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Disclaimer

In compiling the information contained in this publication, Potatoes South Africa has used its best endeavours to ensure that the information is correct and current at the time
of publication. However, no representation is made or warranty given as to the completeness or accuracy of such information. In particular, you should be aware that
information may be incomplete, may contain errors or may become out of date.

Information provided is not intended to convince or influence the user thereof to come to a particular conclusion, and decisions made based on such information are the sole
responsibility of the user of that information You should therefore verify all information before you act upon it, and Potatoes South Africa and its employees, agents and
consultants accept no legal liability for your decisions and the resultant consequences thereof. By using or relying on this information, you indemnify Potatoes South Africa
and its employees, consultants and agents from any loss or damage (including indirect, special or consequential loss or damage) resulting from the use of or reliance on such
information, whether or not caused by any negligent act or omission.

Any expressions of opinion, claim and statement of supposed facts in this publication do not necessarily reflect the views of the staff or management of Potatoes South
Africa. This publication and its contents are subject to copyright under the laws of South Africa and, through international treaties, other countries. The copyright is owned by
Potatoes South Africa, or in the case of third party materials, third parties.

You may use the information in this publication only for your own information, research or study. You may not copy, reproduce, transmit, adapt or otherwise exercise the
copyright (in whole or in part) of this publication for any commercial or other purpose without the express written consent of Potatoes South Africa, and may only do so
subject to the conditions on which such consent is given.
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EXECUTIVE SUMMARY

Ralstonia solanacearum is the causal organism of bacterial wilt disease of potatoes. The wide host-range and virulence of the
organism necessitate the quarantine status thereof within the South-African Seed Potato Certification Scheme. The
occurrence of this phytopathogenic bacterium in field samples from potato seed lots renders the seed lots unacceptable for
certification as seed potatoes. As declared in Table 1 of R.110 of the Agricultural Pests Act (Act 36 of 1983), there are legal
restrictions on the movement as well as the cultivation of plant material (potato plants, tubers) infected by R. solanacearum as
well as the cultivation of potatoes on fields contaminated with this pathogen. These restrictions on potato production due to
the occurrence of this prohibited organism have a major economic impact on both potato seed and ware growers.

In South Africa, the routine testing of potato tuber samples to determine the presence of Ralstonia solanacearum in a potato
tuber seed lot completes the certification process. The current testing procedure for the certification process, entails the use
of a DAS-ELISA specific to Ralstonia solanacearum and the confirmation of an ELISA-positive result by microbiological and
biochemical (conventional) isolation and identification of the target organism. Diagnostic symptomatic material or
asymptomatic material (plants, tubers, soil and water) is subjected to dilution plating followed by conventional isolation and
identification of the suspect isolate.

Conventional methods of isolation and identification are time consuming and increase the risk of deterioration of a seed lot.
The aim of this project was to modify the testing process and procedures to include a PCR assay specific to Ralstonia
solanacearum in identifying the suspect isolate, thus replacing the time-consuming conventional identification steps. The
modified PCR method used in this project proved to compare 100% with the conventional methods normally employed saving
approximately 14 days in the process of generating and reporting a final positive R. solanacearum result.
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1. INTRODUCTION

1.1. Motivation

Ralstonia solanacearum is the causal organism of bacterial wilt disease of potatoes, infecting over 450 plant species that
include a number of important agricultural crops. This motile, aerobic bacterium is Gramm negative, displaying extensive
phenotypic and genotypic heterogeneity in the species complex, with groupings in three races on the basis of host specificity
(Hayward, 1991), five biovars on the basis of the oxidation and utilisation of sugars (Hayward, 1964), four phylotypes on the
basis of phylogenetic grouping subdivided into sequevars where strains are grouped on the basis of sequence similarity.

For the production of seed potatoes in South Africa, the process of certification can only be considered complete when
samples from designated seed lots in the field have been taken and tested for the presence of R. solanacearum. The
occurrence of this phytopathogenic bacterium in such field samples from potato seed lots renders the seed lots unacceptable
for certification as seed potatoes. Since it is a prohibited pathogen, as declared in Table 1 of R.110 of the Agricultural Pests
Act, (Act 36 of 1983), there are legal restrictions on the movement and cultivation of plant material (potato plants, tubers)
infected by R. solanacearum, as well as the cultivation of potatoes in fields contaminated with this pathogen. These
restrictions have a major economic impact on both potato seed and ware growers. Since a variety of factors are involved in
the manifestation of typical symptoms of the disease and the tendency for the disease to occur latently under suboptimal
conditions, it is imperative to have diagnostic assays capable of detecting the pathogen at sufficient levels of sensitivity and
specificity, especially in the production of seed potatoes.

The current procedure employed in the testing of field samples from seed tubers designated for certification entails the testing
of the submitted sample, taken in a statistical manner by an officer from the Potato Certification Service (PCS), using an
enzyme-linked immunosorbent assay (ELISA). The sample is processed by removing a piece of the vascular tissue from the
stolon end of each tuber in a 100-tuber sub-sample format and macerating the removed pieces before subsequently
subjecting the macerated material to an ELISA. Since the R. solanacearum-specific ELISA is prone to false-positive results,
all positive ELISA results must be confirmed as true or not. This is done by testing such sub-samples employing conventional
microbiological and biochemical methods. Confirmation of positive ELISA results employing an additional method to the
ELISA as part of the process is on par with international processes, such as the EU Control Directive (Anonymous, 1998)
under which testing in Europe commences, which allows for the use of two different kinds of tests with entirely different bases
of detection supplementing each other. In the case at hand, the serologically-based ELISA method is confirmed with the
microbiologically-based isolation and identification of the target pathogen, the latter being 10-100 times more sensitive than
the ELISA to allow for the best possibility of confirmation.

