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Abstract

Potato (Solanum tuberosum L.) is an important staple and food security crop to many
communities in the world. However, potato production and quality is greatly con-
strained by bacterial wilt, a disease caused by a soil-borne pathogen, Ralstonia solanacearum.
Ralstonia solanacearum can be managed through clean seed systems and therefore labora-
tory testing is a pre-requisite for seed certification to confirm the absence of the pathogen
in potato seeds before planting. Molecular diagnostics is the gold standard for detec-
tion of R. solanacearum in potato seeds. However, the extraction of genomic DNA from
R. solanacearum for molecular diagnostics is complex, tedious, lengthy and/or costly proce-
dure. A simple, rapid and reliable DNA extraction protocol is required for use in routine
molecular diagnosis of R. solanacearum, a high-risk quarantine pathogen. In this study, we
developed a simple and rapid protocol for extracting genomic DNA from symptomatic and
asymptomatic potato tubers infected with R. solanacearum and verified its efficiency for the
detection and molecular characterization of the pathogen. The protocol was developed
from the evaluation of distilled water, Tris-EDTA (TE) and Tris buffer as a base solution for
tissue maceration. The DNA quantity and integrity was determined using the NanoDrop
2000C spectrophotometer and agarose gel electrophoresis, respectively. Both hot and cold
solutions produced intact high molecular weight genomic DNA of sufficient yield and
purity for molecular-based applications. The detection and determination of phylotypes
of R. solanacearum, based on conventional and multiplex polymerase chain reaction (PCR),
amplified the expected 280 and 372 bp amplicons, respectively, confirming that the quantity
and quality of the extracted pathogen genomic DNA was sufficient for molecular diagnostic
applications. The sequencing of the amplified products of the endoglucanase gene produced
good quality sequences, which confirmed the R. solanacearum isolates to be members of
phylotype II sequevar 1. This protocol is a simple, fast and reliable tool for the extraction
of sufficient genomic DNA with high quality, directly from R. solancearum-infected potato
tubers for PCR and sequencing applications. Its simplicity and throughput make it valu-
able for use in routine diagnostics and can be adopted by certification programs to ensure
distribution of clean potato seeds to farmers.
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1. Introduction

Potato (Solanum tuberosum L.) is the third-most important from crops globally after
maize, wheat and rice and ranked first among vegetable crops [1-3]. It is widely cultivated
and consumed as a primary food crop for over 1.3 billion people [4]. However, bacterial wilt
caused by Ralstonia solanacearum species complex (RSSC) is a significant threat to potato
production and quality, leading to huge economic losses [5-7]. Ralstonia solanacearum has
been reported to infect more than 1.5 million hectares of fields for potato production globally
and has a broad host range comprising 450 plant species, with the family Solanaceae being
highly susceptible [8]. It is the most destructive bacterial pathogen due to its wide host
range, adaptability, high genetic diversity and huge economic losses [9]. As a result,
R. solanacearum has been placed under the quarantine list of pathogens with strict control
over the entry of potato seeds and tubers into many countries. However, studies have
demonstrated that there is a spread of RSSC between international borders and this is
mainly through infected potato tubers used as seeds [6].

The use of clean and healthy potato seeds is the most effective strategy to prevent
the spread and dissemination of R. solanacearum to disease-free locations. The potato
seed system is largely informal in many developing countries contributing to the spread
of R. solanacearum through latently infected tubers [10]. This is a significant problem in
potato production globally [11]. For example in Kenya, the formal potato seed system
contributes less than 3% of the seed demand nationally [12,13]. Furthermore, there are
no restrictions implemented in regional and cross-border movement of potato seed. The
informal seed systems and unrestricted seed movement within developing countries and
cross-border poses a significant threat in dissemination of R. solanacearum to regions that
are not infected and may also introduce new genetic variants. This warrants the need
for a robust molecular diagnostic system to facilitate the implementation of point-of-
care molecular detection and allow higher sample throughput for the case of quarantine
pathogens such as R. solanacearum.

Diagnostic methods based on nucleic acid amplifications have been developed and
accelerated the detection and identification of the phylotypes of RSSC [14-16]. However,
the first and most important step for efficient use of nucleic acid amplifications is the
extraction of pathogen genomic DNA. The current methods for DNA extraction require
many steps which includes bacterial (pathogen) isolation from host plants, pathogen culture
in different types of broth, and enrichment media as a DNA pre-extraction preparation
step. The enrichment of R. solanacearum requires at least 72 h and some compounds in the
selective media have been reported to inhibit PCR [17]. In addition, the enrichment media
for culturing R. solanacearum such as semi-selective medium—South Africa (SMSA) and
triphenytetrazolium chloride (TZC)—are expensive. The enrichment of RSSC by culture
is not required in PCR-based diagnostics and this is an advantage because of the reduced
analytical turn-around times.

