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Abstract

Plant virus diseases result in the loss of billions of dollars annually by limiting plant production quantity and
quality in the world. Among different strategies adapted for plant virus disease management, proper diagnosis and
detection are the most important and essential strategies for the development of appropriate control measures. The
current advanced techniques developed for the detection of plant viruses provided the chance to take practical
managemental actions timely. Nowadays one of the most advanced diagnosis methods, polymerase chain reaction
(PCR) is used extensively for the detection and identification of plant viruses. PCR is the advanced method that
allows the specific amplification and hence detection of target DNA sequences from a mixture of nucleic acid
extract in which specific amplification of targeted fragments of a single or a few copies of source DNA material
is achieved within a few hours. The PCR method copies each piece of DNA fragments through all the cycles that
leading to an exponential doubling of copies over time. Several modifications of PCR methods have been
developed to boost the effectiveness of the method in diagnostic settings based on their applications. Reverse
transcriptase PCR, immunocapture PCR, Multiplex PCR, co-operational PCR, and real-time PCR are the common
and widely used types of PCR variants.
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1. INTRODUCTION

Important agricultural crops are threatened by a wide range of plant viral diseases worldwide, resulting in losses
of several billion dollars annually (Mumford et al., 2016). The greatest impact comes from viral infections with
the rapid increase in the incidence of disease and local distribution. The main influences contributive to the
emergence of the plant viruses are: (i) agricultural production systems based on mono production system with low
genetic diversity and high plant diversity; (ii) the plant germplasm worldwide with plant pathogens, hosts, and
vectors to new areas; (iii) climate change affecting the distribution area of the pathogen hosts and vectors; and (iv)
biological ability to evolve and adapt quickly (Jones, 2009; Elena et al., 2014).

Proper identification and detection of plant viruses is the key significant step for its management method.
Plant treatments after infection with the virus often do not result in effective control measures. Similarly, plant
viral infections are best controlled by means of pre-infection control methods. The use of virus-free planting
material is one of the most effective methods that farmers can use. The key elements in fruitful certification systems
to produce virus-free propagation material is the accessibility of sensitive identification and detection methods
(Makkouk and Kumari, 2006).