Since the process of generating a true positive R. solanacearum result depends on two methods being employed one of which
includes the isolation and multiplication of the isolate a positive result can take 3-4 weeks to complete. The duration of the
process has the serious disadvantage that potato tubers, while in storage, can deteriorate to such an extent that the seed lot
has to be re-sorted before marketing, or worse, cannot be marketed at all. A seed lot that actually tested negative for the
presence of R. solanacearum could potentially end up being destroyed due to severe deterioration. The current testing
process was therefore in dire need of improvement.

Although the nucleic acid-based polymerase chain reaction (PCR) method of testing has the advantage of being extremely
sensitive, specific and rapid in the detection of target organisms in some substrates, sensitivity is compromised. Furthermore,
the specificity is decreased when an assay is not optimised sufficiently to limit:

o The detection of non-target sequences;
e Primer-dimers that generate non-specific products;
o Strain differences that can lead to non-detection of members of a group.

Inclusion of PCR methodology in the Potato Laboratory Services’ procedural identification of Ralstonia solanacearum
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It is a well-known fact that starch, polyphenols and tannin in plant tissue substrates can adversely influence the sensitivity and
specificity of a PCR reaction. This can be clearly demonstrated by the sensitivity of previously developed R. solanacearum
PCR assays that, in terms of sensitivity, compare with the microbiologically-based isolation of R. solanacearum. Therefore the
inclusion of a PCR-based assay in the process of testing seed potato samples must be well considered to ensure that the
testing regimen entails the use of two types of methods, one confirming the other in such a manner that the advantages of
both benefit the process with the aim of total improvement. Any testing regime used as a high-throughput routine method
must be reliable, rapid and practical, functioning at adequate levels of sensitivity and specificity.

This report elucidates on the improvement of the current testing process specific to R. solanacearum in view of meeting the
requirements for the certification process of seed potatoes by including a PCR assay specific to R. solanacearum to facilitate
the more rapid identification of suspect isolates.

1.2. Current process for testing seed tubers for the presence of R. solanacearum

Officers from the Potato Certification Service statistically samples 4605 tubers from a field designated for certification as seed
potatoes, as required and described by the South-African Seed Potato Certification Scheme. This usually takes place
approximately 30 days after haulm killing or senescence. The sample is then transported to the Potato Laboratory Services
for testing. The quantity to be sampled is supported by the statistical model of Clayton and Slack (1988) which is applicable in
zero-tolerance conditions. This model implies that should a sample of 4605 tubers be taken and it is accepted that there is
0.1% (p=0.001) level of infected plants, there is 1% (PEA=0.01) chance that a field can wrongly be accepted as uninfected.

Upon receiving a submitted sample, the tubers are washed upon to eliminate any soil, mud and plant debris, which have been
all found on occasion to, contribute towards the generation of false-positive results. The sample is then subdivided into 100-
tuber subsamples (working samples) in labelled crates and allowed to air-dry before commencing with the processing and
subsequently the testing procedure.

Each working subsample is handled individually to prevent cross-contamination. Skin from the stolon-end is removed to
expose the vascular bundle, to which the target organism is restricted. The occurrence of potato skins in the analytical sample
can lead to the generation of false positive results. Care is taken to remove as thin a piece of skin as possible so that the
bundle exposed is not too wide, making removal difficult. A conical piece containing the entire vascular bundle is then
manually cut out with a knife. All conical pieces from the working subsample are collected in a labelled (sample number and
subsample number) Bioreba bag (sieve-bisected plastic bag). The conical pieces are then macerated in the Bioreba bag,
after which sterile water is added to facilitate diffusion of the bacteria into the watery medium and the subsequent application
of the analytical sample onto the pre-coated ELISA microtiter plates. The ELISA test is carried out at this point.

On completion of the ELISA, the microtiter plate is subjected to a reading step in a spectrophotometer, enabling the detection
of colouration in individual wells of the plate, with each well representing an individual working subsample. Colouration above
a predetermined value (cut-off; determined by the manufacturer of a kit) indicates a positive reaction of the substrate to the
antibody-coupled reagent enzyme. A coloured reaction above the cut-off is interpreted as a positive. As mentioned, the
ELISA is prone to false-positive results, and therefore both the analytical AND working subsamples that generated such
positive readings must be subjected to a confirmation of results that entails efforts to isolate and identify R. solanacearum from
the macerated analytical sample and/or the working subsample.

Inclusion of PCR methodology in the Potato Laboratory Services’ procedural identification of Ralstonia solanacearum
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All confirmation steps are performed at the controlling facility, since regional laboratories are not equipped to perform these
microbiologically-based methods. From the regional laboratory, both the submitted subsample AND the analytical sap sample
are sent via courier to Plantovita (the controlling facility of the potato industry) as soon as possible to allow the confirmation
process to proceed.

At the controlling laboratory, the so-called confirmation process is followed where the target pathogen is isolated and identified
if present, before a final positive result for the presence of R. solanacearum can be determined. Macerate is serially diluted
and spread-plated onto Kelman’s tetrazoliumchloride (TZC) medium (Kelman A, 1954) as well as semi-selected modified
South-African (SMSA) medium (Elphinston JG, 1996; Engelbrecht MC, 1994). To identify suspect colonies that have the
morphology typical of R. solanacearum, it is isolated, purified and multiplied to allow the inoculation into, and execution of,
biochemical tests. Once the isolate conforms to all tests similar to R. solanacearum, that isolate is considered as being R.
solanacearum. A host-assay is then performed to complete the identification and to determine the pathogenicity of the isolate
at which point the isolates are inoculated into sterile water for long-term storage.

2. MATERIALS AND METHODS

2.11solation of R. solanacearum from stems and tubers of potato plants

The isolation of organisms for this project was done according to the routine protocols and procedures of Plantovita, as briefly
described below.

