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Abstract: Circular RNAs are a class of single-stranded non-coding RNA characterized by the
presence of a covalent bond linking the 3’ and 5’ ends generated by backsplicing. Widespread circRNAs
were found to be expressed in various organisms. CircRNAs feature stable structure and often show cell-,
tissue-, or developmental-stage-specific expression. Some researches showed that circRNAs have been
postulated to function as miRNA sponges, to enhance transcription of their host genes, also function as
protein decoys and participate in the regulation of pathway. Dramatically increased investigations suggest
circRNAs potentially regulate a wide range of biological progresses related to biotic/abiotic responses and
plant development. Here, we summarize the features of circRNAs in plant, and their regulatory roles
achieved so far. In addition, possible functional mechanism of plant circRNAs is inspired by animals, and
the challenges and questions in the research area of plant circRNAs are discussed.
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AR IS RNA 257 2B, G35 HE RNA ((RNA) R A RNA (rRNAD . 18/ RNA (miRNA).
/N4 RNA (siRNA). 2 s fFEH siRNA (tasiRNA) | /MZ RNA (snRNA)D . /MZ4~ RNA (snoRNA) .
KBEAESmAS RNA (IncRNA) FIFRIR RNA (circular RNA, circRNA) %5,

circRNA J&—F 1 3" K fl SR I3 454 1 -4 58 RNA, T 20 el 70 AR #14
FEIRYE R (Sanger et al., 1976). #RMM, HT circRNA{RFERIA. HIIRGERERE S, KL
SKYEAA RNA Fi 8RR el “Fesgas” , HRZR A NEMN . T4k miE )
FHARFEDE B R RE, W E CLIUESE circRNA |27 T B A b, HAed andsh b k1%
) B A P AR B Wi 4R 7~ (Wang etal., 2014; Luetal., 2015; Leeetal., 2017; Shenetal., 2017).
fHY) cireRNA B VF 2 B B IX 3 T3 e, 7EDhAe RIS SR G H# Kb N #2

(Lee et al., 2017). MEEITFERMEY circRNA 78R, RN &5 & sh 9 b BT vE ot 75 0 M A b
circRNA PIVETEDNRE, FEIRVT T AR A7 W1, DAHAAEY) cireRNA [~ — D et =%,

1 HEYT circRNA %

2014 FEAER A YR 7 b B OR BIUEAD circRNA PASE (Wang et al., 2014), HETLH 154
TP S cireRNA [IBF SRS, Q3R 7Y KRE. K32 NEMTEK, B e Ir
BB K. LRE, . BREPk. Wl e, MfE. BURIRt. BT HURRZH S R R Bk
LR HAPANE, ARIE R PANE] circRNA HEZ R BK. 11 Ye 55 (20150 M IKAE AR 2 A1 77 (1)
- F w43 i %8 12 037 F116 012 /4 cireRNA; 1 Lu 55 (2015) 7E/KFG 1 i B R HELE P Hh 4
FE R 2354 4 circRNA. #EHAT, C&H 4 MEY) ciceRNA KR KL ik 57, AEY) circRNA
W2t T8 A (Chuetal., 2017; Yeetal., 2017b; Zhangetal., 2017; Mengetal., 2018).

CircRNA [P T 4347 A2 FF F& L Th REA LI 7T ) 25 hilk o 4B circRNA F 1 777%, @1 CIRI (Gao et
al., 2015). CIRI_AS (Gao etal., 2017). CIRCexplorer2 (Zhangetal., 2016). find circ (Memczak
etal., 2013). MapSplice (Wang et al., 2010) Fl Segemehl (Hoffmann et al., 2014) %%, 3T
PANRAIZN) circRNA ABF AN G HF Ik, AEaiEH THEY) circRNA 1 BFE (Chen et al.,
2016). Chen %5 (2016) FF &[] PcircRNA_finder 4% 41 XHHEA) circRNA HI% e 8t, H R EME
WA BRI T cireRNA, {H 2 M7V I AT SEPE S ] B FH 4 75 2253 — 2P A58 (Chu et al., 2018).
JERA iE BRI 24 cireRNA %858 T B IL[F F00 nT LRS- EON FEAE 1) 45 - (Hansen et al., 2016;
Hansen, 2018). {HH THE4 circRNA FMKFSE, BRE| T cireRNA %€, BIAAFEAWF OB
RIEFAAE R E N cireRNA,  HECSCHE v BRRARAY, WEE R BCS 2 T E IR A e e i

2 FEYIHF circRNA FIHRFE

2.1 14 circRNA BT E M

circRNA B A 4 FE HFE. circRNA NAEA SuilE -+ 30 2 RIRERE L3N i &
IREER (B 1), X f#73 cireRNA L2k RNA 5252, AN 5 A% B 4 IR RZ B A% BRIt 1% /% ( Salzman
etal, 2012; Suzuki & Tsukahara, 2014). [Kk, ZAZIRSMIIEE RNase R AL G A2 2 474, LA
YERFE RNA IR — AN E B BRTHEY 2 8 702 F RNase R ARFEFE i RNA, Ml E 5
circRNA, PMEFX%E (Luetal, 2015; Tanetal., 2017).
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2.2 184 circRNA BRSSP

T cireRNA IR A4 RAFTEZ T« AW FRIN cireRNA 7EA FIE YR 2 [0 7E— &
IORSFIE. Ye 58 (2015) HRIEKFGANEG T A8 700 ARG RIAAAE R M, A T 300 4>
(A5 L R FEAH AL AL B 7 A cireRNA . SR I ZKFEFI K 45 31 AT BAP= 42 circRNA ] 8 362+ 9 385
FI1 995 /NS AR KL RIFEAT O 57 PR 0 R, K AL R IF 2 (816 685 /N BRI, KW 5 /KA 2 1]
A 1095 MR, 3 MR AR 551 AN & ERJE (Zhao etal., 2017b). Tong 5 (2018) K
ZEM R 34.9% circRNA 5 PlantcircBase (3 /7 1Y circRNA FFYIAELERIVE I R . WA TR AL EK
2 804 ™ circRNA 57K FEFIIE I+ 73 ALE 47 MF1 3 AMRSE, RSFIHEAS (Chenetal., 2018).

