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Antiviral defense is one of the important roles of RNA silencing in plants. Virus-derived small interfering RNAs (vsiRNAs) 
are found in the infected host cells, indicating that the host RNA silencing machinery can target viral RNAs for destruction. 
With the development of high-throughput sequencing of vsiRNAs, recent genetic studies have shed light on the origin and 
composition of vsiRNAs and their potential functions in the regulation of gene expression. Here, we briefly describe the origin 
and biogenesis of vsiRNAs, and review the recent discoveries regarding vsiRNA-mediated RNA silencing of viral genomes 
and host transcripts. This will better our understanding of virus pathogenicity and RNA silencing-related host-pathogen inter-
actions in plants. 
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RNA silencing is a highly conserved mechanism that oper-
ates in most eukaryotes. One of the major features of RNA 
silencing is the production of small RNAs of 21–30 nucleo-
tides (nt) in length which can regulate gene expression in a 
sequence-specific manner. The small RNAs are grouped 
into three classes: small interfering RNAs (siRNAs), mi-
croRNAs (miRNAs) and Piwi-associated interfering RNAs 
(piRNAs). Generally, RNA silencing can be triggered by 
double-stranded RNA (dsRNA) or a hairpin-like fold-back 
structure formed through intramolecular basepairing. In the 
silencing initiation stage, a double-stranded RNA precursor 
can be recognized and processed into small RNAs by Dicer 
or Dicer-like (DCL) proteins [1–3]. Then, the mature-
ly-processed small RNAs are recruited by the Argonaute 
(AGO) protein to form an RNA-induced multi-subunit si-
lencing complex (RISC). Finally, these small RNAs guide 
RISC to regulate targets in a sequence-specific manner. 

This causes transcriptional silencing through induction of 
methylation, or post-transcriptional gene silencing (PTGS) 
through sequence-specific cleavage of target RNA and 
translational inhibition [1–3]. RNA silencing pathways in 
plants play important roles in defense against invading vi-
ruses and foreign transposons, in the regulation of chroma-
tin modification and in the control of gene expression to 
guarantee the normal development of plants. 

Two lines of evidence support the role of RNA silencing 
as an antiviral defense mechanism in plants. On the one 
hand, a large number of virus-derived small RNAs are 
found in the infected host plants, indicating that the host 
RNA silencing mechanism can target viral RNA [4]. This is 

called virus infection-induced gene silencing (VIGS). On 
the other hand, many plant viruses encode silencing sup-
pressors to counter host antiviral defense mechanisms based 
on RNA silencing [5–7]. This provides additional evidence 
for the antiviral nature of RNA silencing. The production of 
a large number of virus-derived small interfering RNAs 
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(vsiRNAs) is the most remarkable feature of virus-induced 
gene silencing [4,8–13]. Current research indicates that 
vsiRNAs are derived either from the dsRNAs formed during 
the virus replication stage or from single-stranded viral 
RNAs (ssRNAs) with a hairpin-like fold-back structure 
[8,10,14–16]. Both of these forms of viral RNA can be pro-
cessed into vsiRNAs of a specific size by distinct DCLs 
proteins. However, the cleavage of viral RNAs by DCLs is 
not in itself sufficient to suppress virus replication. Other 
key components of silencing, such as Ago and RNA-de-     
pendent RNA polymerase (RDR), are also required for ef-
fective virus silencing [17,18]. It has been demonstrated that 
VIGS-mediated viral RNA inactivation is likely based on 
the vsiRNA-mediated cleavage of viral RNA [8,12] or of 
viral satellite RNA [19]. However, it cannot be excluded 
that the antiviral silencing mechanism also acts at the level 
of translational regulation. 

With respect to vsiRNA-mediated RNA silencing, sever-
al regulation models exist according to current research re-
sults, one of which is that vsiRNAs can guide the cleavage 
of genomic viral RNA. Moreover, virus infection can cause 
distinct phenotypic symptoms, which are often related to 
changes in the level of expression of host genes [20–23]. In 
view of the complexity of vsiRNA sequences, it is reasona-
ble to consider that vsiRNAs can target and regulate host 
transcripts post-transcriptionally. In this review we mainly 
summarize the recent research advances with a focus on 
vsiRNA-mediated RNA silencing, including that of viral 
genomic RNA and host transcript RNA. 