Since high numbers of saprophytic phytobacteria cohabitate plant material with phytopathogenic bacteria and opportunistically
infect plant material, the use of selective, differential and semi-selective media is crucial for the efficient isolation and
purification of target pathogens. R. solanacearum is routinely isolated using the TZC medium and/or SMSA medium as was
done in the execution of this process. These media are semi-selective and differential. The inclusion of a range of antibiotics
in the SMSA medium makes it more selective, but also causes a slight reduction in the growth rate of R. solanacearum. The
SMSA medium is especially useful when high levels of saprophytes are expected, although it is more expensive.

211 Diagnostic samples (ad hoc symptomatic or asymptomatic plants/tubers/soil/water)

The submitted plant material is visually inspected for signs of typical symptoms. Pieces of tissue from symptomatic areas are
sampled into Bioreba bags to allow for maceration with the amount of tissue removed being less than one gram on average.
Should no symptoms be visible, vascular tissue is removed from the base of the stem and/or the stolon-end of the tuber, since
the target bacteria is colonising the vascular tissue. The removed tissue is then macerated by crushing, after which sterile
water is added to facilitate movement of the bacteria into the liquid medium, thus allowing pipetting and the preparation of a
dilution series. Dilutions are plated onto the TZC and/or SMSA media and incubated for 48-72 hours at 28-30°C, during which
time it is monitored for the occurrence of colonies with morphology typical of R. solanacearum. Soil and water samples are
serially diluted and plated onto TZC and SMSA medium. Host-assays are subsequently performed in the form of bait-assays
to conclude on the presence or absence of the target pathogen.

Inclusion of PCR methodology in the Potato Laboratory Services’ procedural identification of Ralstonia solanacearum
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21.2 Seed potato samples

Tubers from a sample taken from the field under the supervision of the certification officer are subjected to a washing process
in order to remove soil and organic matter. The air-dried tubers, collected into 100-tuber subsamples, are processed together
since it has been shown that in the validation of sample processing for the ELISA method, it is possible to detect an infected
tuber amongst a composite sample of 100 tubers. A piece of skin is removed from the tuber to expose the vasculature, which
is subsequently removed, and these pieces from the subsample are collected in a Bioreba bag. Removed tissue is then
macerated by crushing, after which 10ml sterile water is added to facilitate movement of the bacteria into the liquid medium to
allow for pipetting. The macerated sap is then subjected to the ELISA. In the event that the ELISA generates a positive
result, the macerated sap is-diluted 10-fold in a dilution series. Dilutions are plated onto the TZC and/or SMSA medium and
incubated for 48-72 hours at 28-30°C, during which time it is monitored for the occurrence of colonies with morphology typical
of R. solanacearum. Typical colonies are lifted and transferred to TZC and nutrient agar (NA) for purification, multiplication
and identification.

Should an isolated pure colony not be found, suspect growth is transferred to sterile distilled water for another round of dilution
plating in order to obtain a pure culture, without which accurate identification is not possible. Once the colony is confirmed to
be pure, it is multiplied on TZC and NA to ensure sufficient quantities for the performance of identification tests. Such
multiplication often takes another 48 hours at least. It has been experienced that variation in the growth rate of isolates often
adds to the time taken to complete each stage in this process.

2.2]solates

All isolates typical of R. solanacearum (Table 1A) used in this project were obtained from the culture collection of Plantovita.
These isolates originated from all over the country and were isolated from potato samples and soil samples submitted to
Plantovita since 1996 for testing for the presence of R. solanacearum. The samples included tubers and plants from
registered plantings, as well as tubers and plants from ware plantings. Some of the submitted samples were symptomatic,
while others were asymptomatic or did not show typical symptoms of bacterial wilt disease after visual evaluation. Tuber
samples from plantings designated for certification were first tested using the ELISA as briefly described above. These types
of samples were characterised as statistical field samples and were in most instances found to be latently infected. All other
samples could be characterised as diagnostic samples. Diagnostic samples were not tested using the ELISA, but were
instead, upon submission to the laboratory, macerated and plated via dilution plating, onto TZC and SMSA media from where
single, isolated colonies displaying morphology typical of R. solanacearum were transferred to TZC to determine purity and for
multiplication in order to continue with the identification process using the biochemical and microbiological methods.
Diagnostic samples in most instances, showed symptoms typical of bacterial wilt disease.

Following isolation from the submitted material, and the multiplication and identification of isolates, inoculation for long-term
storage at room temperature was done. Isolates in the culture collection were all stored in sterile distilled water. To maintain
the isolates, they must be plated onto TZC every few years to evaluate viability and pathogenicity based on the colony
morphology (Kelman, 1954).

Cultures of organisms of unknown identity were also included in the comparison. Since the selection of colonies in the test
process is based on the scoring of morphology typical that of R. solanacearum, the process included colonies that did not
show similarities to what is thought to be R. solanacearum. In this way, it could be determined whether colonies with atypical
morphology that were not selected during routine isolations had the potential to be positively identified as being
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R. solanacearum using the PCR. Only morphologically typical colonies were selected in the routine process of conventional
identification.

