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Role of mMiIRNA and IncRNA in animal fat deposition-a review

Chun He, Qiyue Zhang, Haowei Sun, Rui Cai, and Weijun Pang
College of Animal Science and Technology, Northwest A & F University, Yangling 712100, Shaanxi, China

Abstract: MicroRNA (miRNA) is a type of highly conserved nucleotide sequence composed of 18 to 25 nucleotides, which
can specifically bind to the 3’-noncoding regions of mMRNA, and then play a negative regulatory role in degrading mRNA or
inhibiting translation. Long non-coding RNA (IncRNA) is a type of nucleotide sequence that exceeds 200 nucleotides in length
and cannot encode proteins or can only encode protein peptides. It regulates gene expression at the levels of epigenetic,
transcriptional and post-transcriptional. As an important energy storage organ, fat plays an important role in regulating the
energy balance of animals, and is closely related to meat production traits such as meat production and meat quality. And the
disorder of fat function can lead to hyperlipidemia, type 2 diabetes and a series of cardiovascular diseases, so the molecular
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regulation mechanism of animal fat deposition has attracted more attention. In recent years, more and more studies have found
that miRNA and IncRNA play a crucial role in animal fat deposition. We review here the current research progresses in the
role of miRNA and IncRNA in animal fat deposition, to provide theoretical guidance and new ideas for further revealing the

molecular regulation mechanism of animal fat deposition.

Keywords: fat deposition, miRNA, IncRNA, adipocyte, gene expression regulation
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A, — AN H R, AN
R SE I, BIARMF A e . — ROk, 7E
A LI AF s 1 g 1 20 23 0 3 A 2 B DL A M e
RIXEIN 3, PRGBS, BRI DTN 2R B
RV A 3G e, ELAR I A0 B AR ARG, B I
VURLRE 7k )
1.2 RERMAEREXRIAERET

JE W TR — > 32 Z2 e 538 PR -1 R HE T 245 97
P A #E . HATHEEAS PRz ) i e G AR
FH B e 53 DR A 3 4R A 00 Tl S 5 B DB A2 A -y
(Peroxisome proliferator-activated receptor gamma,
PPAR-y)™ FI CCAAT 8 ¥ 45 & & 11 XK I
(CCAAT enhancer binding protein family, CEBPs)*,

PPARy JE7E [ 4 g [y AR € g 1y e ik 1
SR Wi ORGSR ¥ 5, Ret L% el i)
2 W R 955 B 7 At L A RRE A, B RN R
0 AR R 28 I 28 A% 0, R 2 B si R 428 TR R
WAAHE B AT 3 N AR A& HE R 12 i 10 240 i Ak 1) 2
BT, b G0 1o B IR R 5200 & B PPARy S [
537N BRI I AR B i PR 1 1 3k 1 B b
%, HEMRM T4082 (Embryonic stem cell, ES)
AR RN AL, & ARS ST K B ES
i j 534k Sk B 7 4 A AR B2 B T PPAR-y A
FIE, SCE KA, PPAR-y X IR 40 L (4 (AR 4h 53k
A P 2 AL S o AS ] A g 113

CEBPs ZJEH a. B A& =Ab1, 34HiA
Sy AEAS RN 18] 2 5 AR W o A 45, w5 aRBT,
PPAR-y il CEBP-a L #{47 CEBPs K45 & 1, IR
15 41 it 434k L1 CEBP-B il CEBP-8 KiRik,
CEBP-B #ll CEBP-§ 2xilii 45 B0 A K PPAR-y
Fl CEBP-o ik, ki 24 fkad A, wu
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2 (U0 o S PR 528 % L, CEBP-a B2k Y i
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2.1 miRNA #f&

MIRNA & —ZK BT 18-25 ML TTER 1)
PR AR 2 T PR B OB R 20 710 B sk R AT
fapik . 40K A RNA R AR T (RNA
polymerase 1l , RNAP 1) %% 5% 5L K 41 b 4
miRNA ) DNA A K EERT35 1 000 nt P19

