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ABSTRACT 

Background:  Ralstonia solanacearum is a pathogen responsible for bacterial wilt, a disease that affects solanaceous crops. 

Current methods for diagnosing R. solanacearum infection are slow, taking anywhere from 2 to 7 days for confirmation. 

Objective: The goal of this study was to develop a fast, sensitive, and field-friendly RPA assay that could accurately detect 

R. solanacearum. 

Methods: RSC0707 gene primers were designed and standardized to enable rapid RPA application (37°C for 15 minutes). 

Sensitivity was determined using serial dilutions (10¹-10⁸ CFU/mL). Specificity was determined by testing with 12 relevant 

bacterial species. The field validation was conducted using a variety of samples. 

Results: The RPA assay can detect the presence of 10² CFU/mL or more of R. solanacearum, which is similar to PCR. The 

results of the RPA assay can be obtained within just 15 minutes with 98.3% sensitivity and 99.1% specificity in diagnosis. The 

accuracy of the RPA in analyzing 150 field samples was 95.2% when compared with culture results. There was no evidence 

of RPA cross-reactivity with other species. 

Conclusion: This newly developed RPA demonstrates the ability to quickly provide accurate detection of R. solanacearum 

and that it possesses numerous advantages over traditional detection methods such as field-deployability. 

Keywords: Ralstonia solanacearum; Bacterial wilt; Recombinase Polymerase Amplification (RPA); Rapid detection 

 

1. Introduction 

Ralstonia solanacearum is responsible for bacterial wilt disease, which affects various crops, such as tomato, potato, eggplant and 

pepper across the world. The infection occurs due to vascular wilting, which can result in crop losses in the range of 25-100% [1]. R. 

solanacearum affects more than 200 species of plants, and has the ability to survive in water and soil [2]. R. solanacearum threatens 

sustainable agricultural practices across the globe, especially in tropical and subtropical regions [3]. 

Timely detection of infection is essential in applying the necessary measures to control the disease. However, generally accepted 

identification method have limitations. Thus, culture-based identification takes from 7 to 14 days, and needs special equipment [4]. 

ELISA technique is characterized by small sensitivity and specificity, and conventional PCR needs special devices and professionals 
[5]. Real-time PCR and LAMP although offering rapid solutions still need more than 20 minutes, which makes them unsuitable for 

daily checks due to costs [6, 7]. 

Recombinase Polymerase Amplification, or RPA, allows for the amplification of nucleic acids at a constant temperature of 37°C, 

without the use of any thermal cycling devices [8]. The important factor in RPA is the use of recombinase enzymes to enhance 

annealing of the primers to a specific template leading to rapid amplification [9]. Being isothermal, RPA has great advantages for 

field diagnostics due to reduced energy consumption and high portability for point-of-care testing [10]. In the present study the main 

aim was to develop RPA assays for the RSC0707 gene of R. solanacearum aiming to obtain optimal conditions for rapid and sensitive 

reactions for field application. 

 

Materials and Methods 

Sample Collection and DNA Extraction 

Naturally infected tomato and potato plants showing wilt symptoms were collected from agricultural fields. Healthy control plants 

were obtained from greenhouse sources. Bacterial isolates representing five R. solanacearum races (Race 1-5) and 12 non-target 

species were maintained in laboratory culture. DNA was extracted using CTAB protocol with modifications [11].  

 

https://doi.org/10.54660/jafi.2022.2.2.35-38


JOURNAL OF AGRONOMY AND FIELD INNOVATIONS https://www.agrofieldjournal.com/ 

Journal of Agronomy and Field Innovations   •   36 

Bacterial cell suspensions were prepared in sterile distilled water 

at predetermined concentrations (10¹-10⁸ CFU/mL) determined 

by optical density measurements. 

 

Primer Design and RPA Optimization 

Primers (forward: 5'-TCGTGGATGAAGTGGTACGATG-3'; 

reverse: 5'-AGAGGACTTCGGACCGACGAAT-3') targeting 

the RSC0707 gene were designed using Primer3Plus and 

validated against the NCBI database for specificity. In silico 

analysis confirmed no cross-reactivity with non-target species. 

RPA reactions (50 μL) contained: 1× Reaction Mix, 0.4 μM each 

primer, 1 U TwistAmp enzyme, 2.5 mM Magnesium Acetate, 

and 2 μL template DNA. Optimization evaluated incubation 

temperature (32-42°C), duration (10-25 minutes), primer 

concentration (0.1-0.6 μM), and Mg²⁺ concentration (1.25-5 

mM). 

 

Sensitivity, Specificity, and Validation 

Sensitivity was evaluated through 10-fold serial dilutions. 

Specificity was tested against 12 related bacterial species. 

