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ABSTRACT 

Virus-induced gene silencing (VIGS) is a versatile and efficient technique for studying gene function in 

plants. Traditional VIGS methods often involve labour-intensive and genotype-specific protocols, 

limiting their broader application. This review article explores a novel root wounding and immersion 

technique that significantly enhances the efficiency and versatility of VIGS. By combining mechanical 

root wounding with viral vector immersion, this approach facilitates effective silencing in various plant 

species, including traditionally recalcitrant ones. Article evaluated its application in silencing key genes 

involved in photosynthesis, secondary metabolism, and stress response. This method provides a 

promising tool for functional genomics studies, especially for species with limited genetic resources. 

Keywords: Virus-induced gene silencing, root wounding, viral vector, functional genomics, plant 

biotechnology, gene knockdown, stress response. 
  

 
 

Introduction 

Virus-Induced Gene Silencing (VIGS) possibly 

represents one of the most powerful tools of reverse 

genetics that could assist in the functional analysis of a 

gene in a plant, vector, by the using of the natural RNA 

interference (RNAi) Mechanism. Such a method uses 

genetically modified vectors based on viral sequences 

in order to integrate genes that possess a homology to 

the sequence of the virus into plant cells, and thus a 

gene silencing event wherein that endogenous gene 

would be silenced is initiated. Because of its 

efficiency, cost effective approaches and the indirect 

ways of studying the functions of genes in plants which 

cannot undergo stable transformation techniques, 

VIGS has become a common practice. 

In VIGS, a fragment of the target gene is cloned 

into a viral genome, thereby replacing part of the viral 

genome. Once this vector is recombined into a target 

host, the virus invades the plant, duplicates and 

distributes itself across all parts of the tissue 

integrating the gene fragment. For plant defence viral 

RNA is now recognized as non-self and taken apart by 

the RNA interference silencing mechanism into small 

parts called siRNAs. These siRNAs bind to and mark 



 
3116 Optimizing functional genomics and application of root wounding and immersion for enhanced virus-induced  

gene silencing in plants : A comprehensive review 

for degradation or block translation of both the 

introduced viral RNA and the endogenous mRNA 

encoding the similar sequence present in the inserted 

fragment which would result in gene silencing. VIGS 

has found applications across various areas of plant 

biology. It is extensively used to study genes involved 

in stress responses, development, metabolism, and 

pathogen resistance. For instance, VIGS has been 

instrumental in identifying genes involved in defence 

against viral, bacterial, and fungal pathogens, as well 

as those critical for drought, salinity, and temperature 

tolerance. Moreover, VIGS can be applied to 

functionalize genes from plant species for which 

genome-editing tools are less established. Despite its 

benefits, VIGS has limitations. Silencing efficiency 

and specificity can vary depending on factors such as 

the viral vector, plant species, and the target gene 

sequence. Some plant-virus combinations may result in 

mild or no silencing, while others may induce 

unintended stress responses, affecting experimental 

outcomes. Additionally, the transient nature of VIGS 

restricts its application for studying genes with long-

term developmental roles. Advancements in VIGS 

technology aim to overcome these limitations. 

Innovations include the development of broad-host-

range viral vectors, improvements in delivery methods 

like root wounding and agro-infiltration, and the use of 

artificial microRNAs for enhanced specificity. These 

advancements are expanding the utility of VIGS in 

functional genomics, enabling researchers to explore 

gene function and plant biology with greater precision 

and flexibility. This article introduces a novel root 

wounding and immersion (RWI) technique for VIGS. 

Unlike conventional agro-infiltration or particle 

bombardment methods, the RWI method leverages the 

natural wound response of roots to facilitate viral entry 

and systemic spread. This approach not only enhances 

silencing efficiency but also minimizes stress and 

physical damage to plants, making it an ideal method 

for sensitive and recalcitrant species. We aimed to 

assess the efficiency, reproducibility, and broad 

applicability of this approach across diverse plant 

species. Furthermore, the study explores its potential to 

overcome current limitations in VIGS methodology, 

paving the way for its integration into functional 

genomics and crop improvement programs. 

