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Abstract: Meat, eggs and milk are three important products in animal husbandry, among which, the demand for
meat is the highest. Muscle is an essential component of animal body, and skeletal muscle accounts for about
40% of body weight. Skeletal muscle plays an important role in animal metabolism, body movement, energy
storage and health, and it's the essential part in body function normal running. The development process of skeletal
muscle is extremely complex, mainly including somite proliferation and differentiation, myoblast proliferation and
differentiation, myotube fusion, and the formation of muscle fiber, and the whole progress is regulated by many
genetic factors. Non-coding RNAs (ncRNAs), which mainly consist of micro RNAs (miRNAs), long non-coding
RNAs (IncRNAs), and circular RNAs (circRNAs), can regulate skeletal muscle development by targeting key
factors. This paper briefly described the characteristics and functions of those ncRNAs, then reviewed recent

studies of ncRNAs in avian muscle growth and development, and elucidated the epigenetic regulatory mechanism
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of ncRNAs in skeletal muscle growth and development, which could provide references for improving avian

growth and development.

Key words: noncoding RNA; skeletal muscle; growth and development; epigenetic regulation
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proliferation, apoptosis and differentiation
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Fig. 2 Model of c-Myc affecting myoblast proliferation, differentiation and muscle fibre hypertrophy by regulating the

expression of its target genes, miRNAs and IncRNAs



ERR ] T IRAE, 45 ARG AS RNAs 2 5 & B B KA B IBAL HLHI AT 7e ik g 115

M % Side] BETRIHE 1 3RIE, 5200 RS U LA i 48 56
R LA YR B AL,

3 circRNAs M RXEEFHRINEKELE
IREEIERNRIER

3.1 circRNAs BY45ESThAE

circRNAs J& — K IZ /275 T B AE 20 240 M. 7
. YN A AR, X IR 2k B AR
FIE RNAs 493 F. 52k RNAs 4r FAHEL, circRNAs
() 5'FN 3" v ] E i S R E R AT — R, T IR
REER, 10 HAS S 5% RNA ShUIEERZ M, 22158 5 A
EP, T circRNAs A] PAM 3 R 44T & [X 35 =
A, I RS B A,

20 fhad 70 HEARLE RNA K & & Rk Bl
circRNAs" ", (H i FAK=F &, Dhae A& 5055 7 A,
circRNAs — K B AL . [ 5 T 152 A 1R AN T
#, BN BRI circRNAs FEAS /2 RNA BI85 4F
R T B =Y, AH TR B o K B AR A, FF
AJ DLIE G A [R] 038 42 8 1 WA P, dERRNLAR IR 5
HERKKE . HANEE B TR, K IUAFAE N %
BEAARE N AL &S (Internal ribosome entry sites, IRES)s
FF B 2 HE (Open reading frame, ORF) K,
circRNAs 7] AEIEA DIRERIIE . (H2 54 1% mRNAs
AHEL, circRNAs Fr7E7E B 1 BE J1 UK . B 5030 30
7 circRNAs i& B A HAL T 68, 784 miRNAs #44,
ERNE RS MS 53R REE), Hh
circRNAs /£ miRNAs#E 482 H iiift 7 N 2
IAE I HLHI, circRNAs 8 i Wt miRNAs FE{%
miRNAs FI# mRNAs (1455, [HH520 mRNA 1]
B
3.2 circRNAs BUFfRiH R

circRNAs 2 JIL AL AE 1832 X 25 R8T R 0, 758
BN EELREPEAER— L MIEH. B
RNA JFFH AR, Ouyang 25" #£ E11. E16 #1 D1
3 AN AT TEXS R LH 45 58 H 13 377 A circRNASs.
circRNAs fE ML 2 7, B EIES IR E LK & it
FEH, circRNAs & Z8 i /E N miRNAs )51 45
VAT RSO L AR 3G TR AN 34k, DT 52 e B LR AR
KRE . ETERI 242 7RIS M cireRNAs H, %)
XS R RG24 Y circRBFOX2.2-3 1 circRBFOX2.2-
4 FERNBFTC, RIEAT5 3 RBFOX2 FEIH 41
F 2-3 FIAMNE T 2-4 AT G #B P BAFE 4 miRNA
AR, ST miR-1a A1 miR-206 4% AL 41 A
I3 EE" . RS TR A S P40 Bl H miR-206 X 4
B HE AR FH O 2 )08, 12 cireRNA BL miR-
206 BN (A EEFR IS MILA A K R B IR ML G 2