Table 1A List of isolates used to compare conventional identification with PCR identification

ISOLATE DATE
SPECIES IDENTITY ISOLATED REGION OF ORIGIN SOURCE BIOVAR
1 Ralstonia solanacearum | Z44/2015 2016 01 MPUMALANGA POTATO PLANT 2
2 | Ralstonia solanacearum | Z16/2015 201505 SANDVELD POTATO LEAF PETIOLE | 2
3 | Ralstonia solanacearum | Z212/2015 201505 SANDVELD POTATO TUBER 2
4 | Ralstonia solanacearum | Z11/2015 201505 SANDVELD POTATO TUBER 2
5 | Ralstonia solanacearum | Z210/2015 201505 SANDVELD POTATO TUBER 2
6 | Ralstonia solanacearum | Z202/2015 201506 UNKNOWN SOIL 2
7 | Ralstonia solanacearum | TB094/2014 2015 04 MPUMALANGA POTATO TUBER 2
8 | Ralstonia solanacearum | Z42/2014 201412 NORTH WEST POTATO TUBER 3
9 | Ralstonia solanacearum | Z230/2015 201509 ANGOLA SOIL 2
10 | Ralstonia solanacearum | NB82/2010 201002 KWAZULU-NATAL POTATO TUBER 2
11 | Ralstonia solanacearum | 202/2008 2008 04 SANDVELD POTATO TUBER 2
12 | Ralstonia solanacearum | Z218/2008 2008 04 EASTERN-CAPE POTATO PLANT 2
13 | Ralstonia solanacearum | SBT26/2007 2007 03 SANDVELD POTATO TUBER 2
14 | Ralstonia solanacearum | SB107/2007 2007 10 SANDVELD POTATO TUBER 2
15 | Ralstonia solanacearum | Z232/2006 (1) 2006 07 MPUMALANGA POTATO TUBER 2
16 | Ralstonia solanacearum | Z232/2006 (1) 2006 07 MPUMALANGA POTATO TUBER 2
17 | Ralstonia solanacearum | Z29/2006 2006 06 SANDVELD POTATO TUBER 2
18 | Ralstonia solanacearum | Z137/2005 2005 10 KWAZULU-NATAL POTATO TUBER 2
19 | Ralstonia solanacearum | 202/2005 2005 01 SANDVELD POTATO TUBER 2
20 | Ralstonia solanacearum | CB16/2005 2005 05 CERES POTATO TUBER 2
21 | Ralstonia solanacearum | NBO04/2005 2005 02 KWAZULU-NATAL POTATO TUBER 3
22 | Ralstonia solanacearum | CB07/2015 2005 03 CERES POTATO TUBER 2
23 | Ralstonia solanacearum | Z24/2006 2005 01 SANDVELD POTATO TUBER 2

Inclusion of PCR methodology in the Potato Laboratory Services’ procedural identification of Ralstonia solanacearum
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24 | Ralstonia solanacearum | Z23/2004 2004 02 SANDVELD POTATO TUBER 2

25 | Ralstonia solanacearum | Z21/2004 2004 02 SANDVELD POTATO TUBER 2

26 | Ralstonia solanacearum | Z222/2004 2004 02 SANDVELD POTATO TUBER 2

27 | Ralstonia solanacearum | TB32/200 2000 05 MPUMALANGA POTATO TUBER 3

28 | Ralstonia solanacearum | SAB PRE-2004 SANDVELD UNKNOWN UNKNOWN
29 | Ralstonia solanacearum | PB12 PRE-2004 EASTERN FREE-STATE POTATO TUBER UNKNOWN
30 | Ralstonia solanacearum | DB22 PRE-2004 NORTHERN CAPE POTATO TUBER UNKNOWN
31 | Ralstonia solanacearum | DB81 PRE-2004 NORTHERN CAPE POTATO TUBER UNKNOWN
32 | Ralstonia solanacearum | NB346 PRE-2004 KWAZULU-NATAL POTATO TUBER UNKNOWN
33 | Ralstonia solanacearum | S152 PRE-2004 SANDVELD UNKNOWN UNKNOWN
34 | Ralstonia solanacearum | £30 PRE-2004 UNKNOWN UNKNOWN UNKNOWN
35 | Ralstonia solanacearum | 290 PRE-2004 UNKNOWN UNKNOWN UNKNOWN
36 | Ralstonia solanacearum | £73 PRE-2004 UNKNOWN UNKNOWN UNKNOWN
37 | Ralstonia solanacearum | 39 PRE-2004 UNKNOWN UNKNOWN UNKNOWN
38 | Ralstonia solanacearum | £31 PRE-2004 UNKNOWN UNKNOWN UNKNOWN
39 | Ralstonia solanacearum | £19 PRE-2004 UNKNOWN UNKNOWN UNKNOWN
40 | Ralstonia solanacearum | N257 PRE-2004 KWAZULU-NATAL UNKNOWN UNKNOWN
41 | Ralstonia solanacearum | TB100 PRE-2004 MPUMALANGA POTATO TUBER UNKNOWN
42 | Ralstonia solanacearum | SB269 PRE-2004 SANDVELD POTATO TUBER UNKNOWN
43 | Ralstonia solanacearum | NK19 PRE-2004 NORTHERN CAPE UNKNOWN UNKNOWN
44 | Ralstonia solanacearum | SA22 PRE-2004 SANDVELD UNKNOWN UNKNOWN

Table 1B List of isolates used to compare conventional identification with PCR identification

BACTERIAL ISOLATES ATYPICAL OF Ralstonia solanacearum
DATE
SPECIES ISOLATE NUMBER ISOLATED | SOURCE
1 Unknown Z008.1 201504 POTATO TUBER
2| Unknown Z008.2 201504 POTATO TUBER
3| Unknown 1 201504 POTATO TUBER
4| Unknown "2 201504 POTATO TUBER
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5 | Unknown 13 201504 POTATO TUBER
6 | Unknown 121 2015 04 POTATO TUBER
7| Unknown 122 201504 POTATO TUBER
8 | Unknown 123 201504 POTATO TUBER
9 | Unknown 124 201504 POTATO TUBER
10 | Unknown 1 2016 07 POTATO TUBER
1| Unknown 2 2016 07 POTATO TUBER
12| Unknown 3 2016 07 POTATO TUBER
13| Unknown 4 2016 07 POTATO TUBER
14| Unknown 5 2016 07 POTATO TUBER
15 | Unknown 6 2016 07 POTATO TUBER
16| Unknown 7 2016 07 POTATO TUBER
17| Unknown 8 2016 07 POTATO TUBER
18 | Unknown 9 2016 07 POTATO TUBER
19| Unknown 10 2016 07 POTATO TUBER
20 | Unknown " 2016 07 POTATO TUBER
21| Unknown 12 2016 07 POTATO TUBER
22 | Unknown 13 2016 07 POTATO TUBER
23 | Unknown 14 2016 07 POTATO TUBER
24 | Unknown 15 2016 07 POTATO TUBER
25 | Unknown 16 2016 07 POTATO TUBER
26 | Unknown 17 2016 07 POTATO TUBER
27 | Unknown 18 2016 07 POTATO TUBER
28 | Unknown 19 2016 07 POTATO TUBER
29 | Unknown 20 2016 07 POTATO TUBER
30 | Unknown 21 2016 07 POTATO TUBER
31| Unknown 22 2016 07 POTATO TUBER
32 | Unknown 23 2016 07 POTATO TUBER
33 | Unknown 24 2016 07 POTATO TUBER

