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Abstract—Real-time PCR provides a rapid and specific 

method for detection of plant pathogens in various 

environmental samples. The technique incorporates 

traditional PCR efficiency with the production of a specific 

fluorescent signal, providing quantification of specific 

targets. There are four main chemistries, which can be 

clustered into the non-specific DNA-binding fluorophores 

and the specific fluorophore-labelled oligonucleotide probes. 

In the present review, we describe the general background 

of major real-time chemistries as well as some 

considerations for assay development. Basically, Scorpion 

and SYBR green have the most and least sensitivities 

between available chemistries, respectively. However, with 

accurate optimization, real-time PCR can provide reliable 

and high throughput detection of target DNA in various 

environments.  

 

Index Terms—alternative chemistries, plant pathology, real-

time PCR 

 

I. INTRODUCTION 

One of the most important strategies for controlling 

plant diseases is accurate identification and detection of 

plant pathogens [1]. The traditional detection methods 

based on morphological characteristics often require 

extensive knowledge of classical taxonomy and are 

frequently laborious and time-consuming [2]. Polymerase 

chain reaction (PCR)-based technology is a rapid and 

sensitive method that offers advantages over the 

traditional diagnosis methods. The development of real-

time PCR technology allows detection and quantification 

of pathogens that cannot be extracted or cultured easily 

from host tissue and also provides conclusive results as it 

can discriminate between closely related organisms [3], 

[4]. In recent years, real-time PCR has been used in most 

agricultural fields such as plant protection as a valuable 

tool for phytopathogens diagnosis with accuracy and high 

throughput quantification of specific target DNA. The 

present review focuses on four basic chemistries used in 
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real-time PCR and some considerations for routine 

detection and quantification of plant pathogens. 

II. REAL-TIME PCR TECHNOLOGY 

The most influential characteristic of real-time PCR is 

its suitability for quantitative analyses. Generally, real-

time PCR is based on the detection of the fluorescence 

produced by a reporter molecule that binds to the double-

stranded DNA which increases as the reaction proceeds 

[1]. The benefit of real-time PCR compared with cPCR is 

determined by three main features; firstly, data are 

available in real time, on screen, do not require time 

consuming post-PCR processing (e.g., electrophoresis, 

colorimetric reaction or hybridization). Secondly, real-

time PCR commonly amplify the short DNA fragments 

(70-100 bp), which favors a higher level of efficiency and 

sensitivity [5]. Lastly, several target DNAs can be 

simultaneously detected from different microorganisms in 

real-time PCR assays. In fact, simultaneous detection of 

more than one organism provides significant benefits 

particularly for diagnostic programs dealing with a lot of 

samples [3]. There are two common methods for the 

detection of products in real-time PCR: first, non-

specific fluorescent dyes that intercalate with any double-

stranded DNA; and second, sequence-specific DNA 

probes consisting of oligonucleotides that are labeled 

with a fluorescent reporter which permits detection only 

after hybridization of the probe with its complementary 

sequence. Generally, sequence specific methods 

guarantee higher specificity levels which are particularly 

important when they are used for detection and 

quantification of pathogens in natural samples or within 

symptomless tissues [6]. 

A. Non-Specific Detection Using DNA Binding Dyes 

SYBR Green Dye: SYBR Green is an intercalating dye, 

which binds to a minor groove of the double-stranded 

DNA and is the dye most widely used for real-time PCR 

assays. SYBR Green does not emit fluorescence in its 

free form, emitting the fluorescence signal only when 

binding to the dsDNA (Fig. 1). 
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Figure 1.  When SYBR Green binds unspecifically to double-stranded 
DNA (A), it is able to emit green light as fluorescence (B). The amount 
of fluorescence is directly proportional to the amount of DNA amplified. 

Taq: Taq polymerase; SG: SYBR Green Dye. 

Because of simplicity, flexibility, reliability and the 

low-cost of SYBR Green, this method is widely utilized 

for the quantification of plant pathogens [4]. Since 

unmodified oligonucleotide primers can be used with 

SYBR Green, its application is cheaper than other 

detection forms. However, the principal drawback to 

intercalation-based detection of product accumulation is 

that specific and nonspecific products produce signal. So, 

the formation of non-specific amplicons can lead to false 

positive results in the quantification [7].  