2.3 8% circRNA 28!

T cireRNA F2REE, RICSRIEAT 0 2 FRA, aHE: (D JNETFRIER circRNA:  HIE
TR T 2R AR A — 2 B B R — A Z AR TR (Salzman et al., 2012); (2) & F KA
[ circRNA: &R FARKIN & FHALIER (Zhang et al., 2013); (3) ANET—NH & TRIER
citcRNA: H4MNE T 5IREEANE T 2 [BIF N & F % (Salzman et al., 2013); (4) FE K] [A] X circRNA:
KVRT LM e ek L 5 E T EANE FAHRE 1 kb PL L3RRI B X 3K (5) 2 SUAE cireRNA: SRIE
T LM AR PR EER) 1 DN AIMNE T o ARV E &P AL cireRNA BT 5 BLAIA—5. 7K
i MR TF AN A A AP 2R cireRNA (5 & K (Lu et al., 2015; Ye etal., 2015; Chen et al.,
2017; Wang et al., 2017a), WiBifERk. /N, KREAMEGHRE G, FERFE XA circRNA LK
(Wang et al., 2017b, 2017c; Zhao et al., 2017b; Zhou et al., 2018b). It4h, DEAE Rk % E
200 1~ (9.53%) KB AR ZmS RNA SRIFE circRNA, Y F 5 IR IE Z 2T circRNA (Zhou et al.,
2017). Lu % (2015) FMAKREH % E K 2 354 /> circRNA 3T ngn st kil 4y, HepshE1r—
SMETERZ, HIREERERFEX, HREE SEMFEX T, SHEMFEX —5SEMFEX. 48
F—3HERIEEX . 3HERIEX 3R X AR TR X, 3HERIEX —ERE X, AETFX
. AEGRAY RNA X3 SR /NS 53 V% B AN R R Bl o X 38, (Luetal., 2015).

2.4 1EY) circRNA BAJ B350 &

Mt mRNA 7E B B AR v AR B e i fF, KRB A S F, HEAME FRkER . SR+,
AR ) St BT A ATAR R 37 ik AL SR & TR (Stamm et al., 2005). fE%) circRNA [A]
FE ] DULE [A]— S IR g 7 A2 22 Fhn] AR B4R, — MR A FNSR AL, m AR () BT PR A A R] AR BYF2 3R 4L
(Luetal., 2015; Tanetal., 2017; Yeetal., 2017a). JA% [ BYBIAML, RAE—FE K= A AN E
) BT 55 o P AR BT I N A H & (R — BT, (HBY RN 5 2 R R S AR K AN B
MR A BIEA (DETD R11S - IR - ¢ - $1% R BMBERER (ZISO) 43 HIE— AN B Ebr i % i
O3 R 2 AT AR BB IR AR . SRR & B FE K (DETI )~ Squamosa Ji 2 145 & 81 &K (SPL12)
FNEFBE AR A 1 LK (PSYD 5 2. 20 3 Mol 2R 8Y447 57 (Tanetal., 2017). Uk
Hh, PR \E T KA R 1 FE ) 3 A circRNA 76 i AR b () Bk B IEEE R, BR
CAIZBAEFEDIREZE R (Tanetal.,, 2017),

circRNA FJ A/ AF B2 B W Wi IS . Ye 55 (2017a) fRIE/KFEH 1733 4> circRNA {CRIE T
196 NEER A, Lu 58 (2015) #EKFEH 486 MM TRAH cireRNA HRIFET 175 MER. 75,
KIS TFEHE] X 1) cirecRNA “Os10circ03574” 7[R — By s SR B 7 P AR B e fk . P fEnt b
RIL2 T, AeKr R RIL 6 B, R circRNA F AR BIEAA R s e (Luetal., 2015). %f
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TR 3L I 163 AN T AR BYE S, Forml AR ) 3 i e B3 s R AU ¥ 1] A e ) BY A A e 9t b
HIRHR 43 1 ] AR BY 2 4 AR AE SRR T B s S B 2L (R 1) circRNA H1 (Wang et al., 2017¢). Zhao
& (2017b) FERT RN 43 NATARBYRERA,  HOR AR P AR B A R R ) & SE 2 4 2T

2.5 1EY) cireRNA BMER & FHHE

circRNA RIJ1 s B I A o4 A0 S XA Rl - 3R Rl e o B TR B cireRNA B X 35 32 4
ST HEEREREE, HKE KB (Jecketal., 2013; Ashwal-Fluss etal., 2014), 5 A%
(Jeck etal., 2013) FIFENNFaFFZ . (Ivanov etal., 2015) WFFRAE R, KAG. T (Yeetal,
2015). it (Zhao et al., 2017a) ALK (Chen etal., 2018) 1 circRNA 3 4 & 7 1K i kT
ZPE RNA. i) /b2 7 MR )& 7 B35 8 5 ALU EE P 5 W B ANT 5, o] Lo i
AMECXHEHE AT T 3R (Jeck etal., 2013; Liang & Wilusz, 2014; Zhang et al., 2014; Ivanov et al.,
20150, fHZ, KEEHBIIMEFHRIMENESFILTFAFEREE MR EAMNTS] (Luetal.,, 2015; Ye
et al., 2015), tH¥EAH KT HIABCEBAR T L5 (Ye et al,, 2015). HfEH N 10.35% 140 & F
circRNA FHAETE [ ] HAMNTF 41 (Zhao etal., 2017a). Rt “ P& FECFIRENIFAL” T HEA LMD
1 circRNA JE R FZHLH] . BR WA TEERB, I A&7 XA S0 S A
FRIVEANTH, KZHEANTHIVEE 4~ 11 MEERR, Tkl T30% (Sunetal., 2016). HIMEEK
HR I circRNA JFE 751 (O 9 & 15 4 LINEL - Ao s oA S kb 791, SIER T 3ot
PE R EAIEFREZEH, X5 “NE TR ISR HLf] (Chenetal., 2018) —F(.