mMiRNA (Primary miRNA, pri-miRNA), pri-miRNA
%M RNA [if Drosha K HA:{H4F DGCR8
(DiGeorge syndrome critical region gene 8, DGCRS8)
FEETE AL PR 2 A D EE i ik 70-100 nt
FITTA miRNA (Precursor miRNA, pre-miRNA),
pre-miRNA il i3 4432 /3F- Exportin 5 i i # fLiz
ZYNMLEH, f48 5 —Fh RNA i Dicer YIHIE i
18-25 nt fYXLEE miIRNA, Xk miRNA B 2454
F| AGO [ (Argonaute) B —MITERE S
Y Wi & (Pri-miRISC) , miRNA #Y it % 4
(Passenger strand) % [ f% , T 0 k20 T 1) ik
(Guide strand) 5 AGO & 1A B 1E FHIE B RNA 55
S WUl E &% (RNA-induced silencing
complex, RISC). MM piad e o 1071,
MIiRNA A g i 8 1 57, B #Y 2 ML P pL i 2
3 2o B B A X ) AR e A (— 2
5% Y HT 8 MMAZHRRITA) i s G EALA
MRNA 1) 3'-JE g t5 X 3, (3’-Untranslated region,
3'-UTR) & 5-dE 4w X 5 (5'-Untranslated

miRNA gene
I T T T T T T TTTTTTTTT
RNA pol 1 @D ¥
Nucleus Cytoplasm
Pri-miRNA
'mGpppG AAAA
Drosha & DGCRS @D ¥ Dicer AGO2

Pre-miRNA I JITTITT) =

Inhibit protein translation

1 miRNA BB T 52
Fig. 1 The formation process of miRNA.
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region, 5-UTR) Wy¥is)¥41, il RISC 4
X, S SRR KRR B R 3R s . iR
miRNA 5 E A mRNA /iy 3'-UTR & 5-UTR ¥
S HAMEERRR, HomEsr g mRnlel, e
2 HAN, miRNA 7] 238 mRNA R A4
SEAH AN, MIBHE mRNA BB, M & e
ik T s v T v B E 8 QPN DA S

Ak, 7E 2017 A WTERY], miRNA BR T Eid
FI T 179 & Vi S e S MR EEAE RSN, i8]
DL o HAERD 77 4 SR AL 1 3-UTR 454, iX
S MIRNA JE T3 55 OF i Ak 22 i P4 F 9

2.2 miRNA ZERE TR R B9 R 32

EAER, BFSE N iz F e Y B RS e
ZIRTE SRR T b R HEAEATR) miIRNA 4R
FHIEE, MEAKEXT miRNA 230
WivtFR A RE . thdn, Liang 25RO i A 4 0%
A R NER, RIAENGNT AUy 6 Fp
miRNA FIILA 41214 Y 4 Fl miRNA #5515 i &
AR UIAOC . LN ATRE I 4 f b 5%
ik miR-17-5p AT i 4% 32 AR 2375 X 3 (Nuclear
receptor co-activator 3, NCOA-3). &R %E &
1 4 (Fatty acid binding protein 4, FABP-4)
PPAR-y 23k , Wl AT 1A B s Ay 43 AR Y e
W R R AR A miR-27 Y 3 1k 5 Al A AH 56 3 R
PPAR-y il FABP-4 [ 351k 2 & A ¢, X R
miR-27 A 4 il fg 17 TR P A g kB,
miR-34a 1] LUSE ) #4 Hg HK 28 52 {4 2 LR (AdipoR-2)
Jrif 1k AMPK 15 572 K #] PPAR-a {5 515 %
WA, DTS AT i ah = A A 529, Lo 26
KB miR-212 i 4+ #E 1) YLER A 5 AT F 2 (Silent
information regulator 2, SIRT-2) [ Il 3
ik, AT B U5 BR A g (Fatty  acid
synthetase, FASN) F i B 5 oih45 & A+ 1
(Sterol regulatory element binding factor 1,
SREBP-1) Wy3Rik, A s FLAR b R 40 i iy B
Wi Liu P55 miR-1300-5p 7EdE A1
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R Wit (Nonalcoholic fatty liver disease, NAFLD)
s it AR TP VR &2 B, R A miR-130b-5p
AT MRS g 5 WA AE R I F 45 581 2 (Insulin
like growth factor binding protein 2, IGFBP-2)i9
AKT & 4%, Ml NAFLD & i 5 FLR A
B FE AP, /8 T miR-130b-5p A REVE R BTIA
NAFLD 3657 FB. Sui %1% B miR-142-5P
A 405E catening-1 (CTNB-1), #lifil CTNB-1 Ay
ik, fEHFLIRA .