ARG . SRIET SVIL RSN T 6-14 (1 cireSVIL
TEXG W B JE B B L s 3R 08, cireSVIL 5
miR-203 M 5" F 5 7 51 56 A B XS, 7824 miR-
203 HI4> FHE4R % -JUN Fl MEF2C 3ER %, M
T ) 422 8 05 s UL B 84 5 0 A ik R 00T SRR T
FGFR2 #: X 48T 3-6 ] circFGFR2 7] 55 miR-
133a-5p 1 miR-29-5p 454, it il miR-133a-5p.
miR-29-5 HIAH H.AEFH, circFGFR2 A i 5 & % L4
JHO P 38 5 A AT [RIRE, BRI K IR circHIPK3
A 782 miR-30a-3p )41 4%, (e XS e & s L0
i e 14 5 5 44k

4 FR5RE

b 5 A FERTUER N, B AT R I 4 B 2 1 5 1)
R A 5 JE R 1.5%, B EA L LLoE
Hhff R R AR A A G sl . 20 98% (3L K41 DNA #6
A LAGE 5 5% i RNA, 48K 2 H0E JE gD 1 RNA
SF. HHMAKKENREERZ - DREEERINS
T, BT A IS IhEE RN 2 541, ncRNAs %5
KW b T EEMG. BT, XEE%
WUk B it F2H ncRNAs I T4 B 7E W UG B B .
KEHN) ncRNAs #2558 K I, HAF /D & ncRNAs
() )y e AR AL e i e i 2 . R B A
1)ncRNAs {1535 3= 5 — M LGB, 380 7 #F 7 3L
THAENLH] B MEFE  2)ncRNAs £E 7 Fh 22 8] (45 <7 1
Aol A FRZ I AE LB 2 AN [R5 3) X 5K
BENWITN S, 5= TH ncRNA $E %, ncRNA i
A G — bR IE, BZ B TR AEYE Bt T A

R, 2R SR BOW 5 & neRNAs [ 7T, N i%
1) B T TR R B, 103 ncRNAs R IE £
I 75 KRR v AR B R S5 2) G —
ncRNAs 1y %4 bR 3) ST &5 14 98 Y ncRNAs A4
Vs B TR, SHER, 85456 EA 4452
RNA T-#tfl CRISPR/Cas9 /53 [H 4R & H R,
W FEIE 2 neRNAs 7E X & E B NAE KK E R
HLH], #JZ2FE A miRNAs. IncRNAs F circRNAs 2
] B ELAE M 28, et R & AR KOk B PRt B )
WA .

SE R

(1] BT KEN AR LR S R m 2R3 00, b7 ok,
2018(15): 7.

[2] GULLER I, RUSSELL A P. MicroRNAs in skeletal
muscle: Their role and regulation in development, dis-
ease and function[J]. J Physiol, 2010, 588(21): 4075-4087.

[3] PEARSON A M. Muscle growth and exercise[J]. Crit


http://dx.doi.org/10.1080/10408399009527522
http://dx.doi.org/10.1080/10408399009527522

116

g A LR 22243 (http://xuebao.scau.edu.cn/zr)

540 5

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Rev Food Sci Nutr, 1990, 29(3): 167-196.

FENG Y, CAOJH, LI X Y, et al. Inhibition of miR-214
expression represses proliferation and differentiation of
C2C12 myoblasts[J]. Cell Biochem Funct, 2011, 29(5):
378-383.

SCHIAFFINO S, SANDRI M, MURGIA M. Activity-de-
pendent signaling pathways controlling muscle diversity
and plasticity[J]. Physiology (Bethesda), 2007, 22: 269-
278.

ZANOU N, GAILLY P. Skeletal muscle hypertrophy and
regeneration: Interplay between the myogenic regulatory
factors (MRFs) and insulin-like growth factors (IGFs)
pathways[J]. Cell Mol Life Sci, 2013, 70(21): 4117-4130.
RULLMAN E, FERNANDEZ-GONZALO R, MEK-
JAVIC 1 B, et al. MEF2 as upstream regulator of the tran-
scriptome signature in human skeletal muscle during un-
loading[J]. Am J Physiol Regul Integr Comp Physiol,
2018, 315(4): R799-R809.