Inclusion of PCR methodology in the Potato Laboratory Services’ procedural identification of Ralstonia solanacearum
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Purified isolates were inoculated into the media as indicated in Table 2. An isolate had to perfectly conform (Table 3) to all
expected outcomes to be considered as being positive for R. solanacearum. As soon as an isolate was confirmed positive, a
final result could be reported as positive. At any stage when an isolate clearly did not conform to what was expected of R.
solanacearum, a result was reported as negative. When an isolate was found to conform, a host-assay in tomato seedlings
was completed to confirm the identity and pathogenicity of that isolate. The host-assay was, however, done to complete
information on the isolate, and the official result was reported based on the completion of the tests in Table 2 and Table 3.

Table 2 Identification tests of purified isolates

INCUBATION
TIME /
AGE OF METHOD OF DURATION INCUBATION
ISOLATE | FROM MEDIA TO MEDIA INOCULATION OF TEST TEMPERATURE
1 24-48h Nutrient agar Nile Blue Streaking 48h 28°C-30°C
2 24-48h Nutrient agar King's B Streaking 48h 28°C-30°C
Hayward's
24h Nutrient agar | Oxidation/Fermentation | Stab-inoculation 48h - 72h 28°C-30°C
3 broth
4 24h Nutrientagar | Nitrate reduction broth | Stab-inoculation 72h 28°C-30°C
Nutrient
5 24-48h agar/TZC Nutrient agar Streaking 48h - 72h 28°C-30°C
Nutrient
6 24-48h agar/TZC TZC Streaking 48h -72h 28°C-30°C
Nutrient
7 24-48h agar/TZC SMSA Streaking 48h —72h 28°C-30°C
Filter paper
impregnated with 10 sec-60
8 48h Nutrient agar Oxidase reagent Streaking sec rt.
Nutrient agar — KOH
9 48h Nutrient agar test Streaking 24h rt.
Nutrient agar — Gramm
10 48h Nutrient agar staining Streaking 18h-24h rt.

Inclusion of PCR methodology in the Potato Laboratory Services’ procedural identification of Ralstonia solanacearum

Page 13




(”9

po.latoes
aartappelsSA

2.4 Host-assay

R. solanacearum-sensitive tomato cultivars were used to perform the host-assay. Tomato seeds (commercially available,
susceptible cultivars) were sown in sterile potting soil and incubated at alternating day-night conditions in the greenhouse with
limited temperature control. Seedlings were watered daily with sterile water and monitored for any visual signs of deterioration
or disease. After the healthy seedlings reached the second true-leaf stage, a droplet of a suspension of R. solanacearum was
placed in the node using a 1ml syringe.

The suspension of R. solanacearum was prepared from the isolate confirmed as R. solanacearum on either NA or TZC.
Growth was collected after 48 hours of incubation at 28°C and suspended in sterile distilled water to a concentration of 108
cfu/ml. This roughly compares to a turbid solution of bacterial cells. After the droplet was placed in the node, a puncture
wound was made through the droplet into the node using the needle connected to the syringe. Care was taken not to
puncture all the way through the stem of the tomato plant/axillary leaf, but to create only a small entrance wound into the
vascular tissue.

The inoculated plants were kept in labelled (isolate number, date of inoculation, tomato cultivar) containers. Repetitions of
inoculations were kept separate. A negative control inoculation was performed by inoculating tomato seedlings with sterile
distilled water alone. The inoculated seedlings were supposed to be monitored for wilting symptoms until 14 days post-
inoculation (p.i.); however, all seedlings showed wilting symptoms within eight days p.i. At this stage each seedling was
removed from the potting-soil container, the soil was gently shaken off, and the entire seedling was subjected to maceration
and dilution plating in an effort to re-isolate R. solanacearum. The re-isolated bacterium was then inoculated into sterile
distilled water for long-term storage and maintenance at room temperature (r.t.).

Inclusion of PCR methodology in the Potato Laboratory Services’ procedural identification of Ralstonia solanacearum
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Table 3 Ralstonia solanacearum test outcomes

TEST

EXPECTED OUTCOMES TYPICAL OF R. solanacearum

Nile Blue Poly-B-hydroxybutyric

1 Acid Accumulation Orange fluorescence under UV light after 48 hours.
2 King's B No fluorescence under UV light after 48 hours.
Yellow colouration when positive. For oxidative metabolism, inoculated media
Hayward’s Oxidation/Fermentation | without paraffin overlay should turn yellow, while inoculated media with paraffin
3 Broth overlay should stay green.
Nitrate reduction to nitrite is indicated by red colouration after the addition of
sulphanilic acid and naphthylamine. Nitrate reduction is confirmed using zinc
4 Nitrate Reduction Broth powder.
5 Nutrient Agar Cream-white -coloured colonies after 48-72 hours.
6 TZC Typical slimy white colonies with a red, twirly centre.
Typical slimy white colonies with a red, twirly centre. Due to the presence of
crystal violet, the colonies appear more purple than white, and the red centre is
7 SMSA slightly darkened.
Filter Paper impregnated with Culture smeared onto filter paper with a toothpick turns purple within 10-60
8 Oxidase Reagent seconds after streaking if positive.
After turning the culture with an inoculation loop for 5-10 seconds in the drop of
3% KOH on the microscope slide, a translucent thread can be lifted from the
9 Nutrient Agar — KOH test solution indicating a possibility for the isolate to be Gramm negative.
10 | Nutrient Agar — Gramm Staining Gramm negative — small, short red-stained rods.

