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S L ARRNAs(circular RNAs, circRNAs)&1 15 3 46 69 £ I 2 K T circRNAsYE 4 3 2 25
RNA 8945 A48, B 5% circRNAs#) &1 o) F]biEClI‘CRNASib% PR RAIR T ) —ANF e, %
i B f2 3 5 —AbcircRNAsEF ) 869 B 77 ik . IR AR T B 78 B4 B 4 404w o circRNAs S B

M4 R, 16k B F T AL A circRNAs, F) ) FF 3% ) i 4E % 4% 25 (open reading frame finder, ORF finder)
%ﬂ%ﬁ% 71 ##4% T B (coding-potential assessment tool, CPAT)% %42 L i£ circRNAs & & H f£ 7 3K
%) 1% 4E 28 (open reading frame, ORF)F=&1i5 649 7T 4T14; MU AEH A S AZAE R AL & & 4K 2 (internal
ribosome entry site finder, IRES finder)#=circRNADb#k 4% & 5 #7circRNAsZ & 7 £ M SR A 4B 4R 3
AL % (internal ribosome entry site, IRES), @t # K A K F 5 5 4542 89 % 4 AP m6A SR X TN (robust
prediction of N6-methyladenosine sites with sequence-based features in multiple species, M6AMRFS)
Fa 3K T /57 69RNARRF F AL & FUR 25 (sequence-based RNA adenosine methylation site predictor,
SRAMP)% T B iif ik circRNASZ & & mOAISAH 4L & /5 @ L 44T, ik b =T s B A &0k o)
& 89circRNAs. % R 2 =, 7T#FcircRNAs™ 4854 #9132 88, 2 P hsa circ_ 0001479 Bt E- A IRESA=
MOAN-F 49 &% 2 68; hsa_circ 0001278, hsa circ_00014394=hsa circ_ 0000220+ #&i8 i$ IRES/~-5-41
%, fahsa_circ_0001017. hsa circ_00083514=hsa_circ 00044067 #&:8 i mOoA/N-FH11F. ZAF R AR
itcircRNAsA & LA #0F h fe 384 T ARG, AT AT B0 ot 7 ik ey T AT i it R A i ks
FaWestern blothr VAT IE, %45 %ﬁﬂﬂ VAR E S T — B BA AT 8 circRNAsEIF ) 481 5 77 vk
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Establishment of Methods for Studying Circular RN As’ Translational Function

LI Zhe, XIAO Bingxiu*
(School of Medicine, Ningbo University, Zhejiang Key Laboratory of Pathophysiology, Ningbo 315211, China)

Abstract The discovery of the translation function of circRNAs (circular RNAs) has changed the tradi-
tional understanding of circRNAs as a non-coding RNAs and has become an important direction in the functional
research field of circRNAs. The purpose of this paper is to establish a method for studying the translation function
of circRNAs. In this study, based on the results of circRNA microarray detection in cancer tissue and plasma of

patients with gastric cancer, synchronous changes of circRNAs were screened by ORF finder (open reading frame
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finder) and CPAT (coding-potential assessment tool), to detect the feasibility of ORF and translation of the above
circRNAs, respectively. IRES finder (internal ribosome entry site finder) and circRNADDb database were used to an-
alyze whether there were IRES (internal ribosome entry site) in circRNAs, and then M6AMRES (robust prediction
of N6-methyladenosine sites with sequence-based features in multiple species) tool and SRAMP (sequence-based
RNA adenosine methylation site predictor) tool were used to screen whether circRNAs contained M6A modifica-
tion sites. Finally, the circRNAs with translation function were screened out by intersection analysis. The results
show that seven kinds of circRNAs may have translation function, among which hsa_circ_ 0001479 has both IRES
and M6A-mediated translation function; hsa_circ_0001278, hsa_circ_0001439 and hsa_circ_0000220 may mediate
translation through IRES, while hsa_circ_ 0001017, hsa_circ_0008351 and hsa circ_ 0004406 may mediate transla-
tion through M6A. This study provides a reference for exploring whether circRNAs has translation function. The
feasibility of the selected analysis method is verified by constructing overexpression plasmid and Western blot. The

results show that a set of feasible methods for the study of the translation function of circRNAs has been success-

fully established.
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4% (open reading frame finder, ORF finder; http://
www.bioinformatics.org/sms2/orf _find.html)# i
R 13 A7 FEORF; 5% I 4 8538 71 V7 Al T H (coding-
potential assessment tool, CPAT; http://rna-cpat.
sourceforge.net/), & #EORF coverage. fickett scores
hexamer score. coding probability%§4™ J7 [ [ 1
73BT LocircRNAs /2 13 fF fEORF . 541 fR 57 LA
BHPE R AT RETE o

