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Abstract
Post-transcriptional gene silencing (PTGS) is a successful technology for the 
investigation of functions of gene in plants. In general, this phrase refers to the 
capability of a cell to avert the expression of a definite gene. PTGS can be 
achieved either by RNA interference (RNAi) or virus-induced gene silencing 
(VIGS). Tobacco Streak Virus (genus Ilarvirus and family Bromoviridae) con-
sists of a tripartite genome and infects plants by causing symptoms like necrosis 
and leaf puckering. Ilarvirus are the most imperative viruses, thus causing enor-
mous economic losses worldwide by plummeting crop production by its quantity 
and quality. Virus infection in plants is known to activate the silencing pathway 
in which siRNAs are produced. There are numerous reports for the genus 
Ilarvirus, which have confirmed that RNAi is engineered to target viral RNA in 
plants. RNA silencing is a high-throughput tool for restraining gene expression 
carried out by sequence-specific manner, chiefly via transcriptional repression or 
RNA degradation. As a retort to this defence mechanism, many ilarviruses pro-
gramme gene silencing suppressor proteins performing at diverse stages in the 
silencing pathway.
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24.1  Introduction

A number of plant species are vulnerable to a variety of plant viruses (Marwal et al. 
2013a). One of such kind is the genus Ilarvirus, belonging to Bromoviridae family 
(Bujarski et al. 2012). The genus Ilarvirus comprises of 19 virus species. Tobacco 
Streak Virus (Johnson 1936) is the main species of this genus prevailing in the 
world. The rest of the species of Ilarvirus are divided into six subgroups: subgroup 
1, subgroup 2, subgroup 3, subgroup 4, subgroup 5 and subgroup 6. Tobacco Streak 
Virus and Parietaria Mottle Virus belong to subgroup 1. Citrus Leaf Rugose Virus, 
Asparagus Virus 2, Elm Mottle Virus, Citrus Variegation Virus, Tulare Apple Mosaic 
Virus and Spinach Latent Virus fall in subgroup 2. Whereas subgroup 3 comprises 
of Apple Mosaic Virus (Fenner 1976), Humulus japonicus Latent Virus (Francki 
et al. 1991) and Prunus Necrotic Ringspot Virus (Candresse et al. 1998), Fragaria 
chiloensis Latent Virus (van Regenmortel et al. 2000) and Prune Dwarf Virus (Boari 
et al. 1998) belong to subgroup 4. Only one species, i.e. American Plum Line Pattern 
Virus (Matthews 1982; Alayasa et al. 2003), is in the subgroup 5. Finally subgroup 
6 contains Lilac Leaf Chlorosis Virus (James et  al. 2010). The four species, viz. 
Blackberry Chlorotic Ringspot Virus (Tzanetakis et  al. 2004), Blueberry Shock 
Virus (Jones et  al. 2006), Lilac Ring Mottle Virus (Matthews 1979; Scott and 
Zimmerman 2008) and Strawberry Necrotic Shock Virus (Tzanetakis et al. 2010), 
are unassigned ilarviruses. Tobacco Streak Virus causes serious crop production 
losses and decreases in the product quality as well (Walter et al. 1995).

These viruses are isometric in shape and acquire a single-stranded, mainly tripar-
tite RNA genome. Tobacco Streak Virus has been studied the most, and similarly a 
good deal of knowledge has been attained for Prunus Necrotic Ringspot Virus 
(Sharman et al. 2009). Developing new plant varieties with resistance to Tobacco 
Streak Virus (Ladhalakshmi et  al. 2009) and other viral pathogens is considered 
highly necessary for farmers. Even if procreation for virus-resistant varieties has 
been followed for a long time by simple breeding techniques, the advancement 
remains sluggish because of the inherent genetic complexity of resistance (Barba 
et al. 1992; Waterhouse and Helliwell 2003). Wherein molecular biology makes it 
promising to manoeuvre and improve plant resistance to Tobacco Streak Virus, such 
molecular biology skill highlights post-transcriptional gene silencing (PTGS) 
(Baulcomb 2004). The 2b protein of Tobacco Streak Virus and other ilarviruses are 
responsible for RNA silencing and the viral movement for long distances in the 
plant (Guo and Ding 2002). Here, we are presenting a mini review on silencing of 
Tobacco Streak Virus and other ilarviruses mediated via RNAi (RNA interference) 
(Watson et al. 2005) and understanding the effect of various genes through VIGS 
(virus-induced gene silencing) (Burch-Smith et  al. 2004; Constantin et  al. 2004) 
from the agronomical and horticultural point of view.

