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SUMMARY
Plant disease diagnosis through molecular and serological methods offers significant advancements in
accuracy, sensitivity, and timeliness. Molecular techniques, such as PCR and next-generation sequencing, enable
direct detection of pathogen DNA or RNA, allowing for precise identification and differentiation of strains.
Serological methods, like ELISA, utilize specific antibodies to detect pathogen antigens, providing sensitive and
early disease detection. Challenges include sample preparation, pathogen diversity, sensitivity, and cost.
Addressing these challenges requires continuous research, standardization, and training. Overall, molecular and
serological methods are valuable tools in plant disease diagnosis, enabling effective disease management and
ensuring global food security.

INTRODUCTION

As agriculture faces increasing challenges from a multitude of plant diseases, it is essential to explore
advanced techniques that can aid in early and accurate detection, enabling effective management
strategies.Serological and molecular methods have emerged as powerful tools in the field of plant disease
diagnosis, offering precise and reliable results. These methods leverage the principles of immunology and
genetics to detect the presence of pathogens or their specific molecules within plants. Serological methods, also
known as immunoassays, utilize the specific interactions between antibodies and antigens to identify pathogens.
Antibodies are proteins produced by the immune system in response to the presence of foreign substances, such
as pathogens. These methods involve the use of specific antibodies that can recognize and bind to target
pathogens or their associated molecules, known as antigens. By employing techniques like enzyme-linked
immunosorbent assay (ELISA) or lateral flow devices, scientists can detect the presence of pathogens or their
proteins with high sensitivity and specificity.Molecular methods, on the other hand, focus on the detection and
analysis of the genetic material of pathogens. These methods have revolutionized plant disease diagnosis by
enabling the direct detection and identification of pathogen DNA or RNA. Polymerase chain reaction (PCR), a
widely used molecular technique, amplifies specific regions of the pathogen's genetic material, allowing for its
detection even in minute quantities. This method offers exceptional sensitivity and specificity, facilitating the
identification of pathogens and distinguishing between closely related species or strains.

Current Methods for Crop Disease Detection:

Detection and identification of diseases in crops could be realized via both direct and indirect methods.
Direct detection of diseases includes molecular and serological methods that could be used for high-throughput
analysis when large numbers of samples need to be analyzed. In these methods, the disease causing pathogens
such as bacteria, fungi and viruses are directly detected to provide accurate identification of the disease/pathogen.
On the other hand, indirect methods identify the plant diseases through various parameters such as morphological
change, temperature change, transpiration rate change and volatile organic compounds released by infected
plants.

Polymerase Chain Reaction:

In the years of 1984 and 1993, two Nobel prizes were awarded to J.F. Kohler and C. Milstein, and K.
Mullis for development of monoclonal antibodies and amplification of nucleic acid sequences, respectively,
using the technology of polymerase chain reaction. (PCR) is a widely used molecular technique in plant disease
detection and diagnosis. It revolutionized the field by enabling the amplification and detection of specific regions
of the pathogen's DNA or RNA, even in trace amounts. PCR plays a crucial role in identifying plant pathogens
accurately and distinguishing between closely related species or strains.
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Principle of PCR:

PCR involves a series of temperature cycles that facilitate the amplification of a target DNA or RNA
sequence. It requires specific primers, short DNA sequences that are complementary to the regions flanking the
target sequence, and a DNA polymerase enzyme that synthesizes new DNA strands.

Steps in PCR:
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Denaturation:

When the reaction mixture is heated to 94°C for about 0.5 to 2 minutes, denaturation occurs. The
hydrogen bonds between the two strands of DNA are broken, resulting in single-stranded DNA. The single
strands of DNA are now used as a template for the creation of new strands of DNA. To make sure the separation
of the two strands, the temperature should be maintained for a longer period of time.

Annealing:

For around 20-40 seconds, the reaction temperature is reduced to 54-60°C. The primers attach to their
corresponding sequences on the template DNA at this point. Pprimers are single-stranded DNA or RNA
sequences of 20 to 30 nucleotides in length. They act as the beginning point for DNA synthesis. Because the two
split strands run in different directions, there are two primers: a forward primer and a backward primer.

Elongation:

At this step, the temperature is raised to 72-80°C. The bases are added to the 3’ end of the primer by the
Taq polymerase enzyme. This elongates the DNA in the 5° to 3’ direction. The DNA polymerase adds about
1000bp/minute under optimum conditions. Taq Polymerase can tolerate very high temperatures. It attaches to the
primer and adds DNA bases to the single strand. As a result, a double-stranded DNA molecule is obtained. These
three steps are repeated 20-40 times in order to obtain a number of sequences of DNA of interest in a very short
time period.

List of plant pathogens detected by PCR method

Pathogen Host plant Reference

Rice tungro bacilliform virus Rice Zhang et al.,(2013)

Banana bunchy top virus Banana Shelke et al., (1013)
Ralstonia solanacearum Tomato Chandrashekhar et
Xanthomonas oryzae al.,(2012)

Advantages of PCR in Plant Disease Detection:

e Sensitivity: PCR is highly sensitive and can detect small amounts of pathogen DNA or RNA, even in samples
with low pathogen concentrations.

e Specificity: PCR utilizes specific primers that bind only to the target pathogen's DNA or RNA, enabling
accurate identification and discrimination between closely related species or strains.
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e Speed: PCR can rapidly amplify and detect the target DNA or RNA within a few hours, allowing for quick and
timely disease diagnosis.

e Early Detection: PCR can detect pathogens at early stages, often before visible disease symptoms appear,
enabling timely intervention and disease management.

