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Abstract: Castration can reduce odor and fights in boars, but the carcass yield is reduced, and the intramuscular fat
content is increased. Understanding its molecular mechanism is of great significance for production. Recent studies have
shown that circular RNAs (circRNAS) play an important role(s) in the regulation of muscle development. To explore the
effects of circRNAs on the development of longissimus dorsi (LD) muscle after castration, six Huainan male pigs were
selected and three of which were randomly castrated. Six pigs were slaughtered when their body weight reached around
130 kg, and the LD muscle samples were collected. The differentially expressed circRNAs (DECs) were screened by
high-throughput sequencing and functionally analyzed using the KEGG databases. DECs-miRNAs network was constructed,
and the expression profiles of candidate circRNAs and their interactions with miRNAs were verified in porcine skeletal
muscle satellite cells. The results showed that a total of 5866 circRNAs were obtained, and 370 DECs were identified in LD
muscle between the castrated and intact groups (| log,Foldchange | > 1, pag <0.8). KEGG enrichment indicated that the
parental genes for the DECs were mainly enriched in the pathways associated with muscle development, muscle fiber type
transformation, and energy metabolism. There were 8 miRNAs and 69 circRNAs enriched in the DECs-miRNA network.
circRNA_2241 and circRNA_4237 were selected for verification, which showed that these two circRNAs really existed and
their expression profiles were consistent with the sequencing results. Further, preliminary analysis showed that
circRNA_2241 interacted with miR-1, and testosterone promoted circRNA_2241 but inhibited miR-1 expression. These
results confirmed that circRNAs might participate in the regulation of LD muscle development after castration by
interacting with miRNAs, thereby providing new materials and references for analyses on the molecular mechanisms of

castration on the regulation of muscle development.

Keywords: circRNAs; castration; male pigs; longissimus muscle
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L miRNAs ik 25, 4 0lifiE ] 18 N A 7 2257
Fi5 miRNAs, FHAUILP 2225 5 15 i G a%
L4 . Wang 250 Z 38 FnAE L34 1 T g i .41
i vEF] 18 22 - Fe3k IncRNASs , L K 5 8 17 1%
e i A B AN I A 56 . Xing ZEUOUR gy A
FAFNHE R R B KA 385125 572 %% IncRNASs,
F 85 MR Z AR AL T L B LR ARG
AR DRWRSEIR L T L85 T S WU T AR il
PRI 22 R Rk, (RPN K E M
AR 23T AL AN 2

I WIHE 5T £ W, FOIR RNA (circular RNA,
circRNAs)Z 5 iILA & & FIE BT 45, il an s
A Al B b circ-ZNF609 %3k & i, il 455k
030 UL 40 e i T Rk A 43 SR U T G
circRNA (mitochondrial fission and apoptosis-related
CircRNA, MFACR) 1] i < 411 il MTP18 B0 L
APEFET-A, SIE T2 Supervillin JEF Y circSVIL
i I 5 4 P B miR-203 4 2R A UL 2 i 448 4 AN 43
{13 A circFGF3 A W B miR-107 , B i HXF Wnt3a
AR R, 0 T AR B LA 4364 circFUT10-
miR-133a i #% 10  ULA0 M 38 5, At AR,
4= circHUWEL il i miR-29b-AKT3-AKT {5 5 %,
e L AN MG 5, A A T A AEEO, circINSR
i AR B miR-34a, 8% miR-34a Xf Bcl-2 fll
CyclinE2 (#2140 A 35 5 vk 20> 20 ffa 94
-7 3Rk RNA SAMDA4A 3 i miR-138-5p-EZH2
A B 107 40 B 3 46 8, CDR1as A2 #ER 14 A
F 1) 72 J5 T 240 46 g AN 434 circFUTL0 i it
let-7c-PPARGC1B {2 i 25 i 1y 401 it 3 5 410 ol 431k,
BT X EegE R NHRST circRNAs 75 LRSI &
B RN, AR s R Tk
POFERMAR LB ANFE T KN circRNA [FRILZE R,
itk — 2SR KX ILA & B IRENLRR LS %

1 MRS Ik

1.1 LISz

TE ] g LB AR AT BR A Rl e 4% 6 Sk ARk
AT 2 B M e mE S A, B 2 SORIE T E— 5
F 7 B EERENLERE 133 9 1 S AHEER AL

PEATONF AR B, PRUE RSB AU REE KA1 sz
FARME 30 AR ER SRR, 5% R E
ikF] 130 kg ZEA (K% 300~315 Hi)ESE, B
30 min NRAEE B K WU S (A0, 268 6~7 W),
WARRAE -

