gov ) HFAREUA ( Bos taurus) B %4 ( Sus
scrofa) W ( Gallus) . FR. ( Mus musculus) . N\ ( Homo) .
1= ( Capra hircus) .= ( Equus caballus) f)) miR-15a
JPFI(£ 1), FH MEGA 12.0 34 #E47 A5 5] 4 Fl []
miR-15a FF 9 B ORSF P 347, T A8 3R Gt A 5
Targetscan ,miRWalk 7£ £ T H il bta-miR-15a %)
FOEER W FH 2 AR T A 3 B K@ 5 Venny i
e A5 3 I [m 0l A #E BL A Gl String X %
BB B R HEA TR | $EAF bta-miR-15a 8 8 AH
B BRI LR . Metascape ( http ://metascape.
org) HH FEXTHIEE N HEAT GO THRETERE KEGG 155
PR RO A BB P E 2 S R AR ) el
H5FESH5NES

Table 1 Mature sequence and seed sequence of miR-15a in different species

FyFa(5—3")

NCBI % #5

WFh BT (5 —3")
4 ( Bos taurus) TAGCAGCACATAATGGTTTGT
P4 (Sus scrofa) TAGCAGCACATAATGGTTTGT
3 ( Gallus) TAGCAGCACATAATGGTTTGT
B ( Mus musculus) TAGCAGCACATAATGGTTTGTG
A\ (Homo) TAGCAGCACATAATGGTTTGTG

12 ( Capra hircus) TAGCAGCACATAATGGTTTGTG

D ( Equus caballus) TAGCAGCACATAATGGTTTGTG

AGCAGCAC NR_030793.1
AGCAGCAC NR_035364.1
AGCAGCAC NR_031410.1
AGCAGCAC NR_029733.1
AGCAGCAC NR_152569.1
AGCAGCAC NR_129605.1
AGCAGCAC NR_032957.1

NCBI: 3 [ [H ZZ AL WA Bt

1.2.2 RNA 0942 B R 4 F % 5B % %€ & PCR
FH TRIzol 542 MU 4140 45 4L Y 5L RNA, =
1 Prime Script™RT-PCR i & Ui |, #445 RNA
S5 5% N cDNA, F2x M5 HiPer SYBR Premix
EsTaq9é 6 Sl &xt H B bR 58 N k17
S E A, U6 bta-miR-15a KK B 51 9 7 51)
W2, 50 pL RT-qPCR JZ W 1R R €15 25 pl 2x
M5 HiPer SYBR Premix EsTaq( & 4 Tli RNaseH) .
5 pL cDNA %% 2 pL RIS A NS 1Y L8 T
Jo W K., PCR K L f£ CFX96 Real-Time PCR
Detection System A2 R WA B 54T (95 °C T
AE M 30 ;95 CAEME S 5,60 C ik 30 5,72 C 4E
#1130 5,35 NMER) .
1.2.3 FMATKRIER G BZAR FIFoNL &K

WFFER AL I ZH Sy B AR AR D 4i i . B
RPEAEANT OB B8 D5 40 2089 B3 mmx3 mm A9/ ,
AT 10 em FEFRILA  INALE R IESRIE [ 10% 54
1fiL7% ( Fetal bovine serum, FBS) +90% £t /K I Bl it K
P& /K 55 3% 3 ( Dulbecco’ s modified Eagle medium,
DMEM ) |#EATHE 5%, Fr 20 2 e Jo] [ H R 6 s 0 240
s, PR 2 P AR B R RN LU A k3
90% ; 5 35 77 FE 1 SRy 4 Ak 15 7 % [ 10% FBS + 10
peg/mLj#E 5 2 + 1 wmol/L 3 ZE K #4+ 0.5 mmol/L
3-S5 THE-1-H 3k ¥ 2 18 (3-Isobutyl-1-methylxan-
thine , IBMX) +1 pmol/LE ¥ 5EHi+DMEM ] , K431k
A5 AT AL R 0 d 2 d 4 d .6 d 8 d., JEiT
FAIUTE (ML O G ) 347 BT 73 15 2F 1R i 197 40
MR AEEE ST RE , TR WA T AT USRI
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Table 2 Primer information for quantitative detection of bta-miR-15a

EA SIMFSI(5'—3")

bta-miR-15a GTCGTATCCAGTGCAGGGTCCGAGGTAT-
TCGCACTGGATACGACACAAACCA (%% 5%)