BRI P B AT RS TR 2 I R ) B A B F A R R I I S A RFAE UB R . R4, K
(I N &5 PR ZIE N T ARARANE T R BE S, RTREANR] T et pfdE. Bz, A circRNA JE
FRATLH i A B, 7% — 20 AR IR U 4R 48 7R AL
2.6 1EY) circRNA B GT/AG #A K {FRIGIIZ(ES

AAEAE U2 A UL KRS P R BT 4244k (Will et al., 1999). U2 HH A BT HE4K 7 ST A 5h 4
FERIH AR 280804, fENE T SR 3R AR HEARAL B “GT” MIZRALs “AG” o« A
(Jeck & Sharpless, 2014; Starke etal., 2015; Szabo etal., 2015) FlR#E (Westholm et al., 2014)
1 circRNA K208 T- 808 (BT 407 55, B GT/AG BIHE S . (HAEMY W EEZE R, Sun 25 (2016)
BN G TFH 803 4™ circRNA A LU BT RE(E 5 GT/AG, RA 9 M NAE GT/AG BI4415 5 A5 4E circRNA
rRIEAE AR L) GT/AG 87455, HH 5 0.9% ~ 1.3% (Zhao etal., 2017a). 4k, WA RIEHEN
T4 circRNA fITE AT REAS 2 1 B T M ) GT/AG BI#:45 5, 40 Ye 2% (2017a) 7E/KREH 4
SE ) 2 806 4 circRNA 1, HA 206 4 (7.3%) circRNA I3 5734554 GT/AG (CT/AC).

3 fEY) cireRNA By #AE & rT Be R 7 AL
TESH KL S 30W) cireRNA S5 2 UL FE. AT cireRNA 50 1B b 75
BN B HCBAE T AF, T ShAEHLBIRT T A TAE B, cireRNA ZEREPD PRI U Fi 1 P BE A 0

3.1 184 circRNA B RiAES M

FEY) circRNA A7 EIN 2SRRI Hoop A ] e o AR AL (i sh RS ik, 2 53k
RIS R o Lu 58 (20150 HEL T 7KAEH 30 4> circRNA £ 7 ML Z 8] RIE, K
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16 NMEM R AP S ERIS, 5 MEM T ERIE, 2 MERT R ERE, 3 MERT R R ERIA,
4 NMEM R RRIL . BREBRII ., 2R B AN F B AR AL cireRNA, FHH7E 3 Fligl 23t
[A] 225 1) circRNA A 15 17.97%, 11 & H 2Ry 72 R IE 1) &7 59.67% (Wang etal., 2017¢). KEH]
circRNA 7EMR F . LA A L [FAALE T ELIAY &5 2.7%, 1T 3 FhA 2Ry e I8 193 A 49.3%.
30.6%411 9.0%, H. circRNA #EA A2 R I HAF R IEE L (Zhao et al., 2017b). 574, fEH
A ¥ H 244K circRNA I 8E 2 T 4R 4R, BE 71 circRNA 1] 562 5% &1F FH (Sun et al., 2016).
Chen % (2017) KILFLRIFT 10 /> circRNA fEAFIB I EA R EFEE, S5AEKMHEE,
RAIAA 6 A circRNA ZRKIE (5 AL, 1 AT, SEEdME, 2EHH 35 4 circRNA
ZRRIE B4 EW, 1A T, cireRNA 7ERUATEE R I FIAREEHBIER circRNA A (E7E
MR E BORIEEE/ER (Liuetal, 2017). 7EZM T, WH2ER42 mEE:, LRI 604 A%
T RIS circRNA, HZFRIAN cireRNA 32 B8 75 M SRR A L1 GO RBARDGEE /AR &
HAH R KEGG #1489 (Tong etal., 2018). fEMEBkEA ‘&L M ‘&REE +, S42
HHARLE, B0 & B 273 AR 89 N ZE R RIAH] circRNA, H.Z 7 RiX circRNA HSRIFERE K = 4
TEARYT . A A B SUS FR S AR o 7, SIS PE RIS & > 55 DhfE (Zhou et al., 2018a). 7
Ab, T ek AR AR SR I 340 A2 FRIEH circRNA, M circRNA 7] GEl i A EHEN, #%
FPEADEEERMRER S 5RE RS (Yinetal.,, 2018).

3.2 18 circRNA IEE YK 4 458 N 52

Z AR, circRNA TEIEAEDNE T2 kA ZEFRIE Flw, Biia ~HEE 27 AN KFESNE
FHRM circRNA HIRIEERAEZRDH (Yeetal.,, 2015). EHURSZAEA A FILH 36 4> circRNA
ZEFRIE (Zuo etal.,, 2018). /NELHAENKMNE FH 62 4 cireRNA 27K, HRIFHER £ 2
BRI ER . A2 1A SRR L. IR Y& AR LA RS 57 S
LAY IEAE (Wang etal., 2017b); FLRIIA I 33 4> cireRNA 7E /K BHE 5 2 7 4kik, HILr 11
ANSKIEFERN S HEAE FLFE (Wang et al., 2018a). & it &K 163 4 circRNA i N FE 74 il
Horp 1384 Eifl, 25 NN (Zuoetal,, 2016). Pan %% (2018) fE4URE I+ RIS # il B AR 56
f1 1 583 /> circRNA, FfHIEHWHEIREE T circRNA KB R AMNEF IR B0, A8 sy i
WAFTEEM (Panetal.,, 2018). UtAk, FUFEIFAESSMBREIME S, LLROKEE FME o= S ek
N, RIS cireRNA BlE 2 7 RIEZH (Yeetal,, 2015; Darbanietal., 2016).

circRNA [FJ R0 N AE VI E o« FERRIERK H AT cireRNA G IR AR N AR A e 7 R0 B2 (Wang et
al., 2017¢). fELAE d, 429 A% FRIE circRNA 1 3 P55 FF 1# ELPE A (Pectobacterium
carotovorum subsp. brasiliense) &4t (Zhou et al., 2018b), FRfE/EYLTE 2 J5 H &I 280 M 2E R R
A circRNA, IX 8672 7R IA M cireRNA FRIEIE R 3225 AE “FIBUKN.”  (stimulus response),
I B 7 Bk R 22 R RIE ) cireRNA #2 8Btk R RS (Xiang et al.,, 2018). Ghorbani 55