A. Marwal and R.K. Gaur



491

24.2  Optimization Through RNAi-Mediated Silencing

RNA interference (RNAi) takes place in a broad range of living beings; this includes 
plants, fungi and animals (Bass 2000; Saunders et al. 2004). RNA degradation pro-
gression is a sequence-specific RNA silencing mechanism that is activated either by 
the formation of dsRNA or otherwise by unusual RNAs associated with transgenes 
viruses and transposons (Vaucheret 2006; Marwal et al. 2013b). Double-stranded 
RNA (dsRNA) is generally cleaved in plants by the cellular machinery into short 
interfering RNAs (siRNAs), which are efficient inducers of gene silencing (Fusaro 
et al. 2006; Kerschen et al. 2004). RNAs with hairpin with a loop structures are 
particularly actual inducers of PTGS in plants (Ikegami et al. 2011; Yoshikawa et al. 
2013). The dsRNAs trigger an RNA-mediated defence system resulting in their 
cleavage into small-interfering RNAs (siRNAs) by Dicer-like enzymes. In RNA- 
induced silencing complex, the siRNAs further act upon the degradation of RNAs, 
which has identical sequences to those of the inserted fragment and viral genome 
(Baulcomb 2004; Lecellier and Voinnet 2004; Marwal et  al. 2013c; Meister and 
Tuschi 2004).

Prunus species are harmfully pretentious by a major pollen scattered Ilarvirus, 
i.e. Prunus Necrotic Ringspot (PNRSV) (Amari et  al. 2007). RNA interference 
(RNAi) vector pART27–PNRSV was created, enclosed with an inverted repeat (IR) 
region consisting of PNRSV. This construct was then inoculated into two hybrid 
cherry rootstocks [‘Gisela 6’ (GI 148–1) and ‘Gisela 7’ (GI 148–8)] which were 
tolerant and sensitive, respectively, to PNRSV infection (Lacomme et  al. 2003). 
After 1 year of inoculation with PNRSV plus Prune Dwarf Virus, nontransgenic 
‘Gisela 6’ doesn’t exhibit any indication of virus disease but does possessed a note-
worthy PNRSV titre. The transgenic ‘Gisela 6’ was devoid of symptoms and 
encountered with negligible PNRSV titre. In the course of this experiment, the non-
transgenic ‘Gisela 7’ trees don’t survive, while the transgenic ones, i.e. ‘Gisela 7’ 
trees, continue to exist (Song et al. 2013).

A number of leading viruses critically impinge on Prunus L. fruit production 
(Aparicio et al. 2010). It is exceedingly required by growers and breeders that the 
expansions of new varieties resistant to these viruses are quite exigent. For engi-
neering multivirus resistance in plants, a post-transcriptional gene silencing founda-
tion was accounted. For this approach, a solo chimeric transgene, i.e. PTRAP6, was 
fashioned by the amalgam of around 400–500-base pair (bp) gene fragments from 
six major Prunus fruit viruses, consisting of Peach Mosaic Virus, American Plum 
Line Pattern Virus, Prunus Necrotic Ringspot Virus, Prune Dwarf Virus (PDV), 
Plum Pox Virus (PPV) and Tomato Ringspot Virus (ToRSV). Devoid of any splicing 
intrusion, it was found that the two strands of PTRAP6 created a 2.5 kb transcript in 
plant when being transcribed.

PTRAP6i was shaped by insertion of two copies of PTRAP6 in an inverted repeat 
under the command of the Cauliflower Mosaic Virus 35S promoter and divides by 
an intron spacer fragment for inducing gene silencing/virus resistance. Out of 28 R0 
PTRAP6i transgenic lines, only 12 were resistant to ToRSV which were earlier 
inoculated in Nicotiana benthamiana plants. The symptoms range from mild 
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visualization to phenotypes which were devoid of any symptoms. Detailed analysis 
of two of the three highly resistant homozygous R3 generation lines demonstrated 
that they were resistant to PPV, PDV and ToRSV. The rest of the three viruses tar-
geted by PTRAP6i were either unavailable for this study or were unable to systemi-
cally infect N. benthamiana (Lui et al. 2007).