2. PLANT VIRUS DETECTION and DIAGNOSIS

The terms detection and diagnosis are used interchangeably. Detection is to find out the virus; while, diagnosis is
the step that involves a vigilant investigation to determine the fundamental cause of the pathogen. Plant viruses
are generally can be diagnosed and identified by using a various technique including symptom observation, particle
morphology observation under an electron microscope, mechanical or vector transmission to indicator host plants,
detection using virus-specific antibodies (serological assay) (Davis and Ruabete, 2010, Regassa et al., 2020).
Symptom observations is a vital means for plant virus diagnosis in the field. However, this is not a convincing
technique because with non-virus infected plants may exhibit virus-like symptoms which can be caused by
unfavorable weather conditions, nutrient imbalances, infection by non-viral pathogens, insects, and the effect of
herbicides (Agrios, 2005). Electron microscopy is the easiest way to detect viruses directly but is often not used
for routine diagnostic purposes. Biological identification methods such as indicator plants, host range studies are
helpful but it is a time-consuming process and require sophisticated glasshouse and continuing maintenance of the
viruses for the test host. Serological techniques such as enzyme-linked immunosorbent assay is commonly used to
detect and identify plant viruses where the titer of antibodies is high enough for the test (Sastry, 2013; Regassa et
al., 2020, 2021). The development of nucleic acid (polymerase chain reaction) techniques transformed the
detection and identification of plant viruses in plants (Sastry, 2013; Bhardwaj and Kulshrestha, 2020; Varma and
Singh, 2020).
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3. POLYMERASE CHAIN REACTION (PCR)
PCR is a diagnostic technique initially established by Kary Mullis in 1985 (Mullis et al., 1986). The speed,
sensitivity, specificity and versatility of PCR made it appropriate in many fields of study in biology (Hema and
Konakalla, 2021) including detection of plant pathogens (Vincelli and Tisserat, 2008), molecular characterization
(Alfaro-Fernandez et al., 2008), evolutionary studies (Roossinck, 2002), and DNA comparisons between related
pathogen species (Kiss et al., 2008).
3.1.1. Component of polymerase chain reaction
To accomplish PCR, the following components are crucial.
DNA template: The template DNA may be in double-stranded or single form. Plant viruses whose nucleic-acid is
RNA converted to cDNA before amplification.
Primers (forward and reverse): Primers comprise of short oligonucleotides that are indeed complementary to
the sequence at the 3’ end of each strand of the DNA to be amplified. Primers can be designed manually or by
using software packages. The synthesize of primers are performed on an automated DNA synthesizer. While
designing of primers care is required to get the desired products in high yield. Both primers (forward and reverse)
possibly designed with the same melting temperature. Primer annealing temperature depends on its melting
temperature value that is calculated as Melting temperature (o C) =4 (G+C) + 2 (A + T), where A, T, G and C
stand for the number of corresponding nucleotides in the primer (Bhat and Rao, 2020).
Deoxynucleoside triphosphates (ANTPs): Nucleotides are mandatory for the extension of the newly synthesized
DNA strand. The four nucleotides (dAATP, dCTP, dGTP, dTTP) are included in the mixture.
Enzyme (Thermostable DNA polymerase): A the thermo-stable enzyme (Taq polymerase) is essential for
polymerization as a result of that the polymerase reaction undertakes denaturation of the template at high
temperature.
PCR buffer (10x): a buffer solution provided that a suitable chemical situation for ideal activity and stability of
the DNA polymerase. A 10 mM Tris-HCI buffer at a pH between 8.3 and 8.8 is needed for normal PCR (Bhat and
Rao, 2020).
Divalent cation (MgClz): All of the thermostable DNA polymerases need free divalent cations such as Mg*? for
activity. The concentration of Mg*? needed for optimal reaction require to be determined for each of the primers
and template. Generally, depends on primers and template the concentration of Mg*? vary from 1.5 to 4.5 mM.
(Bhat and Rao, 2020).
Reverse transcriptase: is used for the amplification of RNA, which mean RNA first converted to cDNA by the
enzyme reverse transcriptase.
3.1.2. Steps of polymerase chain reaction
To carry out PCR, an extracted sample containing target DNA template is added to a tube holding primers, free
nucleotides (ANTPs), and Taq polymerase. Subsequently the addition of all the components in a PCR tube, and
then is placed in a PCR machine. The PCR machine increases and lowers the temperature within a certain time of
the PCR mixture in automatic, programmed steps that create copies of the target sequence exponentially.
Amplification occurs in three main steps:
Denaturation (strand separation): denaturation is the initial cycling and consisting of heating the reaction
chamber at high temperature (commonly 3-5 min at 90°C to 95°C). The temperature is raised up to isolated double
stranded DNA into two single-stranded DNA. This result melting of the double-stranded DNA (dsDNA) by
breaking the hydrogen bonds between complementary bases to separate into two single-stranded DNA molecules.
Annealing (primer binding): the reaction temperature is lowered to 40°C to 60°C for 20-40 seconds to allow the
binding of the primers to each of the single-stranded DNA templates at this stage. Two dissimilar primers are
usually comprised in the reaction mixture: one for each of the two single-stranded DNA complements containing
the target region.
Extension/elongation (synthesis of new DNA): In this stage, the temperature is raised (68-75°C) and the DNA
polymerase synthesizes a new DNA strand complementary to the target DNA by addition of free dNTPs from the
reaction mixture that is complementary to the template in the 5'-to-3" direction, condensing the 5’-phosphate
group of the ANTPs with the 3’-hydroxy group at the end of the nascent (elongating) DNA strand. The temperature
at the extension step depends on the DNA polymerase used. The optimum activity temperature for the
thermostable DNA polymerase of Taq polymerase is about 75-80 °C (Chien et al., 1976; Lawyer et al., 1993;
Auwal, 2014) though a temperature of 72 °C is commonly used with Taq polymerase.