(2018) LLAZHFRATEM R BE 4R T TOKAERR I P 5 ARAR G AR Fr Z 1B A 1) cireRNA, &I 160
REZRFRIE, o 15541, 5 AT, Wang 25 (2018b) RILTE A A B B A0 H-975 #0
50T HR 2 18] 53 7304 32 F1 83 A circRNA F¢ 5w &ik, HIEGYH ARG circRNA FIRIARACT X, XL
S5 KW cireRNA WINPT e 2 5 AEYIE, EEMRE T RIEREZEEH, HZ, X
e 1ok 2R B R e S U — IR S
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3.3 1EY) circRNA 2 5T ERIREE R

circRNA 5 R IF R K R IE & 2 (B A R ERIEA — o TERURTF TR R BLIG 27 ANl oy 3 g 17
cireRNA H1, H 11 NEHRFEERF FREAE R B EIEMHR (Yeetal, 2015). FMH circRNA 5k
PR RIS B2 SR LI IEAHFK R (Tong et al., 2018). Wang 25 (2018b) KILFE i A
Sleirc108 & HRIEIL A Soly07g043420.2 1EEG s AL IR 220 J5 2 T, 1 Sleirc017 A H ik
Solyc01g080200.2 ¥ L. Liu &% (2017) WA I A EERK, g Bz s iRk
KM circRNA Fi%A8 FEBEE RIFEIE R RIE BN . FREEM I A d, Meng % (2018) KN
AT cireRNA HHY 7.68% 5 H R ELH (1) 3Rk 2 (8] IR E IEAH G . FOKH cireRNA ik
BK, (HRRFEREFIAE®mEIEKT, HWERREIFA RZEMIM (Chen et al.,, 2018). 7
Ab, BB AN R T 2R cireRNA TN 21285 cireRNA 435145 15.33%F1 19.64% -5 H R IR FE K )
FKEEEWEZIEME, HFENMAH 8.33%F 5.19%K) b 2 &% fiAH5% (Wang etal., 2017¢). 7E
K EI circRNA FISKIFZ SR [ RIA B2 1A 3 Fas R, 1B, ToM R R ARG
% (Darbanietal., 2016),

A R I B R AR B cireRNA Tt 36328 mT DAsZ M SRR BE R (1 3 5 (B 1) KFE I Rk
circRNAOs08circ16564 1 LAJl /b H SRR LR ) KA /K (Lu et al., 2015). fEF AP IERIERE N
AFTMARE B 1| (PSYD) FEFT cireRNA, J5tk R E2I— & LFI s B s, sE R sedm
TAAZREM B- A PR BELE T, S DR EERKRT PSYI 1) mRNA REKAET
o MAh, WRERIET NAF LR LR (PDS) FEHF circRNA HBAHLIEA! (Tan et al.,
2017) XTI TR A IS FRIX circRNA J5, BERS T X RIZEM: mRNA RIAE, JEAJRER FEEERE
PRI 2 I S R R SR A . i IR EI I SEPALLATA3 (SEP3) R 6 NMMNE TR 1 A
circRNA, 1 FEEL B RIEDWESSAE Z e, X5HEEERIE SEP3.3 GHRDINET 6)
K=, P BRI, KIET SEP3 HHE 6 MM TR circRNA 1] 53 DNA BT
R-loop, FFH4INAI AR BT 444 SEP3.3 [f)3%i% (Connetal., 2017) ([ 1), {HiE, HHKJH DNA BT
¥ R-loop /& 73 /2B circRNA 1 32 Z24E A 77 =047 75 E 00 S HF o

3.4 circRNA £5iF% miRNA IR

T cireRNA 7] BA 5 R JFH R 56 A B Thae, VRN R IR B f s 4% 9 F - miRNA
W B RNA BAM 15, &Y= EARTEWMZRERTRELD (AAAAA) [ pri-miRNA
A%, DCLI/HYL1 & &0 41 57 miRNA i1 E—#85Y) (Kurihara et al., 20060, W& TER
RNA S22k mRNA BRI, @R R RNA ILSZEF 1| (DRBD) Fff. WEITFHNESTFER
Jii S52 s DBR1 (LARIAT DEBRANCHING ENZYME 1) ®REKEKAEREE, NETEZRRNAME,
Al 5 DCLI/HYLI1 B94) 8 &K 55 4+ 45 & pri-miRNAs, 4%/ miRNA FIERK (Lietal., 2016). i
RKIBWFETT 41537720 51 MHETIERNEZR RNA rf L5 a2 ERA, Hid Rk g+ miR159
A miR167 Rk & T, HEEREEZR RNA PR miRNA KR REA PR (Lietal., 2016).
BE— TR I, 1 RIS 2 BRI FE TS AR A, e AR E N, JHEAEREE 800
MNEE RIS E R, Hdr, BRI ER [ SSHE I FT 22 1325 KFAEE R RNA i Rik
PR PR P R B PR, AT RS SR AL R A B ELA (Cheng et al., 2018). HHTid&Kik 17 MEZR RNA
Je s RA 1ANRISKIE At5¢37720 55 1 NS TIERIER RNA RIS 25 B A B A 53R 8
B2 % 5% (Chengetal., 2018), [k, F—FZ RNA FJEARIIRENLHIA) 75 2t — P I0IE.
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Backsplicing

ke ¥\
‘S O O Cap —AAtAOO Cap -M(A"
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Canonical splicing Backsplicing and skip splicing

'7% (D miRNA sponge

(® circRNA translation

\’-{% @ circRNA degradation

(3 circRNA-RBP complex

(®) circRNA-IncRNA interaction

(@ circRNA-mRNA interaction!

