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Abstract

RNA silencing plays an important role in plant against pathogens invasion, especially in the
process of viral infection. When exogenous RNA or viruses enter plant cells, RNA silencing is acti-
vated, thereby minimizing any detrimental effects of pathogenic RNAs on cells. Viroid, a special
kind of non-coding RNA, due to its special structures, provides an excellent and extraordinary
model for studying the interplay between RNA silencing and pathogenic RNAs in cells.
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1. 5]

RNA JUERA LW b8 A AL — RN, AR RNA JUERARE R Zh) Bl AR IR BiEk
TAVER IR ANAR B — RO AL . RIS, RNA UTBR & 240 N ) — b R T LA, A 2 A SR
HIE - YA Db AR ORSFR[1] [2]. fEREPI T, RNA JUBRTE ST HRAE 5 SR G 1) S R BT L3 ] [4].
LHME RNA SEBEARIANII , RNA SUERMLA B30, BETTHE M RNA S50 20 520 P4 21 R {2
FEo B, MOXAE SRR, RNA UIERATLARRAYIRN M “RZE RS .

PRI S RGN E Y B, H oy T AR PRITAES S RNA (ncRNA), AR # RNA
K/NE 246 3 401 MEHIRZIAI[5]. FIRTAMSE AT, LIS TE T AGIRE T TAE R A4 fe 58 it
KHB 7y B At AE VT RE[6] o S35 tH T AR (1 25 [K] PP 1) R S5 ARSI, T e - IR AR ARt 1
— AR IR TETTVE( 7). IS, BT R R MATHEY) . ERERETR, HREan Ryt
VEVDIE R EBCKVEAT i R, X T390 B ROUR A TR A T80 S Bt 2 G R VDE ik, B
A+ EERZGHME .

2. RNA TRk
2.1. RNA i8R

RNA JUER 2 DR SRR 1 — PPl s L], B2 SO0 . FEA AN S nt B J5E A% 55 A 3 72 b i i
FERIBEAHLEI[8] [9] [10]. RNA JUERIERY). ZhW. LR M E S B AN ) 2000, &M g
SFH FEAIRERE ) RNA FRENLE]. RNA JUERTESD. A LA — IR 5 5 — A g, HELE
FLR A 2 ] RNA JUER P DL ARG . XA FE A2 R R g 1Y, #83) RNA S SRR, X
PR S AERR A “ A4 H 3 RNA JTBR” [4].

E4EME B 3= RNA JiERE 25 5 M & Masi (L R R IL [F R E /. DCL2 %1 JE48 i B 1% RNA It
BOR UL ZLN), WRALISLTIER LKA [4]. 28T, AR E & RNA JIERAFE RS 2015 5 11
i, ATHARAE M AR TG R AP A, R REA) RNA JUERAISR B 2L 4 A6 . JR41AE 1 35 RNA Bk
ATLAT) AR EIZE, AT L) A BIRAEHE . (BIEANFE B+, ) EEa N SR AL T A
ZEFt[4]. BANPUERE S, W Mla) i 2 N — A AE R 20 5 — N0, AN A2 B R S O 45 2R 4]
Hurhik, RTRAMIURPIM AR Z#EFEIEGI A RNA JUERIKEEE A Fi%iE[4]. AR, 9k
4 32 RNA JUERDS K B [RIVE 7 51 4 e S v, v] DURAETE 55 /KSR 5 K, Rk R i S BE A
DUBR N % 5% 5 25 R JUER(TGS A1 PTGS) [7].

2.2. HREERENER

s Ja FERYTER(PTGS)E M 1 B AR AL, 2 Fa 5L R et HEAT i %, (R 1) mRNA 7E41 i
A BRI, HERREI[8]. 7 B 45 H A2 PTGS & —Fk#i T DCL2 %% f5 RNA JTERHLHI[9].
S AAZ N G T ) mRNA FENH M5 5, AR P 905 35 DR B ) Y5003 B A% R ik dsRNA, B 5 R AR,
FALMHIIG9]. PTGS & FH T % e 4 78 7 5 AT M AR (AR 8 1A 1 miRNA Fs= b g, R4k
Xf mRNA BT A0EE, AP R BRI R G S 3R, B0 R R AR HE SR [10] [11]. Bk fa R TR 2

ik
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FE A A A0 FE RIE 0 R I LA I B[ 1], B J5 E 5 W R AT 4t S At 2l A i i R v A5 38— 28
WESE, ZEFEES B siRNA AL R IR A B BOATEE mRNA FEMR RN BE[12]. Beah,  FI) AR 499 Y5 1 3
(") dsRNA 7] LLE#25] & PTGS [13].

2.3. #HFRERTER

B KT R RITTER(TGS) =& B T Lo 0 B AR 3 7 (15 )8 2 7 2R3, AN REIE W 3EAT B dh e R IR
[14], X—REFEEZW K& UL PUR R &

1) BT HIE, BRI ISR —F DNA St 81730, — Mk 47E DNA ) CG. CNG &
CHH 75 [ msne i b B, 30 i 5 8k st 2 29 .