Historical Advancements in Virus-Induced Gene 

Silencing (VIGS) 

Virus-Induced Gene Silencing (VIGS) is a 

revolutionary tool in functional genomics, allowing 

researchers to study gene functions by silencing 

specific genes in plants. Here's a chronological 

overview of key advancements in the development and 

application of VIGS: 

Discovery of RNA Silencing (1990s) 

RNA silencing was first observed in transgenic 

plants expressing viral genes, where the transgene and 

the virus were silenced simultaneously. This 

phenomenon was called post-transcriptional gene 

silencing (PTGS). Studies revealed that double-

stranded RNA (dsRNA) acted as a trigger for silencing, 

paving the way for the development of RNA 

interference (RNAi) and VIGS technologies. 

Emergence of VIGS (1998) 

VIGS was first demonstrated in Nicotiana 

benthamiana using a modified Tobacco mosaic virus 

(TMV) vector. Researchers targeted phytoene 

desaturase (PDS), a key enzyme in the carotenoid 

biosynthesis pathway, resulting in a visible bleaching 

phenotype. This success highlighted VIGS as a rapid 

and efficient reverse genetics tool for studying plant 

genes. 

Development of VIGS Vectors 

The pioneering TMV-based system was followed 

by the development of vectors derived from other 

viruses like Potato virus X (PVX), Barley stripe mosaic 

virus (BSMV), and Tobacco rattle virus (TRV). TRV-

based VIGS became one of the most widely used 

systems due to its broad host range, efficient silencing, 

and ability to target a variety of genes. 

Expansion to Diverse Plant Species (2000s) 

VIGS was successfully applied to model plants 

(Arabidopsis thaliana), crops (Solanum lycopersicum, 

Zea mays), and even woody plants (Populus species). 

Researchers modified viral vectors to improve their 

stability, silencing efficiency, and ability to silence 

multiple genes simultaneously. 

Mechanistic Studies of VIGS (2000–2010) 

Studies unravelled the role of small interfering 

RNAs (siRNAs) in guiding the degradation of target 

mRNA. Advances in understanding plant antiviral 

defence mechanisms helped refine VIGS strategies to 

minimize off-target effects and improve specificity. 

Innovations in Delivery Methods 

The introduction of Agrobacterium tumefaciens as 

a delivery system improved VIGS efficiency and 

reproducibility. Novel techniques like root wounding 

and immersion emerged to enhance virus uptake, 

particularly in difficult-to-infect plant species. VIGS 

became a standard method to analyse genes involved in 

plant growth, development, stress responses, and 
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pathogen resistance. High-throughput VIGS platforms 

were developed for systematic gene function analysis 

in crops and model plants. 

Integration with Omics Technologies (2010s–

Present) 

Advances in next-generation sequencing (NGS) 

allowed researchers to identify gene targets more 

precisely for VIGS experiments. VIGS has been used 

alongside transcriptomic and proteomic studies to 

dissect complex gene networks. 

Mechanism of Virus-Induced Gene Silencing 

(VIGS)  

Virus-Induced Gene Silencing is a reverse 

genetics tool that exploits the natural defence 

mechanism of plants, RNA interference (RNAi), to 

transiently knock down specific gene expression. 

Here is how it works:  

1. Introduction of Virus-Based Vector Genetically 
Engineered Virus: The virus is engineered to 

carry with it a fragment of the target gene from the 

plant. The engineered virus is mechanically 

inoculated into the plant, agro infiltrated, or 

otherwise introduced.  

2. Viral Infection and Replication Infection: The 

virus enters the cells of the plant and starts 

replicating both itself and the inserted gene 

fragment. Systemically, the virus moves 

throughout the plant, transporting the inserted gene 

fragment. 

3. Formation of Double-Stranded RNA (dsRNA) 
dsRNA Formation: Single-stranded RNA of the 

virus is a plant-dependent RNA-Dependent RNA 

Polymerases (RDRs) conversion and forms dsRNA 

that is more efficient to confer plant antiviral 

defence.  