1.2 RNA $RERANN Fr 3 B

ffi[] TRIzol (35 Invitrogen 23] HIHEHL 6
AT B IURE S B RNA G I FH B0t i A6 A fL 3K
Agilent 2100 A= #15r Hri (3€ B 2 BEAR R 28 w]) i
NanoDrop 4366 1132 E Nano-Drop #5723 7)) 4>
Mririe RNA R4 | Fiim Mse 8P, RNA SER
H(RIN)YKT 8 M A TH 8 SCE . {# DNase |
(2 QIAGEN 2 H))VHALITIZ RNA, ZEBRgk B L
41 DNA. ffi /il Ribo-Zero™rRNA i 7 & (35 [
Epicentre 28 Al) LBRAZHME A RNA, 23595 RNA H£ i
e 2 895 RNA B NR ARy . H
Illumina TruSeq™RNA i il #1257 & A= B 7 ¢
%, 7E lllumina Hiseq 2500 V- & #4700 )% .

1.3 circRNA X£F

B G E s (Raw data) 25 B 422 Sk FIAIC 5 = 208 A5
FIH %CE R (clean data) , Fi] TopHat2 2K {46 A 28 s
55 %% 5L 4H (Sus scrofa 11.1) b %F 434, 18 i
find_circ 4% E circRNAs, JFLEAFEHE . #LH
SIF A T P50 W 20 nt /Y anchor J¥41,
K P anchor J7 514845 565 7 52 B, 4567 51 5%
BEH W SR EAST X, BT A A
GT-AG By S MIAE ML circRNA, 4 read count
/T2 1 circRNA BAE%E % 1) circRNAs, 5 circBase
B B He o X 23 £ 1 circRNASs F1ET & i circRNAS
HE—2E AR5 circRNAs 7GRN B, 4 NI X,
ANES, SN, AEFRGEERE RS,

1.4 circRNA RiEZH

{8 Fi§ TPMC( transcripts per kilobase of exon model
per million mapped reads, & TP EMEREE T
ke B2 A B SR AR ) X circRNAs #4715 — b Ab 3
A circRNA ZE4RANBE il iy 2k P fili
DESeq #4437 circRNAs 7E A [al e S HH Y F ik 22 57,
#5533k circRNA (differently expressed CircRNA,
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DEC)ffi 1% 4% /- 4| logzFoldchange | =1 H. pag=<0.8%4,
FIF Bowtie2 #AF%5E circRNA RYBEJE L, X
DECs #iEIEH 4T GO #1 KEGG 43#fr, P<0.05 #i
VEEERIE- &

1.5 circRNA-miRNA M4 E g9

it —243 4 DECs WIA¥I2EhiE, 4541l
BFFE0E (0 A BB 15 e KL E A 56 miRNAS, i
FH miRanda %43 #T DECs 53X 46 miRNAs Z [a] )
KR, PREMF XA, HAgh< -18 keal /
J¥E JK i) miRNAs . fi i} Cytoscape 4% 4%} DECs-miRNA
HAEM TR

1.6 circRNA GiEfIEE 551

YRR B F L, BEH circRNA_2241 Al
CircRNA_4237 % 5E ik circRNA S PEFIR A
##, Fl RNase R (3 U/ug, 3¢ [E Epicenter Biotechno-
logies 73 ) HH B K WA BT L RNA, 1 ug RNA
ffiFl 3 U B RNase R T 37°CH¥& 15 min, ¥
circRNA_2241 #i1 circRNA_4237 (878147 5, %3t
e e R a3 3 s U1 S s 19, 515 BLER 1,
Sl LA T A TRARARRIFEG. ¥
Ji5 8 1 Sanger I J5 % 42 circRNA [ ELS2 M (2 T
Y TREA A ).

i F§ qRT-PCR #5: circRNA_2241 Fl circRNA_
4237 fEEHHMAEERIE T KN R IERAKF-, BT
RNA 5% BT RNA #H[A i ] SYBR Green PCR
R, PSR R 45 20 ng cDNA, 10 puL 2xSYBR
Premix Ex TaqTM #1 10 pmol/L | Fi#51%. qPCR
PIFERE . 95°CTHIZAEM: 5 min; 95°C7EE: 20's, 60°C
VL 20 s, 72°CHEMH 20 s, 40 DMEFR. Frd S
3, H e 27T circRNASs M ik,