2.5Biovar determination.

In addition to the identification tests and host-assay, the biovar for each isolate was determined to add to the information
about an isolate, thus enabling authorities to trace the source of contamination.

Once an isolate was re-isolated from the tomato seedling in the host-assay, it was subjected to determination of the biovar.
The biovar of R. solanacearum isolates is based on the subgrouping of the species into biovar groups (1, 2, 3, 4 and 5) after
acid formation of disaccharide sugars and sugar-alcohols.

Based on the application of the information and the method of classification used, R. solanacearum is classified in
phylogenetic groups (genome sequence data), biovars (biochemical reaction to substrates) and races (host specificity) as
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depicted in Table 4. The groupings are complex with significant overlapping. Biovars 2 and 3 occur in South Africa with the
potato plant acting as host for both.

Table 4 Biovar and race classification of R. solanacearum

Race Host range Geographical distribution Biovars
1 Wide Asia, Australia, America, Africa 1,3,4
2 Banano, Other Musa spp. Caribbean, Brazil, Philippines 1
3 Potato, tomato, other Solanacea, geranium | Worldwide with the exception of | 2

etc. USA and Canada
4 Ginger Asia 3,4
5 Mulberry China 5

A pure culture of the isolate in question was stab-inoculated into glucose phosphate broth containing agar (Hugh-Leifsonn
based broth) stained with bromothymol blue. Instead of using glucose to determine the biovar of the isolate, different
disaccharide sugars and sugar-alcohols were added at a final concentration of 1% each into six different test-tubes containing
the basal medium. Disaccharide sugars and the sugar-alcohols lactose, maltose, cellubiose, dulcitol, mannitol and sorbitol
were used to determine the biovar, by means of inoculation into basal media. This was incubated at 28°C-30°C for up to 21
days after inoculation to allow for colouration of the media from olive-green to yellow in the event of acid production from the
sugar or sugar-alcohol. A positive outcome would be the colour change of olive-green to yellow due to acid formation (Table
5).

Table 5 Biovar determination of R. solanacearum by acid production using disaccharide sugars and sugar-alcohols

Biovar Lactose Maltose Cellubiose Dulcitol Mannitol Sorbitol
1 - - - - - -
2 + + + - - -
3 + + + + + +
4 - - - + + +
5 - - - - + -

Inclusion of PCR methodology in the Potato Laboratory Services’ procedural identification of Ralstonia solanacearum
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2.6 Extraction of DNA from Ralstonia solanacearum isolates

Both DNA extraction and sample preparation were done partly in Laboratory 2 and partly in the Bacterial Laboratory of
Plantovita. Colonies of which the identity had to be confirmed using the PCR were lifted from the media (either TZC or NA)
using an inoculation loop. The culture was then re-suspended into 100l sterile water in microcentrifuge tubes. Since the
cultures were slimy due to the amount of extracellular polysaccharides (EPS) being produced by this bacterium, vortexing this
cell suspension dislodged most cell clumps held together by the EPS. This vortexed suspension was then heated to 96°C for
four minutes to lyse the cells, after which it was snap-cooled on ice. 900ul sterile water was added to the snap-cooled
suspension. At this stage of the process, the reaction can be stored at -80°C until use or at -20°C for up to six months.

2.7 R. solanacearum-specific PCR to identify target pathogens

R. solanacearum-specific primers and probe sequences designed by Weller, Elphinston, Smith, Boonham and Stead (2000)
were chosen for use in the quantitative, real-time, hydrolysis probes-based fluorogenic PCR (Tagman assay). This assay
format was chosen since the PCR is run under generic conditions, fitting into the current protocols of Plantovita. In this
manner, assays can be run simultaneously without requiring, thus saving time and cost in the design, optimisation and
execution of assays.

Primer and probe concentrations were evaluated and a comparative test was done, with conditions optimised for the LC480
Probes Master Kit from Roche - the reagents of choice. Concentrations as described by Weller et al. (2000) were used to
compare with concentrations developed in-house for this particular assay.

The RS-P probe was covalently labelled on the 5'-end with the fluorescent reporter dye 6-carboxyfluorescein (FAM) while the
3'Hend were covalently attached to the Black hole Quencher dye. Primers and probes were synthesised by Integrated DNA
Technologies (IDT) (www.IDTDNA.com).

In Laboratory 1 (Clean Room) master mixes for both sets of concentrations of the oligonucleotides were prepared according to
the prescriptions of the manufacturer of the LightCycler 480 Probes Master Kit (Roche). Table 6 lists the components per
reaction. The reaction was optimised in a total reaction volume of 20ul.

The optimised assay for identification was executed in parallel with the conventional microbiological and biochemical
identification procedure. For this purpose, a range of isolates archived in the culture collection of Plantovita, as well as new
isolates freshly isolated from recent samples were tested using both methods (Table 1A and 1B). All isolates were in pure
culture format. Isolates included cultures with typical morphology as well as cultures that, based on morphology, were not
typical of R. solanacearum.