4. Activation of RNAi Pathway Dicing: DCLs 

process dsRNA to nucleate siRNAs products of 

about 21-24 nucleotides. After generation, siRNAs 

are loaded into the effector complex RISC.  

5. Target Gene Silencing mRNA Cleavage: The 

siRNAs guide the Minimal RISC to mRNA 

molecules that are perfectly complementary to 

them, thereby leading to cleavage and degradation 

in a process requiring ATP. In some cases, RISC-

bound siRNAs can bind their target and block 

translation without degrading mRNA. 

6. Systemic Silencing: The RNAi signal, mediated by 

siRNAs or another mobile signal, can move from 

cell to cell and through the vascular system, 

resulting in silencing of the target gene throughout 

the plant. 

Enhancing Virus-Induced Gene Silencing (VIGS) 

Through Root Wounding and Immersion 

Virus-Induced Gene Silencing (VIGS) can be 

optimized by employing specific techniques to 

improve virus uptake and systemic spread within the 

plant. Root wounding and immersion are effective 

methods for enhancing the efficiency of VIGS. Below 

is a detailed explanation: 

Mechanism of Root Wounding and Immersion in 

VIGS 

Mechanism of Root Wounding 

1. Induction of Defence Pathways: 

o Wounding the roots triggers the plant's defence 

mechanisms, including the activation of systemic 

acquired resistance (SAR) and wound-responsive 

signalling pathways. 

o This creates a physiological state that enhances the 

uptake and spread of the viral vector carrying the 

gene-silencing RNA. 

2. Facilitation of Viral Entry: 

o The wounding process increases the permeability 

of root tissues, facilitating the entry of the viral 

particles or constructs into the plant vascular 

system. 

o It creates physical openings for the virus to 

infiltrate through damaged epidermal and cortical 

cells. 

3. Increased Cell-to-Cell Movement: 

o Damaged root cells actively release wound signals, 

promoting intercellular communication and viral 

spread to neighbouring cells. 

4. Activation of RNA Silencing Pathways: 

o The wound stress enhances the plant’s RNA 

interference (RNAi) machinery, making the 

silencing of target genes more efficient. 

Mechanism of Immersion 

1. Direct Delivery of Viral Constructs: 

o Immersion of roots in a solution containing the 

viral vector ensures that the construct comes into 

close contact with the plant tissue. 

o The immersion medium may also contain 

surfactants or facilitators (e.g., Silwet L-77) to 

improve viral penetration. 
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2. Infiltration into Root Vascular Tissues: 

o Submerging roots in a viral suspension allows the 

solution to infiltrate xylem and phloem tissues, 

enabling systemic movement of the viral vector. 

3. Uniform Distribution of the Viral Vector: 

o Immersion ensures even exposure of the root 

system, leading to better systemic infection and 

silencing across the plant. 

4. Stress-Induced Permeability: 

o The process may mildly stress the plant, increasing 

permeability and enhancing the uptake of viral 

particles. 

Combined Effect of Root Wounding and Immersion 

• The synergistic application of root wounding and 

immersion boosts the efficiency of VIGS by: 

1. Accelerating the entry and systemic movement of 

viral vectors. 

2. Enhancing RNA silencing pathways for effective 

target gene knockdown. 

3. Facilitating robust and reproducible silencing 

effects even in tissues distant from the infection 

site. 

Protocol for Root Wounding and Immersion 

1. Preparation of Virus Inoculum: 

o Prepare the viral vector carrying the target gene 

fragment using agro-inoculation or viral RNA. 

o Adjust the concentration of the virus suspension 

for optimal infection. 

2. Plant Selection and Preparation: 

o Use young, healthy plants with active growth. 

o Wash roots thoroughly to remove soil and debris. 

3. Root Wounding: 

o Gently wound the roots by pricking or scraping the 

root surface with a sterilized scalpel or needle. 

4. Immersion in Virus Suspension: 

o Submerge the wounded roots in the virus solution. 

o Apply mild vacuum pressure for 1-2 minutes to 

ensure infiltration. 

o Alternatively, immerse with gentle agitation for 

10-20 minutes. 