1.1.3 FMIRES  IRESZ—FRNAAIEICHE, 7T
SEENZREAR, SO AR R 25 AT B B R s 0, JF
J& B TSR A5 A R B AR BT 11220 3R
i 17643 21| ) circRNAs, 61580 F A &A% 0% 44 1 A7 £
A $X 23 (internal ribosome entry site finder, IRES find-
er; https://github.com/xiaofengsong/IRESfinder)fs 2
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omictools.com/circrnadb-tool) 16 % H: 7 %] & 77 7F £
i P P A7 AE, I FERIE R T 1.5/ circRNAs; 4 93 & 1
1T &S HT, B 545 H H AcireRNAs .

1.1.4  FRMmOATSH H T~ AR S i 45 4 S 3l
PR 55 — PR A @ I me A MBI A sib 47, ik,
BHXE1.1.220 BRI 06153 2] (I cireRNAs, 26 Ja R HI 3% T
5 FIHREAE (1) 2 ) Fhm6 A5 K 71l #8 (robust predic-
tion of N6-methyladenosine sites with sequence-based
features in multiple species, M6AMRFS) T H (http://
server.malab.cn/M6AMRFS/) fIJ& T 7 51 ('] RN A it
I A A7 A5 T (sequence-based RNA adenosine
methylation site predictor, SRAMP)T. K (http://www.

Differentially expressed
circular RNAs between
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non-tumorous tissues
(GSE89143)
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cuilab.cn/sramp/) 73 il & W 72 75 & H mOoAE i 7 54
e J B Bl O ) 4 AT S R o M, 15 20 B bR
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FHARAEVARH AR A F . RPMI 164055 78 R0 H
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1.3.1 @miedEifedtze ARE4HHRHEK293T
15 FH & 10% 6 4 LT IR PMI 164085777, 37 °C 5%
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A AE 226055 350 4 180 B 1) B 0% 3 4 R BamH 1§D 437
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Fig.1 Predict circRNAs that have function of translation
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TRIzol#& U RNA; B A5 A0 5 FC ik B A4l g, 4R
J5i #% B GoScript Reverse it B 15 & ilicDNA, [ j5 1
F&F Xt hsa_cire_ 0000220 5 %5 5 14 51 1 7F Applied
Biosystems™ QuantStudio™ 35Z i} 5 S PCRAX I 3k
fTPCR. Hsa circ 00002201 1E S [ 51 4 /5 51) 53 )
N5'-AGA GTG CTC AGG AAT GAA AC-3"F15'-GCC
TGA ACA GGT GCA ATA AC-3', H- i -3- 1 2 i &
i (glyceraldehyde-3-phosphate dehydrogenase, GAP-
DH)WIE & [\ 51 ¥ 5153 3 9 5'-CCT GAC CTG
CGT GTG GAC T-3'f15'-GCT GTG GAT GGG GAG
GTG TC-3'. Z5AEN: 95 °CTHiZEPE10 min; 95 °C
10s, 60 °C 34 s, 240 MG . 2kt R IA K
F, SRR E G 3R, FqRT-PCRAZ=Y)HEAT I 7, 40
TP &5 S AE 55 IR P o R FIBLASTHEAT F7 31 X6 B 43
M, B HHERRPE A — 2% 5 S s B )7 A

1.3.4 Western blot’e| 4 0#%L Yehs 5748 h)5, &
AR R . B0 pghf b 28 12% 58 T4 I I et
Ji2 LK 73 B9 5 L 28 5 e 98 £ M (polyvinylidene
fluoride, PVDF) i I, K JIE N &F PR 137 °CHE IR
2 he BHHATRIE, I—du(FiFlaghtik) 4 °C
B E R, S5 ZPu(E AP RI1gGHik) 37 °Ch
B2 h, #H 1L % K H(electrochemiluminescence, ECL)