2) EEFH. sMEEER R 28 RS B E — MmO BEkA k. B RRIRIESE, S8R
RTVEIEH AT, B NEEE, TR ™ .

3) &S . BT R B DX RIS P 5 25 R CBR B I R B s s« JE 3 X3 R A 90 bp
(RN 4, 5t 5| S A A i R R e A R R 7

4) LB RN . 7 B RN FE I DR 78 5L DR 4 H 0 57 B ek FL Rk IS o 24 AN R DR T L 2 DR 4L 1 1 4
A AR R AR OS5 MR R AT R

3.RNA MEE S
3.1. Dicer

Dicer sAIESI T RI, EMEYFHEHRA: Dicer-Like protein (DCL). DCLs FE X 1] PA4wi% DCLs &
F, IXEEH AR/ RNA PR b B EE R EHER, X —dfEd/h RNA 7 DM 2 5 Yk & FPi
0995 75 R JFAAR O SE R U BR . EREY B H AT 2520 4 Bl DCLs [3], AP 7E SR T 52814 o (R AR ST 78 B
RN . BIRIXLEL DCLs S5 FMARL, RSN T# AT LAAEAS A (3842 RO 55 E IR ThRE

LR, DCL1 5 miRNA 724 6H 5%, DCL1 FEAFE T 774 miRNA 4ifeiZ+[15]. DCL2 &
T EREIEA dsSRNA, M4 220t (1 siRNA, 3170 R 80 H R 2 R0 HKPTE . DCL2 i Al BELER 7
Bt b Rk —EAEF, ATLATERIE A R4 PTGS 55456 . DCL2 7R SRIIB(E 5 A HEIER
5 DCL1.DCL2 AR, DCL3 ) EI =442 24nt siRNA J H DCL3 iR 5 1) E i) A2 5 FE 5 2 540,
DCL3 774 ) siRNA 2 53| B EE ¥4 DNA 1) H LR Gt 81t #£[9]. DCL4 £1 57 21nt siRNA
fIF A, EL e IR ) 8 TIAE 3 B2 (CMV) I T RNA JE R — 4, 1774 siRNA, #iH] DCL4
XA DAY i — 2 S5k 1) B RNA RILIH VTRIVEH o (B3R R/2: DCL2 #iA /2 DCL4 #i1 DCL3 A K&
A4 PTGS H 3] siRNAs [R5 5% .

3.2. AGOs

Argonaute (AGOs)# 172 RISC Ht%.Cooofh, A IR A b Th e FISE MIRFE[ 16] [17] [18] [19]. TE
ANFE I AFAEZ PP Argonaute KR, WREEHAEE AGO-1 fl AGO-2 [20] [21]. R AGOs Kk
HEAT RS, (B R R N AGO2 A& RISC HI\ThREL /3 [22]. 7F RISC HAEL ML FEH, AGOs
HE S siRNA 454, [FINfEL RISC X #E RNA FRF 2 EDI#] . siRNA £E RNAT R A AR S 1 D) B4R
I “S” , X1t AR ool Ehe e AN JE I [22]. Dicer BE7E RNAL i FEH 1k dsRNA $1%] siRNA
(RIS, B 5 5 siRNA K AR R 4150 — 2 5 RISC 2L IEHY B . Dicer i FLAG T (AL 1,
{ETEAELL dsSRNA FEAE N sIRNA {2 ik 75 B A 85 T db T3 B[ 22]. BR T 454 siRNAs, AGOs i:1] LA
AL RISC XH#E RNA 4 1),

DOI: 10.12677/br.2020.91002 17 JERZIEERTI


https://doi.org/10.12677/br.2020.91002

JREARIS

3.3. /A RNA

/N RNA TEFAZ AR R T — A KRB EAG Z P D Re 1 5 70 ZK05% A ATT 00 8 224 RSO AR T U
RNA (dsRNA), H DCLs #4744 & . HHT, WHRBONERZRZ =5/ RNA, B miRNA. siRNA Hl
piRNA.siRNA HI miRNA #f5x&7£ Dicer BRI UIE] R 7= A 1[23]. miRNA J& — MR 57 /N JES S RNA,
A DASE 6 53 i 7P 3o 3 R Rk BEAT 57 45 [23]. siRNA J&—FrAE 8 (3 3L AU 2 . Bahis A1, BLK
oAt DNA N2 HIA R ERYiH 250 piRNA & H—Ff Argonaute fHPERIHLE= A1), 2300 A3
Hh I JRR R 3 7 SR A R DT

3.4. E4HBEE 14 RNA TR

3.4.1. #liFfiE] RNA JIRK

R E E R RNA JTBRPE K AN LG IR SRR AN [] (1) R ——— 44 i [ R0 P 0 B Pz B A
o, 0RO R G DTER (4], 4H MR E BT AR AT BB IE 1 R U BRI EE, 40 M I R
—ANHEFE, HEA -SSR AGMEMIEMIEH 210 RNA JUER. 7EAF 3T TF DCL4 5848 A b il
23| PTGS fEZHMRIAIfEHE, KB DCL4 nlRefEdR40M H 3= RNA JiBkhepdifE A . Bk, DCL4 #1
DCL4 T[] 21nt siRNA /& 5240lA PTGS Fr i1, HEEFE— PR 5i[4]. SNF2. Jmlc Z51 8
F IMJ14. THO. Z5 i\ JuAI40 i a)JE 40 i B 5 RNA JTBRE —ERIK &R . siRNA 15 5 O T4/
TFEHAIE] RNA JTBR AL 36 2 0 7R 1 [4] .