1  Biogenesis of virus-derived small RNAs in 
plants 

1.1  Origin of viral siRNAs 

Plant virus genomes serve as both the trigger and target of 
post-transcriptional gene silencing (PTGS). In early models, 
it was widely thought that replication of positive-strand 
RNA viruses occurs via double-stranded intermediates 
which were likely the trigger activating the production of 
vsiRNAs [24]. This meant that there should be the same 
amount of vsiRNAs derived from positive- and nega-
tive-sense strands in the infected host plant cells. However, 
by molecular cloning of small RNAs derived from several 
positive-strand plant RNA viruses, Molnar et al. [13] found 
that the production of the vsiRNAs had a strong bias to-
wards the genomic-sense strand. This challenged the view-
point of genome-length viral dsRNA being the unique pre-
cursor. Molnar et al. [13] also proposed that highly struc-
tured, single-stranded viral RNAs could be processed into 
vsiRNAs to trigger RNA silencing. It is well-known that, as 
far as positive-strand viruses are concerned, virus replica-
tion is associated with extensively rearranged intracellular 
membranes, and replication intermediates are assembled 

with many viral RNA-dependent RNA polymerase (RdRp) 
molecules [25]. Thus, the possibility that dsRNA replication 
intermediates are processed into vsiRNAs is reduced, 
therefore the great number of vsiRNAs found in virus-     
infected tissues could not only be derived from dsRNA rep-
lication intermediates. Although each position on the viral 
genome is a potential cleavage site in producing vsiRNA, 
there exists a distinction between “hot” and “non-hot” re-
gions. It has been suggested that dsRNA-like secondary 
structures within the single-stranded viral RNA are more 
likely to be the main source of vsiRNAs than dsRNA repli-
cation intermediates [8,10,1416]. Plant DNA viruses, 
which have a dsDNA intermediate stage, produce an abun-
dance of vsiRNAs from RNA transcription units [26]. Most 
of the vsiRNAs related to geminiviruses (plant DNA viruses 
which have single-stranded DNA genomes) are probably 
derived from fold-back structures within RNA transcription 
units [27,28]. 

1.2  Biogenesis of vsiRNAs 

With the discovery of endogenous small RNAs in diverse 
eukaryotes, scientists have done extensive genetic and bio-
chemical research into their biogenesis in many model sys-
tems, concentrating especially on the variety of effector 
proteins participating in the small RNA-mediated silencing 
pathway. The current knowledge on vsiRNA biogenesis in 
plants comes mainly from genetic analysis in the model 
plant Arabidopsis. 

Viral dsRNA, or highly-structured regions in ssRNA, can 
be processed into specifically-sized vsiRNAs by distinct 
DCLs. DCL2 and DCL4 play key roles in the generation of 
vsiRNAs derived from positive-strand RNA viruses, as de-
termined using loss-of-function mutants in Arabidopsis 
DCLs. Plants infected with positive-strand RNA viruses 
mainly accumulate 21-nt vsiRNAs processed by DCL4 
[15,29,30]. However, there appears to be a size shift of the 
vsiRNAs to DCL2-dependent 22-nt species in the absence 
of DCL4. For example, host plants infected with Turnip 
crinkle virus (TCV) only accumulate DCL2-dependent 
22-nt vsiRNA. DCL4-dependent 21-nt vsiRNAs were de-
tected only following infection with TCVΔP38 (which lacks 
the viral suppressor P38), suggesting that P38 encoded by 
wild-type TCV interferes with DCL4 during normal infec-
tions and hence DCL2 takes over the antiviral defense [31]. 
DCL3 produces 24-nt vsiRNAs only in dcl2/dcl4 double 
mutants, thus seeming to play a minor role in this process 
[15,2931]. It is currently believed that DCL1 is only indi-
rectly involved in vsiRNAs generation, since all the DCLs 
are in a self-balanced system. In the case of plant viruses 
with DNA genomes, all four DCLs participate in the gener-
ation of vsiRNAs, thus differing from RNA viruses, DCL3 
being relatively the most active antiviral dicer and DCL1 
seeming to assist the other DCLs [26,32].  

