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Dear Editor,

Virus-induced gene silencing (VIGS) is a fast and powerful method

to study gene function in plants (Burch-Smith et al., 2004).

It is based on plant defense mechanisms against viral gene

replication and allows high-throughput silencing of genes of inter-

est (Senthil-KumarandMysore, 2014). Themolecularmechanisms

involved in post-transcriptional gene silencing (PTGS) have been

studied intensively, and its stepsarewell known.Thesilencingpro-

cess begins with the recognition through Dicer-like ribonucleases

(DCL) of double-stranded RNA (dsRNA) that is generated during

viral replication. Upon recognition, the dsRNA is processed into

21–24nucleotide fragments, termedsmall interferingRNA (siRNA).

Based on sequence homology, both viral siRNA and plant mRNA

associate with an RNA-induced silencing complex (RISC) and

are targeted for degradation (Llave, 2010).

The PTGSmechanism can be exploited in the laboratory by intro-

ducing a plant gene construct, together with virus elements, to

achieve silencing of endogenous transcripts to study gene func-

tion (Burch-Smith et al., 2004). However, in the same way that a

target gene is silenced by a construct based on similarity,

unintended off-target genes can also be silenced and conse-

quently obscure the interpretation of the observed phenotype

(Senthil-Kumar and Mysore, 2011). For this reason, it is

important to optimize the design of VIGS constructs to minimize

similarity to off-target genes. In addition, the length of the

construct should be between 200 and 400 nucleotides, since

shorter fragments reduce the silencing efficiency and longer frag-

ments increase the chance of silencing off-targets (Senthil-Kumar

and Mysore, 2014). Fragments of similar size derived from

different regions of the same target gene may result in different

silencing efficiencies (Liu and Page, 2008). Consequently, each

particular VIGS construct requires experimental follow-up to

verify the extent of silencing.

Despite the widespread use of VIGS, no specific tool for selecting

target regions is currently available. Some tools, such as BLAST,

are not appropriate for this purpose as they were not developed

for this task, and the researcher would need to spend a consider-

able amount of time to manually check each alignment and

some relevant ones could easily be missed (Senthil-Kumar and

Mysore, 2011). Other tools such as pssRNAit (http://plantgrn.

noble.org/pssRNAit/) are very useful for designing constructs for

RNAi silencing, but do not identify a construct of 200–400

nucleotides long required for VIGS. Therefore, at the Sol

Genomics Network (SGN; Bombarely et al., 2011) we have

developed the SGN VIGS tool to assist researchers with the

selection of appropriate regions for silencing experiments

(http://vigs.solgenomics.net).
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The SGN VIGS tool algorithm simulates in silico the VIGS pro-

