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Small interfering RNA derived from the plant virus and its application in

researches on fruit tree viruses
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Abstract: Fruit crops belong to perennial woody plants, which may carry viruses during lifetime once
they are infected. Fruit tree-infecting viruses accumulate year by year, resulting in reduced tree vigor,
fruit yield and quality, and even leading to tree death. Fruit tree virus has a wide host range and multiple
transmission pathways, and its spread is accelerated with the frequent transfer of plant stocks. More-
over, fruit tree is usually simultaneously infected with multiple virus species, and the symptom is latent
or not easy to be observed. Various differential hosts are usually required to distinguish fruit tree viruses
that mostly lack the corresponding herbaceous host. Besides, the amounts of virus in woody plants are
small, unevenly distributed, and have seasonal differences. For these reasons, the theoretical and techno-
logical researches on fruit tree viruses is relatively backward. However, deep sequencing of small RNA
has been successfully applied to the identification of fruit tree virus and the use of hairpin structure to
express specific virus double-stranded RNA (dsRNA) for fruit trees to obtain antiviral sources has been
studied. In this paper, the mechanism of RNA silencing, the origin of vsiRNA and its biosynthesis pro-
cess are summarized, which emphatically elaborates the application of vsiRNA in the studies on fruit
tree virus, so as to provide ideas and methods for the identification of fruit tree viruses, to acquire fruit

tree antiviral resources and to cultivate virus-free stocks. RNA silencing, also known as RNA interfer-
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ence (RNA1), has been demonstrated as a conserved antiviral mechanism in plants. In plants, RNAI is
activated by dsRNA, which is recognized by Dicer-like (DCL) proteins and cleaved into 21-24 nt small
RNA. These small RNAs are loaded into RNA-induced silencing complex (RISC) containing ARGO-
NAUTE (AGO) protein for post-transcriptional gene and transcriptional gene silencing. The gene silenc-
ing elements of host plants can recognize the dsRNA formed during the process of virus infection and
then produce 21-24 nt small RNA, which is the virus-derived small interfering RNA (vsiRNA). Virus in-
fection induces production of a great amount of vsiRNAs, which can be loaded into host AGO proteins
to form RISC to target viral genome. In recent years, genetic analysis of Arabidopsis thaliana and high-
throughput sequencing of vsiRNAs from various plants have revealed the origin and biosynthesis of
vsiRNAs. For RNA viruses, vsiRNA is mainly derived from the dsRNA formed by the viral replication
intermediate, the dSRNA region formed by the self-complementary pairing of the single stranded RNA
of the viral genome, or the dsSRNA produced by RNA-dependent RNA polymerase (RDR) that uses vi-
ral RNA as a template to replicate. For DNA viruses, research on the source of vsiRNA is less. Until
now, vsiRNA production in different plants has not been clearly illuminated, and the known vsiRNA
production suggests that vsiRNA production requires the participation of multiple core components of
RNA silencing, such as DCL, RDR and AGO proteins. Plant DCL proteins are critical components in
the RNA silencing pathway. Different DCL proteins process dsSRNA formed during viral infection into
specific vsiRNA. The model plant Arabidopsis thaliana encodes four DCL proteins, DCL1, DCL2,
DCL3 and DCL4, each of which has its own function. DCL1 mainly contributes to the production of
miRNA and plays an indirect role in the production of different length of vsiRNA, while DCL4, DCL2
and DCL3 produce siRNA of 21-, 22- and 24-nt, respectively. Although the functions of DCL proteins
in the production of vsiRNA are different, they play a complementary and self-balancing role. RDR rec-
ognizes RISC cleavage products and converts them as substrates into dSRNA, which once again enter
the DCL protein containing cleavage complex to produce secondary siRNA, amplifying the silencing
signal. RDR6 has been reported to be a main enzyme involved in the production of secondary small
RNA in the cytoplasm. AGO protein is a key component in the RNA silencing effect complex, which
binds to vsiRNA to cleave viral RNA, and the cleaved single stranded RNA is the source of secondary
vsiRNA. With the development of small RNA sequencing technology, the vsiRNA expression profile of
fruit tree viruses has been reported successively. Whereas, the types and functions of endogenous RDR-
DCL-AGO homologues involved in vsiRNA production in fruit crops remain unclear, and the studies
are rare on the small RNA-mediated antiviral gene silencing pathway in fruit trees. However, vsiRNA
has been widely used in the studies on fruit tree viruses based on its origin and distribution characteris-
tics. Specifically, a large amount of vsiRNA can be obtained by deep sequencing of small RNA. Since
the sequences of vsiRNA are continuous and overlapped, vsiRNA can be assembled de novo into contig
through bioinformatics tools for the identification of new viruses, which provides a basis for virus detec-
tion. Deep sequencing of small RNA itself can also be used for molecular virus detection, which over-
comes the limitations of traditional virus detection methods and can be applied to diagnose fruit tree vi-
ruses in a large scale and quickly. This technique plays an important role in virus detection and certifica-
tion of virus-free plants. In addition, vsiRNA, based on deep sequencing, has also been used to study vi-
rus populations in plants. Stem tip tissue culture has been widely used to obtain virus-free plants in pro-
duction. Current view is that the virus-free stem tip is mainly attributed to its strong RNA silencing abil-
ity, suggesting the possibility that the virus-free stem tip or the increased long virus-free stem tip of fruit

