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Abstract: With the development of high-throughput sequencing technology, circular RNAs (circRNAs)
have gradually become a hotspot in the research on non-coding RNA. CircRNAs are produced by the
covalent circularization of a downstream 3’ splice donor and an upstream 5’ splice acceptor through

backsplicing, and they are pervasive in eukaryotic cells. CircRNAs used to be considered byproducts of
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false splicing, whereas an explosion of related studies in recent years has disproved this misconception.

Compared with the rich studies of circRNAs in animals, the study of circRNAs in plants is still in its infancy.

In this review, we introduced the discovery of plant circRNAs, the discovery of plant circRNAs, the

circularization feature, expression specificity, conservation, and stability of plant circRNAs and expounded

the identification tools, main types, and biogenesis mechanisms of circRNAs. Furthermore, we summarized

the potential roles of plant circRNAs as microRNA (miRNA) sponges and translation templates and in

response to biotic/abiotic stress, and briefed the degradation and localization of plant circRNAs. Finally, we

discussed the challenges and proposed the future directions in the research on plant circRNAs.

Keywords: circular RNAs; biogenesis mechanism; backsplicing; miRNA sponge

JE4wh% RNA (non-coding RNAs, ncRNAs), 11
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RNA, IncRNA), 7EHEAZAEYIITE AT 1R
KW, 258 gt BT SR SR fa K
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IKFE(Oryza sativa L), KFE (Hordeum vulgare
L)' FHili(Lycopersicon esculentum Miller)!'" |
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WL S I B4 3N i B R AR SRR 57 i
B2 AR FIEAL circRNAPY, {4k pre-mRNA 5
200 U2 KRBT /A& (U2-dependent spliceosome)
B3 SR IARAL S GU R 3" 32 1R 5 < AG”
551, B WFFTUF WY SR A B 322 ML RN B 422
TR A5 S #B I I 1) BY e /L Fr b g i 707 K&
B = 3215 circRNA i # B pre-mRNA (1) N FE A
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=1 circRNA FiiN TR
Table I The tools for circRNA prediction

Tool names Uniform resource locator Description References

CircPro http://bis.zju.edu.cn/CircPro Detection of circRNAs with protein-coding potential. [30]

CIRCfinder https://github.com/YangLab/CIRCfinder Using junction reads to identify circular intronic RNAs. [31]

Acfs https://code.google.com/p/acts/ Using single- and paired-ended RNA-Seq data to identify ~ [32]
and quantify circRNAs.

CircRNAFisher  https://github.com/duolinwang/CircRNAFisher Using different back splicing junction reads to identify [33]
circRNAs.

Circtools https://github.com/dieterich-lab/circtools Providing a complete workflow for circRNAs from [34]
prediction to functional insights.

FUCHS https://github.com/dieterich-lab/FUCHS Long reads data based to learn more about the exon [35]

coverage, the number of double break point fragments and
the alternatively spliced exons.

PRAPI http://www.bioinfor.org/bioinfor/tool/PRAPI/  ISO-seq data based to analyze alternative transcription [36]
initiation, alternative splicing and circRNAs.

CircView https://github.com/GeneFeng/CircView Help to understand potential functions of circRNAs and [37]
design the experiments.

CircPrimer http://www.bioinf.com.cn/ Allow to search, annotate, and visualize circRNAs, help to  [38]
design primers and to determine the specificity of the
primers.

Circseq_cup https://github.com/bioinplant/circseq-cup/ Using the back splicing RNA-Seq and paired-end readsto ~ [39]
assemble the full-length sequences of circRNAs.

CIRI-full https://sourceforge.net/projects/ciri-full/ An approach for reconstruction of full-length circRNAs and [40]
isoform-level quantification from the transcription.

CircAST https://github.com/xiaofengsong/CircAST A'tool to assemble full-length circRNA transcripts and [41]
estimate their expression by using multiple splice graphs.

MapSplice http://www.netlab.uky.edu/p/bioinfo/MapSplice A second algorithm for the alignment of RNA-seq reads to  [42]
splice junctions.

circRNA_finder  https:/github.com/orzechoj/circRNA_finder.git A de novo circRNA forecasting tool without the need of [43]
gene annotations.

segemehl www.bioinf.uni-leipzig.de/Software/segemehl/ A novel, unbiased algorithm to detect splice junctions from [44]
single-end cDNA sequences.