S, SR 5 A A R G AR AT A R 43 HT
1.4 Zitoh

KHISPSS 18.01F4T Gi vt 73 #r, PIFE A E L AL
KR, P<0.05 8257 BA G025 o

2 H#HR
2.1 ETFcireRNAsitF #EHi£%circRNAs
ML W A Ak 56 11 5 5 LA ), SRR 40 i
RO T2 ARG E 7%, AR SicireRNAsH %
(0 HERF I, PSR AT &5 SR 1 (B B ek, ko AR 4 i 0 3R 19
(1) 15 92 FB 2 o 4L SRRV 55 4 S cireRN As 2 53 R A 1
GSE891435 15 Ji £ 3% . 2% 5 4@ §E A\ Il H circRNAs
2% 53 RIKNEGSEIISA1HEAT T 40 M, JL R P17
FhcircRNASTE B i 20 ZUR0 i 22 v [5) 20 A8 4k, T
>k, 8 _FikcircRNAs H T 07 i B A B 3 25 68 i cir-
cRNAs,
2.2 S/ IFEERIcircRNAs
S 0% 1% 1Y B cire RN AsIE i circBase £ 1 7 16
RHEAME R, RE FEIELFHF AT ENL. o
5l ¥ circRNAs T %14t A £|ORF finderfICPAT T. & 4
T B 1R B S L B 1A fR S ), g R,
H A 16FfcircRNAs HHORF(F 1),

x1 BERFRAIFENFKARNA
Table 1 The circRNAs containing ORF

MIRRNA A B FERAE i LK TR JPR B Fickett VAVIRCS I i
e e P VS @5 e
CircRNA ID Gene position Host gene ORF ORF size Fickett Hexamer Coding
symbol score score probability

hsa_circ_0005556  chr2:15693549-15698758 NBAS Yes 129 0.540 1 -0.107 3 0.005 4
hsa_circ_0001013  chr2:61339656-61345251 KIAA1841 Yes 417 0.6953 -0.005 7 0.1952
hsa_circ_0001479  chr5:43122140-43162033 ZNF131 Yes 951 0.949 2 0.199 7 0.999 7
hsa_circ_0001190  chr21:38792600-38794168 DYRKIA Yes 273 0.659 7 -0.204 7 0.0179
hsa_circ_0000220  chr10:15863654-15889942 FAM1884 Yes 282 1.007 9 -0.096 4 0.0717
hsa_circ_0001811  chr8:74585341-74601048 STAU2 Yes 294 0.873 3 0.067 8 0.282 7
hsa_circ_0001017  chr2:61749745-61761038 XPOI Yes 300 0.664 3 0.0118 0.1839
hsa_circ_0007707  chr10:98667021-98667504 LCOR Yes 27 0.808 9 -0.660 6 0.000 1
hsa_circ_0008351  chr3:197592293-197602646  LRCH3 Yes 489 1.1299 0.000 5 0.682 0
hsa_circ_0001897  chr9:134381500-134381840  POMTI Yes 162 0.556 9 -0.040 9 0.012 4
hsa_circ_0004406  chr1:1737913-1756938 GNBI Yes 282 0.989 1 0.3643 0.710 0
hsa_circ_0001278  chr3:31617887-31621588 STT3B Yes 273 0.974 5 -0.2718 0.240 6
hsa_circ_0001498  chr5:76758919-76760634 WDR41 Yes 27 0.743 3 -0.6662 0.000 1
hsa_circ_0001439  chr4:129913321-129925031  SCLTI Yes 273 1.117 4 0.115 1 0.999 4
hsa_circ_0006936  chr6:150092297-150094305  PCMTI Yes 99 0.483 5 -0.0322 0.007 8
hsa_circ_0001955  chr15:64495280-64508912 CSNK1G1 Yes 762 0.708 9 0.160 4 0.9953
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#2 BAIRESFm6ALL = AIIFIARNA
Table 2 The circRNAs containing IRES and m6A sites

CircRNADbH( i 4E IRESTY R 2% M6AMRFS T H. SRAMP T H
HIRRNAZ R CircRNADb IRES finder M6AMREFS tool SRAMP tool
CircRNAID IEZ IRES{i & @ IRES{i & 195y 145 it