The processes of denaturation, annealing and elongation represent a single cycle. These steps are repeated for
20 to 40 cycles to amplify the DNA target to millions of copies. The newly made DNA segments used as a
template in the next cycles (Mullis and Faloona, 1987; Rubio et al., 2020). The diagrammatic illustration of PCR
is provided in Figure 1.
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Figure 1. The diagrammatic representation of PCR. Source:
https://en.wikipedia.org/wiki/Polymerase_chain_reaction

During each cycle, the sequence between the primers is doubled (Figure 2). The formula helped to determine
the number of DNA copies created after a prearranged number of cycles is 2% n is number of cycles. Thus, a
reaction set for 30 cycles results in 2% copies of the original double-stranded DNA target region (Krawetz, 1989;
Jackie Hughes et al., 2004).
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Figure 2. The diagrammatic representation of PCR cycle and exponential amplification. Source:
https://users.ugent.be/~avierstr/principles/pcr.html

The results of the PCR product are visualized by agarose gel electrophoresis (Figure 3) and the bands are
visualized by staining with ethidium bromide and irradiation with ultraviolet light (Sastry, 2013). The PCR product
also can be more characterized by Sanger sequencing, allowing further precise identification by comparison with
known sequences from databases like GenBank (Sastry ef al., 2013; Rubio et al., 2020).
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Fig 4. Verification of the PCR product on agarose gel electrophoresis. The ladder is a composite of fragments of
known sizes to compare with the PCR fragments. Lane 1: PCR fragment is about 1850 bases long. Lane 2 and 4
about 800 bases long. Lane 3: no product is formed, so the PCR failed. Lane 5: multiple bands are formed for the
reason that one of the primers fits in different areas. Source: https://users.ugent.be/~avierstr/principles/per.html

3.1.3. Most common used types/variants of PCR

There are numerous variations of PCR methods have been developed to improve its effectiveness method in
diagnosis. Reverse Transcriptase PCR, Immunocapture PCR, Multiplex PCR, Co-operational PCR and Real-time
PCR are among the variants PCR commonly used for plant virus detection.

Reverse Transcriptase PCR (RT-PCR)

The universal PCR technique is applicable directly to DNA plant viruses (Hema and Konakalla, 2021); it is not
directly applicable to most plant viruses that have RNA genomes. About 70 % of identified plant viruses have
RNA genome which is single-stranded (ssRNA) (Bhat and Rao, 2020). For the detection of ssRNA viruses, RT-
PCR is a stranded method, which involves the first step of reverse transcription that converts single strand RNA
to a complementary DNA (cDNA) copy with the aid of the enzyme reverse transcriptase before the starting of
PCR (Sastry, 2013; Bhat and Rao, 2020). The resulting cDNA provides an appropriate DNA target for the next
amplification where initial cycles of PCR, a complementary strand of DNA will be synthesized from the cDNA
template followed by the generation of ds-DNA (Dellaporta et al., 1983; Jackie Hughes et al., 2004). Different
RT-PCR variants have been developed, such as immune-capture RT-PCR, which has been used with plant extracts
(Olmos et al., 2002) or with immobilized targets on paper print RT-PCR (Olmos et al., 1996).

Although the benefits of RT-PCR may outweigh its disadvantages, great care should be taken when
performing a PCR reaction, for the reason that its good sensitivity and tremendous amplification potential, avoid
false positives because of cross-contamination (Kwok and Higuchi, 1989; Candresse ef al., 1998).
Immunocapture (IC-PCR)

IC-PCR was advanced for the detection and identification of different viral disease in plants (Wetzel ef al., 1992;
Nolasco et al., 1993) and is advantages for viruses with low concentration in the plant or for plant viruses their
genome integrated into host plant genome (Dellaporta ef al., 1983; Jackie Hughes ef al., 2004). In this method, the
virus particles are primary “concentrated” by trapping onto a solid surface (micro centrifuge tube or ELISA plate)
by using virus-specific antibodies. The particles of the trapped virus are disrupted and the viral nucleic acid
released is amplified by RT-PCR. This results in better sensitivity and the problems phased with RNA extraction
are actuality minimized and RT-PCR inhibitors being washed away before amplification. Therefore, IC-PCR is
the most important alternative for RT-PCR in detection of plant virus from diffident plant materials (leaf, stem,
root and seed) and insect vectors (Latvala ef al., 1997; James ef al., 1997; Mumford and Seal, 1997; Jain et al.,
1998; Candresse et al., 1998).