KNIFE https://github.cony/lindaszabo/KNIFE Using a statistical approach to discover and quantify circular [45]
and linear RNA splicing events.

DCC https://github.com/dieterich-lab/ Detection of back-splice junctions and circRNA versus host [46]
gene expression.

UROBORUS http://uroborus.openbioinformatics.org/ Detection of circRNAs with low expression levels in total ~ [47]
RNA-seq.

NCLcomparator  https://github.com/TreesLab/NCLcomparator ~ Non-co-linear (NCL, circular, intragenic trans-spliced or [48]
fusion RNAs) detecte tool.

CircMarker https://github.com/Ixwgcool/CircMarker Take advantage of transcription annotation files to create [49]
k-mer table for circular RNA detection.

CircDBG https://github.com/Ixwgcool/CircDBG A new method for circular RNA detection with De Bruijn ~ [50]
graph.

find circ https://github.com/marvin-jens/find_circ The first RNA-Seq-based circRNA prediction tool. [51]

CircExplorer2 https://github.com/YangLab/CIR Cexplorer2 Annotating different types of alternative splicing events in ~ [52]
circRNAs.

CIRI2 https://sourceforge.net/projects/ciri/files/CIRI2  Using an adapted maximum likelihood estimation to identify [53]
back splicing junction reads and to filter mapping errors.

CircSplice https://github.com/GeneFeng/CircSplice Identify internal alternative splicing in circRNA and [54]
compare differential circRNA splicing events.

CirComPara http://github.com/egaffo/CirComPara An bioinformatics pipeline to detect, quantify and annotate  [55]

circRNAs from RNA-seq data.
CircRNAwrap https://github.com/liaoscience/circRNAwrap ~ Measuring the effectiveness of existing tools on collected ~ [56]

and simulated data.
PcircRNA_finder https://github.com/bioinplant/PcircRNA_ The frist circRNA prediction software for plants. [57]
finder/
CircPlant http://bis.zju.edu.cn/circplant With the incorporation of several plant-specific criteria [58]
detect plant circRNAs and predict function.
PCirc https ://github.com/Lilab -SNNU/Pcirc Using a machine learning method to predict plant circRNAs [59]

from RNA-seq data.
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R 2 1 circRNA HEE
Table 2 Databases of plant circRNAs

Tool names Uniform resource locator Description References

AtCircDB http://genome.sdau.edu.cn/circRNA A comprehensive tissue-specific database to help store, [62]
retrieve, visualize and download Arabidopsis circular
RNAs.

PlantCircNet  http://bis.zju.edu.cn/plantcircnet/index.php An integrated database that provides visualized plant [63]
circRNA miRNA mRNA regulatory networks containing
identified circRNAs in eight model plants.

PlantcircBase  http://ibi.zju.edu.cn/plantcircbase/ Providing the most comprehensive information about [64]
plant circRNAs.

CircFunBase  http://bis.zju.edu.cn/CircFunBase A web-accessible functionally annotated circRNA [65]
database.

CropCircDB  http://deepbiology.cn/crop/ A comprehensive collection of circRNAs in crop [66]
response to abiotic stress.

ASmiR http://forestry.fafu.edu.cn/bioinfor/db/ASmiR A database of miRNA targets in alternatively spliced [67]

linear and circRNAs for plant.

GreenCircRNA http://greencirc.cn

The first database for the prediction of plant circRNAs  [68]

that act as miRNA decoys.