3.4.2. RNA BRI BB ¥ 88

RGPE RNA UTIBR, XRRAEZEH EH F RNA VORI IR S48 . R B2 2R B0 B mT DU I ) R 12 %
IRIE RS B A, B ] DL I AR AR BRI 5 R G A4 H £ RNA JTBR(4].
AGO4 #7725 T AEg M H 3= PTGS W5 582U 752 b 52 441 g+, DCL4 F1 DCL2 43517~ 4= 21 1 22nt
SiIRNAs, 3% —id 2P 8 mRNA BEFEAR, AT 5305 35 3 ITIR(PTGS).  “siRNA KERS 77 E L T
A IE SUREAI s SUBE L-siRNAs #80] AZERED) A — AN 30 B 55— N0, e e KR B9 k4]

4. RNA iR FEIEYRE
4.1. RNA SiE R ERHERIER

RNA JUERVE NS R A E R D4, ERTTRE . dERr B RNAIRRE M X UAMER IR I 2% 5 1) A
HEZEEM. RNA JUERFICEZ /N RNA 701, RIERIFIEHE #554: siRNAs. miRNA K piRNA [24],
Y RNA TUBONR B (35 S0 DOBEFE MU BR: 1) XWiEE RNA BRG, 8 e )= A 5 2 R 1)
siRNA (vsiRNA); 2) siRNA 71, P=4:7kZ% vsiRNA; 3) vsiRNA 5 AGOs 454, TR RISC, P &
RNA 3/ 5 88 DNA HIEE: 4) RAVIERMG 5 HIEITE L UTBRAE RO, AT P= A5 0 FE 4000 25 1)
FEpifER[24]. Fk, RNA JIBRE VY B AREERIPUREENLE], SMNER S N B, RS
SRR VTR (VIGS B KIFEVEH . 425 S RNA TTB A G, a7 BLRGEY S S AR, AT EB
HOOHR B S PLE I [25], FEIX —d RE TR bl 2R 7 I & H, A2 RNA JTBR S = Z I 1EH[26].

4.2. EYIRHFIEI RNA JIRRCILRRIDHIF)

R 73 HE )95 75 T8 8 22 D 22 PR R H) RNA BRI PR 17, AT i 21K RNA PR A F AT 411
5 Bl BRSPS T 00 RNA TURHLE], 58 BUR G IF B =i o 40 RAE Y% BEAE AR A8 5O 25 1O DU 2B 3R v
“RET BPUETOERE T, AL AR RNA OB 5, AT 3 0 RNA JOEREEAT #0525
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ARAEEDUE M RNA TUBR, RAIFRIATE R R IRIR[27].

WIS & A — SRR A MR TR DR, BB XPUTE £ AT RNA KR #E %, 1998 4
RIFEDRFF IR 75, BHEFATNZ M8 R T RNA JUBRANHI 7. A% 5L F-#8
A LAY RNA JUERIIHI BRI, S e S B R o B (TMV) 38 5 LA 098 75 0 22 G 5 22 /N U BR A 1) BT 7
[27]o fEREYIH RNA UTBRZ B siRNA Al miRNA 519, BRHAE )99 25 DT BR300 il R 7t 2 e Jo 3 i i
PR UERA 5 HEAT AR T 56 BUR QL I 72 o ZEREAD 5 5 18 KIS Rt AR v, — S
BE2TE siRNA DL miRNA A5 (KT ER 1645 P 4B — L] 2 (ko Brax Fhp L, {3 51 A 52 BUBR H1[27].

5. XRE
5.1. /BRI

WRIGSIR AL T AR P AR AT 70 s MR35 5 2R A SR 252815 ARHE S0 25 (170 T4k
A5 R B G RSO R AL S B AL (I B ERRI(S] [29] [30] XS FRLE A P04 ML A LA
KIL, IR AT SR AR, SREGERZEITN R AR IR, SRR — AR > T
A7 &4 CCR (RAIEPE A SRS IX); 2RSS # (53 PSR 3 AH R i SR b o B, 4
MR AT B i S A B R, S5 A ISR S R 5 R T SR RS, AR A SR BT B
R CCR (FFEPEH S fRAF X)) [5] [27], IR A FRT7 SNSRI L H[27]; 8558 5 PSR RHK A
BUH CCR, fH— B AA HE IR, X A5 77 AL BRI R [27]