B. Specific Detection using Target Specific Probes 

1) TaqMan probe 

TaqMan probes consist of a sequence 25–30 

nucleotides in length which is labeled with a donor 

fluorophore (as reporter) at the 5’ end, and an acceptor 

dye (as quencher) at the 3’ end. In the extension step, the 

probe cleaves by the 5’-nuclease activity of Taq DNA 

polymerase when the enzyme reaches the probe, resulting 

in separation of the fluorescent reporter dye from the 

quencher, thus generating a fluorescent signal (Fig. 2). 

 

Figure 2.  Because the primer is bound, Taq polymerase can create a 

complementary strand (A). The reporter dye is released from the 
extending double-stranded DNA created by the Taq polymerase (B). 

Taq: Taq polymerase; Q, Quencher Dye; R, Fluorescent Reporter Dye. 

One advantage of the TaqMan probe over SYBR 

Green dye is that specific hybridization between probe 

and target DNA sequence is required to produce 

fluorescent signal. Also, a TaqMan real-time PCR assay 

can be multiplexed, because it can amplify several 

distinct sequences in a single PCR reaction tube due to 

possibility of labeling of the fluorogenic probes with 

different detectable reporter dyes [8]. 

2) Molecular beacon 

Molecular beacons are single-stranded oligonucleotide 

hybridization probes that form a hairpin-like. When the 

probe sequence in the loop anneals to a complementary 

nucleic acid target sequence, the stem portion of the 

beacon separates out and hybridizes to the target, 

resulting the fluorescence emission. In the absence of a 

complimentary target sequence, the beacon remains 

closed and there is no appreciable fluorescence (Fig. 3). 

So, the amount of fluorescence at each cycle depends on 

the amount of specific product. 

 

Figure 3.  When the beacon binds to the PCR product (A), it is able to 
fluoresce when excited by the appropriate wavelength of light (B). Q: 

Quencher Dye; R: Fluorescent Reporter Dye. 

In comparison with linear probes, molecular beacons 

are especially suitable for identifying point mutations, 

because the hairpin-like structure makes mismatched 

hybrids thermally less stable than hybrids between the 

corresponding linear probes and their mismatched target 

[7].  

3) Scorpion probe 

Scorpion primers are bi-functional molecules in which 

a primer is covalently linked to a specific probe sequence 

that is held in a hairpin–like form with a fluorophore at 

one end and a quencher at the other. At the 5' end, the 

Scorpion primer sequence contains a non-target sequence 

as PCR blocker that prevents polymerase read-through. In 

the annealing step, scorpion primer combines to the PCR 

product and then the probe sequence in the tail curls back 

to hybridize with the sequence of target, separating the 

fluorophore and the quencher, which leads to an increase 

in the fluorescence emitted (Fig. 4). 

 

Figure 4.  During annealing, the hairpin primer binds to the template, 
and is then extended (A). The reporter separates from the quencher, and 
the loop sequence binds to the internal target sequence (B). Q, Quencher 

Dye; R, Fluorescent Reporter Dye; B, Blocker. 

In Scorpion primers, the probe is physically coupled to 

the primer which means that the reaction leading to signal 

generation is a unimolecular event which is efficiently 

instantaneous [8]. So, this leads to stronger signals, 

enhanced discrimination and shorter reaction times 

compared with molecular beacons and TaqMan probes. 

Relative sensitivities of the real-time PCR chemistries in 
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increasing order are: SYBR green I < TaqMan < 

molecular beacons < Scorpion [9]. 

C. Real-Time PCR Considerations 

1) DNA  extraction  

A critical pre-analysis step for real-time PCR assays is 

DNA extraction. The purpose of a DNA extraction 

procedure is to provide a sufficient quality of DNA with a 

low concentration of substances inhibiting PCR reactions 

for subsequent analyses. Typically, the inhibitory 

substances can be removed using different columns and 

resins such as gel filtration resins, agarose gel 

electrophoresis, and template dilution [10]. Unlike 

dilution plating methods, a number of commercial kits are 

available to extract RNA or DNA from plant tissues and 

soil samples. Also, several methods such as isopropanol, 

silica-columns, magnetic beads, lyophilization, Freeze–

grind and heat treatment have been used for extraction of 

high-quality DNA from samples. 