B E WARIZ T WS —E R R R
17 % B 75 46 LN 0BG U7 48 L A, miR-34a I
FoxO-1 (AR B 20 A A1 A SCHR 4= R ) redd iy
M/ IR AE K FZ 4K o (Platelet-derived growth
factor receptor alpha, PDGFRo) ik, i
Erk {3, fEsEMLNRg i, it %k
miR-125a-5p ] il 4% JUL A i i 107 240 4 234, I
K FIAE IR (Saturated fatty acids, SFA) &
B ORI BACOR 40 0 IE B R (Monounsaturated  fatty
acids , MUFA)/SFA L {E, £ B miR-34a #l
miR-125a-5p I HE 2 — BT 8 (8% LA B s o 4
728, ok POt e & Bk 2 ik miR-34c )il
JULPA B U 24t L ey 3 1, SR8 B W AR, X 3R
miR-34c X} TTBUELA A . shi B0
R IRAESE A AR V5 40 M () 3 28 miR-199a-5p
S T AR AR 38 A, [ EE A 200 B B BT AR
30 2ok S8 R U0 0 S Bk, AT TR B
1 (Caveolin-1, Cav-1) A[REZFENEMT 40 miR-
199a-5p [I#E A5, miR-199a-5p A F iR Cav-1 DI
PR AG D A M o . iR e, Bz, Ok
2 miRNA 7E 3 IR Wi TR b AR AN W 42
i (& 1)

3 IncRNA 5 Jig 5 i ##

3.1 IncRNA #&

INcCRNA J&—25 11 RNAP 11 %4 5 5 i K
TE 200 MZEHBRLAE . AREESn D R A i 2 AES
78 11T Ok A g s RNALEY IncRNA 3 i 26
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LT gm b 2 U s A=A, M e B 1 S i X[ IncRNA  (Bidirectional IncRNA) ; I 7 +
IR PRI E AT LIS R 525 (K 2): 1IE X IncRNA  IncRNA  (Intron  transcript IncRNA) ;  3& [K [a]
(Sense INcRNA); Sz X IncRNA (Antisense INcCRNA); IncRNA (Intergenic INcCRNA).

*1 S5x1EMRITFIAEE miRNA
Table 1 Important miRNAs in the regulation of animal fat deposition

MiRNA Target gene (MRNA) Function References
miR-130b PPAR-y Inhibits adipogenesis [31]
miR-7134-3p MARK-4 Inhibits adipogenesis [32]
miR-103 PPAR-y, aP2 Promotes adipogenesis [33]
miR-429 PPAR-y, aP2, FAS Inhibits adipogenesis [34]
miR-23a CEBP-a, PPAR-y Inhibits adipogenesis [35]
miR-125a KLF-13 Inhibits adipogenesis [36]
miRNA-200b KLF-4 Inhibits adipogenesis [37]
miR-204-5p KLF-3 Promotes adipogenesis [38]
miR-24 MAPK-7 Promotes adipogenesis [39]
miR-16-5p EPT-1 Promotes adipogenesis [40]
miR-181a-5p Smad-7, Tcf712 Promotes adipogenesis [41]
miR-149-5p FGF-21 Promotes adipogenesis [42]
miR-149-5p CRTCs Promotes adipogenesis [43]
miR-99a NOX-4 Inhibits adipogenesis [44]
miR-152 LPL Promotes adipogenesis [45]

MARK-4: Microtubule affinity regulating kinase 4; aP2: Adipocyte fatty acid binding protein A; FAS: Factor-associated
suicide; KLF-3,4,13: Kruppel-like factors 3,4,13; MAPK-7: Mitogen-activated protein kinase 7; EPT-1: Ethanolamine
phosphotransferase 1; Tcf712: Transcription factor 7-like 2; FGF-21: Fibroblast growth factor 21; CRTCs: CREB regulated
transcription coactivator; NOX-4: NADPH Oxidase 4; LPL: Lipoprotein lipase.

——IncRNA
—»mRNA |‘—.mRNA
IncRNA
(1) Sense IncRNA l
—mRNA

(4) Intron transcript IncRNA

lncRNI

(2) Antisense IncRNA

mRNA [ncRNA MRNA

—mRNA

(5) Intergenic IncRNA

IncRNA—

(3) Bidirectional IncRNA
2 IncRNA gy4 2
Fig. 2 Classification of IncRNA.
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Ak, IncRNA FIZR £ | ThReE 2%, iz
A TS A SR, AT miRNA SRR,
INCRNA 7EA R Fh 2 8] AL & HAS [ B Be il
HA R RSN B 5T E %W, IncRNA
Al LLE AL 2 SR B . gL @R B G . B sk T
I MRNA P 5 5 BRAE R WA | 5% St KOF Fe
S JE KT PR S ek,
3.2 IncRNA ZEBERF AR P BRI R