5.2. XRERIEY

FIR AR GAED HI AR, I BE A B AL #R (  SEAT o Mk N T8 ARSI, DA R
PR ER(ELVA) AR 1855 A B 20 2R N IR B 2h BN 40 Mk, B o A GH A A% 33 B Sk, 7RI 4
M, XMEURTE RNA T LA RO B RMAR R [31] [32]. M7E L SR E Yk 22295 3 (PSTVA) MR E
(1) T 84 R B R A 2 N RIS, R4 AZ R Pt AT B, R e iem B, TEAZR .
A= #A A

FIR TR JAEY (I FE T DUKEU AL BB IR 1) SRR (AL (9 520 B R Ak 5
4B YT R R Z) (LK 1(a)s 2) 4EMIAS RIS HICLIE 1(a))s 3) SHI5E B A A 45 2
AN OLE 1(a)); 4) 2 BRI 1(a); 5) BEATIREROLE 1(b))s 6) MHI RN GEE A4,
HEAT E IR HI[33] [34] [35] [36] [37] (L 1(b)); 7) L4e A BEM A AR & (K BE & iz i 6] (LA
1(c))e ZFIRBIETER LEANPIRZ G, A HRIN e ARG, 55 Y E .

5.3. RNA SiERE X HRE

FA (R AR AL 1 &R AR SR AR N AR RO . DR, EAE 32 B AE S 2 B S B AE N R
JRAR IR G T I ERTHE[33]. FUR TR FAMNE. FEmID. LR ASMERIIR TR RNA WA 7ETE 3240
I RNA WEALRN P AR R S8 AEE 3417 1% — R I 70 2800 7 5 18 SN 3L Rl e b . 0% RNA &A@
MU B R . REX— ST EE, AYF R X— R A NG, RATEE R RIEE,
AEEZ R MILRIS T, X — @2 T HUHE . AR HATHI# kS, RNA BRI ik
R Rt B+ EEME, 1 Dicer /2 RNA VTERFEDIZOR B EERZ Y —,

5.3.1. Dicer X AR BAIFERIER

YN R TP ZA : RNA JIBR, IR . RNA Bii=Migtt, K= s

fr)7& RNA U BR1%1%[34] . Dicer-Like (DCL)E I S AH K A EAC R XUEE RNA, 774 XUFE miRNA B siRNA
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3o XPXUEE 2B RN RNA IS TR E & RISC) 5] FHE RNA ¥R SR Bk, s
BN RNA FE VIR G S5 &K, 75k DNA LRI EE1[35] [36] [37]. RNA JLERXT 2%
FIEPUERN, TEI T DCLs. fEMYH, RNA JTERTE R T HRAR ANk J5 B (1 56 KB 44k 2 [ 15].
KZ B Y455 VYA DCLs, DCL1 7*#4 miRNA, DCL2., DCL3. DCL4 %3 7|7* /£ 22nt. 24nt. 21nt f{] siRNA
[12] [38]. RNA JTERK) 452 21 & 24nt /D RNA [35]. S8 U NI #5534 RNAs 8 #l74)
£ DCL 4340 78 4 EY, X 80U RNA BEJE RS RISC 43424955 RNA.

ABIT A Adjacent cells)
AR Nucleus) PLMVdi#E A\ SEIEARAE

(PLMVd enters
adjacent cells),

PLMV{Ii# A fdi
(PLMVd enters

JR A NG —E‘ cytpplasm)
(Viroid enter into cells)

ELVAEEN

P SR

LMVAE (ELVd enters

d replication) adjacent cells)

\

/|

ELVdilt A3
(ELVd enters cytoplasm)

ELVd&iHh| |
ELVdreplication
Ir+2#445(Chloroplast)
(a)
295 A (viroids) ) 8

(phloem)

SRV, RE AT
HE Y 41 23 (The viroids enter the
phloem, and from there the viroids

enter the vascular tissue).
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Figure 1. The process of viroid infect plants. (a) The process of viroid entering the organelle, replicating in the organelle,
entering the cytoplasm after replication, and transporting to the adjacent cells.After viroid replication begins, the hairpin vi-
roid molecules unscrew and become linear molecules, then loop, re-line, and refold to form hairpin viroid molecules, which
enter the cytoplasm from the organelles and are eventually transferred to adjacent cells. (b) The phloem and vascular tissues
are marked with red arrows, and the process of viroids entering the phloem and vascular tissues for long-distance transmis-
sion is marked. (c) The direction of viroids in plants after transmission through vascular tissues and finally completing the
process of infection in plants

E 1. XRFEREAEMNERR. () ERTERESHENMESR. EHEBRI[FES. SEFTREHANBEER. HERME
MAERYSIE. HXRBEFIFERE, A DEAFRNERES TR, RAKESF, BEHML. BREME. EfHF
BERA FRNERESF, NARBHHANGER, SEEBITEME. HEANBRI[ESARMER, BsRE
RERERHENM R DREGERZXFBERHNAZ. (b) IR, HEAAEEDRLGE LRL, FY
RO SR HLEREFHENTE R HEEBAFHITRESEENTE. () ARRSFAFHEEEHRAERELR
SEEYTIERS BHRASTREYRIRENERE

G

+3E (soil)

K% R Tl B AR 2 0 R AE M b AR A ROV AE BUMY , AN AE ML AL AR B OS FE A, T R R 2 7
(HLVA) B Af 2B 1, TR PP AR A2 RNA JTBRIISE R, RUONPEAE =421 100-230nt RNA FFAN 2
FA PRSI BRRRAE Y L AV B 2 BR(HL VAR 7 1% 21-24nt /)N RNA [35],

T 2 4 0 B B K — AN AE ML RS I 2 3 RNA IBREE, 3 RNA 518 R FIOER KRG
PE[36].

