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lant viruses cause significant yield losses and quality deterioration in crops worldwide,

posing a serious threat to food security and sustainable agriculture. Accurate and early
detection of plant viruses is essential for effective disease management and prevention of
large-scale outbreaks. Among the various diagnostic approaches available, serological
techniques remain widely used due to their specificity, sensitivity, cost-effectiveness, and
suitability for large-scale screening. These techniques are based on antigen—antibody
interactions and enable the detection of viral coat proteins in infected plant tissues.
Serological methods are especially valuable in certification programs, epidemiological
studies, and routine plant health surveillance.

Introduction

Plant viruses are among the most destructive pathogens affecting agricultural and
horticultural crops worldwide. They are responsible for substantial yield losses, reduced crop
quality, and significant economic damage. Unlike fungal or bacterial pathogens, plant viruses
cannot be controlled directly by chemical treatments once infection occurs. Therefore, early
and accurate detection is crucial for effective disease management, certification of planting
materials, quarantine regulation, and epidemiological studies.

Conventional diagnosis of plant viral diseases was initially based on symptomatology,
host range studies, and transmission assays. However, symptom expression often varies
depending on environmental conditions, host species, and viral strain, making visual
identification unreliable. The need for precise and rapid detection methods led to the
development of serological techniques based on specific antigen—antibody interactions.

Serological techniques exploit the ability of antibodies to specifically recognize and
bind to viral coat proteins (antigens). These methods offer high specificity, relatively good
sensitivity, cost-effectiveness, and the capacity to screen a large number of samples
simultaneously. Among these, Enzyme-Linked Immunosorbent Assay (ELISA), particularly
Direct Antigen Coating (DAC-ELISA) and Double Antibody Sandwich (DAS-ELISA), has
become a standard diagnostic tool in plant virology laboratories. Other important serological
approaches include immunostrip assays, immunofluorescence, and latex agglutination tests,
etc.

Precipitation in a liquid medium
The formation of a visible, specific precipitate between the antigen and antibody is one of the
most direct ways to observe the interaction between the antibody and the virus.
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Tube precipitation- Various dilutions of clarified virus suspension and antiserum are mixed
in a glass tube, incubated in water bath. Resultant precipitate is flocculant type for elongated
particles and densely granular for spherical.

Tube (Ring interface) precipitation: Modification of tube precipitation. Diffusion occurs at
interface of antigen-antibody and a disc of precipitation occurs where reactants have reached
optimal proportions.
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Microprecipitin test: When a drop of freshly expressed leaf sap from plants infected with
viruses occurring in high concentration is mixed on a microscope slide with a drop of
antiserum clumping of small particles of host materials occurs.

Latex agglutination

The latex agglutination test can be performed by collecting a sample containing a specific
antigen, which is then mixed with an antibody-coated latex bead. If the suspected substance is
present, the latex beads will clump together.

Reverse passive haemagglutination

A procedure in which an antibody is linked non-specifically to red blood cells by some
appropriate treatment. A solution containing virus is added to a suspension of antibody-linked
blood cells. Agglutination occurs in a positive test.
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Agglutination

Immuno diffusion reactions in gels

1. Wells are punctured in the agar plates in defined geometrical arrangements.

2. Antigen is poured into the central well and antibodies on the peripheral wells.

3. Antigen and antibody diffuse towards each other in the gel and after sometime, a zone
will form where the two reagents are in suitable proportions to form a precipitating
complex.
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Ouchterlony Double Diffusion test

1. Wells are punctured in the agar plates in defined geometrical arrangements.

2. Antibody is poured onto the central well and antigens on the peripheral wells.

3. Antigen and antibody diffuse towards each other in the gel and after sometime, a zone
will form where the two reagents are in suitable proportions to form a precipitating
complex.

4. Bands can be recorded by direct visual observation with appropriate lighting.

ELISA (Enzyme-Linked Immunosorbent Assay)

Enzyme-Linked Immunosorbent Assay (ELISA) is one of the most widely used serological
techniques for detecting and quantifying plant viruses. It is a plate-based assay designed to
detect soluble substances such as proteins, peptides, antibodies, and viral antigens. In plant
virology, ELISA primarily detects viral coat proteins present in infected plant tissues. In an
ELISA procedure, the viral antigen (target macromolecule) is immobilised onto a solid
surface, usually a polystyrene microtiter plate. A specific antibody directed against the viral
antigen is then added. This antibody may be directly linked to a reporter enzyme or detected
using a secondary enzyme-conjugated antibody. The enzyme commonly used is alkaline
phosphatase or horseradish peroxidase. The intensity of the colour produced is proportional
to the amount of viral antigen present in the sample and can be quantified using a
spectrophotometer or ELISA reader. The success of ELISA depends on the high specificity of
the antigen—antibody interaction.

e Direct ELISA

In Direct ELISA, the viral antigen present in the plant sample is directly coated onto the
microplate well. After washing, an enzyme-conjugated primary antibody specific to the viral

e Qr\‘:; (

&
<0 antigen is added. Following another washing step, a suitable substrate is introduced. The
"7 enzyme reacts with the substrate to produce a measurable color change.
- S N }

wash wash r(:vt':-'- J{
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Antigen Add enzyme (E) — Add substrate (S) .,.,.O v

(Ag) coated conjugated and measure
well antibody (Ab) to color ;.
be measured S—

e Indirect ELISA
In Indirect ELISA, the antigen is first coated onto the microplate. A primary antibody specific
to the viral antigen is added and allowed to bind. After washing, an enzyme-linked secondary
antibody (which recognises the primary antibody) is added. Upon the addition of substrate, a
color reaction occurs.
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e Sandwich ELISA (Double Antibody Sandwich ELISA — DAS-ELISA)

In Sandwich ELISA, the microplate wells are first coated with a capture antibody specific to
the virus. The plant extract containing viral antigen is added, allowing the antigen to bind to
the immobilised antibody. After washing, an enzyme-conjugated secondary antibody specific
to another epitope of the same antigen is added. Substrate addition produces a measurable
color change.

| | | | | |
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wash wash wash

Antibody (Ab) Add antigen (Ag) Add enzyme (E) Add substrate (S) \\\M/’
coated well to be measured - conjugated and measure
secondary color
antibody —

e Competitive ELISA

In Competitive ELISA, the sample antigen competes with a known antigen for binding to a
limited amount of antibody. The antigen—antibody mixture is added to an antigen-coated
well. The more antigen present in the sample, the less antibody will be available to bind to
the coated antigen. After adding enzyme-linked secondary antibody and substrate, the color
intensity is inversely proportional to the amount of antigen in the sample.
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Conclusion

Serological techniques have established themselves as indispensable tools in the diagnosis
and management of plant viral diseases. By exploiting the high specificity of antigen—
antibody interactions, these methods enable reliable detection of viral pathogens in diverse
crop species. Techniques such as ELISA, particularly Double Antibody Sandwich ELISA,
have become foundational in plant virology due to their accuracy, reproducibility, cost-
effectiveness, and adaptability for large-scale screening programs. Despite the emergence of
highly sensitive molecular approaches such as PCR and next-generation sequencing,
serological assays continue to hold significant practical value. In conclusion, serological
methods remain fundamental to sustainable plant disease management and agricultural
biosecurity. Their continued refinement and strategic integration with modern molecular tools
will further strengthen plant virus detection systems and contribute to global food security.
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