The vsiRNAs generated from DCL proteins acting di-
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rectly on the invading viral genome are called primary 
vsiRNAs. vsiRNAs can guide AGO to cleave the viral ge-
nome, and the resulting cleaved viral fragments are possibly 
amplified into dsRNAs by plant RDRs. The newly-synthe-     
sized dsRNAs are recognized and processed by DCL into 
new vsiRNAs called secondary visRNAs, which is similar to 
the generation of RDR6-dependent tasiRNAs (trans-acting 
siRNAs) [33–35]. Arabidopsis possesses six RDR proteins. 
It has been shown that RDR1 and RDR6 might take part in 
the biogenesis of secondary vsiRNAs [36]. Small RNA 
high-throughput sequencing technology has promoted the 
study of the roles of host RDRs in the biogenesis of vsiR-
NAs [11,14,15]. Recently, Wang et al. [14] pointed out that 
RDR1 and RDR6 exhibited specificity in targeting the ge-
nome sequences of Cucumber mosaic virus (CMV) in am-
plifying secondary vsiRNAs. RDR1 preferentially amplified 
the 5′-terminal siRNAs of the three genomic RNAs of CMV. 
However, an increased production of vsiRNAs targeting the 
3′ half of RNA3 detected in rdr1 mutant seemed to be 
RDR6-dependent.  

It is necessary for vsiRNAs to bind and guide AGOs to 
cleave target genes in order to further amplify secondary 
vsiRNA precursors. Arabidopsis encodes 10 AGO proteins. 
A study on Arabidopsis ago mutants found that certain 
AGO proteins participate in vsiRNAs biogenesis. AGO1 
immunoprecipitates from Arabidopsis infected by CMV, 
TCV and Turnip yellow mosaic virus (TYMV) contained 
vsiRNAs [17,18]. Moreover, CMV-derived vsiRNAs have 
been detected in AGO2 and AGO5 immunoprecipitates 
[37,38]. Additionally, in Arabidopsis ago7 or ago2 mutants, 
the accumulation level of TCV viral RNA is higher than 
that in wild-type plants [37,39]. All the studies above indi-
cate that vsiRNAs likely guide the AGO-containing RISCs 
to specifically cleave viral RNAs and promote downstream 
biogenesis of RDR-dependent secondary vsiRNAs, which 
finally trigger the efficient silencing. This viewpoint has 
been confirmed in recent research using plants infected with 
2b-deficient CMV (CMV-Δ2b), in which AGO1 and AGO2 
were shown to act downstream in the biogenesis of secondary 
vsiRNAs in a non-redundant and cooperative manner [40]. 

2  Molecular basis of the vsiRNA-mediated an-
tiviral effect 

The restriction of virus replication is not effected simply 
through the production of primary vsiRNAs by DCL-de-     
pendent action on the infecting viral genome. Both genetic 
and biochemical data show that the formation of vsiR-
NA-containing functional RISCs is significant for effective 
antiviral defense [40]. Currently, it is unclear if all the 
vsiRNAs produced in the host cell can be incorporated into 
AGO-containing RISCs, and it remains to be established 
whether vsiRNAs can be recruited into all the AGO family 
members. By analyzing Tobacco mosaic virus (TMV)-Cg-  

derived 21-nt siRNA populations in infected Arabidopsis, 
Qi et al. [16] found there existed four classes of vsiRNAs 
with distinct 5′-terminal nucleotides. The vsiRNAs with A 
or U as their initiation base exceeded in number those with 
G or C. It has been verified that distinct AGOs in Arabidop-
sis show a bias towards the 5′ terminal nucleotides when 
recruiting endogenous siRNAs [38,41,42]. However, it re-
mains to be clarified whether AGOs obey the same rules 
when recruiting vsiRNAs in the antiviral process. 