1.7 HERINIEMMEIEZHE

circRNA_2241 fU#7E DECs-miRNA HAEM %
L BFLL%E#E circRNA_2241-miR-1 Mk — 841
Fie SCHR 24109 J5 15 53 25 0 B s UL T B2 A e o e 2
FXFHLA circRNA Rk s2m, 5 8L T A 40
iR R P 1 N 70 S N ) = D 7l
RELAE B R L3 YAk 5] 70%~80%fl &
BF, RS SRS S AN [ o B2 S, X B AN TR
SRR, S0 41 SR VR & 400 107° mol/L
107 mol/L, #INEZEER 48 h J5WcaRAnMa, 46 i) 52 FR
%} circRNA_2241 Fll miR-1 Fik 510

1.8 ZHitHH

il SPSS GEit B 4T i 2543 B Al i 25 P A
¥, IrE SRS DL meants.e.m.FR . P<0.05 E£RnE
S, P<0.01 FREFMEE.

2 #R50Pr

2.1 circRNA $51E 5t

EHAAE L H AT KNI 5866 4
circRNAs, M43 circRNAs i 5205 /4~ (& 1A).
XL circRNAs K £ 150 bp~99,406 bp, 3K &
5494 bp (& 1B). X%t circRNAs 7E &3 Je ik A
I3AT , 6 YL A Y circRNAs 5522, 5 10.54%.,
X YL@ RFY Qe il A 143 ASF1 9 4, Zekifk
A 4 4K 1C), MRAEAEFEFIA M0 E, ik
CircRNAs HH X EERZ(77%), HUOEHHE X
(14%), Jz X circRNAs FIfv T4 i FIX 1Y circRNAs
¥Ih 4%, WET XD, (VA 1% (B 1D).

Fz 1 CcircRNASI#IFSIER
Table 1 Sequence information of the primers used for circRNAs
X 147 51(5'-3) )
(A= - - 15 K% (bp)
LS TS
circRNA_2241 CAATCCTTCAGCCCAGAGAG TGTCCAGAATGAACATCATAG 134
circRNA_4237 CTCCTAAAACCACAGGTGTG TTGTGGATAAGGTGGGTACG 101
GAPDH ACCAGGTTGTGTCCTGTGAC AGCTTGACGAAGTGGTCGTT 94
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Fig. 1 The features of identified circRNAs in LD muscle from castrated and intact group
A ERATIE LA circRNAs 2255 B: circRNAs 2825; C: circRNAs KJF; D: Q@K mTEH . MT: Lhifk,

. . “ EAMR . ZHERWEES (K 2), KEGG it T EEE
2.2 CircRNAs ZR2RIAFINEE ST
TR T K7 | WLEF 4 (A B T B

LR MHE LR L, 0% 370 4~ DECs,  filtn Wnt, Z ZN-SE KA. FORIEME . €
HoAy 217 A~ i, 153 4~ iR (| logoFoldchange | > 1, By FipEmi i . AMPK %5 (3 53 % (& 3).
Pagj < 0.8) (&l 2). XFiXk 4t DECs e J§ 3 H i1 7 D) AE 43 : )

2.3 RNAs-miRNAs B {£ W 2 gyt g0

BT, GO 40b7 5 B 7 4 MU AL S o AL /42 CircRNAs-miRNAs EL{E P2 M4 R 547
AR FEEAMCE AR, ST URTEEETE. it — T X s DECs fIEhfE, T HE=
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Fig. 2 The volcano plot of differently expressed
circRNAs between castrated and intact groups

Bl — AR — A circRNA, A4S 2 B Ak AR {23 circRNA

i log,Foldchange (Foldchange=2&# 4 TPM/HE 344 TPM), 4

A AR AT H1Z% circRNA 1 41 ) —-logy, P-value,

Wit/ S [
SR DL
SR SRR S PR |

T EN SRR °

B |

HOR IR (5 S qfil

VR RRRIA I léﬁ

T4 2 RE (5 25 8% | oo

iR 0os

Efd gﬁg_ “o
IR B

mRNA M550 B HR

BRI | o %

ErbB{5 Sl el5

WA | 020
cGMP-PKG{S 58 % -
A
DH A R O
AMPK{ % |
Kb -

010 0.15 020 025
B S5

B3 XHFIELXSEE DECs SKIEEE KEGG E&E N
Fig. 3 The KEGG analysis of the DECs’ parent genes
between castrated and intact groups