3.2 RikfFHIME

circRNA FEAH Y i R I A R4l 21
YR AN R T B B R R, BRARIAA
TES, WARKEMZES . HERRE I
KRR . 25 MR SR 2 rh A Rk,
HRFRREAN, HAMRK2ERE, KAk
PR . £, AP EAAFKIEEN
circRNA, il HAEA [ 4141 il S p gk o2,
TERLRE IF R IS circRNA i 2 T2 R4k,
TEA R A PR SRR IR, 7R circRNA A BE
Z 5RO AERRERAE AT, 1 R
(Poncirus trifoliata L. Raf.) F&78 K J H A= 7Y
BBt kB, 176 M EFRIED
circRNA 7] BE7E 57 A6 1 2 P e & AR T
circRNA circhHLH93 1E B 1T  (Phyllostachys
edulis (Carr.) Mitford cv. Pubescens) 8 >N [A] &
BB EpfrfE Rk 22 50 SRIEF AR
FALL R A B 1 (PSYD)FI/NEF ML R BLA
fitt(PDS)FY circRNA #{ & BL7E 7 it R S5 B )
RIR B B AR IR P20 KRN IE R & &
| ZM SIS E R 6 612 4> circRNA H1k
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700 4~ circRNA AYAIEIE R A7 1 [, IR A7
300 2 A [\ R BN AH LAY 47 AR
cireRNAP X4l mg I« /KRl K 5] A= A=
circRNA ] 8 362.9 385 il 1 995 /™A 5L (K iff
PRSP HT RBL, R AR T Z A1 A 685 4~
[, KRG 5KMEZMEA 1095 AR, 309
Pl A 551 A Sk PR L B RIS A (Populus
tomentosa Carr.) Wi [ T 5 circRNA i 5 K]
A R SRRIT M E KRR, A5 T5
M 107 5% SRR E AY circRNA FE B I A1 A
Yy RS T CircRNA SRS R I
X2 circRNA A B8 HA HAL I TELE W) 7 2
e, XUELRESTIY circRNA TEAEY) I DI RER T



¥BE SAEYTIR RNA F5SHE 1711

B — 25 (I IF I RN RIE
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circRNA, FHFTDIEE A cireRNA 1R
FE, Wk R B BB . Zeng S5 1o SR ¢
Jt5E f PCR (real-time PCR) SZEG%f 11 ik
SEARSE cireRNA #4171 41 RNase R 4%, 1iE
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RNA P 845 20 h, IEMHT
circRNA 7£ 41 i P9 ELAT 3 B R e kB

4 KLY circRNA W&

WEE WIS IR A, circRNA (2R FEUAR K R
2, RO RE SIS — B, A 3 b
ARGy R EAME T cirecRNA. W& T circRNA

A F-N & F circRNAPY, Chu &P
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circRNA 4324 10 Fh2A (K 1, 7 Chu &
BLfl BABY0 . BEAh, b A — S ARG circRNA,
Bl an gl A LR R VR AY circRNA (fusion-circRNA,
f-cireRNA) S B BT 3% 30 1520 1 ) 3 1352
circRNA (read-through circRNA, rt-circRNA)®®!
HA TS XA S circRNA, FRIEF
HALZRW circRNA (mutually inclusive circular
RNAs) 74, ANl A BIF 5% 5 12 0 532 0 :U L Je
] AR B A AFTE TR AT R B T
circRNA WAL, R RETT e SR A LB 9T .

5 4 cireRNA & & Rl &

CircRNA 5T pre-mRNA, H1 RNA 45
fiti Il (Pol 11) #5072 CircRNA (y2E i E$%E
AR T ) 5 422 1 T =3 47 e A R0 e XA B
o BRiLZAN, kA A 5P AT DU A
Y circRNA 194 i o

10
________________
5 | === 1 -~ ™
- A Y 3 _. ' 8 \
T PG TS 27 T . 'I ————— v
N : =l —
]
T n 1 \ 7
1 \ I ~
AN AW 9.
N =" S Trmmaaam
~ -
g e
T —————
— - _Gcnc A_ .......................... - - Gcnc I;_