The current experimental evidence on vsiRNA-mediated 
antiviral functions indicates that the VIGS-mediated antivi-
ral role is primarily based on the sequence-specific cleavage 
of viral RNA guided by vsiRNAs [12]. Using recombinant 
Tobacco rattle virus (TRV), researchers found that TRV 
infection of plants was associated with the accumulation of 
vsiRNAs. These targeted recombinant RNA for degradation, 
as manifested by a decreased virus titer over time [11]. Vi-
ral genomes possess hot spots for generating vsiRNAs, as 
shown by high-throughput deep sequencing techniques [8]. 
To understand the biological role of these hot spots, re-
searchers carried out analyses of vsiRNAs and their down-     
regulatory effect on their corresponding hot spot and non-hot 
spot regions. Their results show that vsiRNAs generated 
from hotspots, despite their much greater abundance, do not 
show a greater efficiency than those from non-hotspots re-
gions [8]. It has been shown that most of the Cymbidium 
ringspot virus (CymRSV) vsiRNAs (including those derived 
from hot spot regions) are primary vsiRNAs. This study, on 
the one hand, identified that vsiRNAs derived from the di-
rect cleavage of viral genome by DCLs were not efficient in 
the down-regulation of accumulation of viral RNAs; on the 
other hand, it suggested that the hot spot regions producing 
vsiRNAs were not necessarily the effective regions for the 
vsiRNA-AGO complex to target. Furthermore, vsiRNAs 
entering into AGO complexes were not necessarily playing 
a role in the inactivation of viruses [12]. The high level of 
secondary structure in certain viruses, virus satellite RNAs 
and viroids possibly obstruct the targeting effect of the 
vsiRNAs-AGO complex. Therefore, the accessibility of 
target sites may also determine the efficiency of antiviral 
RNA silencing [43].  

Many viruses encode silencing suppressor proteins. Dif-
ferent suppressors interfere with or suppress different com-
ponents or steps of the silencing pathway. Using suppres-
sor-deficient mutant virus to infect plants has become an 
effective experimental means of identifying the components 
of antiviral RNA silencing [31,44–46]. For example, Wang et 
al. [14,40] established the roles of Arabidopsis RDRs in si-
lencing-mediated virus resistance by using CMV-∆2b (defi-
cient in the expression of suppressor 2b). The resistance to 
CMV-2b in Arabidopsis was mainly associated with the 
amplification of vsiRNAs generated by a RDR6-dependent 
pathway. Production of the secondary vsiRNAs targeting 
CMV-2b required Suppressor of gene silencing 3 (SGS3) 
and DCL4 in addition to RDR6 [40]. In addition, examina-
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tion of a series of AGO-related mutants, combined with 
co-immunoprecipitation and deep sequencing, verified the 
essential requirement for AGO1 and AGO2 in the defense 
against CMV-∆2b. It also verified that 21-nt, but not 22-nt, 
secondary vsiRNAs utilized the two cooperative AGOs to 
mediate the antiviral RNA silencing in Arabidopsis [40]. 

A comparison of the ratio of accumulated viral RNA to 
that of vsiRNA may preliminarily reveal the antiviral role of 
vsiRNAs. However, to date it has not been reported that a 
specific virus-derived small RNA can target a viral genome 
to induce resistance. We previously cloned the siRNAs de-
rived from the satellite RNA (satsiRNA) of SD-CMV (a 
severe field Shan-Dong strain) [47], and have recently ex-
amined the biological function of satsiRNAs. Our results 
indicate that these satsiRNAs can combine with AGO pro-
teins in host plants. The most frequently cloned satsiRNA, 
named satsiR-12 that targets the 3′ UTR of CMV RNA, 
triggers the RDR6-dependent antiviral silencing pathway 
[48]. Firstly, using a plant transient expression system, we 
found the expression of artificial satsiR-12 (asatsiR-12) 
could mediate the cleavage of a GFP-sensor harboring the 
satsiR-12 target site. Moreover, using CMV-Δ2b-infected 
transgenic plants expressing asatsiR-12, we found that 
asatsiR-12 was able to reduce the accumulation of CMV 
RNAs. Also, we verified that asatsiR-12-mediated reduction 
of viral RNAs in the presence of RDR6 was inhibited by the 
2b suppressor [48]. A high concentration of replicating sa-
tRNAs could reduce the accumulation of viral RNAs in N. 
benthamiana on later infection by CMV-2b [49]. By in-
troducing mutations into the region generating satsiR-12, 
we confirmed that satsiR-12 was indeed involved in the 
satRNA-mediated reduction in CMV RNAs. Our findings 
provided the first demonstration that viral satellite 
RNA-derived siRNAs could mediate silencing against their 
helper virus [48]. 