In another incident, Prune Dwarf Virus (PDV) was found causing systemic infec-
tion in some almond trees and other Prunus sp. which were spread by means of 
pollen grains (Abou-Jawdah et al. 2004). An approach that was focused on the coat 
protein (cp) gene subjected to restrict PDV replication in host plant cells has been 
studied. To construct the cDNA of the cp gene, a Portuguese isolate of PDV was 
acquired from infected almond leaves. To seek for the transgenic expression of the 
new or customized Prune Dwarf Virus coat protein (cpPDVSense and cpPDVMu-
tated), a range of constructs was organized based on this sequence. Similar aspects 
were made in case of cpPDV RNA (cpPDVAntisense and cpPDV without start 
codon) for its expression. Widespread molecular characterization and controlled 
infections were achieved on transformants and their offspring, where all constructs 
were tested in a PDV host model, Nicotiana benthamiana.

As evaluated by DAS-ELISA on newly developed leaves, transgenic plants 
exhibiting cp RNA were capable of blocking the propagation of Prune Dwarf Virus 
isolate, thus contributing nearly 91% homology with the isolate used for cpPDV 
cloning. With cp expression, the obstruction of PDV propagation in lately formed 
leaves was only accomplished due to the mutated construct of cpPDV, where argi-
nine was replaced by alanine due to substitution in the coat protein at the 14th aa 
residue position. The experiment emphasizes the possible responsibility of the 
mutated amino acid in the virus capability to replicate and proliferate. The follow-
ing study expressed the likelihood for accomplishing defence against Prune Dwarf 
Virus via mutated cp sequence or by coat protein RNA (Raquel et al. 2008).

Prunus domestica L were transformed with the Plum Pox Virus coat protein gene 
(PPV-CP). Transgenic plums were extremely challenging to PPV infection since it 
exhibits post-transcriptional gene silencing (PTGS). In order to test the consequence 
of heterologous viruses on the usefulness and constancy of PTGS against PPV, 
transgenic C5 trees were graft inoculated with diverse amalgamation of Prunus 
Necrotic Ringspot Virus (PNRSV), Apple Chlorotic Leaf Spot Virus (ACLSV), 
Prune Dwarf Virus (PDV) and PPV-D strain (Sasaki et al. 2011).

The possibility for suppression of the silencing system mediated by these viruses 
was evaluated. Confront experiments were performed under greenhouse, nursery 
and field conditions in Romania and Spain, including two different environments, 
continental and Mediterranean, respectively. Virus infections were appraised by 
visual supervises of symptom and by molecular and serological study. Resistance 
against Plum Pox Virus for C5 transgenic plums was engineered, which was firm 
and was not obscured by the occurrence of the challenging heterologous viruses. 
This study was carried over a period of 3 year in all trials (Zagrai et al. 2008).

Three experiments were undertaken in Romania, where transgenic plums of 
Prunus domestica L. as the subjects were inoculated with PPV-CP (coat protein 
gene of Plum Pox Virus). With the influence of natural infection, the transgenic 
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clones such as C2, C3, C4, C5, C6 and PT3 were assessed for sharka resistance. The 
highest resistance was observed in transgenic clone C5 (named as ‘HoneySweet’). 
Up to 10 years, transgenic C5 trees were devoid of any visible symptoms caused by 
naturally infected aphids. This is due to post-transcriptional gene silencing (PTGS) 
exhibited by the resistant C5 lines. The second study evaluated the consequence of 
two heterologous viruses (i.e. Prune Dwarf Virus and Prunus Necrotic Ringspot 
Virus) based on the effectiveness and stability of PTGS-mediated resistance to Plum 
Pox Virus demonstrated by the C5 plum. This engineered resistance to Plum Pox 
Virus in the C5 transgenic plums was firm and doesn’t concealed by the existence of 
the examined heterologous viruses (Zagrai et al. 2011).

One of the most efficiently important viruses infecting several crop plants in 
India is the Tobacco Streak Virus (TSV). RT-PCR with TSV replicase gene-specific 
primers was carried on indicative samples collected from sunflower and okra fields. 
In order to build up tobacco transgenic plants resistance to Tobacco Streak Virus 
(TSV) by articulating hairpin RNA transcript (hpRNA), the replicase (Rep) genes of 
these isolates were sequenced. A 99% nucleotide sequence identity of replicase 
gene of these isolates with Tamil Nadu okra isolate was revealed. The position 
3065–3405 of the TSV replicase gene was used for building of pHANNIBAL vec-
tor, i.e. a conserved nucleotide sequence having a hairpin construct.