Several protocols have been developed and adopted in many laboratories for extrac-
tion of genomic DNA from plant bacterial pathogens including RSSC [5,18,19]. Although
these procedures are well established and guarantee high quality DNA for various molecu-
lar applications, most protocols are complex and rely on expensive systematic procedures
with toxic and hazardous organic chemicals and reagents such as phenol, isoamyl alcohol
and chloroform. In addition, the protocols are time-consuming due to the several purifi-
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cation steps needed to remove other cell components, inhibitors or degrading enzymes
before the DNA can be subjected to molecular analysis. The high risk of contamination
related to the steps for the isolation of DNA and the use of toxic and hazardous chemicals
make these procedures difficult for processing a large sample size and implement them
in a routine laboratory. Many commercial kits for extraction of bacterial genomic DNA
directly from infected plant tissues are available but they are expensive and, most times,
require optimization [20,21]. The aforementioned disadvantages in sample preparation
protocols for extraction of R. solanacearum genomic DNA impedes the implementation of
rapid molecular diagnostics in resource-limited settings especially in developing countries.
For these reasons, there is need for a simple, rapid, safe and reliable protocol for genomic
DNA extraction to replace the costly and more time-consuming bacteria culture methods.

To overcome the limitations of the previous methods (e.g., labor-intensive, time-
consuming, high cost, hazardous and highly toxic chemicals), the current study was
performed to develop a simple, rapid, safe and inexpensive protocol suitable for pathogen
genomic DNA extraction for molecular-based diagnostics. The protocol eliminates the
utilization of toxic and hazardous organic reagents and chemicals, because the entire
procedures were conducted in distilled water, TE or Tris buffer, which are directly used
as components in PCRs. The present study aimed to develop a simple, rapid and safe
protocol for extraction of bacterial genomic DNA directly from potato tubers infected with
R. solanacearum for efficient molecular detection and characterization of the pathogen. The
developed DNA extraction protocol could be used for routine diagnostics and can be
adopted by certification programs to ensure distribution of clean potato seeds to farmers.

2. Experimental Design
2.1. Sampling of Potato Tubers and Preparation of Samples

Samples were sourced from major potato growing regions namely Nyandarua, Meru
and Uasin Gishu Counties in Kenya. Potato tubers were harvested from plants exhibiting
bacterial wilt symptoms (Figure 1), placed sample collection bags under cool conditions
and transferred to the laboratory for analysis. The potato tuber samples were processed
as described by Abdurahman et al. [22]. Potato tubers of healthy plants established in the
greenhouse at the University of Nairobi were used as negative controls for the experiments.
The tubers were washed using running tap water and then submerged in 70% ethanol for
2 min for surface sterilization. The tubers were then submerged in 1% NaOCl (sodium
hypochlorite) for 60 s and then rinsed five times with sterile double distilled water. The
stolon of each of the tubers was aseptically cut to expose the interior of the tuber. The
samples that displayed vascular browning were utilized for extraction of pathogen ge-
nomic DNA for further analysis. Genomic DNA was extracted from pure cultures of
R. solanacearum isolated from sample EC3, using the previously described method [6] as
a positive control for the study. Three independent biological replicates were used for each
of the solution used for DNA extraction.

2.2. Detection of Ralstonia solanacearum Based on PCR Amplification

The PCR amplification of a 282 bp target region of the 165 rRNA gene was based on
759/760 primer pair (Table 1) [8,22]. PCR amplifications were carried in volumes of 25 pL
comprising 12.5 pL of 2x Taq polymerase master mix (Ampligon), 0.5 uL of each of forward
and reverse primer (10 mM), 2 uL of extracted DNA template and 9.5 uL of nuclease-free
water. The PCR thermocycling conditions included initial denaturation for 4 min at 95 °C,
35 cycles of denaturation (40 s at 95 °C), annealing (40 s at 55 °C) and extension (30 s at
72 °C) followed by final extension (5 min at 72 °C). The amplicons were visualized against
a 1 kb ladder (Fischer Thermo Scientific, Waltham, MA, USA) using 1.5% (v/v) agarose
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gel electrophoresis in 1x TAE buffer stained with ethidium bromide. The gel was run at
100 volts, 3 amperes and 300 watts for 45 min and the amplicon bands were visualized
using UV transilluminator (BioRad, GMbh—FeldKirchen, Germany).

Figure 1. Symptoms of bacterial wilt (caused by Ralstonia solanacearum) in potato plants in the field

(a), and tubers after harvest (b,c). Infected potato tubers from field plants with and without symptoms

were used as samples for analysis.

Table 1. Nucleotide sequences of primers used for PCR amplification of species, phylotypes and

sequevars of Ralstonia solanacearum species complex.

Primer Name Sequence (5'-3') Size (bp) Specificity
759R GTCGCCGTCAACTCACTTITCC 282 Species validation
760F GTCGCCGTCAGCAATGCGGAATCG
Nmulti:21:1F CGT TGA TGA GGC GCG CAA TTT 144 Forward primer for identification of
phylotype I
. Forward primer for identification of
Nmulti:21:2F AAG TTA TGG ACG GTG GAA GTC 372
phylotype II
Nmult:23:AF ATTACGAGAGCAATCGAAAGATT 91 Forward primer for identification of
phylotype III
Forward primer for identification of
Nmult:22:InF ATTGCCAAGACGAGAGAAGTA 213
phylotype IV
A Reverse primer for identification of
Nmult:22:RR TCG CTT GAC CCT ATA ACG AGT A ALL phylotypes (I-V)
Endo-F ATG CAT GCC GCT GGT CGC CGC 750 eol oene for ¢ identification
Endo-R GCG TTG CCC GGC ACG AAC ACC gt gene for sequevaridentiicatio

Adapted from Fegan and Prior [14] and Fegan et al. [23].
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