4+ RNA (competing endogenous RNAs, ceRNA) MLl ,
S5 HTHIARAR R HMAE LR R K2 5 R B
f) miRNAs, 7 DECs-miRNA HAER %, fnl& 4
Fis, P2 3L 4E 69 4 circRNAs, 8 41~ miRNA,

It 234 1~ edges, &) circRNAs f/0f 2 UL
MIiRNA 2547 5. Hd miR-1 ¥ circRNA £, It
38 >, miR-133a-3p #I! circRNA />, 3t 20 4>, H:
W circ_1060. circ_5230. circ_6457. circ_7356

K2 EBMIEEHAE DECs KEEE GO EESH

Table 2 GO enriched analysis of DECs’ parent genes
between castrated and intact groups

KA GO % GO %5 GE 2 5k

i AN GO0:0044424 1732

Ay G0:0005622 1813
MM IEES S A S GO:0043231 1369
210 P9 A R G0:0043229 1492
J 4G £ 4l i g G0:0043227 1498
giiliaked G0:0043226 1605
(3 Ui G0:0044428 615
240 L PR 40 25 T 43 G0:0044446 983
20 % G0:0044422 993

% G0:0005634 882
Y MRS TR R G0:0044260 1097

B g it e G0:0044237 1374

RorFACHT G0:0043170 1184
£ A 2 4 G0:0006996 503
VIR AR BT G0:0044238 1380
A LA 7R G0:0071704 1414
Hiiff R AR R GO:0044267 660
R G0:0008152 1600
A 3 i 2H A G0:0071840 769
LR

4 i B S5 2R G0:0016043 744

BT BARGS
W sesripapzse

G0:0005515 1709
G0:1901363 801

ARG LS GO:0097159 804
MRS A G0:0003676 466
fifi 4 & G0:0019899 263
e G0:0003723 143
AT RS & G0:0000166 442
BRI 4 & G0:1901265 442
INYTFEE R G0:0036094 461
HeAL I P G0:0003824 949

1 circ_7733 () miRNA 255052, #A 8 1,

HAEMZE hE %31 69 4 circRNAs H1,
9 M FHEHAIIX, FF 60 4~ circRNAs S IE T 42
MNRISFEN . A T X 2L circRNAS [IhEE, A5
X HOE PR mRNA #4717 KEGG & #5007, 458 &
X4 mRNA S S TEE . 5 TR i
(%l 5).
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Fig. 4 The interaction analysis between castration-related miRNA and DECs

Protein families: genetic information process
Environmental information processing
Protein families: metabolism
Organismal systems
Genetic information processing
Protein families. Signaling and cellular proce
Cellular processes
Human diseases

¥ Lipid metabolism

B Carbohydrate metabolism

5 miRNA-DECs M#& & £ circRNAs B KEGG 4
Fig. 5 KEGG analysis of circRNAs from miRNA-
circRNA network

2.4 circRNAs BYI&iF

SR ESIF I VE circRNAS ELSZME, 454
A E R KK,

% [8 5 5%
AWFFTESE circRNA_2241
Fl circRNA_4237 A7 500F, — &2 50T 14 S5
R 2 S ER, 45 6 s, RNase R M
fLHTJE circRNA_2241 Fil circRNA_4237 #1447
Z5, MR GAPDH 7E RNase R iMfbJG A"
S I S X/ Ab U RaL Y/ B WL | s 5 g

RNase R+ RNase R—

CEICRNA_4237 m

6 RNase R jH4RIEIE circRNA_2241 #01 circRNA _
4237
Fig. 6 RNase R detected the presence of circRNA_
2241 and circRNA_4237
RNase R+: %%/l RNase R #H, RNase R-: /A#sfill RNase R 4 .

A~ circRNA Sz 1] 8§ Y f5 B SAEAE (8] 7). 28 i PCR
AT, HAERBAAMLEL, circRNA_2241 7E L3
N FIAE T, circRNA_4237 e L 41 Fik & i,
FEIRAR RS FII - 25 R — B (#] 8).