BRAUN T, GAUTEL M. Transcriptional mechanisms
regulating skeletal muscle differentiation, growth and
homeostasis[J]. Nat Rev Mol Cell Biol, 2011, 12(6): 349-
361.

PERRY R L S, RUDNICK M A. Molecular mechanisms
regulating myogenic determination and differentiation[J].
Front Biosci, 2000, 5: D750-D767.

GAO P F, GUO X H, DU M, et al. LncRNA profiling of
skeletal muscles in Large White pigs and Mashen pigs
during development[J]. J Anim Sci, 2017, 95(10): 4239-
4250.

CAO Y, YOU S, YAO Y, et al. Expression profiles of
circular RNAs in sheep skeletal muscle[J]. Asian-Aus-
tralas J Anim Sci, 2018, 31(10): 1550-1557.

SHI L, ZHOU B, LI P, et al. MicroRNA-128 targets
myostatin at coding domain sequence to regulate myo-
blasts in skeletal muscle development[J]. Cell Signal,
2015, 27(9): 1895-1904.

DINGER M E, PANG K C, MERCER T R, et al. Differ-
entiating protein-coding and noncoding RNA: Chal-
lenges and ambiguities[J]. PloS Comput Biol, 2008,
4(11). doi: 10.1371/journal.pcbi.1000176.

CESANA M, CACCHIARELLI D, LEGNINI I, et al. A
long noncoding RNA controls muscle differentiation by
functioning as a competing endogenous RNA[J]. Cell,
2011, 147(2): 358-369.

OUYANG H, CHEN X, WANG Z, et al. Circular RNAs
are abundant and dynamically expressed during em-
bryonic muscle development in chickens[J]. DNA Res,
2018, 25(1): 71-86.

BALLARINO M, MORLANDO M, FATICA A, et al.
Non-coding RNAs in muscle differentiation and muscu-
loskeletal disease[J]. J Clin Invest, 2016, 126(6): 2021-
2030.

HAYES J, PERUZZI P P, LAWLER S. MicroRNAs in

cancer: Biomarkers, functions and therapy[J]. Trends

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

(33]

Mol Med, 2014, 20(8): 460-469.

LUO W, NIE Q, ZHANG X. MicroRNAs involved in
skeletal muscle differentiation[J].
2013, 40(3): 107-116.
SAUNDERS M A, LIANG H, LI W H. Human poly-
morphism at microRNAs and microRNA target sites[J].
Proc Natl Acad Sci USA, 2007, 104(9): 3300-3305.
LAIE C. Micro RNAs are complementary to 3'UTR se-
quence motifs that mediate negative post-transcriptional
regulation[J]. Nat Genet, 2002, 30(4): 363-364.

SEOK H, HAM J, JANG E S, et al. MicroRNA target re-
cognition: Insights from transcriptome-wide non-canon-
ical interactions[J]. Mol Cells, 2016, 39(5): 375-381.

LIU G, ZHANG R, XU J, et al. Functional conservation
of both CDS- and 3'-UTR-located MicroRNA binding
sites between species[J]. Mol Biol Evol, 2015, 32(3):
623-628.

KREK A, GRUN D, POY M N, et al. Combinatorial mi-
croRNA target predictions[J]. Nat Genet, 2005, 37(5):
495-500.

GIRAL H, KRATZER A, LANDMESSER U. MicroR-
NAs in lipid metabolism and atherosclerosis[J]. Best
Pract Res Clin Endocrinol Metab, 2016, 30(5): 665-676.
GROSS N, KROPP J, KHATIB H. MicroRNA signaling
in embryo development[J]. Biology, 2017, 6(3). doi: 10.
3390/biology6030034.

TURTIE. BRA8 8 I A% miRNA [958 23 [D]. | M-
IR R, 2010.

WANG X G, YUJF, ZHANG Y, et al. Identification and
characterization of microRNA from chicken adipose tis-
sue and skeletal muscle[J]. Poult Sci, 2012,91(1): 139-149.
LIN' S, LI H, MU H, et al. Let-7b regulates the expres-
sion of the growth hormone receptor gene in deletion-
type dwarf chickens[J]. BMC Genomics, 2012, 13. doi:
10.1186/1471-2164-13-306.

WANG X G, SHAO F, GONG D Q, et al. miR-133a tar-
gets BIRCS to regulate its gene expression in chicken[J].
Scientia Agricultura Sinica, 2013, 46(7): 1441-1447.
OUYANG H, HE X, LI G, et al. Deep sequencing ana-

lysis of miRNA expression in breast muscle of fast-grow-

J Genet Genomics,

ing and slow-growing broilers[J]. Int J Mol Sci, 2015,
16(7): 16242-16262.