Limitations:

False Negatives: PCR can produce false-negative results if the target pathogen's DNA or RNA is present in very
low quantities or if there are inhibitors present in the sample.

Limited Spectrum: PCR is highly specific to the target DNA or RNA sequence for which primers are designed.
If the target sequence undergoes genetic mutations or variations, the primers may fail to bind and amplify the
DNA accurately.

Lack of Discrimination: PCR may not provide sufficient discrimination power to differentiate between closely
related species or strains. This limitation arises when the target DNA or RNA sequence is conserved among
different pathogens or when the primers designed do not have enough specificity.

Cost and Equipment: PCR requires specialized laboratory equipment, including thermal cyclers and gel
electrophoresis apparatus for conventional PCR, or real-time PCR machines for quantitative analysis. These
equipment can be costly to purchase and maintain, limiting accessibility to some laboratories or regions with
limited resources.

Enzyme-Linked Immunosorbent Assay

ELISA (Enzyme-Linked Immunosorbent Assay) is a widely used serological method for plant disease
detection. It utilizes the specific interaction between antibodies and antigens to identify the presence of pathogens
or their associated molecules in plant samples.In ELISA, specific antibodies that recognize and bind to target
pathogens or their antigens are immobilized onto a solid surface, such as a microplate. The sample extract
containing the pathogen or its antigens is then added to the plate and allowed to interact with the immobilized
antibodies.

Basic ELISA principles:

The principle of ELISA is antigen-antibody interaction. Here, the specific antibodies associate or bind
to its target antigen. Only when the interaction takes place, the substrate can bind to the enzyme, thereby
substrate conversion can be observed, and hence a positive result is obtained. A capture antibody on a multi-well
plate will immobilize the antigen of interest. This antigen will be recognized and bound by a detection antibody
conjugated to biotin and streptavidin-HRP.

There are four main general steps to completing an ELISA immunoassay:

These steps are: 1.Coating (with either antigen or antibody) 2.Blocking (typically with the addition of bovine
serum albumin [BSA]) 3.Detection 4.Final read

Types of ELISA:
@
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Direct ELISA:

In direct ELISA, only an enzyme-labeled primary antibody is used, meaning that secondary antibodies are
not needed. The enzyme-labeled primary antibody "directly” binds to the target (antigen) that is immobilized to
the plate (solid surface). Next, the enzyme linked to the primary antibody reacts with its substrate to produce a
visible signal that can be measured. In this way, the antigen of interest is detected.

www.agricosemagazine.com 57


http://www.agricosemagazine.com/

AgriCos e-Newsletter (ISSN: 2582-7049) 04 (08) August 2023

Indirect ELISA:

In indirect ELISA, both a primary antibody and a secondary antibody are used. But in this case, the
primary antibody is not labeled with an enzyme. Instead, the secondary antibody is labeled with an enzyme. The
primary antibody binds to the antigen immobilized to the plate, and then the enzyme-labeled secondary antibody
binds to the primary antibody. Finally, the enzyme linked to the secondary antibody reacts with its substrate to
produce a visible signal that can be measured.

Sandwich ELISA:

In direct and indirect ELISA, it is the antigen that is immobilized to the plate. In sandwich ELISA,
however, it is the antibody that is immobilized to the plate, and this antibody is called capture antibody. In
addition to capture antibody, sandwich ELISA also involves the use of detection antibodies, which generally
include the unlabeled primary detection antibody and the enzyme-labeled secondary detection antibody.

Firstly, the antigen of interest binds to the capture antibody immobilized to the plate. Secondly, the
primary detection antibody binds to the antigen. Thirdly, the secondary detection antibody binds to the primary
detection antibody, and then the enzyme reacts with its substrate to produce a visible signal that can be measured.

Advantages

e High sensitivity and specificity: it is common for ELISAS to detect antigens at the picogram level in a very
specific manner due to the use of antibodies.

e High throughput: commercial ELISA Kits are normally available in a 96-well plate format. But the assay can be
easily adapted to 384-well plates.

e Easy to perform: protocols are easy to follow and involve little hands-on time.

Disadvantages

e Temporary readouts: detection is based on enzyme/substrate reactions and therefore readout must be obtained
in a short time span.

e Limited antigen information: information limited to the amount or presence of the antigen in the sample.

CONCLUSIONS:

In this topic, we reviewed the methods for detection of plant diseases caused by pathogens such as
bacteria, viruses and fungi. Although established methods such as PCR and ELISA are already available and
widely used for plant disease detection, the use of molecular and serological methods for the detection of plant
diseases has revolutionized the field of plant pathology. These advanced techniques offer precise, sensitive, and
rapid means of identifying pathogens, enabling early detection and effective disease management strategies.
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