trees could be obtained through expression of specific vsiRNA. Expression of vsiRNA like the hairpin
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RNA has been considered as a feasible technology applied to antiviral genetic engineering for fruit trees

to obtain virus-resistant plants. In addition, RNA1 induced by artificial miRNA in fruit tree antiviral ge-

netic engineering needs to be further investigated. In conclusion, the detailed description of the applica-

tion of vsiRNA in the studies on fruit tree virus will contribute to controlling viral disease of fruit trees.

Key words: Fruit tree virus; Virus-derived small interfering RNAs (vsiRNAs); RNA silencing; VsiR-
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[1]7NF-# RNA (virus-derived small interfering RNA,
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NAUTE (AGO) % 1 /] RNA # 5 M JT Bk 5 & 14
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MM T RNA 1] RNA 2 & i (RNA dependent
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AGV) . Z=J& T %5 & (prunus virus T, PrvVT) . 75 Jik B4
#H %97 B (apricot vein clearing-associated virus, AV-
CaV) Bk M- ¥ £ Fif 93 25 (peach leaf pitting-associated
virus, PLPaV) %7,
22 RESFERN

RT-PCR.% H PCR PA S SEIY %'t 5E fit PCR (re-
al-time fluorescent quantitative PCR, RT-qPCR) %5
ARG U AR 5 () H FH 7A@ N RNA
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T 7 B R R VR R S . a0, A vsiRNA
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mL AER O R M 2 B AR SRR P U5
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BRI P A B 0] Y T s Al 1207 98 o i 17 A%
G5 B AL 7 VA B JR IR A S RE KR B PRI 12 WA
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F-B, 76 3 AR AL I 09 2 A AR 2R, 720 7 A
MR AR VIEL P R IEE L. DR
B, /N RNA 5 6 R D A I 22 24 711) 5 2 e Ak 3
SRYE Y &G T B 1 5 (grapevine leafroll-associ-
ated virus 1, GLRaV- 1) . ] %] Bt £ £ (grapevine
fleck virus, GFkV) A0 10 ] %) 25 5 £ 793 75 (grape-

vine rupestris stem pitting-associated virus, GRSPaV)

(1) 8] 281 AR 1 s B A LS Vigne S5V LR T R
A S U i I 4 28 W BRI 5E (double-antibody sand-
wich enzyme-linked immunosorbent assay, DAS-ELI-
SA) .RT-gPCR . f & fili$k RT-PCR./)» RNA Il . 5%
SEZHMN P DL S vsiRNA EQTERE 6 Bkl 7 v 5% 6 )
J5 955 B (grapevine fanleaf virus, GFLV) F) A il 1
O, BAHf T/ RNA W5 78 09 B 1 A WUE 77 T 1)
V. FH A5
23 mELRRSHFRSERTLRE

H AT, W36 % 1 72 W10 75 Fh 58 1) ZE il b i)
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T3 75 B AR BE RE A R4 7 va SRR B B fE T, R
325 AR v R T R, R SRR B B R
o —TUAT A B ER . SRAS T0R B R 592
A Z B, M 2RI S TR R4 To R 55 R I HOR
CEAE P s Tz A . BB BRI 5N R 2R
I i B 1 3 2 5 DR L B R SR I RNA JUER g
D1, TEMK ST TC B M ZE R LU, vsiRNA (175 FEAH XS
B AR R R ASGV R BB ZE R 1)
vsiRNA 73 4fi £ L P 7E 21-F1 22-nt, X 24 CH
37 C oAb #E B 25 2R vsiRNA HEAT 70 BT & 3L
37 C %M F, vsiRNA (R 2 214 I, RNA JTER %
OHHIRIE R B R E S E TR, R b
it 75 A J5UEE TT BE 2 254 RNA VTERAE #5020, 2840
I EE2H 2 vsiRNA AR R 2 IR 1 Al &Ik
R5 571 vsiRNA SEBLR A 2592 T 85 , 75 5l A 43 T80
BEEARMKES N, G B TS dEfE bk .