1 circRNA B RFIDIEE (2% Conn % (2017) Al Panda 25 (2017) FOIRIE IR EK]
o AR A ——@cireRNA HIF LAEREH A0 55 BRER T I AR s @R 78 mRNA AT UFAFE K circRNA, - 7] SO i mRNA;
®circRNA FIJE 2 3BT Y) 8 A B %
Drfig: AR MBI 177 15T 4R) ——@circRNA 1T LLSE 4454 miRNA, {24 miRNA #47, [RERREREN&L; @miRNA WHEZ
5 circRNA [f1F%fi#; GcircRNA Al fit 5 RNA 454 H 1 (RBPs) 454, M cireRNA A 5[ @ L fIhRE, 5205 RBPs /I‘Efl_ﬁ‘}ﬂ ] mRNAs
HH AT UME AL B EHE AL 6 ; @circRNA 5 mRNA HIEAEH R0 mRNA K815 ; ©cireRNA 521K IS RNACIncRNAD
(KJAR EL A T BERZ R IncRNA DigE s ©4F 4 6 - FEEARIES (m6A) S MR IAIA H (IRES) FI’J circRNA T A FERIBEARAR . 40t
W——@NEF A circRNA (ciRNA) FISEF—W 5 F I circRNA (EIGiRNA) 5IEHH) RNA R4 1T 454 IR BEHS 3 @circRNA
] LA mRNA FE K7 4+; ©@circRNA 15 DNA FZ L R-loop ¥£, AT 52 SR 5 35 4] H‘J'ﬂJA’ﬁég‘Tﬁ (Connetal., 2017); @circRNA A
AL L BE BIOUUEE DNA AR TR HISE I DNA S 3 e 5.
Fig.1 The biogenesis and functions of circRNA
Biogenesis: in the nucleus——@ circRNAs production can be directly coupled to exon skipping; @ Pre-mRNA can produce a mature
circRNA or a mature mRNA; (3 The generation of circRNA is regulated by the spliceosome.

Function: in the cytoplasm(From top clockwise)——( CircRNAs compete for binding of miRNAs, thus serving as miRNA sponges, and indirectly
control the gene expression; @ miRNA-mediated cleavage may be one of the ways which circRNAs are degraded; 3 circRNAs may associate with
RNA-binding proteins (RBPs) and influence the fate of the circRNAs localization and function, impact the mRNAs function that the RBPs interact

with, or perhaps serve as a platform for the assembly of multiprotein complexes; @ Interaction of circRNAs with mRNAs may impact mRNA
translation; (& The interaction of circRNAs with linear long noncoding RNAs (IncRNAs) may affect IncRNA functions; ® circRNAs possessing
m6A (N6-methyladenosine) modification or IRES (Internal Ribosomal Entry Site) elements may translate proteins. In the nucleus——@ Circular
intronic (ciRNA) and Exon-Intron-circular RNAs (EIciRNA) bind to RNA Pol II and promote transcription; circRNA production may compete

against the accumulation of the linear mMRNA; (@ circRNA may regulate splicing of its cognate mRNA through R-loop formation; circRNAs

may also interact with single-stranded or double-stranded DNA, with a potential impact on DNA replication or transcription.
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3.5 184 circRNA BT miRNA BU&E

R O Z T 70IF B8 circRNA 7] DA Bt miRNA, 3 i E SR B K (3815 (Hansen et al.,
2013; Memczak etal., 2013), {HEHFiTEH, RA D cireRNA BA KIE miRNA #3457 FHE 1
%A (Guoetal, 2014). HIA Lu %% (2015) W9 RIAKFE circRNAOsOScirc16564 Ja kK, BEA
BRI R0 OsmiR172 WIFRIEKT-F 34 HIARL, — 454 circRNA FI8F 75K circRNA 1F i
7EH miRNA #4837 0 8. Bltm, Wang 2 (2017b) FE/NEHRIL 6 4 circRNA 7] LLE N 26 4>
miRNA 7RSS, Zuo 55 (2016) TEF AN F#IE 102 4> circRNA A LLER 24 > miRNA & 7E
bR BHEATE R B AR P B oK G 35 33 AN E R circRNA 7] LA 23 4> miRNA £ 51 B 4h (Ghorbani et
al., 2018). Wang %5 (2017a) WHEHFA BRI 20045 5 5% A1 (LeERF1) F LRI F i F Lk I 61
A circRNA 7] e B AR miRNA FI{EAH, HHAH ) —5% miRNA 25 O15E 8% Mg IeRA
hSE AR, LRI 176 D2ERRIEN circRNA, Hr 29 4 circRNA 7] LIEN 16 > miRNA
(PG TEREPR (Zeng et al., 2018). {H2#k 1L HAT, BAEERETEEIM circRNA 1EA R Y P) F
B 5 Lel e o i, Ye &5 (2015) fRIEAU R S+ FZKFEH AL E 73 () circRNA (5.0%AH1 6.6%) H]
DL TR Y miRNA FITEE#LFR (Ye et al,, 2015), Chen %% (2017) JIZERIE I+ R B AK EL 4,
9 0.67%. Yin 55 (2018) TEZALRAN AT A AN K B I R L 5058 H 22 R 3RIE /Y circRNA 340 1,
HAA 19 AT miRNA B EFEFR . Wang 55 (2018b) 7EFF AN i FH 3L 255 H 184 /) circRNA,
A RIAT LAY 2 G R B FH ) miRNA.

F—J5, HAT cireRNA & miRNA 7EA FAEYP R %@ WA AT . MG Bk, K%
FINFZ) circRNA %@ B2 0985/,  H miRBase Hf & HHAUSGE FOKE# miRNA 325 2%, 15§
TF R miRNA 430 2%, HARCIEF] 2 693 2%, XHJREFET: T circRNA Al miRNA 2 [B]7EFEYH 1)
WP BTG &, BRI FR BN R Bt 9 gt — P R AR 8 E

4 JEH

TEIS 210 5 4, HEY) cireRNA FIWFFEUE T — 2 dt . TR0 70 R I cireRNA TEFE %K
SR SR KPR B IRE, (BRI AT — B EE AL ThRE TP 75 ZR IR I . 4
J5i G FAAY) circRNA FIHF 5T AT A48 HH e LR AN 5 1 -

(1) %) cireRNA FITERG @07 185 R FEMER NS, 5304 cireRNA 1972 % 5 HAE H
WL FEAR LG, B citeRNA [T RS A FIBLE SR A AL TR AVRES, WY cireRNA A2 4%
A FEIAR A V) BRI R R, R circRNA W] NAHIAZ 3512 B A0, 2 o Re g KB 5515 %,
) cireRNA A EFE 1 FEFEHLEI 5.