Multiplex PCR

More than one targets DNA or RNA can be detected all at once via multiplex PCR in a single reaction (Webster
et al., 2004; Lopez et al., 2008). The technique required numerous specific primers to detect over two viruses at
the same time (James ef al., 2006; Li ef al., 2011; Qu et al., 2011), and thus a single test run is used instead of
specific test runs for each virus. This saves on reagents and time. The annealing temperatures for each of the primer
sets should be optimized to perform properly within a single reaction and amplicon sizes, i.e., their base-pair length,
could be different form distinct bands when visualized by gel electrophoresis (Hull, 2014).

Regardless of this advantage, conventional PCR is used more than multiplex PCR, as a result of the procedural
complexity of reaction mixture involving multiple compatible primers (Lopez et al., 2008). Furthermore, it is
difficult to design specific primer for each target DNA and to differentiate with the difference DNA amplification
of each size of the gene (Webster et al., 2004; Lopez et al., 2008).
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Co-operational PCR (Co-PCR)

Recently a new highly sensitive PCR concept has been described for the amplification of viral RNA targets from
plant material (Roger and Norwitch, 2009). The Co-PCR method has been patented as a co-operational
amplification method which possibly accomplished easily in a simple reaction based on the simultaneous action
of four or three primers.

A major difficulty to the use of conventional PCR is the presence of PCR inhibitors. The problem can be
overwhelmed by Co-PCR with diluted samples. Undiluted samples show a weak product by co-PCR while diluted
samples provide a well signal (Caruso et al., 2003; Capote et al., 2009). According to the Cherry leafioll virus
detection, the co-PCR sensitivity observed in virus detection is at least 100 times higher than RT-PCR (Olmos et
al., 2002).

Real-time PCR

The innovative real-time quantitative PCR test (TagMan technology) was developed for the detection and
quantification of plant viruses (Mumford ef al., 2000; Roberts et al., 2000; Ruiz-Ruiz ef al., 2009). Furthermore,
the sensitivity and specificity of real-time PCR, the method has some advantages over RT-PCR; reduces the risk
of cross-contamination, eliminates post PCR manipulations, offers higher performance, and allows the
quantification of virus load to a given sample. But the real-time PCR technique requires more expensive and
special apparatus and reagents compared to conventional PCR. Detection and identification using real-time PCR
is not only detecting the presence or absence of the target pathogen but also measuring the amount present in a
sample that allows the quantitative measure of the virus pathogen in the sample (Sastry, 2013).

Real-time PCR can be considerably reduced detection time and can be used for a small concentration of target
genetic material making it possible to diagnose (Lopez ef al., 2008; Heid ef al., 2011) because of no need for the
gel electrophoresis for the confirmation.

CONCLUSIONS

Plant virus diseases result in the loss of production and productivity by limiting plant production quantity and
quality in the world. Proper diagnosis is the most important tool for the development of effective plant virus disease
management. The development of nucleic acid-based detection and identification of plant viruses was a new
dimension. the polymerase chain reaction is the most advanced and commonly used among nucleic acid-based
methods. Currently, PCR is a popular method of diagnosing plant viruses in a laboratory and is widely used in
molecular testing. PCR is able to process by the specificity of the primers. A standard PCR has performed in three
steps:(i) denaturation (DNA strand separation at high temperature), (ii) annealing of primers, and (iii) primer
extension/elongation. Several variations of PCR methods are designed to improve the use of the method in
diagnostic settings based on their applications.
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