JET ) DECs-miRNAs HAEXR, #—
A VEEL circRNA_2241 Il miR-1 FEATEGIE . 765415 8%
JULTE B 240 L A5 AN [) 50 2 52, qRT-PCR i B S
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o2 2"T W 5B EFRCE
GGGA TCCTCCTCCGT

circRNA_4237

B 7 circRNA_2241 #1 circRNA_4237 14 Sl 7 45 R

Fig. 7 Sanger sequencing results of circRNA_2241 and circRNA_4237 junction site

RGN T A LT RP DA

6 .
LS|
L[5

HHxF AR

circRNA 2241

circRNA 4237

B 8 circRNA_2241 #1 circRNA_4237 fEX#AFNIE
ERALRKANFRIE
Fig. 8 The expression of circRNA_2241 and circRNA _
4237 in LD muscle of castrated and intact
groups
*P<0.05 /R EFBH, **P<0.01 RRERHMDFE .

il miR-1 2k, {2k circRNA_2241 ik (K 10),
SRR B RIR VA E 2R, $27R circRNA _
2241 AT HE R miR-1 UKL

3 Wi

LI BT SE M mRNA . miRNA L4 & IncRNA 4
ARV T 2RISR & B R FHLE . JL4E

ST moxtis
0 107 mol/L
4 m10° molL

ANk

sk
X

circRNA 2241 miR-1

9 A%t circRNA_2241 #1 miR-1 KX 20

Fig. 9 The effect of testosterone on circRNA_2241
and miR-1 expression

**P<0.01 KR 22 i 3

KeWFsE R circRNAs WS 5 LA A & #E, BT A
RS 1 VR a0 LA L RN R e S R
F i KL circRNAs Rikilk, W7 IksE 5866 4
CircRNAs, FZNFXEZERM, N THHEFXH
R, X5 ZRTHFTSE A2, s circRNAS
KF 2000 bp 2, /INT 2000 bp H', 200~400 bp
% . X Y6 circRNAs 737 T A Yefafi, Ho vy 4y
(UREN ISP TR N 2

JUL PR A= 4K A2 44t 5 R 1 IR i T 1 7 T
pE e, bl E e IR e B, 5 UL
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MG 5 A AR G, T 2 WLV B 1 IS B R
fift o AR R LRI K 3 B2 8 1 B A A A5 i
R sh g AP Z sk, K& EH
JE R BEAL, UL R . AR5, KEGG
BT AN, DECs W el Z Z 2% . HIk
PRiE . Wnt, AMPK {5538 %2 5 L5 LA
KE . WL A DL K Re = A i IR 4

DECs RN & FEFE L BNWEEZRZN T
BFUKIRESE R, Hriz R E A RS (ubiquitin-
proteasomesystem, UPS)Z: 5 LA & 1M, 2
ZIE 1% B2 UL DA R X7 (muscle atrophy  F-box,
MAFbx)Z R AL IF B b, MR ER G
WP, LA HIEHE T 1 (muscle RING finger 1,
MuRF-1)iE 727 £/ S 8 ESE H 1 (calsequestrin 1,
CASQ1)FILEK £ 1 E £ (myosin heavy chain, MYH)
e A 122300 b L5 i PR R A EE RPN R B g
MAFbx il MuRF-1 [ fig Pt Lk BE A [ 2%, fir LA
UPS R4 —J7 T AFE NLIA 43 A AH DG B i, %
WL G374k, I3 — 5 T 388 sk XoF P JUL I e i 2 AN [+
(B FE RS A . KEGG 43HTid & 5 5] R IR &
F A, RKCE RS R e S RIS
IR ) B A LA BB REOR R i 2% T 2 0 A
i 4E Ak, I R o oL,

Wt {5538 5 o Wnt5a {7 28 LI <2 ) 4346 B,
Wnt10b 1§ A JULZR L £ SR 43 PE BT, wintSa i 8
JULEF 433 Z2 1 Wint11 fie b P LR i 184 fn®) myostatin
W Wnt/B-catenin {5 5 I VR 18 LAT 4k % B B9,
AMPK  7EJJLA g s Qe B 20 #EAE ], AMPK
AR HE GLUTA ik, Rk LG 2 B4, 4525
e A 250 JULET- 446 0 A 2 B s 10 5 L PR v A e i 1t
T, AMPK W] REAG 84 IR A0 i A& B (glycogen
synthase, GS)IEPEM GBS & WY, 1Lsh, AMPK
WS 54K IR AR,