(2) 14 circRNA FIDJRESETE o cireRNA | Z 0 A fEA R EY R, HERH B ERHA
FNPIE RS R IA L, R cireRNA 7] BETEAEYIVIFN I AR KR B T AE AP i 38 R E AR 4 o ai e
W REEENEN, (HEAERDhR &R FHALE] A HRRE . AR HED A IE . £
B RAERKEEEREF cireRNA (Y5 D) Bet 78 0] B3 RAEMIAESUagi Ve 7= 280 i ot R FR v
FEb, S EA B UIIEPEIE B — L circRNA 0] DUEIRR SR H R R R E EZE TR, Y circRNA 215
H AP IR IR B R hRE e Bt — 2D OB A . BARE RIEIE I REA) circRNA 2 5145 Hop AL K]
e, R AR ATHE/N circRNA TEREY IR W AATERI D)2 ThRe, & T A7 /e AR Th e K AL 75 225t
— AR AIE B



IR 3% W, EO& ORLAE OB, WOCOP, skAE, P, 4 &

HYIFRIR RNA B 7.
[l & %4%, 2019, 46 (1): 171 - 181 179
References

Ashwal-Fluss R, Meyer M, Pamudurti N R, Ivanov A, Bartok O, Hanan M, Evantal N, Memczak S, Rajewsky N, Kadener S. 2014.
circRNA biogenesis competes with pre-mRNA splicing. Molecular Cell, 56: 55 - 66.

Chen G, CuiJW, Wang L, Zhu Y F, LuZ G, Jin B. 2017. Genome-wide identification of circular RNAs in Arabidopsis thaliana. Frontiers in
Plant Science, 8: 1678.

ChenL, YuYY, Zhang XC, LiuC, YeCY, FanLJ. 2016. PcircRNA_finder: a software for circRNA prediction in plants. Bioinformatics,
32: 3528 - 3529.

Chen L, Zhang P, Fan Y, Lu Q, Li Q, Yan J B, Muehlbauer G J, Schnable P S, Dai M Q, Li L. 2018. Circular RNAs mediated by
transposons are associated with transcriptomic and phenotypic variation in maize. New Phytologist, 217: 1292 - 1306.

Cheng J P, Zhang Y, Li Z W, Wang TY, Zhang X T, Zheng B L. 2018. A lariat-derived circular RNA is required for plant development in
Arabidopsis. Science China Life Sciences, 61: 204 - 213.

ChuQJ, ShenEH, YeCY, FanLJ, Zhu Q H. 2018. Emerging roles of plant circular RNAs. Journal of Plant Cell, 1: 1-14.

Chu QJ, Zhang X C, Zhu X T, LiuC, Mao L F, Ye CY, Zhu Q H, Fan L J. 2017. PlantcircBase: a database for plant circular RNAs.
Molecular Plant, 10: 1126 - 1128.

Conn V M, Hugouvieux V, Nayak A, Conos S A, Capovilla G, Cildir G, Jourdain A, Tergaonkar V, Schmid M, Zubieta C, Conn S J.
2017. A circRNA from SEPALLATA3 regulates splicing of its cognate mRNA through R-loop formation. Nature Plants, 3: 17053.

Darbani B, Noeparvar S, Borg S. 2016. Identification of circular RNAs from the parental genes involved in multiple aspects of cellular metabolism
in barley. Frontiers in Plant Science, 7: 776.

GaoY, WangJF, ZhaoF Q.2015. CIRI: an efficient and unbiased algorithm for de novo circular RNA identification. Genome Biology, 16: 4.

GaoY, ZhangJY, ZhaoF Q.2017. Circular RNA identification based on multiple seed matching. Briefings in Bioinformatics, 19: bbx014.

Ghorbani A, Izadpanah K, Peters J R, Dietzgen R G, Mitter N. 2018. Detection and profiling of circular RNAs in uninfected and maize Iranian
mosaic virus-infected maize. Plant Science, 274: 402 - 409.

Guo J U, Agarwal V, Guo H, Bartel D P. 2014. Expanded identification and characterization of mammalian circular RNAs. Genome Biology,
15: 409.

Hansen T B. 2018. Improved circRNA identification by combining prediction algorithms. Frontiers in Cell and Developmental Biology, 6: 20.

Hansen T B, Jensen T I, Clausen B H, Bramsen J B, Finsen B, Damgaard C K, Kjems J. 2013. Natural RNA circles function as efficient
microRNA sponges. Nature, 495: 384 - 388.

Hansen T B, Veng M T, Damgaard C K, Kjems J. 2016. Comparison of circular RNA prediction tools. Nucleic Acids Research, 44: e58.

Hoffmann S, Otto C, Doose G, Tanzer A, Langenberger D, Christ S, Kunz M, Holdt L M, Teupser D, Hackermiiller J, Stadler P F. 2014.
A multi-split mapping algorithm for circular RNA, splicing, trans-splicing and fusion detection. Genome Biology, 15: R34.

Ivanov A, Memczak S, Wyler E, Torti F, Porath HT, Orejucla M R, Piechotta M, Levanon EY, Landthaler M, Dieterich C, Rajewsky N.
2015. Analysis of intron sequences reveals hallmarks of circular RNA biogenesis in animals. Cell Reports, 10: 170 - 177.

Jeck W R, Sharpless N E. 2014. Detecting and characterizing circular RNAs. Nature Biotechnology, 32: 453 - 461.

Jeck W R, Sorrentino J A, Wang K, Slevin M K, Burd C E, Liu J, Marzluff W F, Sharpless N E. 2013. Circular RNAs are abundant,
conserved, and associated with ALU repeats. RNA, 19: 141 - 157.

Kurihara Y, Takashi Y, Watanabe Y. 2006. The interaction between DCL1 and HYLI1 is important for efficient and precise processing of
pri-miRNA in plant microRNA biogenesis. RNA-a Publication of the RNA Society, 12: 206 - 212.