Bl 1 circRNA RyZEE™
Figure 1

Types of circRNAs*?. 1: e-circRNA, two back-splicing sites of a circRNA are both at exons; 2:

ei-circRNA, one back-splicing site of a circRNA is at exon while the other is at intron; 3: i-circRNA, two
back-splicing sites of a circRNA are both at a single intron; 4: ie-circRNA, two back-splicing sites of a
circRNA are at two different introns across one or several exons; 5: u-circRNA, two back-splicing sites of a
circRNA are both at UTRs; 6: ue-circRNA, one back-splicing site of a circRNA is at UTR while the other is
at exon; 7: ui-circRNA, one back-splicing site of a circRNA is at UTR while the other is at intron; 8:
ig-circRNA, two back-splicing sites of a circRNA are both at a single intergenic region; 9: igg-circRNA, one
back-splicing site of a circRNA is at intergenic region while the other is at genic region; 10: ag-circRNA, two
back-splicing sites of a circRNA are at two different genes. The black, gray and blank bars represent exons,
introns and UTRs, respectively. The black lines represent intergenic region of the genomes.
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5.1 IzCAE R T iEEdE
511 AEFEE

WF5E K ONEE N % 5 ¢ 9 B AN B Tk £
BONE T IME, Gao S5 i M LI I 2R 05 7 4
circRNA J& BN EE P 55 5 )1 R 2 52 i U BR A%
R, BRI, MR, R2 40 nt B0
BN BT R AN I g
SIS T BB P 5 b e AR B ) AR
J¥%1 (reverse complementary pairs, RCPs), i %
KIETEE LM, 5141 RCMs (reverse complementary
matches)™ | ICSs (intronic
sequences) ™ K Alu JGF. SRt , AHIHN BT
circRNA 3 N &+ A A R A RCPs, 14
w, fEKRE . BiRIT ARG, RCPs 1Y F il 43
BIH 6.2%. 2.7%M 0.3% 1% FE 13 215
HEMYZKFE cireRNA H1, FUG AN TE A0S iy &
T >15 bp B RCPs™, 53 — I F 55 26 /K A5
ST cireRNA U 5 5 51 ik ROR B
v B & %% e f  (miniature inverted repeat
e & AT
circRNA 3 Py 35 7~ rp g 4 K o . 55 e I o
4 (long terminal repeat transposable elements,
LTRTEs)®; 7 %K circRNA il 32 [X 5§ &
LINEl-like JC 4 (long interspersed nuclear
element 1-like elements, LLEs) } M. RCPs
(LLERCPs)*” | Bfi %5 LLERCPs % & 1/,
circRNA 2 - JH; 7EM circRNA fil] 3 N
G IR BN 564 MITE JoiF &% 4 RCPs, Xt
Wk Circ_0003418 945 Bt ol B, UER] T
EEHETTAF XA Y cireRNA B4R 7% AT R e 31 8 22
ER, A& T EAME SRR PL TR SRt T 58
SRR o
512 SMEFHRIR

4 pre-mRNA #4174 ML) GU/AG B 0T,
A LUR A B A B TR T S, BRI Tk

complementary

transposable elements, MITEs) ;
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Rl & A R B 3 TR L cireRNAPY, Py 7
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SR ZRIT AR FRTES R T
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MEREY =) I AAERY, IR RSB R T R
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52 RAEAETFIFE
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(QKI)P*?! adenosine deaminase 1 (ADAR1)P%
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TS TE DN REA A TEIESE o 7E AR bR -] e 4
e, QKL 454 15 F RNA 3N &
T R R, RN S T-NE T Z R E
VERIME 37 Fn 5" A PR et Blrg
IFH B QK [Al ISR F A1 1% 26 /1> KH £k,
FAE S S QKL mEMM, $ENZY
pre-mRNA Jin TP, FEAE ) () FF AL 9 A5 10100
O g O TR i R A S B U O i A
A, [FETd AT RE 5 QK & HA AR RE, 7

quaking
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W25 cireRNA A, (R R — AN
FERAT R IE AU B R . K24 RBP 1
i circRNA AR, [HAL A F i 24k, Bian
DHX9 /& —> A RNA 454G T e 5l 1 i i i 1) e
SR RNA FRERE , 81d 5 51 BAN Alu Do
HHEs G, Z 1T RNA fRiEREtige, S5 Alu
TG AR TESE 0 cireRNA fITE ALY, H Al
KT HEY) RBP 42 e o sl cireRNA 2B B
HEATHR D

53 #&EgE Y]