FE— A Hrix s circRNAs AUiETEpLER, 3
T ceRNA B , 255 Hi A4S 9 £ FAHKE miRNAs,
224 T DECs-miRNA HAEMZ , %ML 4L 69
> DECs (15 22 5+ circRNAs 1] 18.65%) il 8 > miRNAs,
14454 miRNAs #1129 /> circRNAs, & 4 3 iy
miR-1 Fl miR-133 #BZ WP F¢ 51 miRNAs, 11 &
LR AR UM JE R 8 i A R B s DR - AL

Sk (myogenic differentiation, MyoD). L4 fifl
A 1 % (myogenin, MyoG) . IfiL 3§ b % Al F (serum
response factor, SRF)., WL R A F 2 (myocyte
enhancer factor 2, AMEF2)#5/& miR-1 F1 miR-133a
FIPE TR miR-1 EIE A 418 A i O BE LBl 4
(histone deacetylase 4, HDAC4), # FHF T YY1
(ying-yang 1)F13# %5 14 3 (calponin 3, CNN3), H:rf
HDAC4 J& LA Fe35 FE A 5% s il IF 71244, vy L
TE ALIA 5 R 2 S P 67 42 /TS, CNING (R L
S aE P RILER 2R 71 A0 410 4 Hong 2171 % B
B miR-1 1Y 2 4> SNPs 55 | BIF0 11 B LT 2k i
FRURIZH AR G . miR-133 §L[n] SRF fi i i A0 g 14
P A B R LML AR R 0 E AR R 1 (ma-
stermind like transcriptional coactivator 1, MAML1) .
[ Z AR T 1 (insulin like growth factor 1,
IGF-1) Fll # 22 £ W g 3R 4% 4 25 (1 (polypyrimidine
tract binding protein 1, PTBP1)®!, 4 miR-133 jif
S A AME S 5T 18 (extracellular regulated protein
kinases, ERK){E i BULANNE /L1, 2 S B 2 W2
(alpha glucosidase, GAA)iE i miR-133a-3p Fl miR-
1la-3p ¥ AKT/MTOR/S6K {55, fiifk sl 4m
J oA A B LA KBV, Wnt/B-catenin {553 38
1415 'S miR-133b il miR-206 i Pax7 #ik, #S
WLIEAE LB AT I, X 69 > DECs Al fig i i
AR miR-1. miR-133 %53 5 L4085 . 4
b M FESR, #Hims5NR LT FR R
Mtk iy . it — A 5IEX 69 4~ DECs, Xk
A 1T KEGG 70ffr, FEE L THKILEY .
BRI PRI AROCHE %, $8/RiX4E DECs 252
S5 LA RE B A G 5

Ay gk v P A R B ERR A, ARYE circRNAS
PRIk i, &+ circRNA_ 2241 Fl circRNA_
4237 PEATHRE. 45 R L PUEH RNase R Ak FHEXS
CircRNA_2241 F1 circRNA_4237 kA B
%, fH RNase R 4b 35, GAPDH JL¥ #4774, [AlAf
fdt F B ml 51 9 9 3G 0 ¥ UE S5 circRNA_2241 FiI
CircRNA_4237 i 5L LA AR FE o RT-QPCR 548K
CircRNA_2241 F1 circRNA_4237 7E W4 £k 1k
PR P — 2, FIRTER RN R A, s
SEEAfEIE circRNA_2241 Fik, i miR-1 £k, X
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ARG, 6L circRNA_2241 Fikihm T2
P A —F ., =T circRNA_2241 Z75AE 55 4 1 e it
MiR-1 A7 B — PRk, Wi WO R R
G ATIRAE . [FIB circRNA_2241 i it Wt miR-1
[ B2 52 M) DR B0 R 2 5 A B MR g R 4,
— 25 B 0 R B

ZE LRIk, ASHFSE G i i I O e TR 2
PG HR KN DECs, ## T DECs-miRNAs H.{F
R2% , fdi B2 181 5149 Fl RT-PCR IESE i 6 circRNAS
() ELSE P, O 38 A 200 L 3001 S S2 R X cireRNA_
2241 1 miR-1 PYFRIX IR, X LLLERARIR circRNAs
gL S5 miRNAs BAE, 25 E#8ENMRAT .
WLEF e 2 BRI RE S AT A 4%, AT 25 35 LA
KA W IREALH PR A TR R
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