F:TCGGCAGGTAGCAGCACATAA
R:GTGCAGGGTCCGAGGT

U6 F:GCTTCGGCAGCACATATACTAAAAT
R:CGCTTCACGAATTTGCGTGTCAT

2 ER 55T

2.1 miR-15a BFFIRFHES T
AT B 22 Wy 50 B X Stk A v ) 2 7

A Species/Abbrv R KR KKK KKK KKK KKK

1.NC037339.1-Bos taurus AGCAGCACATAA

2.NC052532.1-Gallus AGCAGCACATAA

3.NC000013.11-Homo AGCAGCACATAA

4.NC010453.5-Sus scrofa AGCAGCACATAA

5.NC000080.7-Mus musculus ~TAGCAGCACATAA
Al

6.NC091700.1-Equus caballus

CAGICACATAA
7.NC030819.1-Capra hircus AGCAGCACATAA

B Species/Abbrv HAA KA
1.NC037339.1-Bos taurus AGCAGCAC

2.NC052532.1-Gallus AGCAGCAC
3.NC000013.11-Homo AGCAGCAC
4.NC010453.5-Sus scrofa AGCAGCAC
5.NC000080.7-Mus musculus ~ AGCAGCAC
6.NC091700.1-Equus caballus ABCAGCAC
7.NC030819.1-Capra hircus ~ AGCABCAC

B, LU R miR15a 78 HE £k 3 B v (9 R <7 R
3 L X4 (Bos taurus ) EPHE (Sus scrofa) 3 ( Gal-
lus) B ( Mus musculus) N\ (Homo) \IL1Z£( Capra hir-
cus) % ( Equus caballus ) Z5 ) F i) miR-15a B2
HUFIFPF T4, & B miR-15a 7EAS 6] 49 (0] 2 21 1
PRSI (1A BT 1B) , i — 2Bt 5
G IR AT AT & B, miR-15a 7EA [A] 4 b ]
0 R P — 2, BAE M) s B Ry ( 1C) . Bk
SERULH , miR-15a 78S [5) 9 o (6] 4 94 42 Zh g 1 H.
AR A — 2k,

I [ (Equus caballus)NC091700.1]

C 100
100 W=E [ (Capra hircus)NC030819.1]
100 L[ (Mus musculus )NC000080.7]
100 P4 [ (Sus scrofa)NC010453.5]
N [(Homo)NC000013.11]
Y& [(Gallus )NC052532.1]
4T (Bos taurus)NC037339.1]

A JRBFI LRSS R B Rl T R8I LU X455 O RGTHEAL
1 miR-15a 7£ 7R [5) 477 (8 B 77 51 bl 3ot 45 SR B2 3R e it AL A

Fig.1 Sequence alignment and phylogenetic tree construction of miR-15a among different species

2.2 bta-miR-15a BYEREFEFN

J T HEIE bta-miR-15a 78 I 115 504k 53 B2 v i 1
TEAE FHALE] , A8 5738 3 TargetScan . miRWalk 7£ £k
W3 T3 2E bta-miR-15a BUSEEEDY , K 2 AT LLE
i fE Bl TargetScan T H 1 3945 58 40 KL (X |
Bl miRWalk Fiijl 4 0034~ME— e BL P | it
5 397 M L A Bl Venny 04 K 2 A58
VR B T 8 5 )5 A5 B 462 S kAR R, 3 o
String 72K {4 i 8 56 AL JL PR, 0 25 3Rk A% — it
EEEREEN (£ 3), HAERMNE, BT bta-
miR-15a FFHLILN CDK6 . PDCD4 (E2F3 %555
TRWT & B A A2 7 BRI A) 2P 4 bta-
miR-15a 5§ & B B VI,
2.3 bta-miR-15a $LEFE GO IhEEFHE

Hi & 3A 0] LA ) bta-miR-15a fi% {5 5 #0 3E [X]
FEAE AR A Y R O AR K TR A (GO 4
5:0070848) . Wnt {5538 % ( GO %5 : 00160055 ) |

miRWalk

TargetScan

2 bta-miR-15a $BEFE TN F EE

Fig.2 Venn diagram of bta-miR-15a target gene prediction

i 4 P 4 (GO i 5 0050807 ) %5 ; bta-miR-
15a P68 1R 0 35 PR 32 4 v 78 2 M 20 43 vh I A R
AEZ fih (GO % 5. 0098978 ) | i % ( GO %4 5.
0030424 ) 55 ; 7240 T YIRE T AL F 22 5 A
4 MR S 45 A (GO % 5. 0019904) (4R
H3 I EEEREBETG 1 (GO 45 :0140938) A E &
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WG (GO 25 :0140993) %5, 7340, 7EXF GO Tifig
P RRAE AR , R — S 5 IR i b A S 0 A
Yt HEES 53K FF RIS (GO 45,
0070848) \Wnt {55 5 i [ ( GO 45 : 00160055) . 4l
Ja 4k i) 58 5 (GO 45 . 0045596) \ GTP 7K fift il
( Guanosine triphosphatase , GTP) /3 0915 5% 5 10
P (GO 4% 5. 0051056 ) . 4 K (GO %% 5.