cesses occurring in the plant cell (Figure 1A). In the first stage,

the target gene is processed in all possible 21-nucleotide frag-

ments (or any size chosen by the user between 18 and 24 nucle-

otides), to get short sequences equivalent to siRNAs produced

by DCLs. Then, similar to the recognition between siRNA and

mRNA directed by RISC, the siRNA are mapped on all gene

models of the transcriptome using Bowtie (Langmead et al.,

2009). The Bowtie result file is parsed to obtain the positions of

targets and off-targets, and the number of targets and score

values are assigned (Supplemental Information). Based on this

score, a 300-nucleotide window (or any size defined by the

user, between 100 nucleotides and the length of the query

gene) with the maximum percentage covered by the target

gene and the minimum presence of off-target matches is

selected. Then, all alignments found are displayed on a graphical

representation, showing the targets and off-targets, the best

construct predicted by the tool, and the score graph

(Figure 1C). The tool allows the user to upload a file with

expression values for each gene, which are then visible

alongside the corresponding gene. Once the results are

displayed, any parameter, such as target number, construct

size, n-mer size, and mismatches, can be redefined by the user

(Figure 1B). If this occurs, the results and the graphical

interface are recalculated on the fly without the need of

repeating all the steps previously calculated by the algorithm

(Figure 1A). To facilitate the inspection of the targets and off-

targets, the output graph can be collapsed or expanded to either

display only the coverage graph (regions covered by the targets

and off-targets) or to show each of the siRNA fragments that indi-

vidually align to the query gene. If the user is not satisfied with the

automatic prediction, a custom region can be set by clicking on

the ‘‘Set Custom Region’’ button (Figure 1B), which allows

dragging and resizing the region to the desired location in the

sequence. The information from the score graph and the

expression values helps with the design of a custom VIGS

construct. Even though the user is required to establish the

desired fragment length (by default set at 300 nucleotides),

the ‘‘Set Custom Region’’ feature allows easy adjustment of the

region size if necessary. In addition, the graph can be zoomed

in and out for a better observation of the data and delimitation

of the custom construct ends. As a final result, the constructs

are available in FASTA format for both the one predicted by the

tool and the one defined by the user. Sequence overview

information and the description of the genes with matches to

the query are also displayed on the results page.

http://plantgrn.noble.org/pssRNAit/
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http://vigs.solgenomics.net


Figure 1. The SGN VIGS Tool.
(A) VIGS tool algorithm linear workflow. Arrows leaving from ‘‘Print results’’ box back to previous steps represent options to recalculate results with

different parameters changed by the user.

(B) Control panel to recalculate the results with new parameters.

(C) Graphical representation of siRNA from targets (in blue) and off-targets (in red), suggesting the best construct predicted (in yellow), and allowing the

user to define a custom construct (in transparent gray).
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This web tool was developed using Perl, JavaScript, AJAX, and

HTML5 canvas to allow a fast and interactive graphical represen-

tation of the results. BLAST (Altschul et al., 1990) and Bowtie are

the only dependencies for the SGN VIGS tool. BLAST is used

together with the BioPerl module Bio::BLAST::Database to get

the functional descriptions, and sequences from query genes

when using gene IDs as input. To install the tool independently

of the SGN, a stand-alone version was developed that can be

installed as a web tool running on a Catalyst server (https://

github.com/solgenomics/VIGS).

Not all plant species are amenable to VIGS, and different species

show different silencing efficiencies. Nicotiana benthamiana is

the model species for VIGS, and is widely used to study plant–

pathogen interactions and other biological processes (Senthil-

Kumar et al., 2007). Because VIGS is especially efficient in

N. benthamiana, this species can also be used to characterize

genes identified in other plant species to study their function

(Senthil-Kumar et al., 2007). The N. benthamiana genome was

recently sequenced (Bombarely et al., 2012) and its gene

models are now available on SGN, enabling a more precise

construct design. The SGN VIGS tool includes databases

from Solanaceae and other plant species: N. benthamiana,

tomato, potato, pepper, eggplant, A. thaliana, cotton, grape,

maize, rice, soy, and Medicago truncatula. Since the tool was

developed and is hosted at the SGN, all updates on the gene

models from N. benthamiana and the other Solanaceae species
will be reflected in the databases available for selection.

Importantly, other species could be added when their gene

models are publicly available, to fulfill the needs of the plant

research community. The e-mail address sgn-feedback@

solgenomics.net is available for the users to suggest any other

species of interest to be added to the tool.

The SGN VIGS tool is a fast, user-friendly interactive web tool,

highly parameterizable and customizable. It will help researchers

to design VIGS constructs faster, with more precision and

enhanced gene-expression data. In addition, it will allow the iden-

tification of themost probable targets and off-targets. We recom-

mend the use of the SGN VIGS tool as an aid in the selection of

regions for silencing experiments. As with any gene silencing

approach, it is necessary in each case to validate the silencing ef-

ficiency of target and putative off-targets (e.g. using quantitative

RT–PCR). We have used the SGN VIGS tool to rapidly design

several dozen silencing constructs. In the future, we plan to

further enhance the tool to allow processing of large numbers

of genes in bulk for a faster design of VIGS constructs for high-

throughput functional genomics screens. In addition, we antici-

pate that this tool will be useful to conduct retrospective analysis

of previous silencing experiments to identify the specificity of the

gene fragment used and possible off-targets.
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