LUO W, WU H, YE Y, et al. The transient expression of
miR-203 and its inhibiting effects on skeletal muscle
cell proliferation and differentiation[J]. Cell Death Dis,
2014, 5. doi: 10.1038/cddis.2014.289.

WANG Z, OUYANG H, CHEN X, et al. Gga-miR-205a
affecting myoblast proliferation and differentiation by
targeting CDH11[J]. Front Genet, 2018, 9. doi: 10.3389/
fgene.2018.00414.

TOWNLEY-TILSON W H D, CALLIS T E, WANG D
Z. MicroRNAs 1, 133, and 206: Critical factors of skelet-
al and cardiac muscle development, function, and dis-
ease[J]. Int J Biochem Cell Biol, 2010, 42(8): 1252-1255.


http://dx.doi.org/10.1080/10408399009527522
http://dx.doi.org/10.1002/cbf.1760
http://dx.doi.org/10.1007/s00018-013-1330-4
http://dx.doi.org/10.1152/ajpregu.00452.2017
http://dx.doi.org/10.1038/nrm3118
http://dx.doi.org/10.2741/A548
http://dx.doi.org/10.2527/jas2016.1297
http://dx.doi.org/10.5713/ajas.17.0563
http://dx.doi.org/10.5713/ajas.17.0563
http://dx.doi.org/10.5713/ajas.17.0563
http://dx.doi.org/10.1016/j.cellsig.2015.05.001
http://dx.doi.org/10.1016/j.cell.2011.09.028
http://dx.doi.org/10.1093/dnares/dsx039
http://dx.doi.org/10.1172/JCI84419
http://dx.doi.org/10.1016/j.molmed.2014.06.005
http://dx.doi.org/10.1016/j.molmed.2014.06.005
http://dx.doi.org/10.1016/j.jgg.2013.02.002
http://dx.doi.org/10.1073/pnas.0611347104
http://dx.doi.org/10.1038/ng865
http://dx.doi.org/10.14348/molcells.2016.0013
http://dx.doi.org/10.1038/ng1536
http://dx.doi.org/10.1016/j.beem.2016.11.010
http://dx.doi.org/10.1016/j.beem.2016.11.010
http://dx.doi.org/10.3382/ps.2011-01656
http://dx.doi.org/10.3390/ijms160716242
http://dx.doi.org/10.1016/j.biocel.2009.03.002
http://dx.doi.org/10.1080/10408399009527522
http://dx.doi.org/10.1002/cbf.1760
http://dx.doi.org/10.1007/s00018-013-1330-4
http://dx.doi.org/10.1152/ajpregu.00452.2017
http://dx.doi.org/10.1038/nrm3118
http://dx.doi.org/10.2741/A548
http://dx.doi.org/10.2527/jas2016.1297
http://dx.doi.org/10.5713/ajas.17.0563
http://dx.doi.org/10.5713/ajas.17.0563
http://dx.doi.org/10.5713/ajas.17.0563
http://dx.doi.org/10.1016/j.cellsig.2015.05.001
http://dx.doi.org/10.1016/j.cell.2011.09.028
http://dx.doi.org/10.1093/dnares/dsx039
http://dx.doi.org/10.1172/JCI84419
http://dx.doi.org/10.1016/j.molmed.2014.06.005
http://dx.doi.org/10.1016/j.molmed.2014.06.005
http://dx.doi.org/10.1016/j.jgg.2013.02.002
http://dx.doi.org/10.1073/pnas.0611347104
http://dx.doi.org/10.1038/ng865
http://dx.doi.org/10.14348/molcells.2016.0013
http://dx.doi.org/10.1038/ng1536
http://dx.doi.org/10.1016/j.beem.2016.11.010
http://dx.doi.org/10.1016/j.beem.2016.11.010
http://dx.doi.org/10.3382/ps.2011-01656
http://dx.doi.org/10.3390/ijms160716242
http://dx.doi.org/10.1016/j.biocel.2009.03.002

5 ]

T IRAE, 45 ARG AS RNAs 2 5 & B B KA B IBAL HLHI AT 7e ik g

117

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

(45]

[46]

[47]

JIA X, LIN H, ABDALLA B A, et al. Characterization of
miR-206 promoter and its association with birthweight in
chicken[J]. Int J Mol Sci, 2016, 17(4). doi: 10.3390/
ijms17040559

LIG, LUO W, ABDALLA B A, et al. miRNA-223 up-
regulated by MYOD inhibits myoblast proliferation by
repressing IGF2 and facilitates myoblast differentiation
by inhibiting ZEBI1[J]. Cell Death Dis, 2017, 8. doi:
10.1038/cddis.2017.479.