5.3.2. &fFE /N RNA

HAT M e RNA — O RIE T W FE L 411 21-24nt )7y RNA, 1280/ RNA
KA EKF5 DCL W& AR 2 R & V1A 55 [29]. 2807/ RNA BRI R AENLH] ARG, 5
DA HIFH 5 BRI, XL/ RNA K22 2R R 2] RNA B3R OSATAE TR K. BT 5
(1] cDNA FEFEAFAE— & B RPRTE, DR DI P /2 3145 58 AT 1920 35/ RNA 1B %A . ERERNE
BRI b, B AR R KT 8% 3/ RNA FZ[35] [39], Z9 88/ RNA 7] LU 2 (R H0H] RNA
UUBRE A4 RISC X B MIMERT,  @E 849 2800 83 4R QU G 1 — RS B R AR 3EAT
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6. RE

RNA JURIE AU B (L], R U R R AR h B B2 iy —
FH IR RNA 707, BRI ERA AL =TMEY. HEYh RNA JUERI 552 eE,  HATHIoHR
A7 IR, (AXF RNA JEIE SRR FIRT IS T RNA BRI STEM . A7
A7 . RNA JUERTS ST B UL B W I W BT RNA JTBRN B M S5 442 + 2>
ARG, FEAERS AR I T UK I HESN 1R o

FERCR DLIFA5 BIAIN 2 5 AR — B 18] o, S0 35 i 78 2 B R 7E S 30 O R 2 0 J RHIY
TR L, T TS AL A SR B R SRR TR B . BSRL A BESOR B R S IR AR D>, A
TR, U AT AR I E AT B 5 2 SR Gk P i) D B 35 2 (11 [39]. X — etk AEd
LU BRI 1K LA RNA (BT FE[30], SR ESEL A S0 75 B R AE D ST LU IR AE
2R I RNA [30], BT IXMReE, 8534 3 BE0 T RH A ATy — R TR, D9 e 4a i
H RNA Bz pLflse dt 74 3. JUH RSN 2 (ELVA) 2 2R R S92 50, RNA Bl
MILAMEE, HE-SEYERKMA, #Em M ELVd RS se iR [5]. XHURE, fEnf
AR — B 1], DL BLVd J9ARER A 55 B0 35 R 5% AORIT F0RE RSO 00 BEAIT T O R R A A
FET5
B oW

FEARLRA BT RE T, FRAFHUN TR 2L dy 5 RL 7 B RNA {5 546 07t O BB, RNA
55U AR OZIMSR @ BOF B BUORE, Rt Eu.

SE

[11  FE7K, B8, KB, ZHME, B3 EE RNA JUERBT R BRI, KEuRE#, 2014, 20(5): 5-13.

[2] Li, F. and Ding, S.-W. (2006) Virus Counter Defense: Diverse Strategies for Evading the RNA-Silencing Immunity.
Annual Review of Microbiology, 60, 503-531. https://doi.org/10.1146/annurev.micro.60.080805.142205
https://www.annualreviews.org/doi/pdf/10.1146/annurev.micro.60.080805.142205

[3] Qin, C., Li, B, Fan, Y.-Y., Zhang, X., Yu, Z.-M., Ryabov, E., Zhao, M., Wang, H., Shi, N.-N., Zhang, P.-C., Jackson,
S., Tér, M., Cheng, Q., Liu, Y.-L., Gallusci, P. and Hong, Y.-G. (2017) Roles of Dicer-Like Proteins 2 and 4 in Intra-
and Intercellular Antiviral Silencing. Plant Physiology, 174, 1067-1081. https://doi.org/10.1104/pp.17.00475
http://www.plantphysiol.org/content/plantphysiol/174/2/1067

[4] Jones, RM.W., Bartel, D.P. and Bartel, B. (2006) MicroRNAs and Their Regulatory Roles in Plants. Annual Review of
Plant Biology, 57, 19-53. https://www.sdbonline.org/sites/2008ShortCourse/Rhoades_review.pdf
https://doi.org/10.1146/annurev.arplant.57.032905.105218

[5] Jose, A.-D. (2016) Eggplant Latent Viroid: A Friendly Experimental System in the Family Avsunviroidae. Molecular
Plant Pathology, 17, 1170-1177. https://www.ncbi.nlm.nih.gov/pubmed/26696449
https://doi.org/10.1111/mpp.12358