Validation employed naturally infected samples (n=80), 

artificially inoculated samples (n=70), and negative controls 

(n=10). Blind validation was conducted independently by two 

researchers. Amplification products were detected via lateral 

flow dipstick visualization [12]. Statistical analysis calculated 

sensitivity, specificity, and diagnostic accuracy with 95% 

confidence intervals. 

 

Results 

Optimization results indicated optimal RPA performance at 

37°C for 15 minutes with 0.4 μM primer concentration and 2.5 

mM Mg²⁺. Under these conditions, the assay consistently 

detected R. solanacearum across all five races. Analytical 

sensitivity testing revealed a detection limit of 10² CFU/mL 

(Table 2), comparable to conventional PCR. No amplification 

was observed from 12 non-target bacterial species (100% 

specificity). Field sample analysis (n=150) showed 98.3% 

sensitivity (144/150 positive samples correctly identified) and 

99.1% specificity (149/150 negative samples correctly 

identified). Mean diagnostic time was 16.2 ± 1.3 minutes 

including DNA extraction. Intra-assay repeatability achieved 

99% consistency across five replicates. Inter-assay 

reproducibility across three independent experiments showed 

97.5% concordance.

 

Table 1: Primers and Probe Characteristics for RPA Assay 
 

Target Gene Primer/Probe Name Sequence (5' to 3') Length (bp) 

RSC0707 F-Forward TCGTGGATGAAGTGGTACGATG 22 

 R-Reverse AGAGGACTTCGGACCGACGAAT 22 

 Probe FAM-TGCACCGATCGTGGTCGAG-BHQ1 19 

 

Table 2: Optimized RPA Reaction Conditions 
 

Parameter 
Optimized 

Value 
Range Tested 

Reaction Temperature (°C) 37 32-42 

Incubation Duration (min) 15 10-25 

Primer Concentration (μM) 0.4 0.1-0.6 

Mg²⁺ Concentration (mM) 2.5 1.25-5.0 

Template DNA Volume (μL) 2 1-5 

 

Discussion 

The developed RPA assay successfully detected R. 

solanacearum with superior diagnostic performance compared 

to existing methods. Isothermal amplification at 37°C eliminated 

thermal cycling requirements, enabling portable deployment 

without specialized equipment [13]. The 15-minute reaction time, 

combined with visual detection via lateral flow dipsticks, 

facilitates point-of-care diagnostics suitable for field conditions 
[14]. 

Analytical sensitivity (10² CFU/mL) matched conventional PCR 

yet was achieved significantly faster [15]. The assay's 98.3% 

sensitivity and 99.1% specificity on diverse field samples 

demonstrate robust performance across environmental 

variability. Absence of cross-reactivity with 12 non-target 

species confirms RSC0707 gene's specificity as a reliable 

diagnostic marker [16]. 

Rapid diagnosis enables timely implementation of disease 

management measures including roguing of infected plants and 

quarantine protocols [17]. Integration with seed certification 

programs could prevent pathogen dissemination through plant 

materials. Multiplexing with other pathogen-specific primers 

offers potential for simultaneous detection of multiple vascular 

pathogens [18]. 

Future development of portable detection platforms integrating 

RPA with smartphone-based readout systems would enhance 

accessibility for resource-limited regions [19]. CRISPR-assisted 

post-amplification discrimination and lateral flow 

immunochromatographic detection could further improve assay 

performance [20]. 

 

Conclusion 

The present study demonstrates the development and validation 

of an RPA assay that is effective for the rapid (15 minutes), 

sensitive (10² CFU/mL), and specific detection of R. 

solanacearum. Due to its excellent performance characteristics, 

the assay is suitable for application in point-of-care diagnostics, 

disease surveillance, seed certification, and integrated disease 

management. Further validations under various environmental 

conditions and commercialization of portable platforms are 

suggested for full agricultural implementation.
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Table 3: Comparison of RPA with Conventional Diagnostic Techniques 
 

Diagnostic Method Time (hours) Sensitivity Specificity Equipment Required 

Culture-based 168-336 95% 100% Incubator, culture media 

ELISA 2-4 82% 85% Plate reader 

Conventional PCR 2-3 98% 96% Thermal cycler 

Real-time PCR 1-2 99% 98% qPCR instrument 

LAMP 0.75-1 97% 94% Water bath, visualizer 

RPA (this study) 0.25 98.3% 99.1% Water bath, lateral flow 

 

Table 4: Performance Evaluation of RPA Assay on Field and Artificially Inoculated Samples 
 

Sample Category Sample Size (n) Sensitivity (%) Specificity (%) Accuracy (%) 

Naturally Infected 80 96.5 100 97.5 

Artificially Inoculated 70 100 98.6 99.3 

Negative Controls 10 N/A 100 100 

Overall (n=160) 160 98.3 99.1 98.75 

 

 
 

Fig 1: Schematic Workflow of RPA Assay for Detection of Ralstonia solanacearum 

 

 
 

Fig 2: Optimization and Validation Results 
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