GUO L, HUANG W, CHEN B, et al. Gga-mir-133a-3p
regulates myoblasts proliferation and differentiation by
targeting PRRXI[J]. Front Genet, 2018, 9. doi: 10.3389/
fgene.2018.00577.

WANG Z, ZHANG X, LI Z, et al. MiR-34b-5p mediates
the proliferation and differentiation of myoblasts by tar-
geting IGFBP2[J]. Cells, 2019, 8(4). doi: org/10.3390/
cells8040360.

WANG J, HELIN K, JIN P, et al. Inhibition of in vitro
myogenic differentiation by cellular transcription factor
E2F1[J]. Cell Growth Differ, 1995, 6(10): 1299-1306.
LUO W, LI G, YI Z, et al. E2F1-miR-20a-5p/20b-5p
auto-regulatory feedback loop involved in myoblast pro-
liferation and differentiation[J]. Sci Rep. 2016, 6. doi:
10.1038/srep27904.

JIA X, OUYANG H, ABDALLA B A, et al. miR-16 con-
trols myoblast proliferation and apoptosis through dir-
ectly suppressing Bcl2 and FOXO1 activities[J]. Biochim
Biophys Acta Gene Regul Mech, 2017, 1860(6): 674-684.
JIA X, LIN H, NIE Q, et al. A short insertion mutation
disrupts genesis of miR-16 and causes increased body
weight in domesticated chicken[J]. Sci Rep, 2016, 6. doi:
10.1038/srep36433.

YANG Y L, LOH K S, LIOU B Y, et al. SESN-1 is a
positive regulator of lifespan in Caenorhabditis elegans[J].
Exp Gerontol, 2013, 48(3): 371-379.

EL HUSSEINI N, HALES B F. The roles of P53 and its
family proteins, P63 and P73, in the DNA damage stress
response in organogenesis stage mouse embryos[J]. Tox-
icol Sci, 2018, 162(2): 439-449.

CAI B, MA M, CHEN B, et al. MiR-16-5p targets
SESNI1 to regulate the p53 signaling pathway, affecting
myoblast proliferation and apoptosis, and is involved in
myoblast differentiation[J]. Cell Death Dis, 2018, 9. doi:
10.1038/541419-018-0403-6.

CABILI M N, TRAPNELL C, GOFF L, et al. Integrative
annotation of human large intergenic noncoding RNAs
reveals global properties and specific subclasses[J].
Genes Dev, 2011, 25(18): 1915-1927.

OKAZAKI Y, FURUNO M, KASUKAWA T, et al. Ana-
lysis of the mouse transcriptome based on functional an-
notation of 60, 770 full-length cDNAs[J]. Nature, 2002,
420(6915): 563-573.

WILUSZ J E, SUNWOO H, SPECTOR D L. Long non-
coding RNAs: Functional surprises from the RNA

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

world[J]. Genes Dev, 2009, 23(13): 1494-1504.

SANLI I, LALEVEE S, CAMMISA M, et al. Meg3 non-
coding RNA expression controls imprinting by prevent-
ing transcriptional upregulation in cis[J]. Cell Rep, 2018,
23(2): 337-348.

KALLEN A N, ZHOU X B, XU J, et al. The imprinted
H19 IncRNA antagonizes let-7 microRNAs[J]. Mol Cell,
2013, 52(1): 101-112.

ZHOU L, SUN K, ZHAO Y, et al. Linc-YY1 pro-
motes myogenic differentiation and muscle regene-
ration through an interaction with the transcription fac-
tor YYI[J]. Nat Commun, 2015, 6. doi: 10.1038/
ncomms10026.

LI T, WANG S, WU R, et al. Identification of long non-
protein coding RNAs in chicken skeletal muscle using
next generation sequencing[J]. Genomics, 2012, 99(5):
292-298.