[6] Martinez, F., Marques, J., Salvador, M.L. and Daros, J.A. (2009) Mutational Analysis of Eggplant Latent Viroid RNA
Processing in Chlamydomonas reinhardtii Chloroplast. Journal of General Virology, 90, 3057-3065.
https://www.researchgate.net/publication/26736586_Mutational analysis of eggplant latent viroid RNA processing

in_Chlamydomonas_reinhardtii chloroplast
https://doi.org/10.1099/vir.0.013425-0

[7] Anna, G.-S. (2004) Viroids: Unusual Small Pathogenic RNAs. Acta Biochimica, 51, 587-607.
http://www.actabp.pl/pdf/3_2004/587.pdf
https://doi.org/10.18388/abp.2004_3546

[8] Zhang, X., Lai, T.-F., Zhang, P.-C., Zhang, X.-L., Yuan, C., Jin, Z.-H., Li, H--M., Yu, Z.-M., Qin, C., Tér, M., Ma, P.,
Cheng, Q. and Hong, Y.-G. (2019) Mini Review: Revisiting Mobile RNA Silencing in Plants. Plant Science, 278,
113-117. https://www.sciencedirect.com/science/article/pii/S016894521830640X
https://doi.org/10.1016/j.plantsci.2018.10.025

DOI: 10.12677/br.2020.91002 22 JERZIEERTI


https://doi.org/10.12677/br.2020.91002
https://doi.org/10.1146/annurev.micro.60.080805.142205
https://www.annualreviews.org/doi/pdf/10.1146/annurev.micro.60.080805.142205
https://doi.org/10.1104/pp.17.00475
http://www.plantphysiol.org/content/plantphysiol/174/2/1067
https://www.sdbonline.org/sites/2008ShortCourse/Rhoades_review.pdf
https://doi.org/10.1146/annurev.arplant.57.032905.105218
https://www.ncbi.nlm.nih.gov/pubmed/26696449
https://doi.org/10.1111/mpp.12358
https://www.researchgate.net/publication/26736586_Mutational_analysis_of_eggplant_latent_viroid_RNA_processing_in_Chlamydomonas_reinhardtii_chloroplast
https://www.researchgate.net/publication/26736586_Mutational_analysis_of_eggplant_latent_viroid_RNA_processing_in_Chlamydomonas_reinhardtii_chloroplast
https://doi.org/10.1099/vir.0.013425-0
http://www.actabp.pl/pdf/3_2004/587.pdf
https://doi.org/10.18388/abp.2004_3546
https://www.sciencedirect.com/science/article/pii/S016894521830640X
https://doi.org/10.1016/j.plantsci.2018.10.025

ARG

9]

[10]

[11]
[12]
[13]

[14]

[15]
[16]
[17]

[19]

[20]

(21]

[22]

(23]
(24]

[25]
[26]
[27]
(28]

[29]

David, B. (2004) RNA Silencing in Plants. Nature, 431, 356-363. https://doi.org/10.1038/nature02874
https://www.sciencedirect.com/science/article/pii/S016894521830640X

Sarkies, P. and Miska, E.A. (2014) Small RNAs Break out: The Molecular Cell Biology of Mobile Small RNAs. Na-
ture Reviews Molecular Cell Biology, 15, 525-535. https://www.nature.com/articles/nrm3840
https://doi.org/10.1038/nrm3840

WL, FHE. YRR YUERT R LT, WK S 2R (E AR B, 2010, 23(1): 45-48.
FRATT, SAIA. RNA T KR AT R[J]. 8%, 2003, 25(3): 341-344.
Bender, J. (2001) A Vicious Cycle: RNA Silencing and DNA Methylation in Plants. Cel/l, 106, 129-132.

https://core.ac.uk/download/pdf/82155567.pdf
https://doi.org/10.1016/S0092-8674(01)00441-X

Napoli, C., Lemieux, C. and Jorgensen, R. (1990) Introduction of a Chimeric Chalcone Synthase Gene into Petunia
Results in Reversible Co-Suppression of Homologous Genes in Trans. The Plant Cell, 2, 279-289.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC159885/pdf/020279.pdf
https://doi.org/10.2307/3869076

FfEH, KRR, RER, #erE, J0E RNA FHHLHIOT TR R[], ZEVEORIEIR, 2006, 17(3): 409-411.
BRI, JEDRIUER R o ARSRME[T]. ¥ M TV 22 B 244k, 2006(4): 54-55.

Aliyari, R. and Ding, S.-W. (2009) RNA-Based Viral Immunity Initiated by the Dicer Family of Host Immune Recep-
tors. Immunological Reviews, 227, 176-188. https://doi.org/10.1111/j.1600-065X.2008.00722.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2676720/pdf/nihms-106453

Chen, W.-W., Zhang, X., Fan, Y.-Y., Ryabov, E., Shi, N.-N., Zhao, M., Yu, Z.-M., Qin, C., Zheng, Q.-Q., Zhang, P.-C.,
Wang, H.-Z., Jackson, S., Cheng, Q., Liu, Y.-L., Gallusci, P. and Hong, Y.-G. (2018) A Genetic Network for Systemic

RNA Silencing in Plants. Plant Physiology, 176, 2700-2719. http://www.plantphysiol.org/content/176/4/2700
https://doi.org/10.1104/pp.17.01828

WM, TR, B SIRNA i AR E A YIRISC) IR FE[1]. B4 % 5 N H A= %, 2017, 36(7):
2799-2803.