2) Target  genes  selection  

Sequences of the target primer must be unique in order 

to recognize virulence genes or a particular organism. 

Sequencing of conserved genes has been used to develop 

PCR-based detection with varying levels of specificity for 

plant pathogens [11]. Among the variable regions, ITS 

region within prokaryotic and eukaryotic rDNA operons 

is the most widely sequenced in phytopathogens. Also, 

intergenic spacer (IGS) sequences are more difficult for 

amplification and sequencing, but they can be more 

variable than the ITS sequences. So, IGS regions of 

bacterial 16S ribosomal RNA genes and ITS regions of 

the fungal ribosomal RNA genes have been used most 

commonly for PCR-based identification of plant 

pathogens. Moreover, the b-tubulin gene has been used 

for diagnosis purposes of plant pathogens when variation 

of ITS sequence is not appropriate for production of a 

taxon-specific diagnostic [8]. 

3) Primer  and  probe  design  

Primer design is aimed to obtain a balance between 

efficiency and specificity of amplification. So, the most 

important issue for designing efficient PCR primers is 

that they must bind to the target site efficiently. 

Specificity can generally be defined as the tendency for a 

primer to hybridize to its intended target and so primers 

that only amplify one product will provide the best assay 

sensitivity [12]. Specific primers and probes can be 

properly designed for SYBR Green, TaqMan probes, 

Molecular beacons and Scorpion PCR assays using 

different primer design softwares. After primers and 

probes designing, their specificity should be checked by 

in silico analyses using the Basic Local Alignment Search 

Tool (BLAST) in GenBank to confirm the existence of 

similar sequences. 

4) Other  considerations  

As mentioned above, the problem with PCR inhibitors 

is frequently occurred when environmental samples are 

assessed. For detecting inhibitor effects, an internal 

positive control such as the amplification of a house-

keeping gene can be included in the assays to distinguish 

false negatives caused by inhibitors [4]. Another problem 

is the risk of nucleic acids contamination by external 

sources [9]. The risk of contamination can be reduced by 

precise activities such as using negative control, positive 

control and reagent control in each PCR run. Totally, in 

order to obtain the best results, primer and probe design, 

amplification conditions and amplicon length should all 

be optimized. 

III. CONCLUSION 

Real-time PCR is extremely promising in order to 

diagnose and quantify pathogen populations, whereas 

other PCR-based techniques qualify only for the 

identification/detection of the microbial communities. 

With accurate optimization, real-time PCR can provide 

accurate, reliable and high throughput detection and 

quantification of target DNA in various environments. In 

fact, real-time PCR is an ideal technique to measure 

levels of inoculum threshold, which has a positive impact 

on epidemiological studies, and for evaluating the 

efficacy of methodologies used to prevent distribution of 

the pathogens into non-infected agricultural fields. 

ACKNOWLEDGMENT 

The authors were supported by Estonian Ministry of 

Education and Science, the TERA contract 10.1-9/471 

EUPHRESCO. 

REFERENCES 

[1] C. Garrido, M. Carbú, F. J. Fernández-Acero, N. Boonham, et al., 
“Development of protocols for detection of colletotrichum 

acutatum and monitoring of strawberry anthracnose using real-

time PCR,” Plant Pathology, vol. 58, pp. 43-51, 2009. 
[2] N. Capote, A. M. Pastrana, A. Aguado, and P. Sánchez-Torres, 

“Molecular tools for detection of plant pathogenic fungi and 
fungicide resistance,” in Plant Pathology, C. J. R. Cumagun, Ed., 

Tech-Open Access Publisher, 2012, ch. 7, pp. 151-202. 

[3] D. E. L. Cooke, L. Schena, and S.O. Cacciola, “Tools to detect, 
identify and monitor Phytophthora species in natural ecosystems,” 

Journal of Plant Pathology, vol. 89, pp. 13-28, 2007. 
[4] L. Schena, M. G. Li-Destri-Nicosia, S. M. Sanzani, R. Faedda, A. 

Ippolito, and S. O. Cacciola, “Development of quantitative PCR 

detection methods for phytopathogenic fungi and oomycetes,” 
Journal of Plant Pathology, vol. 95, no. 1, pp. 7-24, 2013. 