HEY) circRNA i 7] Be i 18 B 57 512k t)
Bi=As, IR ARIE R cireRNA &4 /MY A DIE
RNA K7, 04k kR #Z B (hammerhead
HHR) Fl & & ¥ K
ribozymes, HR)'1, HDV 1465 A V) E| 3L,
Frh HDV R g1 1), s se i 2 5 2 3L
ek circRNA FRLZR o 11 %y JLARI AR H 4 Rk X
W (Jatropha curcas L.). ¥4} (Fragaria X
ananassa Duch.) . ¥&# (Eucalyptus robusta
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2 213k 47 Northern blotting 4347 #1 RT-PCR £ 5
KW, HE I R 2H A AE PO A A T HHR
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carica Linn.) MKMW EE RNA, Hp—4
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E#E A HHR 7, 7R 2, HHR
TIE B ZE 000 4 07 8 B EA T D EI T Bk R B
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AN 255 —fh circRNA 2B & E, BA1E
Ry 3 R R B R v

6 HEY circRNA # i &

H1 T cireRNA AR/KPAA7E S AT BF
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WS, BCAMEY circRNA 7580 Z J03080H1 39 355 oy
HAERA TR I 2 R, i) A
KEHMS S5HMERGES1EE, PP RS TH
REM Z R, MG ERRIEY) circRNA 73]
RE 2 H5 AN F U b AR 9 2Bk R A fin £
etk
6.1 1E miRNA ;5%

circRNA T HF I REZ — &8 i & #
miRNA 65 43 W B 7 5 42 5 0] #2245 & JE AR
miRNA, FEKF miRNA S HHE L P g g 40130
#57 circRNA-miRNA-mRNA [/ 2% F1 5% i & ]
TR MBI . HAr % E 2 MR R H Y
circRNA F#f Fuil 2] — € FL 8 A9 circRNA 21
7E ) miRNA ¥R, AR T A 5.0%09 circRNA
HAE A miRNA W48 57 RE 125 KA
1 356 NAME T circRNA HUR I 235 ANHEN Ay
miRNA 54074, HA 31 4 cireRNA &4 FAS
AL A miRNA 25505 ok 2 804 A4~
circRNA 175 15 1 miRNA 25467 512, #5%
29 /4~ circRNA A LA/E A 16 4~ miRNA F 7 7
B circRNA45 F1 circRNA47 W fEA4E N
miR477-3P W 24 e V8 AR E L K SpRLK1/2
IFRIR, 8T N I 9 1) Ho g2 rb o 31 1E A Y
PERMY; 55— 5% Lo 4 B A T RN 205 5
K +
factors, LeERF1) % FLR F AL LA 61 1
circRNA 1] g HA Wt miRNA 7EH, Hdb—
¥6 miRNA B A M S 2aE55 Faa;
TEARAE 22 3538 1 circRNA H kB, Hdhg 74
AL 17 4 miRNA 4552 5S4 LT
fR PRI FEK ARG, circRNA Os08Circ16564

(ethylene-responsive transcription

X: cjb@im.ac.cn
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BT K miR172 W) HARBAUY), (HJE RT-PCR
R LW, 7E Os08Circ16564 3z ik tk
miR172 WRIXAK- SRR A R EER, &
Bl Os08circ16564 RIREAIE miR172 W) HIE
#3101 —~ miRNA 1] DL ] 24> circRNA, [H]
If—> circRNA 3 7] LA J LA [R]AY miRNA £
AR, AR H R IE, E& R YA R B
MIRZEL circRNA Rk EHRAL, R E [
miRNA B ZANE55 08, FIKIFZ cireRNA 1)
AR A] e A miRNA W45 &1 . ARGl
TN E] miRNA Z5607 45, {05 B8 7 T B Bt
o BT A R I O, DR R A o 2o fe
1% circRNA 3173250 561
6.2 EBRFEIFHE