%* 3 bta-miR-15a FNA X BEEE R EAWZEIER

0040007) HZUE & (GO %5 . 0048729) (
3B), DAL, Wnt 35 B-EHE AN FH
ZR M S I AR 5L ) PPARy .C/EBPa
238, T2 SRR D7 240 M 5310 8 B 0 g 105
MR R Rk — A UE W, bta-miR-15a
TERRN it B rh B — A

Table 3 Predicted key target genes of bta-miR-15a and their biological roles

B 24 Bk HBRS FEAYEER

CDK6 NM_001192301.2 {77 4 A J i ¥y 0 e BN oit , MR 1Dy i A A it 1 3 O U 2 A 5 i s AR 25 v R 4R
PDCD4 ~ NM_001083647.1  Z: SiHFRNR AR e 5 FHLHT A0 =

E2F3 NM_001192838.1  Z: 5 40 g Jil Wi AH DG 1 3 PR (¥ 2 52k 4000 M 3 400 A 43 £ B 11 €5 B iy 400 B At 24k
NOTCH2 ~ XM_002686114.7  ARIEHIAEEAE-SH5 407 A 40 ML ) 958 08 T2 5335 R 41k 07 1)

YWHAQ ~ NM_001078127.2  HREEHS

CCNYLI ~ XM_003585764.6 4 Jifd Ji #2011 At 1 2 11 22 B0/ 3 R A R 141 4 390 0

ABCF3 ~ NM_001083457.1  F| IR IE A 1 = W% ( Adenosine triphosphate , ATP ) BB VRS 4R 45 2 11 B3 1L
VEGFA NM_001316956.1 4= L 58 5 M, A1 3 00065 1 4 0 16 5T A 550

FGF7 XM_005211861.4 515 ZFPAMIAIERS H958 srAk AT s Fiph 2 D hg

ELL2 NM_001191146.2  #8) RNA R4 85 1T 5 Ui %

KMT2A  XM_059875010.1  Z 53R Mk Al 5 4 o fh Rk & 4 G 36

VAMPI ~ NM_001101088.1  Z5iRINAAEHELE FR2esr b 5T 2B i o3 b SRR HR L &
BCI2I2  NM_001076533.1  Z5iHT Iz iSAHT:

PRKAB2 ~ XM_005203986.5  iF [ ¥ 15 i R 1 AL 28 F B (AMPK) 36

ROCKI ~ XM_002697789.7  Z5UTTHMIER iz 2 s Ao a5 A 2 72

SPEN XM_002694139.6  iad5 DNA 8 RNA 254, S0 3E K i 3k

COPS7B NM_001046612.1  JA45Z R M H2MHE Pk | 38 10052 0 2R H 00z R AL RS e e i

ERLIN2 ~ XM_005226125.5 975 P J5it [0 g Jo 2% 328 71 PN Joi Do S g ot 2 21

SARIB NM_001035315.2  fEH/) G HIARES 5 #MIE AL, 1845 mTORC1 {551@ %

WNT3A  XM_024995392.2 %5 ZRMEAIMITIRE 46 A I8 S55E s L iz s

2.4 bta-miR-15a KEGG 5@ BEE D
& 4 A LUE H, bta-miR-15a AR E#E 5L X
FEEEGMERNE RN G R 25 E
(KEGG) 1553 % 1 Notch ( bta04330) .MAPK( %2
ZUEE AL TR 1 TP , bta04010) #50E ( bta04071) |
TGF-B( b A K B B {7 =il #%, bta04350 ) %517
I B XL P A AR IR AR S M R D R A
I,
2.5 bta-miR-15a A FHLFHHENRIEE
AW 5T K FH RT-qPCR £ A, 43 5146 I 7 /] —
TSR T, ZRE A VE TR A KL B2
THEWG ' bta-miR-15a BY A X Lk &, HIE 5a 7

VI ), bta-miR-15a 75 % 4% W 4= P9 1135 /- 42 L
R BB b 4 5k A B2 7T B I v %) AR %
FIR M 3 R T A S K L A R R 2R A
(P<0.01),

PE— K bta-miR-15a 76 2R3 6T 38 /R
A pz MR R E 2R, B 5h AT LA L bta-
miR-15a 7EPY [ T3 /R 40 B2 N BR W b i AR X e ik it i
Fm T4 N BRI (P<0.05) , FiRS5HRUL
B, bta-miR-15a £EAS 7] & Ffr 2 LA B 7 o A A4 X6
FEIRAKEARRL, 78 i o 2 2 r g AR R 6 58 et f 3%
10 T WL A A X #6358 2 5 bta-miR-15a D) RE S5 2F
g RO DU DIAR G
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Fig.3 Gene Ontology (GO) functional annotation analysis of bta-miR-15a target gene
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Fig.4 Bubble diagram of bta-miR-15a Kyoto Encyclopedia of Genes and Genomes ( KEGG) enrichment analysis
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AT 5T bta-miR-15a E’JHﬂ‘ IR, AT AR X R IA B (P<0.01) . FREER KW bta-
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Fig.5 Determination of the relative expression of bta-miR-15a in different bovine tissues
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