Nakanishi, K., Weinberg, D.E., Bartel, D.P. and Patel, D.J. (2012) Structure of Yeast Argonaute with Guide RNA. Na-
ture, 486, 368-374. https://www.nature.com/articles/nature11211

https://doi.org/10.1038/nature11211

Kuhn, C.D. and Joshua-Tor, L. (2013) Eukaryotic Argonautes Come into Focus. Trends in Biochemical Sciences, 38,
263-271. https://www.ncbi.nlm.nih.gov/pubmed/23541793

https://doi.org/10.1016/j.tibs.2013.02.008

Swarts, D.C., Makarova, K., Wang, Y.L., Nakanishi, K., Ketting, R.F., Koonin, E.V., Patel, D.J. and John, V.D.O.
(2014) The Evolutionary Journey of Argonaute Proteins. Nature Structural & Molecular Biology, 21, 743-753.
https://www.nature.com/articles/nsmb.2879.pdf

https://doi.org/10.1038/nsmb.2879

FESEHT, MK, REHE RNA FFUURR &b B R 7 R HLRBL]. 1842, 2006, 28(6): 761-766.
Williams, R.W. and Rubin, G.M. (2002) Argonautel Is Required for Efficient RNA Interference in Drosophila Em-
bryos. Proceedings of the National Academy of Sciences, 99, 6889-6894.

https://www.pnas.org/content/pnas/99/10/6889.full.pdf
https://doi.org/10.1073/pnas.072190799

w, BRAUHE. RNA 75 S UURE A AR RISC) D RERT FCE R J]. 3 LER AR 224, 2006, 29(2): 184-187.

ZERL, R, BARLL. AR TURRIN G T LI RIPLRI[]. B R ARl 2012, 42(1): 16-28.

KKz, VA%, B8 YRR T AR, AR, 2009(2): 1-5.

Gomez, G. and Pallas, V. (2010) Noncoding RNA Mediated Traffic of Foreign mRNA into Chloroplasts Reveals a
Novel Signaling Mechanism in Plants. PLoS ONE, 5, 1517-1519.

https://www.tandfonline.com/doi/full/10.4161/psb.5.11.13711?scroll=top&need Access=true
https://doi.org/10.1371/journal.pone.0012269

Molina, S.D., Suay, L., Salvador, M.L., Flores, R. and Daros, J.A. (2007) Processing of RNAs of the Family Avsunvi-
roidae in Chlamydomonas reinhardtii Chloroplasts. Journal of Virology, 81, 4363-4366.
https://jvi.asm.org/content/jvi/81/8/4363

https://doi.org/10.1128/JV1.02556-06

Gustavo, G. and Pallas, V. (2012) A Pathogenic Non Coding RNA That Replicates and Accumulates in Chloroplasts
Traffics to This Organelle through a Nuclear-Dependent Step. Plant Signaling & Behavior, 7, 882-884.

DOI: 10.12677/br.2020.91002 23 JERZIEERTI


https://doi.org/10.12677/br.2020.91002
https://doi.org/10.1038/nature02874
https://www.sciencedirect.com/science/article/pii/S016894521830640X
https://www.nature.com/articles/nrm3840
https://doi.org/10.1038/nrm3840
https://core.ac.uk/download/pdf/82155567.pdf
https://doi.org/10.1016/S0092-8674(01)00441-X
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC159885/pdf/020279.pdf
https://doi.org/10.2307/3869076
https://doi.org/10.1111/j.1600-065X.2008.00722.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2676720/pdf/nihms-106453
http://www.plantphysiol.org/content/176/4/2700
https://doi.org/10.1104/pp.17.01828
https://www.nature.com/articles/nature11211
https://doi.org/10.1038/nature11211
https://www.ncbi.nlm.nih.gov/pubmed/23541793
https://doi.org/10.1016/j.tibs.2013.02.008
https://www.nature.com/articles/nsmb.2879.pdf
https://doi.org/10.1038/nsmb.2879
https://www.pnas.org/content/pnas/99/10/6889.full.pdf
https://doi.org/10.1073/pnas.072190799
https://www.tandfonline.com/doi/full/10.4161/psb.5.11.13711?scroll=top&needAccess=true
https://doi.org/10.1371/journal.pone.0012269
https://jvi.asm.org/content/jvi/81/8/4363
https://doi.org/10.1128/JVI.02556-06

JREARIS

(31]

[32]
[33]

[34]

[33]

[36]

[37]

[38]

[39]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3583980

https://doi.org/10.4161/psb.20463

Landry, P. and Perreault, J.P. (2005) Identification of a Peach Latent Mosaic Viroid Hairpin Able to Act as a Di-
cer-Like Substrate. Journal of Virology, 79, 6540-6543 .https://doi.org/10.1128/JV1.79.10.6540-6543.2005

WHRN, V. EYIOR N R[], AT REFEIR (B ARERR), 2007, 25(3): 18-23.