IncRNA 223 it 5 RNA | DNA af% 5 [H
TS5E TR W Sh W AR D5 TOR G A v K 4 AR
Mo tean, B R TEH K A S kK
WURI LN R T A7 55 4> 22 573514 1Y IncRNA,
XLOC 046142, XLOC_004398 #1 XLOC_015408
Al BE 4 A L # 1R MAP RS A B IR 2
(MAP kinase-activated protein kinase 2, MAPKAPK-2) ,
B2 1D 45t 2 (Nuclear Receptor
Subfamily 1, NR1D-2) N IL )50 Z R 1
C4 (Aldo-keto reductase family 1 member 4,
AKR1C-4) TE4& WL AE 5 T8 AR g 107 D0 AR o A vh
T AR, OGS R Z B A TE R T
PUR2E R Zhang SPOEH RNA I 4418
i E AT 10 240 B A S A P A [] i B B Iy 4 e v )
INcRNA #il mRNA £k 5, KRIZERRIKR I
PRI AT 408 30 1) e R 56 TR 2 5 AR 7 4 B 534k
A KW 2 Fhig e . Miao ZEBHEFE S35 A1 K 1
LA B D7 Y IncRNA %35 % A 119 41> IncRNA
ZESARIR, TR X 22 R IBM IncRNA 5
MRNA 47T A, RBHT 6 FrdtRikm
InNcRNA 5 I8 115 TR FI AR BT A AR SC A i A= A7 K
X457 IncRNA X5 LA IS s 2 2 b g 195 A A
JEEAE . Wang 252 31 IncRNA H19 58 1 4 i
JF4ME MLX HAEZEFI(MLX interacting protein
like, MLXIPL)% A, MG RMERLEALZESY
1(Mammalian target of rapamycin complex-1,
mTORC1) M 4515 T NE Wi 28, 45 2R KW H19 /]
REAE I35 I A PG b A4 VR, JF T R
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B NAFLD BT FEIR YT HE A

WAL, #5002 i T RNA T4 & 3
1\ JE HE A LR B9 LN R AA B U 248 L A 3
7 324 4~ IncRNA ] 22 Pk kil , E—2 0
e T B3 EIEK Inc_000414 TR AWESE, FHIE
FIE T8 2 815 20 R A O PR 7 1 Rk SR UL
P9 g 17 240 g e 5% T Wei 25 % BLE 6 v B
FE BRI RS D 40 i, PU.1 AS IncRNA 4 PU.1
mRNA 12 X IncRNA, W& 454 T M — Bk
gERE, MTIRE IE PU.1 mRNA B%, {f PU.1 &M
P FEIR T REAG, 2 I 400 ) 44 B 7 4 B 1 44k o
1M AdipoQ AS IncRNA 1] 15 AdipoQ mRNA 4551
i AdipoQ AS IncRNA/AdipoQ mRNA & & ¥4l
AdipoQ mRNA f Bl , M T 5 BE 17 1) % 4= %)
Cai Z:0°1% Bl EiB Inc-ORA L[S, 40 JE 01T
WY mRNA FIEE H R B KEFEAL, kS
Inc-ORA Rl A A S i i B A 45, [RI B 38 &
B, @FR Inc-ORA S [Fl s B3l 13 15 PI3K/AKT/
MTOR {5 53 & 410 l Aig 17 4 B 1) 434 o

3.3 IncRNA 5 miRNA E{EZ&ERSRA TR Ay
ER

A 1 IncRNA 7T LIAE A miRNA f“Tg457, &
AT DL 3 W i miRNA 82> miRNA 5 mRNA
fIZES, MM mRNA B3, X2 IncRNA
Wt E e 4 N PR RNA (Competing endogenous
RNA, ceRNA),

AMREERREABMKRABEE e
S} & B IncRNA TCONS_00010987 7E K P14 1s
ERAE D TR RO B TR s,
7% kP TCONS_00010987 ] 254 miR-323, M
W ¢k A 8 R Z K (Leptin receptor, LEPR)
mMRNA [ miR-323 By %, 115 LEPR KiE ik,
5728 TCONS_00010987-miR-323-LEPR 5
T [ B U R (B IR B PR 22 S R R 2
— 07 Liu 2EBEBESY IncRNA ENST00000608794
TE Hb ZEOK Wi = B i A8 Pk b A AR B, R B
ENST00000608794 nJ 4 & ceRNA“ I fff "miR-
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15b-5p, i miR-15b-5p By LK, MIEES
miR-15b-5p X P4 Ml AR I & W i 6 (W) 1 g 4
(Pyruvate dehydrogenase kinase isoenzyme 4,
PDK-4) i, HEim B 25 14 . Guo 41
KPR uc.372 (Ultraconserved RNA, —7#}1 IncRNA)
A LA pri-miR-195 1 pri-miR-4668 1Y L, A
ifi J& /> miR-195/miR-4668 fY F &, #F i T 4
MiR-195/miR-4668 2 15 145 it 1 45 LA £ U D¢
SER I, Fe R AU IFIEAS D7 254 . Chen 250
B IncRNA NEAT 1 i 1 miR-146a-5p #E[1] RHO
A OG5 iR 8B MR B 1 mRNA (RHO
associated coiled coil containing protein kinase 1,
ROCK-1), Jfi#t— 521 AMPK/SREBP i B i 1
BeiviA. Zhang 25U% ¥ uc.333 5 miR-223 %4
& AT LABIGE R 8 = AT, #2758 uc.333 W] R J2IRYT
FVFRRT IR & ZR ARG AT FHRE S T8 A 2R i A 56
INcCRNA TESWINR TR TP SR AR E (3 2).