LI Z, OUYANG H, ZHENG M, et al. Integrated analysis
of long non-coding RNAs (IncRNAs) and mRNA expres-
sion profiles reveals the potential role of IncRNAs in
skeletal muscle development of the chicken[J]. Front
Physiol, 2017, 7. doi: 10.3389/fphys.2016.00687.
OUYANG H, WANG Z, CHEN X, et al. Proteomic ana-
lysis of chicken skeletal muscle during embryonic devel-
opment[J]. Front Physiol, 2017, 8. doi: 10.3389/fphys.
2017.00281.

LI Z, CAI B, ABDALLA B A, et al. LncIRS1 controls
muscle atrophy via sponging miR-15 family to activate
IGF1-PI3K/AKT pathway[J]. J Cachexia Sarcopenia
Muscle, 2019, 10(2): 391-410.

LUO W, CHEN J, LI L, et al. c-Myc inhibits myoblast
differentiation and promotes myoblast proliferation and
muscle fibre hypertrophy by regulating the expression of
its target genes, miRNAs and lincRNAs[J]. Cell Death
Differ, 2019, 26(3): 426-442.

CAIB, LI Z, MA M, et al. LncRNA-Six1 encodes a mi-
cropeptide to activate Six/ in cis and is involved in cell
proliferation and muscle growth[J]. Front Physiol, 2017,
8. doi: 10.3389/fphys.2017.00230.

MA M, CAI B, JIANG L, et al. LncRNA-Sixl1 is a target
of miR-1611 that functions as a ceRNA to regulate Six1
protein expression and fiber type switching in chic-
ken myogenesis[J]. Cells, 2018, 7(12). doi: 10.3390/
cells7120243.

DANAN M, SCHWARTZ S, EDELHEIT S, et al. Tran-
scriptome-wide discovery of circular RNAs in archaea[J].
Nucleic Acids Res, 2012, 40(7): 3131-3142.

CHEN L L, YANG L. Regulation of circRNA biogenes-
is[J]. RNA Biol, 2015, 12(4): 381-388.

ENUKA Y, LAURIOLA M, FELDMAN M E, et al. Cir-
cular RNAs are long-lived and display only minimal
early alterations in response to a growth factor[J]. Nucle-
ic Acids Res, 2016, 44(3): 1370-1383.

WU Q, WANG Y, CAO M, et al. Homology-independ-


http://dx.doi.org/10.1016/j.bbagrm.2017.02.010
http://dx.doi.org/10.1016/j.bbagrm.2017.02.010
http://dx.doi.org/10.1016/j.exger.2012.12.011
http://dx.doi.org/10.1093/toxsci/kfx270
http://dx.doi.org/10.1093/toxsci/kfx270
http://dx.doi.org/10.1038/nature01266
http://dx.doi.org/10.1101/gad.1800909
http://dx.doi.org/10.1016/j.celrep.2018.03.044
http://dx.doi.org/10.1016/j.molcel.2013.08.027
http://dx.doi.org/10.1016/j.ygeno.2012.02.003
http://dx.doi.org/10.1002/jcsm.v10.2
http://dx.doi.org/10.1002/jcsm.v10.2
http://dx.doi.org/10.1038/s41418-018-0129-0
http://dx.doi.org/10.1038/s41418-018-0129-0
http://dx.doi.org/10.1093/nar/gkr1009
http://dx.doi.org/10.1080/15476286.2015.1020271
http://dx.doi.org/10.1093/nar/gkv1367
http://dx.doi.org/10.1093/nar/gkv1367
http://dx.doi.org/10.1016/j.bbagrm.2017.02.010
http://dx.doi.org/10.1016/j.bbagrm.2017.02.010
http://dx.doi.org/10.1016/j.exger.2012.12.011
http://dx.doi.org/10.1093/toxsci/kfx270
http://dx.doi.org/10.1093/toxsci/kfx270
http://dx.doi.org/10.1038/nature01266
http://dx.doi.org/10.1101/gad.1800909
http://dx.doi.org/10.1016/j.celrep.2018.03.044
http://dx.doi.org/10.1016/j.molcel.2013.08.027
http://dx.doi.org/10.1016/j.ygeno.2012.02.003
http://dx.doi.org/10.1002/jcsm.v10.2
http://dx.doi.org/10.1002/jcsm.v10.2
http://dx.doi.org/10.1038/s41418-018-0129-0
http://dx.doi.org/10.1038/s41418-018-0129-0
http://dx.doi.org/10.1093/nar/gkr1009
http://dx.doi.org/10.1080/15476286.2015.1020271
http://dx.doi.org/10.1093/nar/gkv1367
http://dx.doi.org/10.1093/nar/gkv1367

118 g A LR 22243 (http://xuebao.scau.edu.cn/zr)

540 5

ent discovery of replicating pathogenic circular RNAs by
deep sequencing and a new computational algorithm[J].
Proc Natl Acad Sci USA, 2012, 109(10): 3938-3943.