The Rep hairpin construct was cloned into pART27 and congregate into 
Agrobacterium tumefaciens LBA4404 and commenced into tobacco by 
Agrobacterium-mediated transformation. Taking the genomic DNA from trans-
formed tobacco plants, the T0 plants produced were subjected to PCR and Southern 
blot examination. Corresponding to nptII gene and Rep gene, the transformants 
produced ~299 bp and 340 bp amplicons, respectively. The single- and multiple- 
copy integration of the transgenes was confirmed by Southern blot analysis. Upon 
mechanical inoculation of TSV, the transgenic T0 tobacco plants illustrate resis-
tance against TSV without showing any visible symptoms; resistance was also con-
firmed by DAC-ELISA (Suppaiah et al. 2015).

24.3  Engineering by VIGS: A Versatile Tool

Viruses that derived small-interfering RNAs (siRNAs) are the hallmarks of an innate 
immune response in plants that targets invading viruses through post-transcriptional 
gene silencing (PTGS). Virus-induced gene silencing (VIGS) has a great potential 
as a reverse genetic tool in plant genomics (Burch-Smith et al. 2004; Marwal et al. 
2014; Robertson 2004). In plants, PTGS has been widely studied, and like PTGS 
that is distinguished by sequence-specific resistance against virus infection, viruses 
also induced an RNA-mediated defence system in plants. Tobacco Mosaic Virus 
(TMV) was the first RNA virus used as silencing vectors (Godge et al. 2008).

VIGS involves using a vector containing the piece of gene of interest that causes 
the silencing of specific gene expression (Gleba et al. 2007). siRNA is an important 
method for evaluating gene functionality and is being exploited for the development 
of new approaches to control plant viruses (Mourrain et al. 2000; Covey et al. 1997; 
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Marwal et al. 2012; Ratcliff et al. 1997; Lu et al. 2003). VIGS engross the release of 
a recombinant virus to plants containing a portion of the plant gene that is proposed 
to be silenced. The plant defence mechanism system then diminishes not only the 
virus but also the targeted endogenous plant gene expression through post- 
transcriptional gene silencing (Robertson 2004).

Asparagus Virus 2 (AV-2) is another member of the genus Ilarvirus. The coat 
protein (CP) and the 2b protein (2b) genes of AV-2 isolates were cloned from 
Asparagus plants from a variety of province, and it was established that the sequence 
for CP and for 2b was extremely conserved among the isolates, signifying that AV-2 
from around the world is almost indistinguishable (Xin et al. 1998). Later an AV-2 
infectious clone was created by instantaneous inoculation with in vitro transcripts of 
RNAs 1–3 of AV-2 and in vitro-synthesized CP, which is obligatory for initial infec-
tion. Because 2b of cucumoviruses in Bromoviridae can hold back systemic silenc-
ing as well as confined silencing, it was analysed whether there is practical synteny 
of 2b protein between AV-2 and Cucumovirus. By means of the AV-2 infectious 
clone, the Ilarvirus 2b job as an RNA silencing suppressor is now evident; AV-2 2b 
has suppressor bustle against systemic silencing but not confined silencing (Shimura 
et al. 2013).

For molecular characterization of gene functions in plants, RNA silencing is a 
dominant skill. Genetic transformation is a generally used method for the introduc-
tion of RNA silencing. The best potent substitute is to use a customized viral vector 
for virus-induced gene silencing (VIGS) to demean RNA molecules partaking simi-
lar nucleotide sequence. Due to a long immature stage and intractable to genetic 
transformation, unfortunately genomic studies in many allogamous woody perenni-
als such as peach are sternly delayed. The construction of a viral vector imitative 
from Prunus Necrotic Ringspot Virus (PNRSV), a prevalent fruit tree virus that is 
endemic in all Prunus fruit production countries and regions in the world, was 
reported.

It was affirmed that the modified PNRSV vector, an anchor ageing the sense- 
orientated objective gene sequence of 100–200 bp in length in genomic RNA 3, 
could impressively trigger the silencing of a transgene or an endogenous gene in the 
model plant Nicotiana benthamiana. It was further demonstrated that vector formed 
by Prunus Necrotic Ringspot Virus can be easily manoeuvre to cause silencing of 
endogenous genes in peach similar to translation initiation factor 4E isoform 
(eIF(iso)4E) of eukaryotic, a host factor of many potyviruses including Plum Pox 
Virus (PPV). Moreover, the eIF(iso)4E-knocked down peach plants were resistant to 
PPV (Cui and Wang 2016).