F2 5HYBEERTIEIAER IncRNA

4 RELERE

MR L 4UWE — A EEERESR T, S5
LA e A DL & — RSN A B s, AR
FBUR— A 280t BE, #5 J N8 iy 40 Hf i 1 5 Fn 4
b AT, Hih =804 SAUK #3541k
R, X AR T HE IR, i
SMAEY KRS FZRAEEELR, B
RNA-RNA . DNA-ZE . RNA-ZE [ i flEE H
-2 B A, DRI G T AR W TORRME G AL By 4R 3R
fEE BT, T4 RBEE ZMIFZL IncRNA Fl
MiRNA 25 145 8 ¥ i 195 40 i 1) BB 7 fead e
BRI RALET® o — PR A SE 3, BT
Lz R AL O R IR E i, IR ST
T I S R, IR R X S Y
B R DR R M A s A AR B A

Table 2 Important IncRNA in the regulation of animal fat deposition
LncRNA Interacting gene(mRNA) Function References

IncRNA U90926 PPAR-y, FABP-4, CEBP-a, Inhibits adipogenesis [62]
AdipoQ

IncRNA HOXA11-AS1 CEBP-a, DGAT-2 Promotes adipogenesis [63]
CIDEC, perilipin

IncRNA ADNCR miR-204 Inhibits adipogenesis [64]

lincRNA-ADAL hnRNPU, IGF2BP2 Promotes adipogenesis [65]

IncRNA-OAD J-catenin Promotes adipogenesis [66]

InNcRNA TINCR miR-31-5p Promotes adipogenesis [67]

IncRNA GAS5 miR-18a Promotes adipogenesis [68]

IncRNA Gm 12664-001 miR-295-5p Inhibits adipogenesis [69]
CAV-1

IncRNA Gm15622 miR-742-3p Promotes adipogenesis [70]
SREBP-1c

INcRNA PVT1 PPAR-y, CEBP-a, aP2 Promotes adipogenesis [71]

INcRNA KCNQ10T1 miR-138 Promotes adipogenesis [72]
PPAR-y, RUNX-2

IncRNA Plncl PPAR-y Promotes adipogenesis [73]

TCONS 00041960 miR-204-5p Inhibits adipogenesis [74]
miR-125a-3p

IncRNA Gm15290 miR-27b, PPAR-y Promotes adipogenesis [75]

DGAT-2: The enzyme diacylglycerol acyltransferase 2; CIDEC: Cell death inducing DFFA like effector C; hnRNPU:
Heterogeneous nuclear ribonucleoprotein U; IGF2BP2: Insulin-like growth factor 2 mRNA-binding protein 2; SREBP-1c:
Sterol regulatory element binding factor 1c; RUNX-2: Runt-related transcription factor 2.
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W 5 e 3 4 A T B B, R A 1
BT RN R, ARG DR IR AR
2 AE St RNA VE R —FpAEPbsic, B IncRNA H
A i g FR R, T LA 7 40 A AS ) A K
B B O 1k 15 4 e A0 R M i S IncRNA HA &
BE L, BERE L KR IncBATELO 7£ 1 iR i
AR R h R R B E TS, SRR
INCBATEL0 J2& 15 54 N 11 €8 i 105 48 28 BT A0 35 1) 1A
W, RIS R A IR AR
R WHLHI S E T R TR A BT & B IncRNA
CAAINC e 4 M W /N B R 223k, FRm
Tl BE Wi A2 5 i SBR R AR T =%, 1Tk
S IR 7 25 26 BTG TRt T p s T,
MUSTEAAZIE, L IncRNA R A S 85851
g W UA BB 5 B 2 AN 1, R BE W AR 3R
BLPIRE AT LA S 5K 35 A i o o5 3 B2 (4 1) e
FIHE
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