R score IRES site Score IRES site Score Score Decision

hsa_circ_0005556 No search results 0.80 1-174 No search results ~ No search results
hsa_circ_0001013 No search results 0.98 601-774 0.67 0.659 High confidence
hsa_circ_0001479 1.66 28-166 0.82 51-224 0.97 0.803 Very high confidence
hsa_circ_0001190 No search results 0.98 551-724 0.71 0.727 Very high confidence
hsa_circ_0001811 1.57 9-132 0.63 101-274 0.99 0.607 High confidence
hsa_circ_0001017 1.57 25-16 No search results 0.99 0.710 Very high confidence
hsa_circ_0008351 No search results 0.96 3751-3 924 0.98 0.726 Very high confidence

hsa_circ_0001897
hsa_circ_0004406
hsa_circ_ 0001278
hsa_circ_0001439
hsa_circ_0006936

No search results

No search results

1.57 78-229
1.56 174-28

No search results

No search results
No search results
0.92 151-324
0.84 223-396

No search results

No search results
0.99
No search results
0.77

No search results

No search results

0.716 Very high confidence
0.726 Very high confidence
0.649 High confidence

No search results

hsa_circ_0001955 1.51 697-784 0.74 51-224 0.27 0.870 Very high confidence
hsa_circ_0001498 1.53 31-175 0.65 8-181 0.63 0.687 Very high confidence
hsa_circ_0000220 1.63 136-279 0.92 301-474 0.99 0.601 High confidence
hsa_circ_0007707 No search results No search results 0.27 0.571 High confidence

BHIEKHS TER EEEIG VL HIAY circRNAs
15 1% H B A ORFfcircRNAsE A [, #F— 2
U TR B A IRESA 5 Bim6 AN T I B 1 )
RENLH]
2.3.1 4AIRES#)circRNAs N T o3 #icircRNAs
72 75 B AIRES, 4Gz FIIREST & 28 5 3k Wl hE 77
£ WIIRESHL £, FF 51 H 43 43 5 =1 BIIRESAZ s( LA
Score>0.8?'~ﬂ‘m/ﬁ U6h 2 o7 H) X 6] 5 2R 538 H cir-
cRNADbiﬂz I K ZRIRESTE PRI, 28 5% 9 b 45 21
AT 5T, RIAFLE IRES ¥ circRNAs  hsa_
circ_0001479. hsa circ_0001278. hsa circ_0001439
Alhsa_circ_0000220%4%H(F2).
232 E A m6AME 4 d9circRNAs  m6ATR] B 2
G4 B B IA R 73 (elF3) BAAE 554385 & 4 I 4%
Im7G, 31 jE sh B EES, ie A N ik, B T
KT %M T FIRNA m6Af& i fr s i T &, %1
U DeepM6Aseq. iRNA-Methyl. iRNA-3typeA.
M6AMRFS. SRAM fllm6Acomet?s . AH 7% B
A H 2 K W L5 BT FIMO6AMRFSFISRAM T.
T Wm6AN: fi. 56 )5 e IM6AMRFS T H (LA
Score>0.8 b5 ifE 21 AT SRAMP T. . (PA Very high
bR AE P i ik mo A B A, PR AN 4 Bk

S

TR ENHT. G5 R KDL, hsa circ_ 0001479, hsa_
circ_0001017. hsa_circ_000835141hsa_circ_0004406
L4FfcireRNAs A mOAB I 55 (3R2).

25 S HTIRESFImMO A ISR & I Tinde 45 51, R I
7R B A B T BE flcircRNAs, H Hhsa_circ 0001479
HATRESHIMOAS 5§l 1 1) Dy fiE; hsa_circ_0001278.
hsa_circ 0001439 FThsa circ 0000220 X i# i IRESH 5
#1%, M hsa_circ 0001017, hsa_circ_0008351 fllhsa_
circ_0004406 R i@ moA S FEI
2.4 WiFcircRNAsE BEFINEE

DT B b B IO 5 SR ) e AR I, AR AT
£ 1 fEcircRNADbEL 45 FE FITRES & #k 2% Tl &5
(FR2)HIRESTS 43 4 % = ffhsa_circ_00002201F 4 A
FOXF R, B E A IR