Inclusion of PCR methodology in the Potato Laboratory Services’ procedural identification of Ralstonia solanacearum
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Table 6 Reaction components of the Tagman assay specific for identification of R. solanacearum

COMPONENT CONCENTRATION VOLUME
Optimisation for this project Weller et. al. 2000
Nuclease-free water 3ul 2.5l
Forward primer RS-I-F 10x (BuM) 0.67ul 1.2yl
Reverse primer RS-II-R | 10x (5uM) 0.67ul 1.2l
Fluorescently labelled 10x (2.5uM) 0.67ul 0.1ul
probe RS-P
Lightcycler 480 Probes 2X 10ul 10pl
Master Kit
Sample 5ul Sul

After setting up the master mix, it was kept on ice until after the sample preparation was done and the sample could be added
to the master mix. The master mix was then transferred from the combined volume to the microwell plate for the subsequent
addition of the prepared sample template and execution of the PCR. A volume of 15ul master mix was thus pipetted per well.
After sample preparation, 5ul sample nucleic acid was added to each well except the negative control wells, to which 5pl
nuclease-free water was added. The plates were then sealed with the supplied film. At this stage the actual PCR assay could
proceed.

The PCR was performed in 20l reaction volumes using LightCycler 480 96-well plates (white) sealed with the supplied film.
Reaction conditions are reflected in Table 7.

Inclusion of PCR methodology in the Potato Laboratory Services’ procedural identification of Ralstonia solanacearum
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Table 7 Reaction conditions for the R. solanacearum-specific Tagman PCR assay

THERMOCYCLING CONDITIONS
95°C; 5min Denaturation
95°C; 10sec Denaturation
60°C: 60sec 45x Annealing / Elongation Amplification
72°C; 0.1sec Signal capturing
40°C; 10 sec Cooling of block
3. RESULTS

3.11solation of R. solanacearum

R. solanacearum could be isolated from symptomatic as well as asymptomatic and latent samples using the SMSA and TZC
media with an expected limit of detection of 103-10* cfu/ml. However, it is well known that bacteria can exist in the host at
even lower levels when host plants are latently infected, making even isolation insufficient for detection. Isolated cultures
were virulent, since isolation was done from the potato, which is considered a true host of the pathogen. Typical colony
appearance of virulent R. solanacearum was evident. All suspect isolates were identified as R. solanacearum using
conventional microbiological and biochemical methods.

Based on the quantities of samples tested using the ELISA, the number of samples that tested positive with the ELISA and the
number of positive ELISA results confirmed by the microbiological and biochemical assays, the ELISA generated false-
positive results at a rate of 7.5% (Table 8; archived data - Potato Laboratory Services). The rate of false-positive results
generated by the ELISA confirms the necessity of having a confirmatory test such as isolation and identification with the
detection levels higher than the first test. Also, isolation of the target bacterial pathogen allows for subsequent biovar
determination, as well as host-assays where pure cultures are required for both these assays.

According to the manufacturer of the R. solanacearum-specific ELISA kit (University of Stellenbosch, Department of
Biochemistry) the sensitivity of the ELISA kit is 104-10° cfu/ml of pure culture. The sensitivity of the isolation procedure using
TZC and SMSA has been found to be 103-10* cfu/ml of pure culture. Theoretically, isolation with a more sensitive method in
the confirmatory test would allow for the detection of all target organisms detected in the ELISA, which is the first screening in
the current process.

Inclusion of PCR methodology in the Potato Laboratory Services’ procedural identification of Ralstonia solanacearum
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Table 8 ELISA test evaluation 2006-2016
ELISA tests Samples tested positive with True-positive results upon Rate of false-
done ELISA isolation positives for ELISA
5251 393 25 7.5%

In the current testing process, isolates have to conform to all microbiological and biochemical criteria (Table 3) to be able to
conclude that it is R. solanacearum. All isolates listed did conform, and host-assays with these resulted in wilting of the
tomato host plants within eight days p.i. From the infected symptomatic host plants, R. solanacearum was isolated in all
instances.

Observations by Kelman (1954) already confirmed that pathogenic isolates of R. solanacearum have a typical morphology on
TZC medium. It is well known, however, and was first demonstrated by Smith in 1908 and 1914 and again by Okabe in 1942,
that virulence of the pathogen is lost in culture, and with that, the typical colony appearance changes from slimy white with a
red centre to butrious dark red. In 1955 Kelman and Person showed that long-term storage in distilled water is possible
without total loss of virulence. The plating out of cultures from long-term storage in distilled water can present colonies of both
the typical virulent and typical avirulent morphologies. Isolate NB82 presented typical avirulent colony morphology after long-
term storage in water — the first isolation of NB82 was made in 2010. These avirulent colony types were also subjected to
PCR identification. Positive PCR identification could be made on NB82.

3.2PCR identification of isolates of R. solanacearum to confirm identity

Primer and probe concentrations of 0.5uM and 0.25uM respectively proved to result in the more efficient generation of
amplicons for the reaction conditions used in this assay in comparison to what was obtained under reaction conditions used by
Weller et al. (2000), although both methods generated results 100% identical to the conventional identification methods
currently employed. Also, the method of Weller et al. (2000) resulted in lower Ct values, but since the aim is not to quantify in
this assay, differences in Ct values in the range obtained are not significant.

The PCR identification method could be employed as soon as a pure culture of an isolate was obtained - this was at the same
stage of the testing process when conventional identification steps could commence. The latter takes 7-14 days to complete,
however, while the PCR can be completed in 1 day.

The TZC content of the medium and colouration of the isolate did not seem to have a significant effect on the outcome of the
PCR (although not empirically tested), indicating that the isolate to be identified could be lifted from TZC, SMSA or Nile Blue
medium.

Culture from sample NB82 of the culture collection at Plantovita presented colonies of avirulent and virulent morphology. The
sample identification using the PCR method in this study correlated with the microbiological methods and what was expected.
Avirulent, butrious colonies identified positively with the PCR method. Isolates used in this project were isolated from sources
since 1996. The bacterial suspension of NB82, in storage from 2010, presented avirulent colonies. From this it can be
deduced that time in storage did not determine the ratio of virulent and avirulent colonies, but rather that this ratio is isolate
dependent.