Nohales, M.A., Molina, S.D., Flores, R. and Daros, J.A. (2012) Involvement of the Chloroplastic Isoform of tRNA Li-
gase in the Replication of Viroids Belonging to the Family Avsunviroidae. Journal of Virology, 86, 8269-8276.
https://jvi.asm.org/content/jvi/early/2012/05/16/JV1.00629-12.full.pdf

https://doi.org/10.1128/JV1.00629-12

Gomez, G. and Pallas, V. (2012) Studies on Subcellular Compartmentalization of Plant Pathogenic Noncoding RNAs
Give New Insights into the Intracellular RNA-Traffic Mechanisms. Plant Physiology, 7, 882-884.
http://www.plantphysiol.org/content/159/2/558

https://doi.org/10.1104/pp.112.195214

Ding, B. (2009) The Biology of Viroid-Host Interactions. Annual Review of Phytopathology, 47, 105-131.
https://www.annualreviews.org/doi/pdf/10.1146/annurev-phyto-080508-081927
https://doi.org/10.1146/annurev-phyto-080508-081927

Ding, B. and Itaya, A. (2007) Viroid: A Useful Model for Studying the Basic Principles of Infection and RNA Biology.
Molecular Plant-Microbe Interactions, 20, 7-20. https://apsjournals.apsnet.org/doi/10.1094/MPMI-20-0007
https://doi.org/10.1094/MPMI-20-0007

Flores, R., Hernandez, C., Alba, A.E., Mde, Daros, J.A. and Serio, F.D. (2005) Viroids and Viroid-Host Interactions.
Annual Review of Phytopathology, 43, 117-139. https://doi.org/10.1146/annurev.phyto.43.040204.140243
https://www.annualreviews.org/doi/full/10.1146/annurev.phyto.43.040204.140243

Tabler, M. and Tsagris, M. (2004) Viroids: Petite RNA Pathogens with Distinguished Talents. Trends in Plant Science,
9, 339-348. https://cals.arizona.edu/mycoherb/arnoldlab/teaching/2011%20stuff/Viroids.pdf
https://doi.org/10.1016/j.tplants.2004.05.007

Csorba, T., Kontra, L. and Burgyan, J. (2015) Viral Silencing Suppressors: Tools Forged to Fine-Tune Host-Pathogen
Coexistence. Virology, 479, 85-103. http://real.mtak.hu/26668/1/2015_VSR_Virology.pdf
https://doi.org/10.1016/j.virol.2015.02.028

DOI: 10.12677/br.2020.91002 24 JERZIEERTI


https://doi.org/10.12677/br.2020.91002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3583980
https://doi.org/10.4161/psb.20463
https://doi.org/10.1128/JVI.79.10.6540-6543.2005
https://jvi.asm.org/content/jvi/early/2012/05/16/JVI.00629-12.full.pdf
https://doi.org/10.1128/JVI.00629-12
http://www.plantphysiol.org/content/159/2/558
https://doi.org/10.1104/pp.112.195214
https://www.annualreviews.org/doi/pdf/10.1146/annurev-phyto-080508-081927
https://doi.org/10.1146/annurev-phyto-080508-081927
https://apsjournals.apsnet.org/doi/10.1094/MPMI-20-0007
https://doi.org/10.1094/MPMI-20-0007
https://doi.org/10.1146/annurev.phyto.43.040204.140243
https://www.annualreviews.org/doi/full/10.1146/annurev.phyto.43.040204.140243
https://cals.arizona.edu/mycoherb/arnoldlab/teaching/2011%20stuff/Viroids.pdf
https://doi.org/10.1016/j.tplants.2004.05.007
http://real.mtak.hu/26668/1/2015_VSR_Virology.pdf
https://doi.org/10.1016/j.virol.2015.02.028

	RNA Silencing Antagonizes Viroid
	Abstract
	Keywords
	RNA沉默拮抗类病毒
	摘  要
	关键词
	1. 引言
	2. RNA沉默
	2.1. RNA沉默
	2.2. 转录后基因沉默
	2.3. 转录基因沉默

	3. RNA沉默复合体
	3.1. Dicer
	3.2. AGOs
	3.3. 小RNA
	3.4. 非细胞自主性RNA沉默
	3.4.1. 细胞间RNA沉默
	3.4.2. RNA沉默长距离扩散


	4. RNA沉默拮抗植物病毒
	4.1. RNA沉默对病毒的拮抗作用
	4.2. 植物病毒拮抗RNA沉默(沉默抑制子)

	5. 类病毒
	5.1. 类病毒的分类
	5.2. 类病毒侵染植物
	5.3. RNA沉默拮抗类病毒
	5.3.1. Dicer对类病毒的拮抗作用
	5.3.2. 类病毒小RNA


	6. 展望
	致  谢
	参考文献