3  Potential action of vsiRNAs in regulation of 
host transcript expression 

Early studies suggested that virus disease symptoms were 
partly attributed to the activity of virus-encoded silencing 
suppressors. These disturbed certain important endogenous 
siRNAs that regulated the developmental process of the host, 
since the binding of siRNAs is the most common mecha-
nism used by most of the suppressors of virus silencing 
[50–52]. Recent studies have led us to believe that some of 
the vsiRNAs may target host transcripts for posttranscrip-
tional regulation. Although many host transcripts that could 
potentially be targeted by vsiRNAs have been found using 
bioinformatics, only a few studies have provided experi-
mental evidence to verify the targeting of host genes during 
vsiRNAs-mediated RNA silencing.  

A blast search with the full-length sequence of the RG1 
strain of Potato spindle tuber viroid (PSTVd-RG1) found 

that large numbers of sequences from several plant species 
shared 19–20 nt identities with the PSTVd sequence. Most 
of these plant sequences corresponded to the viru-
lence-regulating region of PSTVd. Among the identified 
plant sequences, there were at least two encoding putative 
transcription factors and one encoding a putative chro-
mo-domain helicase DNA-binding protein [53]. This result 
suggested the possibility that siRNAs derived from the vir-
ulence-regulating region of PSTVd may cause silencing of 
host regulatory genes. 

Researchers compared the 35S RNA leader sequence of 
Cauliflower mosaic virus (CaMV, a double-stranded DNA 
virus) with Arabidopsis cDNAs and ESTs to look for possi-
ble 18–25 nt microhomologies [26]. Allowing a maximum 
of two mismatches, three Arabidopsis genes, including 
At1g76950, were found. Sequence alignment revealed a 
near-perfect complementarity between the 5′ UTR of 
At1g76950 and a 20-nt sequence located in the 35S RNA 
leader sequence. This implied that these vsiRNAs (sRCC1) 
derived from the 35S RNA leader sequence could serve as 
bona fide siRNAs to mediate the cleavage of the At1g76950 
transcript during infection. Semiquantitative RT-PCR 
(sQPCR) analysis indicated that accumulation of At1g76950 
mRNA was greatly reduced in Arabidopsis infected with 
CaMV. A transient expression experiment using Agrobacte-
rium infiltration into CaMV-infected plants revealed that 
CaMV infection facilitated sequence-specific down-regula-     
tion of the infiltrated reporter gene sequence harboring the 
sRCC1 target site. These findings provided strong evidence 
for the reduction of At1g76950 levels in Arabidopsis being 
due to the direct action of CaMV-derived sRCC1. 

Using a similar procedure for miRNA target prediction, 
4784 host genes were predicted to be the potential targets of 
the siRNAs of TMV-Cg (a crucifer-infecting strain of TMV) 
[16]. However, vsiRNAs-mediated cleavage sites were de-
tected only in a few predicted target genes by 5′RACE. 
Many factors might affect the functionality of vsiRNAs and 
hence restrict their regulatory potential on host targets in 
vivo. Moreover, various virus-encoded silencing suppres-
sors could also suppress the activity of vsiRNAs on the reg-
ulation of putative host targets. In addition, the extent to 
which vsiRNAs can regulate host gene expression might 
also depend on the abundance of vsiRNAs.  