circRNA # 3 A AE i RNA 5l 2t 1 H 5
PR RM B R Z KE, EARAIIEH T
circRNA #Y2E F Fgm b ygs S0 il tn g Ae F
WS FR ) cireMbl, W LA 37.04 kDa R
B A Cire-ZNF609 435 —A> 52 38 1y IT
JCEERS [ 2 HE  (open reading frame, ORF), HA
R IE2 S|ty U S B B S R 13 1 N N2
J5. (internal ribosome entry site, IRES) &%
FEEMs B IRES Ab, TEAETEAB I 5 1 1
BN BPE A ORF Y circRNA, BHIFEEHCRE
NO-FEEARTF (N®-methylation of adenosine, m°A)
PSR SR AR HET, 7R K S AR
TR ) 3 A4S circRNA Hr Fm 21 H = /40 15 —
4~ IRES JCfFF1—~ ORF!?Y; Han 2578 £ K
T ] 229 > circRNA LA g 11, KA
KAy cireRNA HA 5 & A i v 41121 7E 4R
I & P mO A BB A 38 A T mRNA A
B AL RS T2 R A cireRNA
L HA RIS .
6.3 M4 4/3E % 4 /b8

ZIHF5ERW], circRNA Wi A= 8)/AE 44

http://journals.im.ac.cn/cjben

hiE, TEMEY KSR R EEEN . Ye 5
RIKFEHA 27 404 BF circRNA 7EBERR £L 72
RIS T 22 7235 Bl e h
4351 163 41 1 583 4~ circRNA 7E18 kb 3
KM ERREI NES 62 4 circRNA
TEB K8 600 T i gh it o 22 Rk is™; %
38 b AN R [] BE, 364 475 % circRNA
Z R F£KP; %N (Cucumis sativus Linn.)
circRNA 7E#h Blhif vh 22 5 Rk U ZE IR IF
Tk 3R 3K R I T A 1) AL B R T Ak A
circGORK ,  J& B3 JE DRUAR ik 10— 1 25 ok 156 7%
fR (ABA) MU, HPTFPENSE, S cirtcRNA
AR T R L T s,

B TAEA P, circRNA L4238 X A=
Vil A S v . lan, KREH 199 4> circRNA
TERR S BUBCR T R 453403 38 R A BT AR A
AZ e 22 SR BT Bk h 584 5
FIR) circRNA. 0 Jiy ] 75 i B A A Mk S0 28
' (Pseudomonas syringae pv. actinidiae, PSA)
iyl A (Solanum tuberosum L.) H
429 N2 HFRIEM circRNA ML 5138 N8R
JEHF TR EPE R (Pectobacterium carotovorum
subsp. brasiliense, PCB) &Y' 78 PCB J&
YLl , cireRNA TR AP h R8T, Hiik
an Bl R Gk B AR AR RO 2 N I
(Verticillium) J5 3L % B 280 2R EEW
circRNA, H 5Btk % 22 5 251 circRNA
B RBURAR R I PIAET Fnh B H A
JA B (tomato yellow leaf curl virus, TYLCV) 5
5550 B Z 18] 53591 45 32 S F1 83 /4> circRNA ¢
SFRIE, HBRYYIRHEG circRNA FE X EKT
Xof B3O, wp Rk CireR5g05160 1%%E K 7K
FETT R S X R B (Magnaporthe oryzae) W
P PE Y X R K], circRNA W] REFEAE
7/ DORaSE/E | 22k} SEN SR Sl & S ]
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ZREMIINEE, AN R R IR circRNA
A REAE A AP A B A R

BRIz Ah, FE¥) circRNA kA HABIIRE,
i F kR IT AT5G37720 EE—ADNE T
FERYER circRNA (lariatd 1) % B AE 5 3L
FEIEE BRI & T Y, i A Mk
(lariat41-OF) I &M A A . LR
MEMEMRAF A, JFERE 800 2L RGN &
(el AR e SR (Y TR AR (R T FT
£ lariat41-OF FRE T KKV B E AL, W]
REJE S ECH B AE R R A SN o LI 5T % B
circRNA 3l 1 74 35 PRI (1% 35 2k DA T 5% 1 e e
R AER, (ARJEDE circRNA 7EDI6E F15
N T, B R E T T,
Y citeRNA I8 Al Be1E NG 550 F 2 5 i 2 1A
5 A% 8 R BT R B B R B B s . e n
L Y FE L 2 0% 5 (potato spindle tuber
viroid, PSTVd) 38 1 #) Kz # (4 K B 25 3 i i 1A
T circRNA il i FE P 4555 R GefL 43 1 (10 ] R
PRI HEMIA Y IR circRNA T BE R Bk
P RS 5 E S5, NIEX A B
S 2 ST . A cireRNA BIIHEEEAR K
FERE FARMARR, (HHORH 2 WU 4 F 16
/N, TP citcRNA EVF 2 A B B &
SAER