5. Post-Treatment Care: 

o Replant the treated seedlings in sterile, moist soil. 

o Maintain optimal growth conditions to allow 

systemic virus spread. 

 

The comparison of Virus-Induced Gene Silencing (VIGS) with Conventional Methods in a tabular form: 
Aspect VIGS Conventional Methods 

Speed Rapid (1–3 weeks for visible phenotypes). Slower (e.g., months for stable transgenic 

lines or CRISPR edits). 

Type of Silencing Transient, RNA-mediated post-transcriptional 

gene silencing (PTGS). 

Both transient (e.g., RNAi) and stable (e.g., 

CRISPR, T-DNA insertion). 

Silencing Stability Temporary; lasts as long as the virus is 

present. 

Stable for genome edits; RNAi is transient 

but may last longer than VIGS. 

Reversibility Reversible; silencing diminishes as viral 

replication ceases. 

Irreversible for genome editing methods like 

CRISPR-Cas9. 

Target Specificity Dependent on high sequence homology; off-

target effects may occur. 

High specificity with optimized design (e.g., 

CRISPR guide RNAs or RNAi constructs). 

Gene Redundancy Limited ability to silence entire gene families. CRISPR multiplexing or RNAi can target 

multiple homologs simultaneously. 

Host Range Limited to plants that support viral replication 

(mostly dicots). 

Broad applicability across a wide range of 

species (e.g., monocots, dicots, and woody 

plants). 

Cost Low cost, no need for stable transformation or 

specialized equipment. 

Higher cost, especially for CRISPR-Cas9 or 

RNAi in stable transformation systems. 

Infrastructure Minimal; suitable for labs with basic 

molecular biology tools. 

Requires advanced infrastructure, e.g., 

transformation facilities or CRISPR genome 

editing kits. 

Experimental Design Simple, but species- and vector-specific 

optimization is required. 

Requires careful guide RNA or hairpin RNA 

design; more standardized protocols 

available. 
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Silencing Consistency Variable across tissues and individual plants. More uniform silencing in stably 

transformed plants. 

Systemic Effects Effective systemic silencing through viral 

spread. 

Often limited to localized tissues unless 

tissue-specific promoters are used. 

Temperature 

Sensitivity 

Viral replication and silencing efficiency are 

sensitive to environmental conditions. 

Relatively robust across various 

environmental conditions. 

Applicability to 

Essential Genes 

May cause lethality or severe symptoms due 

to transient silencing. 

CRISPR allows conditional or tissue-

specific silencing for essential genes. 

Phenotype Duration Temporary; limited to the lifespan of the 

virus. 

Stable edits enable long-term phenotypic 

studies across generations. 

Off-Target Effects Possible due to sequence similarity between 

the insert and non-target genes. 

Possible in RNAi and CRISPR but can be 

minimized with precise design and 

verification tools. 

Phenotype 

Interpretation 

Viral symptoms may confound results (e.g., 

chlorosis, stunting). 

Typically cleaner, especially in CRISPR-

edited or stably transformed plants. 

Time for Validation Short; phenotypes can be validated quickly. Longer validation times due to stable 

integration or genome sequencing 

requirements. 

Long-Term Studies Not applicable; no heritable changes. Suitable for long-term studies, including 

generational analysis. 

Applications High-throughput gene function studies, 

transient silencing, non-model plants. 

Precise genome editing, stable gene 

silencing, trait improvement, long-term 

studies. 
 

 

Practical procedure for Root Wounding and 

Immersion in Virus-Induced Gene Silencing (VIGS) 

This protocol outlines the steps for applying root 

wounding and immersion to enhance VIGS efficiency 

in plants. Adjustments may be required based on the 

plant species and experimental design. 

Materials Required 

1. Viral vector suspension (e.g., Agrobacterium 

carrying the VIGS construct). 

2. Liquid infiltration medium: 

o LB medium or infiltration buffer (e.g., MES 

buffer with MgCl2_22). 

o Surfactant (e.g., Silwet L-77) or Tween-20. 

3. Sterile scalpel or razor blade. 

4. Forceps. 

5. Plant seedlings or young plants (typically 10–

14 days old). 