Recently, two research groups simultaneously confirmed, 
for the first time, that siRNAs derived from viral satellite 
RNA could directly regulate the expression of a host gene 
and modulate the virus disease symptoms. CMV-Y satellite 
RNA (Y-Sat) can induce yellowing symptoms in infected 
tobacco plants, of which the molecular mechanism is not 
understood. Previous studies have shown that the nucleotide 
sequence responsible for the yellowing was located in a 
24-nt region of the Y-Sat genome, called the “yellow do-
main” [54–57]. The group led by Wang first looked for the 
target genes containing complementary regions to the “yel-
low domain” with a blast search [58]. They found that a 
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22-nt complementary region was located in the sequence of 
the gene involved in chlorophyll biosynthesis, the CHLI 
gene, which encodes a magnesium chelatase subunit. Small 
RNA sequencing and 5′RACE analyses confirmed that 
Y-sat-derived siRNAs could target the 22-nt complementary 
sequence for the cleavage of CHLI mRNA. Transformation 
of tobacco with an RNAi construct targeting the CHLI gene 
was able to induce Y-Sat-like symptoms. Moreover, the 
symptoms induced by Y-Sat infection could be completely 
prevented by expressing a mutated CHLI gene resistant to 
“yellow domain”-mediated cleavage in tobacco [58]. All 
these results indicate that Y-Sat-induced symptoms are 
caused by the vsiRNAs-mediated silencing of CHLI. Simi-
larly, Shimura et al. [62] also revealed the molecular 
mechanism of the yellowing symptom induced by Y-Sat. 
They found that transgenic N. benthamiana plants that ex-
pressed the inverted-repeat sequence of Y-Sat also devel-
oped yellowing symptom similar to the Y-Sat-infected plants. 
They also showed that the expression level of CHLI was 
down-regulated in the above transgenic plants and in Y-Sat-     
infected plants. Finally, they verified that Y-Sat-derived 
vsiRNAs could specifically target the 22-nt sequence in 
CHLI mRNA and therefore down-regulate CHLI mRNA, 
thus inducing the yellowing symptom by impairing the 
chlorophyll biosynthesis pathway.  

4  Role of vsiRNAs in balancing the interaction 
between host, helper virus and satellite RNA 

The effects of satRNAs on the pathogenicity of their helper 
virus depend on the strain of helper virus, satRNA and host 
plant. Increasingly, evidence in recent years has shown that 
RNA silencing mechanism of host plants plays important 
roles in the pathogenicity and evolution of satRNAs. The 
interaction among the three (satRNA, helper virus, host) 
during RNA silencing is rather complex. However, the in-
teraction is always in a state of relative balance, so that any 
one of the three would not be eliminated and could therefore 
continue to contribute to the long co-evolutionary process. 
Many cases referred to above show clearly that host plants, 
once invaded by virus, will activate their own RNA silenc-
ing system to target the foreign nucleic acid [8,11,12], and 
the virus will correspondingly express an RNA silencing 
suppressor to restrict the host defense system [5961]. Also, 
viral satRNA can utilize the host RNA silencing system to 
regulate the expression of certain host genes and thus in-
duce symptoms [58,62]. Pantaleo and Burgyan [19] also 
pointed out that CymRSV could use an RNA silencing 
mechanism to control the accumulation level of satRNA, 
while satRNA might assist helper virus to resist the silenc-
ing-based defense system of host plants [63,64].  

Our latest results found that CMV-satRNA (SD strain) 
could reduce the expression level of the suppressor 2b pro-
tein and thus attenuate the symptoms caused by CMV [49]. 

