Volume 4, Issue 3

. ‘ March | 2026
\ X ) Agri Roots
W /4 e- Magazine
Nz Determining Plant Pathogen Virulence Factors

www.agrirootsmagazine.in

ARTICLE ID: 0338
ISSN: 2583-9071

Tharringwon Marchang Ningshen’, Pritam Das? and Pranab Dutta’
1,2Ph.D. Scholar, School of Crop Protection, College of Postgraduate Studies in Agricultural Sciences, Central
Agricultural University (Imphal), Umiam, Meghalaya — 793103, India.
*Professor, School of Crop Protection, College of Postgraduate Studies in Agricultural Sciences, Central

Agricultural University (Imphal), Umiam, Meghalaya — 793103, India

lant pathogens such as fungi, bacteria, and
oomycetes reduce host immunity, degrade
plant cell walls, and alter plant physiology
through various virulence factors, including effectors,

toxins, and enzymes. Cell wall-

Understanding virulence factors in plant
pathogens involves identifying molecular components
such as effectors, toxins, enzymes, and adhesion
proteins that enable pathogens to evade host defenses,

colonize tissues, and cause

degrading enzymes in fungi such disease symptoms. These
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breeding of resistant crop varieties.

Molecular approaches such as RNA sequencing (RNA-
seq), proteomics, genomics, and metabolomics help
identify potential virulence candidates by monitoring
host responses during infection. Functional validation
techniques, including CRISPR-Cas9 gene knockout
and yeast two-hybrid assays, are commonly used to
verify host targets and determine the role of virulence

genes.
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bacterial type III effectors
such as HopM1 from Pseudomonas syringae target
ARF-GEF proteins like AtMIN7, interfering with
immunity-related vesicle trafficking (Speth et al.,
2007).
Virulence factors, which are often delivered through
type III or type IV secretion systems in bacteria or
through direct fungal hyphal invasion, allow pathogen

attachment, penetration, nutrient acquisition, and
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suppression of basal plant defenses such as pathogen-

associated molecular pattern (PAMP)-triggered
immunity (PTI).

Quantitative real-time PCR (qRT-PCR) is one of the
molecular tools used to identify virulence factors in
plant pathogens. It amplifies and quantifies potential
virulence genes, such as effector or toxin biosynthesis
genes, from pathogen isolates during host—pathogen
interactions (Van Doorn et al., 2007).

Gene knockout techniques such as CRISPR-Cas9 gene
editing and RNA interference (RNAi) are used in
model plants like Arabidopsis or Nicotiana
benthamiana to disrupt virulence genes and evaluate
their function in pathogenicity through reduced lesion
formation or failure of host colonization.

Polymerase chain reaction (PCR) also enables direct
detection of virulence genes such as hrp, pth, and vir
genes from bacterial pathogens or effector genes in
fungi without the need for culturing. Advanced
variants including multiplex PCR, nested PCR, and
real-time PCR allow simultaneous detection and
quantification of multiple virulence factors from
infected plant tissues. These approaches facilitate high-
throughput screening for pathogens possessing specific
virulence profiles using primers designed from known
pathogenicity genes (Haas et al., 1995).

Bacterial Virulence Genes

The hrp (hypersensitive response and pathogenicity)
gene cluster in bacteria such as Xanthomonas oryzae
pv. oryzae can be amplified using specific primers such
as DXoo hrplF and DXoo hrplR, producing a 384 bp
product for sensitive detection down to 2.6 x 10> CFU

ml™" in rice seeds and leaves. Similarly, pathovar-
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specific primers are used to target pth genes in
Xanthomonas axonopodis pv. citri and vir genes (e.g.,
virD2) in Agrobacterium spp. using quantitative real-
time PCR to identify pathogenic strains and quantify
infection levels.

Fungal Effector Genes

Fungal effector genes that enhance virulence by
suppressing plant immunity can be detected even at
low pathogen loads (1-100 cells) through PCR
amplification of internal transcribed spacer (ITS)
regions or specific effector gene sequences, often
directly from infected tissue samples without culturing.
In necrotrophic fungi, transcription factors such as
PnPf2 regulate these effector genes, and PCR analysis
confirms their expression during infection (Jones et al.,
2019).

By systematically deleting genes in pathogens or host
plants, CRISPR-Cas9 enables high-throughput genetic
screening to identify genes essential for virulence by

monitoring changes in infection outcomes.
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Figure 1: Illustration of CRISPR-Cas

sensing

mechanisms and their diagnostic applications (Source:

Zeng et al., 2024).
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Under the guidance of single-guide RNA (sgRNA),
CRISPR-Cas9 generates double-strand breaks at
specific genomic locations, resulting in insertions or
deletions through non-homologous end joining.
Editing virulence genes—such as those encoding
effectors, toxins, or cell wall-degrading enzymes—
produces mutants with reduced pathogenicity in plant
pathogens including fungi and oomycetes. Phenotypic
assays (e.g., lesion size on host plants) help determine
gene function, while sequencing confirms successful
genome editing (Dort et al., 2020).

RNA interference (RNA1) can also be applied through
host-induced gene silencing (HIGS), where plants
express hairpin RNA (hpRNA) that generates small
interfering RNAs (siRNAs) targeting pathogen
mRNAs. During haustorial invasion, these siRNAs
enter the pathogen and degrade transcripts of virulence
genes such as PtMAPKI1 or PtCYCI in Puccinia
triticina, reducing their expression by 40—65%. This
suppression results in slower fungal growth, fewer or
smaller uredinia (lesions), and up to 79% reduction in
fungal biomass in model systems (Panwar et al., 2018).
Importance of Determining Plant Pathogen
Virulence Factors

Identifying virulence factors of plant pathogens is
essential for understanding disease mechanisms and
developing effective control strategies. These factors
enable pathogens to infect, colonize, and damage host
plants, ultimately affecting crop productivity and
global food security.

Virulence factors such as effectors, toxins, and
enzymes secreted by bacteria or fungi weaken plant
and facilitate disease

defenses development.
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Identifying these factors helps in targeted resistance
breeding by revealing how pathogens manipulate host
pathways such as vesicle trafficking or gene
transcription.

Knowledge of these mechanisms also supports the
development of targeted fungicides and genetically
engineered resistant crop varieties, thereby reducing
dependence on broad-spectrum pesticides that can
harm ecosystems. Furthermore, studying virulence
factors contributes to evolutionary research by helping
predict changes in pathogen virulence and adaptation.
Conclusion

Identification of virulence factors in plant pathogens
plays a crucial role in advancing disease management
strategies in agriculture. Modern techniques such as
genomics, metabolomics, and in-planta expression
analysis have greatly enhanced the ability to detect and
characterize these factors.

Understanding the complex interactions between
pathogens and host plants enables the development of
resistant crop varieties and innovative biocontrol
strategies. Integration of CRISPR-Cas9 technology
with multi-omics approaches will further help identify
strain-specific virulence mechanisms and support the
development of durable disease resistance. Applying
this knowledge will be essential for combating
emerging pathogen threats and promoting sustainable
agriculture.
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