[5] C. T. Wittwer, M. G. Herrmann, C. N. Gundry, and, K. S. J. 
Elenitoba-Johnson, “Real-time multiplex PCR assays,” Methods, 

vol. 25, pp. 430-442, 2001. 

[6] C. S. Pelosi, M. V. Lourenco, M. Silva, A. Z. Santos, S. C. Franca, 
and M. Marins, “Development of a Taqman real-time PCR assay 

for detection of leifsonia xyli subsp xyli,” Tropical Plant 
Pathology, vol. 38, no. 4, pp. 343-345, 2013. 

[7] C. Garrido, F. G. F. Acero, M. Carbu, V. E. G. Rodriguez, E. 

Liniero, and J. M. Cantoral, “Molecular microbiology applied to 
the study of phytopathogenic fungi,” in Biochemistry, Genetics 

and Molecular Biology, S. Magdeldin, Ed., InTech-Open Access 
Publisher, 2012, ch. 8, pp. 139-156. 

[8] L. Schena, F. Nigro, A. Ippolito, and D. Gallitelli, “Real-time 

quantitative PCR: A new technology to detect and study 
phytopathogenic and antagonistic fungi,” European Journal of 

Plant Pathology, vol. 110, pp. 893-908, 2004. 
[9] P. A. Okubara, K. L. Schroeder, and T. C. Paulitz, “Real-time 

polymerase chain reaction: Applications to studies on soilborne 

pathogens,” Canadian Journal of Plant Pathology, vol. 27, pp. 
300-313, 2005. 

[10] D. N. Miller, “Evaluation of gel filtration resins for the removal of 
PCR-inhibitory substances from soils and sediments,” Journal of 

Microbiology Methods, vol. 44, pp. 49-58, 2001. 

[11] M. Li, Y. Ishiguro, K. Otsubo, H. Suzuki, T. Tsuji, et al., 
“Monitoring by real-time PCR of three water-borne zoosporic 

51

Journal of Medical and Bioengineering Vol. 5, No. 1, February 2016

©2016 Engineering and Technology Publishing



pythium species in potted flower and tomato greenhouses under 
hydroponic culture systems,” European Journal of Plant 

Pathology, vol. 140, no. 2, pp. 229-242, 2014. 

[12] D. L. Hyndman and M. Mitsuhashi, “PCR primer design: Methods 
in molecular biology,” in PCR Protocols, Humana Press, Totowa, 

2003, pp. 81-88. 
 

Seyed Mahyar Mirmajlessi is a PhD student 

in Molecular Plant Pathology, Estonian 
University of Life Sciences, Tartu, Estonia. 

He graduated as MSc in Plant Pathology from 
Tarbiat Modares University, Iran in 2008. 

Then, he joined to Agricultural, Medical and 

Industrial Research School. In 2013, he 
received a scholarship to pursue his PhD at 

Estonian University of Life Sciences. His 
research field is molecular Plant Pathology. 

Now, He is under international cooperation research activity 

EUPHRESCO. 
 

 
 

 

 
 

 

Evelin Loit is an Assistant Professor in 
Estonian University of Life Sciences, Tartu, 

Estonia. She received her PhD from 

University of Ottawa in 2009. Dr. Loit is a 
senior researcher in plant genetics, 

microbiology, bacteriology, virology and 
mycology at Estonian University of Life 

Sciences. She is now member of the Scientific 

Council of the Institute of Agricultural and 
Environmental Sciences and Chair of the 

Department of Plant Production and Grassland Husbandry. 
 

Marika Mänd is a Full Professor in Estonian 

University of Life Sciences, Tartu, Estonia. 
She got professor in 2008. Prof. Mänd is a 

Professor in horticulture, crop protection and 

phytopathology and currently, she is head 

of the Department of Plant Protection at 
Estonian University of Life Sciences and 

chairperson of the Board of the Estonian Plant 

Protection Society. She also won National 

Science Award in 2008 and has published more than 160 papers in 
refereed journals. Prof. Mänd has a lot of responsibilities in different 

scientific institutes and councils as a member. 
 

 

52

Journal of Medical and Bioengineering Vol. 5, No. 1, February 2016

©2016 Engineering and Technology Publishing