7 circRNA W@ L5 2 fr

circRNA %A H AR, FILHAREHR A
K LK RNA [%f# 542 .MiRNA 91 /) circRNA
Rok e 2 E RS 20 FE 5 BH A E BH 9 circRNA [
WA, BN circRNA CDRIas # miR-671 /51
¥R N VB (argonaute-2, Ago2) 1) #1361
miR-671 1E CDR1as W45 4 15 miRNA 5¢ 4
HAh, S5 Ago2 V1IN (HEHAD circRNA
A REE T miRNA A 51 iR 12 Bl i AN TS 2

: 010-64807509

m°A P AR AT A% circRNA A% R P9 1) il
AIFAZET D HABMI ) cireRNA 8% AZE YTH 45
I 5% 2 (YTH domain containing family 2,
YTHDF2) ARG, 456 B IR L A vE £
PEREMRY 55— T0HFSE & B HeLa ZAfZ: poly
(1:C) 1 8 55 7 J e B 25 34096 A% R P9 B I
RNase L, MG circRNA 1A%,
A, S DL1/S2 4ifigh Gwis2 #k)E,
circRNA KT, Gwi82 @ # #k ly 2
miRNA /5 R RPN+, HILRIEY
LEVH7T HeLa 400 circRNA FE&ff 7 10 o~ 26
RLAPE MY, IR GW182 %t circRNA )
W A SR MY Guria 2538 1 44 T
T R%) 85%H miRNA 5% circRNA )58 3%
AN AL NPT X B AT B circRNA fE
4 miRNA #4580 530 miRNA iG], dnf
e/ miRNA 7EAEY hUIH] circRNA (1) —Ff i
FEHLA, miRNA 55 10 FIE5 11 R INT S
AIREERE T circRNA Z1E~ miRNA R4,
W IEPE miRNA I 4R miRNA HEY5E 10
M 11 MEHIRY circRNA 584 VLT, miRNA
[ RESH HZMHL A VI EI TR cireRNAI,
HuarF X FHY) circRNA YRR fEAT 1 Z H
A LT BT 2 ORI R

— SO A UE S M R P A A BT
cireRNAPYS O (88 Py 5 -9 circRNA, 41l
ANE T~ T circRNA Fl 5T circRNA, {2
FE A0 A% Hp & PN A 7E Neuro2a
(N2a) 4, ABAMNEF circRNA H5E N TE
AR RPN, RBASNE T circRNA & ML HA
A, MANEPL, circRNA — HI7EAJE A% e
Ax, ESGEE R RSB E E Y
ek PS4 Sun 25 &P circRNA H1EAE
Z 4~ W # 5 4 Bk L B X P 41 (internal

complementary base-pairing sequences, ICBPS),
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eI FL AT REAS SR MR BRI IRAR 54, 38 A WUk
g5t XA R IE A B T circRNA 5 RBP
AR B SE A, DTS T B AT DA 200 J A% i 85 381 40
M, JIF HOWUEE S5 AT BB circRNA 45 Y
B 5 Y R A4

8 WhHRE

Bt 0 P AR R A AR B AR T R R e
R Z ) circRNA #2558 ok, SRl A
[ S 7 A — W P b S8 78 1Y cireRNA 4R A
A, ERBHYE S Hd AR, PR AN [l e
AL OWPEREE . T T LA DL R A B
A R I 25 6 B2 5 circRNA 28 & 1 vEf P Rk
JE o [R] A5 25 00 PP H AR B AW, cireRNA
H PR I 2> B Wbk i It . HETRI circRNA
FA O A P A4 20 A BL il AT RNA 2135015
2K circRNA, 5 R P55 A TS Y [n) # H.
TRXEAERG i, AR5 A9 R B A e T X A ]
ML, ERERESEBI>10 kb K circRNA By 2751
A, AN EIERE circRNA 1585751,
AIUN cireRNA Rt i & 245t , Jf HHR T
BLYHG, ST AR E AR YA AT, RERI
B Z ALK FIRFFTHT circRNA, HERE
R 230 AR KA TR0 R ARG AT 4
K circRNA 4 BT A BR Az H Py 5845 #4) S m] AR
55910520, SEMERE £ cireRNA B IREFIF
PER