This perfectly illustrated the relationships between host 
plant, helper virus and satRNA in RNA silencing. 
SD-satRNA reduced the accumulation of the 2b coding se-
quence, which meant that the host silencing that was sup-
pressed by 2b partially recovered. Therefore, the plants in-
fected with wild-type CMV did not display the symptom 
phenotype relevant to 2b in the presence of SD-satRNA 
[49]. In addition, lower levels of CMV-specific vsiRNAs 
were detected in plants infected with SD-satRNA in both 
the presence or absence of 2b protein. In contrast, abundant 
SD-satRNA-derived vsiRNAs were detected [49]. The re-
sult indicated that SD-satRNA likely interfered with the 
silencing of helper virus by recruiting host RNA silencing 
components, which actually prevented the viral genome 
from being targeted by the RNA silencing pathway. Our 
results suggested that the host silencing mechanism was 
involved in the pathogenicity of satRNA. In other words, 
the pathogenicity of SD-satRNA is a result of a complex 
interaction among SD-satRNA, helper virus and host. Our 
recent research results further indicated that satRNA-        
derived vsiRNAs were involved in the interaction between 
the three (satRNA, helper virus, host). On the one hand, the 
host defense mechanism-based RNA silencing triggered by 
CMV infection could target satRNA for the production of 
satsiRNAs. Among these satsiRNAs, satsiR-12 mediated 
the host RDR6-dependent antiviral silencing by targeting 
the 3′ UTR of CMV RNA. Moreover, the satsiR-12-medi-    
ated RDR6-dependent antiviral defense response was inhib-
ited by the suppressor 2b [48]. On the other hand, the abun-
dant replication of satRNA affected the accumulation of 2b 
coding RNA [49]. Reducing the activity of the 2b silencing 
suppressor could attenuate the damage to plant development 
that is regulated by endogenous small RNAs, which not 
only ensures the replication of virus in plants but also guar-
antees that the host is not destroyed. The siRNA-mediated 
silencing and suppressor-mediated anti-silencing reflect the 
“defense-suppression-counter suppression” cycle between 
plant hosts and pathogens, illustrating the endless competi-
tion for survival. 

5  Conclusion 

Regarding the roles of vsiRNAs in antiviral defense, this 
review mainly discusses the process of PTGS caused by 
vsiRNAs that guide RISC to target a viral genome or a sub-
viral RNA. Recent research has indicated that transcription-
al gene silencing (TGS) caused by small RNA-guided 
methylation is also a defense mode against DNA viruses 
[65]. Tomato yellow leaf curl China virus (TYLCCNV), a 
member of the geminiviruses, has a satellite RNA called 
DNA  (betasatellite). The latest study from Zhou’s lab sug-
gests that the pathogenicity factor C1 encoded by  satel-
lite stabilized geminivirus/ satellite-complexes through the 
inhibition of methylation-mediated TGS and thereby in-
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duced disease symptoms [66]. At present, evidence for the 
role of vsiRNAs in translational repression is limited. 
Blevins et al. [67] found that vsiRNAs derived from the 
leader sequence of CaMV did not restrict virus replication, 
but served as a decoy diverting the silencing machinery 
from the viral promoter and coding regions. More studies 
are needed to find out whether other plant viruses utilize 
RNA decoys to evade RNA silencing mechanisms. The 
biggest effect of RNA silencing on antiviral defense seems 
to be the restriction of systemic spread of the virus. Certain 
key issues remain unresolved, such as the nature of the sys-
temic silencing signal molecules, and how they are gener-
ated. Future investigation to address these issues will be of 
great interest. 

Do vsiRNAs specifically regulate the expression of host 
genes? Many efforts have been made to answer this ques-
tion. Initially, bioinformatics predicted large numbers of 
potential host transcripts of vsiRNAs. Some of the potential 
targets were preliminarily identified utilizing sensor con-
structs related to foreign reporter genes and 5′RACE. Now-
adays, high-throughput deep sequencing technology has 
made it possible to search for the authentic vsiRNAs targets 
in the context of the whole genome. As described in this 
review, although significant progress in the understanding 
of vsiRNA metabolism and function has been made, our 
understanding of the vsiRNA-guided silencing pathway is 
far from complete, and many important issues need to be 
addressed.  

In the course of exploring vsiRNA-mediated virus re-
sistance, research evidence has increasingly revealed that 
the RNA silencing mechanisms of host plants play im-
portant roles in the pathogenicity of satRNA and in their 
co-evolution with the helper virus. vsiRNAs play a signifi-
cant role in the homeostatic interactions among the host, 
virus and satRNA in determining the final outcome of a 
virus infection. Further study on viruses and their satRNAs, 
as well as on vsiRNAs, will lead to a better understanding 
of how hosts and viruses interact with each other to achieve 
co-evolutionary survival. 
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