Functional genomics authorize knockdown of expression of individual genes or 
closely linked gene families through virus-based gene silencing systems which is a 
well thought-out influential tool. TSV shows recovery from initial symptoms and 
efficiently invades both meristems and developing embryos in soybean making it an 
excellent candidate for a virus-based silencing system for those tissues. TSV RNAs 
1, 2, 3 and 4 were cloned into pHST40, a pUC-based plasmid vector, and pCASS- 
4RZ, an Agrobacterium tumefaciens-compatible binary vector. Both sets of clones 
were infectious in soybean and tobacco. 2b gene of pHST40-RNA2 was truncated, 
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and multicloning site was introduced, and the clone was stably transmitted in soy-
bean seed.

Obvious leaf yellowing typical for silencing of MgCh mRNA was exhibited, 
when magnesium chelatase (MgCh) gene parts of 105 nt and 175 nt were put into 
the truncated 2b vector and were stable in systemic leaves of inoculated ‘Williams82’ 
plants. RNA 3 of the pCASS-4RZ clone was partitioned between two RNAs, one 
with only the movement protein (pCASS-R3Mp) and the other expressing only the 
coat protein (pCASS-R3Cp). Full-length green fluorescent protein (GFP) and phy-
toene desaturase (PDS) coding regions were inserted into pCASS-R3Mp and 
pCASS-R3Cp, respectively. Tobacco plants illustrated steady expression of GFP 
and photo bleaching symptoms when inoculated, which is reliable with silencing of 
PDS mRNA (Jossey et al. 2011).

Dahlia (Dahlia variabilis) flower colour has been credited with black, due to the 
elevated levels of anthocyanins which are cyaniding compounds (Chen et al. 2004). 
This pattern transpires because of flavone synthesis, as it is reduced for the reason 
that of post-transcriptional gene silencing (PTGS) of flavone synthase II (DvFNS). 
Apart from the black colour, purple-coloured flowers are also known, which has 
appeared from a black cultivar ‘Kokucho’. It was found that the purple colour of 
flower is not the result of mutation but due to the infection of Tobacco Streak Virus, 
which suppresses the PTGS of DvFNS. When Tobacco Streak Virus was eradicated 
from the purple flowering ‘Kokucho’ by leaf primordia-free shoot apical meristem 
culture, the resultant flowers again restore their black colour (Deguchi et al. 2015).

It was portentous that Tobacco Streak Virus has a silencing suppressor, as due to 
Tobacco Streak Virus which was infecting purple flowers showed lower numbers of 
siRNAs than black flowers. Tobacco Streak Virus-infected dahlia distorted the 
flower colour severely by the graft inoculation of other black cultivars apart from 
‘Fidalgo Blacky’, which is a very deep black cultivar with the highest amount of 
cyaniding-based anthocyanins. The flowers of all six Tobacco Streak Virus-infected 
Dahlia cultivars mount up augmented quantity of flavones and reduced quantity of 
cyaniding-based anthocyanins. There was no change in the accumulation of pig-
ments in ‘Fidalgo Blacky’ and thus remained black whereas in Dahlia plants 
infected with Tobacco Streak Virus still had higher level of cyaniding-based antho-
cyanins than other cultivars.

24.4  Conclusion

This review makes noticeable that the RNAi tactic is beneficial for developing viral 
resistance in plants and such transgenics have imminent to augment production of 
customized varieties (nongenetically) thus evading concern regarding transgene 
flow. Transgene-wide and siRNA species were detected along with vanishing of 
transgene transcript in the resistant lines, representing that PTGS underlies the 
method of resistance. This review presents confirmation that RNAi is able to bestow 
gene silencing-based resistance to multiple ilarviruses (Hamilton and Baulcombe 
1999).
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Virus-induced gene silencing (VIGS) is a successful technology for the investi-
gation of functions of gene in plants (Gronlund et  al. 2008; vanKammen 1997; 
Zhang and Ghabrial 2006). This work opens a potential avenue for the control of 
virus diseases in plants via viral vector-mediated silencing of host factors, and vec-
tor may serve as a powerful molecular tool for functional genomic studies. 
Ultimately, the two approaches discussed above are used to produce virus-resistant 
cultivars. Researchers around the world are currently developing approaches to 
engineer multivirus resistance in plants to address the serious virus problems 
encountered in agricultural practice.
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