2 B D) K 5 75 A Flaghs 25 fihsa_circ_ 0000220
I RIA R (E2A). B IN LG i a] SE I, 7R
pLC5-ciRF LT, 93 x Flagffi A £hsa_circ_0000220
7 FIORFI & 11 45 T2 Fi o K3 & B kipLC5-
ciRF1 %5 [ %F 18 Ji RipLC5%> ) # NHEK293T4H ity
R, 48 hjE $ HUE R A AR RNA 2 7 3E 1T Western
blotFIqQRT-PCR. Western blotZ R 2R, i RIAH A
FH % 55 —Flaghp 25 5 H (1) R ik (E12B), X 13 i
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Translation

A: idFiEhsa_circ_0000220/ii FipLC5-ciR7R & [£l; B: Western bloth ilF#% J¥HEK 293 T4H L /5 3 A il ¥ & F Flag b & 81 . CMVP: B4
BEAZN T IR RIAE; ATGHIAUG) i N UKL Al cire RN A B A2 46 2585 1, TAGATUAG /353 3 R Allcire RN A H 26 113 55 ORF: JT B
PEHE; pLCS: 28T kL pLC5-ciR: 545 Flaghi 2 iThsa_circ 00002203 %34 ki .

A: schematic diagram of hsa_circ_0000220 overexpression plasmid pLC5-ciR; B: Western blot confirmation results of encoding fusion protein with
positive Flag protein in HEK293T cells transfected with pLC5-ciR. CMVP: cytomegalovirus promoter; IR: inverted repeat; ATG and AUG are the
start codon in plasmid and circRNA, respectively; TAG and UAG are the stop codon in plasmid and circRNA, respectively; ORF: open reading frame;
pLCS5: empty vector; pLC5-ciR: hsa_circ_0000220 expressing vector with Flag.

B2 HdFRiXFhREE I Western blotiiiE45 R
Fig.2 Schematic diagram of overexpressed plasmid and results of Western blot verification

(A) (B)

14 000

Back splice point

sokkok

SS10Nn

12 000

—

0 000

o)
(=
(=3
(=)
1

Relative expre

\S]

S =

pLCS pLC5-ciR
A: HEK293 T4l fg Hhsa_circ 00002201 k%] #15; B: hsa_circ_ 0000220/ JqRT-PCRF=H 7> 45 5 . pLCS: 2 #J5ii; pLCS-ciR: #7f Flaghn 2 1)
hsa_circ_0000220id FIE kL. ****P<0.000 1, =3
A: the relative expression of hsa_circ_0000220 in HEK293T cells; B: sequencing result of qRT-PCR product of hsa_circ_0000220. pLCS: empty vector;
pLC5-ciR: hsa_circ_0000220 expressing vector with Flag. ****P<(0.000 1, n=3.
&3 qRT-PCR#&iMhsa_circ_000022048 %} 32k K HM F 45 R
Fig.3 qRT-PCR detection of hsa_circ_0000220 relative expression and sequencing results

hsa_circ_0000220/7 31 o (& B ot o ShEENLE S5O R AEREIIEES), Bl T e Bca SR a3

A BRI H Flag1) il A 2 1 (K12A). qQRT-PCR4E AR, cireRNAsY —EH ) N2 IEgmISRNAM, {H
R, A Fhsa cire 000022028 34 K 7B f2_E i ( T RRRIER 22 (A 9T 45 SR W, cireRNAsH] DLBH 16
3A); TN P45 FAESE 1338 =M e v (B13B). AR IR ERE RN, PR, AR 2 S B BRI AR,

1E# fcircRNAs 7 N 4 icircRNAs(coding circRNAs)
3 iTip FHEZ i circRNAs(non-coding circRNAs)“,

JUE B AT &I, circRNAs B A A4 o R -2 Xt FcircRNAsHH 1% Ih 68 ) 3R 2 8 7 3 — A
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Table 3 Reported coding circRNAs

HARRNAZFR  JFis JFR e Fickett AN Y CircRNADb¥#E 45 IRES#F k43 MG6AMRFS T A SRAMPT.H

BHAE HERA 393 5y W CircRNADb IRES finder MG6AMREFS tool SRAMP tool
CircRNA ID ORF  ORFsize Fickett Hexamer  Coding Rf34y  IRESHIE 754> IRESHLE 134 Gy YeE

score score probability R score  IRESsite Score IRES site Score Score Decision

hsa_circ_0000423 Yes 219 0.6917 -0.2436  0.009 3 1.32 101-236  0.94 51-224 0.97 0.803 Very high confidence
hsa_circ_0001451 Yes 582 1.138 5 02474  0.9803 1.59 71217 0.97 201-374 1.00 0.870  Very high confidence
hsa_circ_0017250 Yes 524 1.0130 0.0378  0.9997 1.61 118246  0.78 301-474 0.44 0.687  High confidence