Lee SM, Kong HG, RyuC M. 2017. Are circular RNAs new kids on the block? Trends in Plant Science, 22: 357 - 360.

LiZ, Wang SP, ChengJP, SuCB, Zhong SX, LiuQ, Fang YD, YuY, LvH, ZhengY, Zheng B L. 2016. Intron lariat RNA inhibits
microRNA biogenesis by sequestering the dicing complex in Arabidopsis. PLoS Genetics, 12: ¢1006422.

Liang D, Wilusz J E. 2014. Short intronic repeat sequences facilitate circular RNA production. Genes & Development, 28: 2233 - 2247.

LiuTF, Zhang L, Chen G, ShiT L. 2017. Identifying and characterizing the circular RNAs during the lifespan of Arabidopsis leaves. Frontiers in
Plant Science, 8: 1278.



Gao Zhen, Luo Meng, Wang Lei, Song Shiren, Zhao Liping, Xu Wenping, Zhang Caixi, Wang Shiping, Ma Chao.
The research advance of plant circular RNA.
180 Acta Horticulturae Sinica, 2019, 46 (1): 171 - 181.

LuTT, CuiLL, ZhouY, ZhuCR, FanDL, Gong H, Zhao Q, ZhouCC, ZhaoY, LuDF, LuoJH, Wang YC, Tian QL, FengQ,
Huang T, Han B. 2015. Transcriptome-wide investigation of circular RNAs in rice. RNA, 21: 2076 - 2087.

Memczak S, Jens M, Elefsinioti A, Torti F, KruegerJ, Rybak A, Maier L, Mackowiak S D, Gregersen L H, Munschauer M, Loewer A,
Ziebold U, Landthaler M, Kocks C, le Noble F, Rajewsky N. 2013. Circular RNAs are a large class of animal RNAs with regulatory
potency. Nature, 495: 333 - 338.

Meng X, Zhang P, Chen Q, Wang J, Chen M. 2018. Identification and characterization of ncRNA-associated ceRNA networks in Arabidopsis
leaf development. BMC Genomics, 19: 607.

Pan T, Sun X Q, Liu Y X, Li H, Deng G B, Lin H H, Wang S H. 2018. Heat stress alters genome-wide profiles of circular RNAs in
Arabidopsis. Plant Molecular Biology, 96: 217 - 229.

Panda A C, Grammatikakis I, Munk R, Gorospe M, Abdelmohsen K. 2017. Emerging roles and context of circular RNAs. Wiley Interdiscip Rev
RNA, 8: e1386.

Salzman J, Chen R E, Olsen M N, Wang P L, Brown P O. 2013. Cell-type specific features of circular RNA expression. PLoS Genetics, 9:
€1003777.

Salzman J, Gawad C, Wang P L, Lacayo N, Brown P O. 2012. Circular RNAs are the predominant transcript isoform from hundreds of human
genes in diverse cell types. PLoS ONE, 7: e30733.

Sanger H L, Klotz G, Riesner D, Gross H J, Kleinschmidt A K. 1976. Viroids are single-stranded covalently closed circular RNA molecules
existing as highly base-paired rod-like structures. Proceedings of the National Academy of Sciences, 73: 3852 - 3856.

Shen YD, Guo X W, Wang W M. 2017. Identification and characterization of circular RNAs in zebrafish. Febs Letters, 591: 213 - 220.

Stamm S, Ben-Ari S, Rafalska I, Tang Y S, Zhang Z 'Y, Toiber D, Thanaraj T A, Soreq H. 2005. Function of alternative splicing. Gene,
344: 1-20.

Starke S, Jost I, Rossbach O, Schneider T, Schreiner S, Hung L H, Bindereif A. 2015. Exon circularization requires canonical splice signals.
Cell Reports, 10: 103 - 111.

Sun XY, WangL, DingJC, Wang YR, WangJS, Zhang XY, Che YL, LiuZ W, Zhang XR, YeJZ, WangJ, Sablok G, DengZP,
Zhao H W. 2016. Integrative analysis of Arabidopsis thaliana transcriptomics reveals intuitive splicing mechanism for circular RNA. Febs
Letters, 590: 3510 - 3516.

Suzuki H, Tsukahara T. 2014. A view of pre-mRNA splicing from RNase R resistant RNAs. International Journal of Molecular Sciences, 15:
9331 - 9342.

Szabo L, Morey R, Palpant NJ, Wang P L, Afari N, Jiang C, Parast M M, Murry C E, Laurent L C, Salzman J. 2015. Statistically based
splicing detection reveals neural enrichment and tissue-specific induction of circular RNA during human fetal development. Genome Biology,
16: 126.

Tan J J, Zhou Z J, Niu Y J, Sun X Y, Deng Z P. 2017. Identification and functional characterization of tomato circrnas derived from genes
involved in fruit pigment accumulation. Scientific Reports, 7: 8594.

Tong W, YulJ, HouY, LiF, ZhouQ, WeiC, BennetzenJ L. 2018. Circular RNA architecture and differentiation during leaf bud to young leaf
development in tea (Camellia sinensis) . Planta, 248: 1417 - 1429.

Wang J X, LinJ, Wang H, Li X G, Yang Q S, Li H, Chang Y H. 2018a. Identification and characterization of circRNAs in Pyrus betulifolia
Bunge under drought stress. PLoS ONE, 13: €0200692.

WangJ Y, Yang YW, JinLM, LingX T, LuTL, ChenTZ, JiYH, Yu WG, Zhang B L. 2018b. Re-analysis of long non-coding RNAs
and prediction of circRNAs reveal their novel roles in susceptible tomato following TYLCV infection. BMC Plant Biology, 18: 104.

Wang K, Singh D, Zeng Z, Coleman SJ, Huang Y, Savich GL, He X, Mieczkowski P, Grimm S A, Perou C M, MacLeod J N, Chiang
DY, Prins JF, LiuJ. 2010. MapSplice: accurate mapping of RNA-seq reads for splice junction discovery. Nucleic Acids Research, 38:
el78.