RNAi 7E PR GT JE12 G k4555 B 24k
H. BT 25 vsiRNA 724 (140 i 4 7> (an DCL
RDR 1 AGO) b, KBk 22 (1) S50 Uk 4 % I AE ) h
vsiRNA H & W AEFUE 55 G2 SN R #5898 BL#EAE
Fl o AHH KT vsiRNA 7553 (P05 55 8 T A 2 LA
HEHR B Gy o RUtL, Al i@ I 3R 1A vsiRNA 75 1%
A L% 5 RNAI, H 1% % RNA (hairpin RNA, hpR-
NA) #1 A\ I. miRNA (artificial miRNA, amiRNA) 5
RO 2 N TP a5 TR #E9%
BRI P81 N B T2 U R R S5 74, dsSRNA
A DUR G 0%, FB0E 1) PTGS BA 1R (T BR
RS, B4 E P EAE R DU 55 B Fhob IR
KRB 5 A B o) 12 8] 3%, S T SRR 0008 5, B Bk TR
SEBONTIAT I INERY . A I S 2 b s 23 2 R 41
(1) — BL7 B N L R AH ST B AR B 1)
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otk 1% 5 V5 AR 0 S5 4 K 5 1) Bt M (pathogen-
derived resistance, PDR)™, F| 1% L3151 — Lk
PO AEY &Ik, 1A e AT B R AT i
Firp, B EEAG R RS AT R AMNER, R
W 3 B R S ORI ARG AN &Y. SR
X} PDR MIHLEIB AR B, 2 H0IE Ol IS 2 e )
PURRRAFIERBRTEEAN TN, LI5S
RNAi FU% FEHLHIC . RNAI {55 A8 Wb AL 138 2]
FEFEO X 5t i RNAL AR B P Ehi A, IF
HIGHSR AR R4 T AT Be B AR 2
B 11 B 5 DRy A R A5 A (3] 00 42 8t b B 55
WA, 2 e ot b R R A B R A, A AR R A
WA TT T B B AT, Bt Ao
FHIEIT RNAL BORTEE B A P05 22 @ 3R
HEIA B9 7 (prunus necrotic ringspot virus, PNRSV)
J¥ 51 () hpRNA, /& #% o 523 7 %7 PNRSV (1) $1
PEO, amiRNA £ R /2K miRNA #4441 ) miR-
NA Il miRNA*JF 51 & 6  AH BL 1) #8477 51, 13 B2
miRNA F 7 () 2R 5544, FIFH A JE miRNA 148
FEAEI /N RNA UTBREEAR R o ph T S0 3 25 72 4
vsiRNA V) s S VTR R & 2 A W], amiRNA 7E
TP ERAIT T (N IS R T — B AL

3 B O

W EL AR SR, WEMRZE,
RLFRAT T8 SRR B (1 BIF F 38 8 5 AN B8, JEH R T —
U 5] FURE R AR B B TORE R I & K 1 2, H
XU IR B, B G S IR R R WAL 7
H5HARERE ARG R MERE. HZR TR
B B IRE R0 SR B 0T 7L T B sk =, AT
K-SR K AR AR ZE R .

PR B IR 9T CUAIF S RNAL BB F0% FE R
TEIR B2 YL 10 27 T AE Y40 M A 7= 42 K & vsiRNA,
HLAE R % 32 AGO B [ LABR IS B AMEC T 1) 77 50
A5 B R R AH . 0T UL R T RSB A A BT A 2 P
W) vsiRNA FRIXIE R AT 487 7 vsiRNA 25 A
VG RBOERE. BARM TS vsiRNA F=4EH KK
P& RDR-DCL-AGO [FJ& 4 1 # 288 Je I Th g ik &
BHA , A 55/ RNA A5 1P B 25 R D BR 8 26 16
AT HE— B RN, HIE T vsiRNA L JEF1 43 47 )
FF AU, vsiRNA 7E R BB e S f T2 R .
FH T SRR 7 7 B A b IR M, S R K IR R

AN, HAEAS RSP B iR R 2 AR K, R
PR R AN Gyl e g ik s e . IR, BT
RNA 7R FE Wl 7 %5 5 S 280 B 1) 77 v A AR K
MR FERT 5t /N RNA R B 3 B 8 A6 I 21 & %0
()~ 2R B0 1 B B v 1 B S AR ) B A I RNA
25 DNA W5 LA S S 85, 7R B i 5 08 3 B A
MR EEFmEmah A EERE . BRET
vsiRNA [T d5E K TR AT 7, B FER
Z RPN . BT R EE 2 AR vsiRNA 1] 5
AT 252 AR, A [R5 B 7 514 B ¥ hpRNAL LA
T AR B AN [ 2 28 A AR R B0 B RO T RER
Ao MeAh, X F vsiRNA /S H0m S 0i B A 1R
Z AN SR HA KE M vsiRNA 258 255 5511
AGO FE A ; BIffi—L8 AGO & 70 #1R eid 72
d R AR ) HBESE & vsiRNA, (B2 B ) RISC &
H A BT IR A H SO EE gm B ) RNA TR 1
FIETE TR FE AL R EE L R H . H AT, 455 vsiR-
NA AJ DS ) 975 25 J2 DA 2 N T 90 7615 542 - (1 1R P
SLIGAE PR R A [, W R IA vsiRNA 58
DB B 7 B B DR R, 7 SRR s AR B A
e T7 1A A R T BRI T Be 2 — . PR, vsiR-
NA 75 FER B0 B 56 PR T RE 7 THI 6 B FH 8 75 Bk —
IR TR S
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