6. Vacuum pump (optional, for enhanced 

infiltration). 

7. Sterile water for washing. 

8. Growth chamber or controlled environment. 

Protocol Steps 

Step 1: Preparation of Agrobacterium Culture 

1. Transformation of Agrobacterium: 

o Transform Agrobacterium tumefaciens with 

the viral vector carrying the target gene 

silencing construct. 

2. Growth of Culture: 

o Grow the transformed Agrobacterium in LB 

medium containing appropriate antibiotics 

overnight at 28°C until the optical density 

(OD600_{600}600) reaches ~1.0. 

3. Induction Medium: 

o Re-suspend the culture in infiltration buffer 

(e.g., 10 mM MES, 10 mM MgCl2_22, and 

200 µM acetosyringone) to an 

OD600_{600}600 of 0.8–1.0. 

o Incubate at room temperature for 1–3 hours. 

Step 2: Root Wounding 

1. Select Healthy Seedlings: 

o Use healthy, well-watered seedlings or young 

plants for optimal results. 

2. Wound the Roots: 

o Gently remove the plant from the growth 

medium (soil or agar). 

o Wash roots with sterile water to remove debris. 

o Use a sterile scalpel or razor blade to make 

small incisions (~1–2 mm deep) along the 

length of the roots. 

o Be careful not to sever the roots completely. 
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Step 3: Root Immersion 

1. Prepare the Viral Suspension: 

o Mix the Agrobacterium suspension with surfactant 

(e.g., 0.02% Silwet L-77 or 0.1% Tween-20) to 

enhance infiltration. 

2. Submerge the Roots: 

o Immerse the wounded roots in the viral suspension 

for 5–15 minutes. 

3. Optional Vacuum Infiltration: 

o Place the submerged roots in a vacuum chamber 

and apply a vacuum (~20–25 mmHg) for 2–5 

minutes. Release the vacuum slowly to allow the 

solution to infiltrate root tissues. 

Step 4: Replanting 

1. Plant the Seedlings: 

o Transfer the treated seedlings back to soil or a 

hydroponic system. 

o Ensure roots are well-covered and plants are 

supported upright. 

2. Water and Incubate: 

o Water the plants lightly to settle the soil around the 

roots. 

o Grow the plants under controlled conditions (e.g., 

16-hour light/8-hour dark cycle, 22–25°C, 60% 

relative humidity). 

Step 5: Monitoring and Data Collection 

1. Symptom Observation: 

o Monitor the plants for VIGS symptoms (e.g., photo 

bleaching or silencing phenotype) 7–14 days post-

treatment. 

2. Molecular Validation: 

o Extract RNA from treated tissues to confirm gene 

silencing using RT-PCR or qRT-PCR. 

Factors Affecting VIGS Efficiency 

The efficiency of Virus-Induced Gene Silencing 

(VIGS) depends on multiple factors that influence the 

delivery, replication, spread of the viral vector, and the 

plant's ability to mount an effective RNAi response. 

Below are the key factors affecting VIGS efficiency: 

1. Plant-Related Factors 

1. Plant Species and Genotype: 

o VIGS efficiency varies across plant species and 

genotypes due to differences in susceptibility to the 

viral vector and the efficiency of the RNA 

silencing machinery. 

o Some species or genotypes may have stronger 

antiviral defences, reducing the vector's ability to 

replicate. 

2. Plant Age and Developmental Stage: 

o Younger plants are generally more responsive to 

VIGS due to their active cell division and 

enhanced systemic signalling. 

o Older plants may show reduced viral movement 

and gene silencing efficiency. 

3. Tissue Type: 

o The effectiveness of silencing can vary among 

tissues. Actively dividing tissues (e.g., young 

leaves and meristems) are more susceptible to 

silencing than mature or highly lignified tissues. 

4. Physiological Stress: 

o Environmental or physiological stress, such as 

drought or nutrient deficiency, can suppress 

silencing efficiency by altering plant defence 

mechanisms. 