B 1 N 28 8 1 0 2HL 2 3 7 ), R 5 AT K cir-
cRNAS‘EY) = INEEM T /. &I A A 50 I,
— HcireRNAs AN AT BA 78 MmiRNA > 7 i 41 K 15
VR, 34 wT 38 e 5 g B 1) JORRA 2 190 45 AR P 2 T
FEP>S), 4, cire-SHPRHA] LA 45 i SHPRH-146aa
JORC Sk 400 ) ot 220 g I R ) R AR, S b, ek AT DA
NmiRNAE 45 410 1) BT 40 g B 6 1 2k R4, cire-
ZNF609 AV AT AAE AmiRNAF 45 K AL 3k 3L AR e 1
R, T HE B R A BOR R AEAE Y. 9k SE
AT AT SEME, AR 20 S 0 1 LR LA
I RE [P cireRNASPOSIGEAT T BENLHI 0, 45 R K
e A1 AT BT IRES B mOoA A S B % (3£3) .

CircRNAsE AT A8 (1) K I, 75 12 W il
BIT A E R N E. CireRNAsm 15 119 ik
B 0 B A R MR B B T I e A e R B
IR EWI IV 1. CireRNAs B5 1 ik 5% 85 19 5
V4 BN e S 8 245 400 i 34 (0B BE R cire RN As &5 14 1)
FesE 1, UERHH R, B AR i A &
Y75 T B A BRI 7, cirecRNAsH A& — 38 B AR
Yibr EW .

A ARE R AEDE B o TRFER
IRES# £ 2% . M6AMRFSHISRAMP%:, H HIRES
AR AT T LogitBi AL 1 Tl T B, S0 FE T ik
FI80% LA I, HEHHEIAFI73%, n] B 242 = HMIRES
FIRCR; 548, IRESE 48 2% /& 5 T Pythonif 5 )
SERHIAR, AT Nl 0 iE . MOAMRFS A& —
HEE T AL 2 S me AT T B, B KM
BT EE 77 . SRAMPTMImOART Y FZRNAJT 41,
M TG 75 I AL AN B 4 2= 54, (HSRAMPAXFI >R F S
AN v O B A, B E AR
T LA, AHF 70 K M6AMRFS FISRAMPEX I, AR =
i 1 6 A PRI HERF 14

Ty AN, AT N 56 E 0 35 5 0 i AT S, DA
Flaghn 25 85 A AE A BHME XTI, 7544 i pLC5-ciR i fi

B, bR 25 5 K7 51 #6i A\ Z2hsa_circ_0000220/7 41
ORF I £ 155 i 1 2 |if, TTIRESHL T 4R % 15+
Z HI(E2A). AUt B P9 U8 PEcire RN AsE 4 i 9 1]
DLE IEREHE A, N2 DU i %,
M TR ES 7% 14 56 1IF 52 56 Flm6 A 4 56 11 52 36 v A
2% 51 3t BIIRES 7t 2 MIm6 A& 4 2 5 1 circRNA R
IR B .

CircRNAs 15 3 ) e R 1k 5] e 27 2 1) R VE,
{5 BT & 08 2 7 5 15 2 1945 iEcircRNAsE B JE
K, B R TR 1 0 0 B A B 1F D) g circRNAs
775 BAE R B, AR EEEEEA
RN cireRNAsE Fr ol 285 5 7 36 H [7) 22 A8 4k
[FcircRNAs, 2 J5 456K Fl 2 P EE A TR i i B
A B 1% D) AE (circRNAs(BE1). 78K 1% B A ORFHY
circRNAsFEfitll (1), K 24 T A 73 55 £ X IRES
MmO A AT I 6(22), AT LABE IRt th A JE K 17 155
I cireRNAs:E Fr FII 7 45 5w i e He vl e B A i
PRI RE McircRNAs, $& 5 1 i & H ArcircRNAsIIRL
2, A T 97 1% HL A B0 D B8 1) cireRN AR 4 AR HE
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