[62] LEGNINI I, DI TIMOTEO G, ROSSI F, et al. Circ-
ZNF609 is a circular RNA that can be translated and
functions in myogenesis[J]. Mol Cell, 2017, 66(1): 22-37.

[63] HANSEN T B, JENSEN T I, CLAUSEN B H, et al. Nat-
ural RNA circles function as efficient microRNA
sponges[J]. Nature, 2013, 495(7441): 384-388.

[64] MEMCZAK S, JENS M, ELEFSINIOTTI A, et al. Circu-
lar RNAs are a large class of animal RNAs with regulat-
ory potency[J]. Nature, 2013, 495(7441): 333-338.

[65] DU W W, YANG W, LIU E, et al. Foxo3 circular RNA
retards cell cycle progression via forming ternary com-
plexes with p21 and CDK2[J]. Nucleic Acids Res, 2016,
44(6): 2846-2858.

[66] OUYANG H, CHEN X, LI W, et al. Circular RNA circ-
SVIL promotes myoblast proliferation and differenti-
ation by sponging miR-203 in chicken[J]. Front Genet,
2018, 9. doi: 10.3389/fgene.2018.00172.

[67] CHEN X, OUYANG H, WANG Z, et al. A novel circu-
lar RNA generated by FGFR2 gene promotes myoblast
proliferation and differentiation by sponging miR-133a-
5p and miR-29b-1-5p[J]. Cells, 2018, 7(11). doi: 10.
3390/cells7110199.

[68] CHEN B, YU J, GUO L, et al. Circular RNA circHIPK3

promotes the proliferation and differentiation of chicken
myoblast cells by sponging miR-30a-3p[J]. Cells, 2019,
8(2). doi: 10.3390/cells8020177.

[(REHE FRA]

IR, #HIZ, RBNLEHKFA
AL E AT T AT RIFHR
B ATARFE AT o 2005 57742 B R
K& AP (ILRD) A 1EAHHT,
2010 F 7 Iowa State University #
F R $ %, 2017 4 University of
Nottingham & £ 375 9§ 4 . B Al RAEEFF R
#F] (SciRep) &, THEAHAEXELBAHAP
K, 2ENDEABEFTHFRFHELEF, 2T
BHFEHREF “TR2” ARHM ((%73%3\4'?%»

(P B R AL, 2016 F) &l £%, 5% (%
Fi ) (P EARLHRAE, 2012F) o £H
RARMFEALBIRGERE FRA 20 &7 ;
VA8 i AE % £ (J Cachexia Sarcopenia Muscle)
((Cell Death Different) ¥ #F]FF & & SCI # L

80 4 &, X E B FREM 1000 k; HFiERF
A 6&, WA H T ARE 2R, R A AHF
BRE-FZEEES T,


http://dx.doi.org/10.1073/pnas.1117815109
http://dx.doi.org/10.1016/j.molcel.2017.02.017
http://dx.doi.org/10.1038/nature11993
http://dx.doi.org/10.1038/nature11928
http://dx.doi.org/10.1093/nar/gkw027
http://dx.doi.org/10.1073/pnas.1117815109
http://dx.doi.org/10.1016/j.molcel.2017.02.017
http://dx.doi.org/10.1038/nature11993
http://dx.doi.org/10.1038/nature11928
http://dx.doi.org/10.1093/nar/gkw027
http://dx.doi.org/10.1073/pnas.1117815109
http://dx.doi.org/10.1016/j.molcel.2017.02.017
http://dx.doi.org/10.1038/nature11993
http://dx.doi.org/10.1038/nature11928
http://dx.doi.org/10.1093/nar/gkw027
http://dx.doi.org/10.1073/pnas.1117815109
http://dx.doi.org/10.1016/j.molcel.2017.02.017
http://dx.doi.org/10.1038/nature11993
http://dx.doi.org/10.1038/nature11928
http://dx.doi.org/10.1093/nar/gkw027