2. Viral Vector Factors 

1. Choice of Viral Vector: 

o The type of virus used (e.g., Tobacco rattle virus 

[TRV], Barley stripe mosaic virus [BSMV], or 

others) significantly impacts the efficiency, as 

different viruses infect different plant species and 

tissues with varying efficiency. 

2. Stability of the Vector: 

o Unstable viral vectors may degrade or lose their 

ability to replicate and move within the plant, 

reducing silencing efficiency. 

3. Viral Tropism: 

o Some viruses preferentially infect certain tissues, 

which may limit their systemic spread and 

silencing range. 

3. Gene-Specific Factors 

1. Target Gene Characteristics: 

o Genes with high expression levels may require 

stronger silencing vectors or strategies for effective 

knockdown. 

o Gene redundancy (e.g., in gene families) can make 

it difficult to observe phenotypes due to functional 

compensation by related genes. 

 



 

 

3121 Shalakha John et al. 

2. Homology Between Viral and Target 

Sequences: 

o High sequence similarity between the viral insert 

and the target gene is crucial for efficient RNAi. 

Poorly designed constructs with low homology 

reduce silencing. 

4. Environmental Factors 

1. Growth Conditions: 

o Temperature, light intensity, and humidity can 

influence VIGS efficiency. For instance: 

� High temperatures may suppress RNAi by 

destabilizing the viral vector or silencing 

machinery. 

� Low temperatures can slow down viral replication 

and spread. 

2. Nutritional Status: 

o Proper nutrient levels are required for optimal 

plant growth and RNA silencing. 

5. Experimental Protocol Factors 

1. Agrobacterium Culture Preparation: 

o The optical density (OD600_{600}600) of the 

Agrobacterium suspension and the composition of 

the infiltration buffer affect VIGS efficiency. 

 

 

2. Delivery Method: 

o Methods like agro-infiltration, root immersion, or 

seedling pricking vary in their efficiency 

depending on plant species and tissues targeted. 

3. Surfactant Use: 

o Surfactants like Silwet L-77 can enhance the 

uptake of viral vectors by reducing surface tension 

and improving penetration. 

4. Duration of Infiltration or Immersion: 

o Optimal exposure time ensures efficient uptake 

without causing excessive stress to the plant. 

5. Vacuum Infiltration: 

o Applying vacuum during infiltration improves the 

penetration of the viral suspension into deeper 

tissues. 

6. Antiviral Defence Mechanisms 

1. Plant RNAi Machinery: 

o Overactive antiviral responses can degrade the 

viral vector before effective gene silencing occurs. 

o Some plants may produce secondary siRNAs, 

amplifying silencing, while others may not. 

2. Silencing Suppressors: 

o Some viruses encode suppressors of RNA 

silencing, which can interfere with the plant’s 

RNAi machinery and reduce silencing efficiency.
 

 

Silencing efficiency of VIGS in different species for various target genes.  

Plant Species Target Gene 
Function of Target 

Gene 

Silencing Efficiency 

(%) 

Nicotiana 

benthamiana 

PDS (Phytoene Desaturase) Chlorophyll biosynthesis 80–90% 

Solanum 

lycopersicum 

RIN (Ripening Inhibitor) Fruit ripening regulation 70–85% 

Zea mays SBEIIb (Starch Branching Enzyme) Starch biosynthesis 50–60% 

Arabidopsis 

thaliana 

MYB75 Anthocyanin 

biosynthesis 

60–75% 

Capsicum 

annuum 

CaPR1 (Pathogenesis-Related 

Protein 1) 

Defence response 65–80% 

Triticum 

aestivum 

TaPDS (Phytoene Desaturase) Chlorophyll biosynthesis 45–55% 

Hordeum vulgare HvUBI4 (Ubiquitin) Protein degradation 50–65% 

Glycine max FAD2 (Fatty Acid Desaturase) Fatty acid biosynthesis 55–70% 

Medicago 

truncatula 

DMI1 (Doesn’t Make Infections 1) Nodulation signalling 

pathway 

65–80% 

Vitis vinifera VvCEB1 (Cell Expansion-Related) Cell wall modification 40–60% 
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Applications of Enhanced Virus Induced Gene 

Silencing 

Enhanced Virus-Induced Gene Silencing (VIGS), 

achieved through optimized methods like root 

wounding and immersion, has broad applications in 

plant biology, agriculture, and biotechnology. Below 

are key areas where enhanced VIGS is applied: 

1. Functional Genomics 

Gene Function Analysis: 

o Enhanced VIGS allows rapid knockdown of genes 

to study their roles in physiological, 

developmental, or metabolic pathways. 

o Useful in non-model plants where traditional 

genetic tools are unavailable. 