Wang PL, Bao Y, Yee M C, Barrett S P, Hogan GJ, Olsen M N, Dinneny J R, Brown P O, Salzman J. 2014. Circular RNA is expressed

across the eukaryotic tree of life. PLoS ONE, 9: ¢90859.



moOMR, 3 OEE, £ &, RILAE, B, WOCF, kA E, EiE, B OE.
HYIFRIR RNA B 7.
[l & %4%, 2019, 46 (1): 171 - 181 181

Wang Y X, Wang Q, GaoL P, ZhuBZ, Luo Y B, Deng Z P, ZuoJ H. 2017a. Integrative analysis of circRNAs acting as ceRNAs involved in
ethylene pathway in tomato. Physiol Plantarum, 161: 311 - 321.

Wang Y X, Yang M, Wei SM, QinFJ, Zhao HJ, Suo B.2017b. Identification of circular RNAs and their targets in leaves of Triticum aestivum
L. under dehydration stress. Frontiers in Plant Science, 7: 2024.

Wang Z P, Liu Y F, Li D W, Li L, Zhang Q, Wang S B, Huang H W. 2017c. Identification of circular RNAs in kiwifruit and their
species-specific response to bacterial canker pathogen invasion. Frontiers in Plant Science, 8: 413.

Westholm J O, Miura P, Olson S, Shenker S, Joseph B, Sanfilippo P, Celniker S E, Graveley B R, Lai E C. 2014. Genome-wide analysis of
drosophila circular RNAs reveals their structural and sequence properties and age-dependent neural accumulation. Cell Reports, 9: 1966 - 1980.

Will C L, Schneider C, Reed R, Luhrmann R. 1999. Identification of both shared and distinct proteins in the major and minor spliceosomes.
Science, 284: 2003-2005.

Xiang L X, CaiCW, ChengJR, WangL, WuCF, ShiYZ, LuoJZ, HeL, DengYS, Zhang X, Yuan Y L, CaiY F. 2018. Identification
of circularRNAs and their targets in Gossypium under Verticillium wilt stress based on RNA-seq. Peer J, 6: ¢4500.

YeCY, ChenL, LiuC, ZhuQH, Fan L.2015. Widespread noncoding circular RNAs in plants. New Phytologist, 208: 88 - 95.

YeCY, Zhang X C, ChuQ1J, LiuC, Ya YY, Jiang W Q, Zhu Q H, Fan L J, Guo L B. 2017a. Full-length sequence assembly reveals
circular RNAs with diverse non-GT/AG splicing signals in rice. RNA Biology, 14: 1055 - 1063.

YeJZ, Wang L, Li S Z, Zhang Q R, Zhang Q L, Tang W H, Wang K, Song K, Sablok G, Sun XY, Zhao H W. 2017b. AtCircDB: a
tissue-specific database for Arabidopsis circular RNAs. Briefings in Bioinformatics: bbx089.

YinJL, LuMY, MaDF, WauJW, LiSL, Zhu Y X, Han B. 2018. Identification of circular RNAs and their targets during tomato fruit
ripening. Postharvest Biology and Technology, 136: 90 - 98.

ZengRF, ZhoulJ, HuCG, Zhang]J Z.2018. Transcriptome-wide identification and functional prediction of novel and flowering-related circular
RNAs from trifoliate orange (Poncirus trifoliata L. Raf.) . Planta, 247: 1191 - 1202.

Zhang PJ, Meng X W, ChenHJ, LiuYJ, XueJ T, ZhouY C, Chen M. 2017. PlantCircNet: a database for plant circRNA-miRNA-mRNA
regulatory networks. Database, 2017: bax089.

Zhang X O, Dong R, Zhang Y, Zhang J L, Luo Z, Zhang J, Chen L L, Yang L. 2016. Diverse alternative back-splicing and alternative
splicing landscape of circular RNAs. Genome Research, 26: 1277 - 1287.

Zhang X O, Wang HB, ZhangY, LuX, ChenLL, YangL.2014. Complementary sequence-mediated exon circularization. Cell, 159: 134 - 147.

Zhang Y, Zhang X O, Chen T, XiangJ F, Yin Q F, Xing Y H, Zhu S, Yang L, Chen L L. 2013. Circular intronic long noncoding RNAs.
Molecular Cell, 51: 792 - 806.

Zhao T, Wang L, Li S, XuM, Guan XY, Zhou B L. 2017a. Characterization of conserved circular RNA in polyploid Gossypium species and
their ancestors. Febs Letters, 591: 3660 - 3669.

Zhao W, Cheng Y H, Zhang C, You Q B, Shen X J, Guo W, Jiao Y Q. 2017b. Genome-wide identification and characterization of circular
RNAs by high throughput sequencing in soybean. Scientific Reports, 7: 5636.

Zhou R, Xu L P, Zhao L P, Wang Y L, Zhao T M. 2018a. Genome-wide identification of circRNAs involved in tomato fruit coloration.
Biochemical and Biophysical Research Communications, 499: 466 - 469.

Zhou R, Zhu Y, Zhao J, Fang Z, Wang S, Yin J, Chu Z, Ma D. 2017. Transcriptome-wide identification and characterization of potato
circular RNAs in response to pectobacterium carotovorum subspecies brasiliense infection. International Journal of Molecular Sciences, 19: 71.

Zhou R, ZhuY X, ZhaoJ, Fang Z W, Wang SP, YinJL, ChuZ H, Ma D F. 2018b. Transcriptome-wide identification and characterization
of potato circular RNAs in response to pectobacterium carotovorum subspecies brasiliense infection. International Journal of Molecular
Sciences, 19: 71.

Zuo J H, Wang Q, Zhu B Z, Luo Y B, Gao L P. 2016. Deciphering the roles of circRNAs on chilling injury in tomato. Biochemical and
Biophysical Research Communications, 479: 132 - 138.

ZuoJH, Wang Y X, ZhuBZ, LuoY, Wang Q, Gao L P. 2018. Analysis of the coding and non-coding RNA transcriptomes in response to bell

pepper chilling. International Journal of Molecular Sciences, 19: 2001.