7E % E R circRNA - Ay [l isF AT X T
circRNA JIATRWIEH] 78121, circRNA
(4 A= AL A 0 T B L FH B Sk — > AH S AT Y
W, 7EShh, cireRNA AN & 1 19 1 BE
B R THANGFIEEKE, X57EMEY
R —8, XEEME NS TR EN S
circRNA A= iy RCPs!' 1, MM FL N & F &
B HEWM LR EL Y], RUIEY 530

http://journals.im.ac.cn/cjben

Yy circRNA 14 LI AT BEAS [A] o A 42 135 7Y
AL R U A RCPs X circRNA
Az R S M A o i — 5 . [R]EHAE 4) A B
W2 8] circRNA A 17 22 5 b & — A B
SR J5 Il o

TE circRNA WJIIEEJT AT, circRNA 7E4:49)
bk, 5 mRNA, miRNA & IncRNA
FILEAEM L, 25 RE1E 3 5 K % ok &
Bk IEIE . MY cireRNA HRTHIAFSY 24
HRAE TN S % TAE, YT ENTNIRE A ANLE
AARBHE, T circRNA T 5440k RNA
AHTA] Y pre-RNAPY ) FiF DR wE i 57 F 267k RNA
ST cireRNA, XA HESEH) RNAL TRME
LB circRNAM, Bfi%5 CRISPR-Cas 5 A&
USRS circRNA S RESR AL T 58 19
JELR , AR A B I e 5 5 R ) Ry TR O
A DA I e dle G e A s AR Y, XL ST
WA T H O DL S B . Zhou &KL T
CRISPR-Cas9 TR 20K 7 Bl 2% 5 g 5
BT 4 1IKAE cireRNA bR S5 E . %
WAL TAEY) cireRNA 37 5 38 3 1 45 1%
R e 137 Sk 17 845 miRNA BB B ESE , i Bk N
HE— 0 5 SRR A cireRNA 57 5 0l B AR 2o
I T B BB, M MITE Joi4 5 H R 1)
H AN S A7 HE R R CRISPR-Cas9 #1147 14
AT R R AL T EAR A R Bl B T
B LA CRISPR-Cas13 #p i/ 1ot 411 ) 15 it
B 1) By 24 3k B AR ARG cireRNA, A3 3L
FRF X 43 T circRNA Al mRNA, [A]Bf GES
LRI circRNA - 2R 35 1M1 AN 52 i H ofe Y5 2k
mRNA ik, ffi CRISPR-Casl3 i H7EHAFI
KM T & IFIWFSE circRNA ThREA H
TELISTASOI60] ) Gire RNA Ay B 5 %) 32 ] G
TEFEY) circRNA DIREFRZT H 14 I FH 1E AL T3 2%
BBr, BRIz —,
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AN, circRNA TEA [FIFE Yy P vb i 28
WA, WATAE . S . REZRU/NEZ SR
circRNA 2 g F AR 5D X T A circRNA
TEAH M A A A7 | B AR A AL A RN T R
IAMEY) circRNA FE5pPEFE R 5L L LU
BLEL RS shER AL . PR LS J2& 75 52 i ke U R K i
IR RIE, ST AR A Y00 55 B
PRIRJ AT A AT, fif e g B AR ) DR A B T AF
REF AR E, FEWA B T4 ey
circRNA MHF5R Gidk . BARTE L 2 LAEHEY)
circRNA A0 5E it et S, B[R Sh WA L,
ThAb TR BB, BEE AT 2k, HfE
TEB 2 X REY) cireRNA A —AN 4T A A
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