Pathway Elucidation: 

o Silencing multiple genes in a pathway helps 

decipher their interactions and hierarchical 

relationships. 

2. Stress Response Studies 

Abiotic Stress Tolerance: 

o Silencing genes involved in responses to heat, 

drought, salinity, or cold to understand their roles 

in stress adaptation. 

Biotic Stress Resistance: 

o Studying genes involved in plant immunity by 

silencing components of the defence response 

against pathogens, pests, or viruses. 

3. Crop Improvement 

Trait Development: 

o Identifying genes that enhance traits such as yield, 

nutritional quality, or stress tolerance in crop 

plants. 

Validation of Candidate Genes: 

o Accelerates the functional validation of genes 

discovered in genome-wide association studies 

(GWAS) or transcriptomics. 

4. Plant-Microbe Interactions 

Phytobiome Research: 

o Silencing plant genes that interact with beneficial 

microbes to identify molecular mechanisms 

driving plant-microbe symbiosis. 

Pathogen Virulence Studies: 

o Silencing plant susceptibility genes (S-genes) to 

uncover pathways exploited by pathogens. 

 

5. Secondary Metabolism Studies 

Metabolite Pathway Analysis: 

o Silencing genes in secondary metabolite pathways 

(e.g., flavonoids, alkaloids) to determine their role 

in metabolite synthesis. 

Nutritional Enhancement: 

o Understanding and modulating pathways for bio-

fortification of crops with vitamins, antioxidants, 

or essential amino acids. 

6. Epigenetics and RNAi Mechanisms 

RNA Silencing Pathway Research: 

o Studying components of the RNAi machinery by 

silencing genes involved in siRNA or miRNA 

production. 

Epigenetic Regulation: 

o Exploring the role of specific genes in DNA 

methylation, chromatin re-modelling, and other 

epigenetic modifications. 

7. High-Throughput Screening 

Large-Scale Gene Silencing: 

o Enhanced VIGS enables high-throughput screening 

of gene function in plants, especially for validating 

candidate genes from -omics studies. 

Resistance Screening: 

o Identifying genes that confer resistance to diseases 

or environmental stresses by targeted silencing in 

diverse germplasm. 

8. Transient Gene Silencing in Non-Model Plants 

Exploring Wild Relatives: 

o Enhanced VIGS facilitates gene function studies in 

wild species or crop relatives with minimal genetic 

tools available. 

Ornamental Plants: 

o Silencing genes to understand pigment formation, 

flowering, or growth regulation in ornamental 

species like Anthurium or orchids. 

9. Virus-Host Interaction Studies 

Host Defence Mechanisms: 

o Silencing genes involved in antiviral defences to 

uncover host-virus interactions. 

Virus Evolution: 

o Studying how viral vectors interact with the plant 

silencing machinery to adapt and evolve. 
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10. Synthetic Biology 

Pathway Engineering: 

o Silencing endogenous genes to test the effects of 

engineered or synthetic pathways in plants. 

Gene Circuit Validation: 

o Temporarily disabling regulatory genes to assess 

synthetic gene circuit performance. 

11. Education and Research Training 

Rapid Learning Tool: 

o Enhanced VIGS serves as a cost-effective and 

rapid tool for teaching gene silencing techniques in 

plant functional genomics courses. 

Challenges and Limitations 
While Virus-Induced Gene Silencing (VIGS) has 

proven to be a versatile tool in plant biology, it comes 

with several challenges and limitations, particularly 

when working with enhanced methods like root 

wounding and immersion. Below are the key issues: 

1. Plant-Related Challenges 

Species-Specific Responses: 
o VIGS is highly species-dependent; some plants 

may not support efficient viral replication or 

systemic movement of the vector. 

o Many monocots and woody plants remain 

recalcitrant to VIGS protocols. 

Plant Developmental Stage: 
o Younger plants respond better to VIGS, but this 

restricts experiments to early developmental 

stages, limiting studies on later-stage phenotypes. 

Plant Defence Mechanisms: 
o Robust antiviral defences in certain plants can 

degrade the viral vector, reducing silencing 

efficiency. 

o Silencing-associated phenotypes may be masked 

by stress responses induced by viral infection. 

2. Viral Vector Limitations 

Host-Range Restrictions: 
o Viral vectors often have a limited host range, 

restricting their application to specific plant 

species. 

Viral Symptoms: 
o The virus itself may induce symptoms such as 

chlorosis, stunting, or necrosis, complicating the 

interpretation of phenotypic changes caused by 

gene silencing. 

Stability of Viral Constructs: 
o Deletion or mutation of the target gene sequence in 

the viral genome can occur during replication, 

leading to inconsistent silencing. 

Non-Specific Silencing: 

o Viral vectors may trigger off-target effects, 

silencing unintended genes due to sequence 

similarity. 

3. Experimental Protocol Challenges 

Inconsistent Silencing: 
o The extent and duration of silencing can vary 

across plants, tissues, or even individual 

experiments. 

Optimization Requirements: 
o Enhanced techniques like root wounding and 

immersion require species-specific optimization of 

factors like viral concentration, exposure duration, 

and wounding methods. 

Systemic Spread Limitations: 
o VIGS may not effectively silence genes in tissues 

distant from the inoculation site, especially in large 

or mature plants. 

Labour-Intensive Process: 
o Root wounding and immersion protocols can be 

time-consuming and labour-intensive, making 

them less practical for large-scale experiments. 

4. Gene-Specific Challenges 

Low Target Gene Expression: 
o Genes with low expression levels may not show 

clear phenotypes even after efficient silencing. 

Gene Redundancy: 
o In plants with gene families, silencing one member 

may not produce a phenotype due to compensation 

by other members. 

Essential Genes: 
o Silencing essential genes may cause severe 

phenotypes or lethality, making functional analysis 

challenging. 

5. Environmental Challenges 

Temperature Sensitivity: 
o High temperatures can suppress viral replication, 

while low temperatures can slow down systemic 

spread. 

Growth Conditions: 
o Variations in light intensity, humidity, and nutrient 

availability can influence VIGS efficiency and 

phenotypic outcomes. 

6. Data Interpretation Limitations 

Viral Symptoms Confounding Results: 
o Phenotypes induced by the virus must be 

distinguished from those caused by target gene 

silencing. 

Transient Nature of Silencing: 
o Silencing effects are temporary, making it difficult 

to study long-term gene functions. 

Lack of Quantitative Silencing: 
o VIGS does not always provide uniform or 

complete knockdown, which complicates 

quantitative studies. 



 
3124 Optimizing functional genomics and application of root wounding and immersion for enhanced virus-induced  

gene silencing in plants : A comprehensive review 

7. Biosafety and Regulatory Issues 

Containment of Viral Vectors: 
o VIGS experiments require strict containment to 

prevent unintended environmental release of viral 

vectors. 

Regulatory Hurdles: 
o Some countries have stringent regulations for the 

use of plant viruses in research, limiting the 

application of VIGS. 

 

Conclusion 

The root wounding and immersion method 

represents a significant advancement in VIGS 

technology. By leveraging the natural wound response 

and simplifying the delivery process, this method 

ensures high silencing efficiency across diverse plant 

species. Its minimal stress induction, broad 

applicability, and cost-effectiveness make it a 

promising tool for functional genomics, particularly for 

non-model plants and crops with limited genetic 

resources. Future studies should focus on optimizing 

the method for field applications, exploring its 

integration with genome editing technologies, and 

developing species-specific protocols for enhanced 

precision. 
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