Inclusion of PCR methodology in the Potato Laboratory Services’ procedural identification of Ralstonia solanacearum
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To compare the in-house optimised PCR assay conditions with that published by Weller et al. (2000), isolates Z008, Z010,
Z011 and Z012 were used. These were fresh isolates from symptomatic tubers and potato plants.

From an isolate, several colonies were selected and labelled to distinguish them as being from a sample, i.e. Z008 vasc was
from sample Z008's vascular tissue. Also, the label “NOISE” might indicate the presence of non-target organisms due to the
heterogeneity of the population in the bacterial growth lifted from the medium. The materials labelled as “NOISE” were not
necessarily pure cultures and were considered atypical at first glance. “DILUTION PLATE” and “STREAK PLATE” indicated
the origin of the colony — either an isolate streaked onto the medium or an isolate plated onto the medium by dilution plating.
“SHEAT SCRAPE” indicated the source of the colony as being a bacterial sheet with a heterogeneous population of
organisms, with the possibility of a typical target organism included. Colonies of different sizes were lifted to determine
whether the size of the colony lifted could influence the PCR identification outcome. Pinpoint-size colonies of Z10.5.1 and
210.5.2, as well as Z12.4, Z12.5, Z12.6 and Z12.7 showed no decrease in the resultant Ct value in comparison to Z10.3, for
example. Lower Ct values obtained when pinpoint colonies were used were not significant and can rather be explained in
terms of effective lysis or fewer inhibitors. Successful PCR identification could be done from colonies lifted from TZC, SMSA
and Nile Blue medium, as indicate from the results of samples Z12.1, Z12.2 and Z12.3.

These results suggest that the presence of plant tissue in the sample interfered to such an extent that the PCR result was
negative for sample Z008. Not all colonies or samples considered as “NOISE” tested negative, indicating that the target
organism was also present in the bacterial growth that was lifted. This was expected, since in most instances the “NOISE”
was lifted from plates with heterogeneous populations of bacteria.

Intra-assay (Table 10) and inter-assay repeatability were also briefly assessed. Repeatability was mainly influenced by
pipetting in this particular assay. To ensure repeatability, care should be taken when sample template is added to the
reagents. Minimal differences were obtained in the assay done with isolates as indicated in Table 10. This assay can be
considered repeatable.
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Table 9 Outcomes of PCR assays performed on R. solanacearum isolates to compare in-house modified assays with
the assay of Weller et al. (2000).

Assay designed by Weller et al.
Isolate In-house modified assay Isolate 2000)
Ct1 | Ct2 [ Aver | STDDEV Ct1 | Ct2 [ Aver [ STDDEV

Z008 vasc 0.00 [ 0.00 [ 0.00 0 Z008 vasc 0.00 | 0.00 | 0.00 0.00
Z008 vasc DIL 0.00 { 0.00 [ 0.00 0.00 Z008 vasc DIL 0.00 | 0.00 | 0.00 0.00
Z10.1 28.45 | 28.83 | 28.64 0.27 Z10.1 25.78 | 27.39 | 26.59 1.14
Z10.2 26.55 | 26.70 | 26.63 0.11 210.2 23.96 | 24.83 | 24.40 0.62
210.3 26.11 | 24.91 | 2551 0.85 210.3 22.32 | 22.77 | 22.55 0.32
2104 27.86 | 27.89 | 27.88 0.02 2104 25.07 | 26.62 | 25.85 1.10
210.5.1 21.48 | 21.58 | 21.53 0.07 210.5.1 19.32 | 20.43 | 19.88 0.78
Z10.5.2 21.26 | 22.12 | 21.69 0.61 210.5.2 19.23 | 20.56 | 19.90 0.94
210.6 21.50 | 21.06 | 21.28 0.31 210.6 18.98 | 19.02 | 19.00 0.03
210.7 2313 | 23.84 | 2349 0.50 210.7 21.21 | 22.44 | 21.83 0.87
Z11 “NOISE™ 0.00 [ 0.00 [ 0.00 0.00 Z11 “NOISE™ 0.00 | 0.00 | 0.00 0.00
Z11 “NOISE"2 34.95 | 31.76 | 33.36 2.26 Z11 “NOISE"2 31.00 | 31.00 | 31.00 0.00
Z11 “NOISE’3 32.95 | 33.81 | 33.38 0.61 Z11 “NOISE"3 31.00 | 31.00 | 31.00 0.00
Z11.1.1 30.90 | 31.51 | 31.21 0.43 Z11.1.1 28.96 | 31.00 | 29.98 1.44
21112 26.13 | 26.69 | 26.41 0.40 Z11.1.2 24.48 | 25.66 | 25.07 0.83
211.2 2947 | 29.26 | 29.37 0.15 211.2 26.93 | 27.18 | 27.06 0.18
Z11.3 “DILUTION Z11.3 “DILUTION

PLATE” 30.61 | 31.14 | 30.88 0.37 PLATE” 27.46 | 29.19 | 28.33 1.22
Z11.3 “STREAKED Z11.3 “STREAKED

PLATE" 29.90 | 28.52 | 29.21 0.98 PLATE" 24.88 | 27.18 | 26.03 1.63
2114 27.91 | 28.79 | 28.35 0.62 2114 25.72 | 26.84 | 26.28 0.79
2115 29.75 | 31.60 | 30.68 1.31 2115 27.87 | 31.00 | 29.44 2.21
Z11.6.1 28.75 | 29.65 | 29.20 0.64 Z11.6.1 26.51 | 27.97 | 27.24 1.03
Z12 "NOISE™ 0.00 | 0.00 [ 0.00 0.00 Z12 "NOISE™ 0.00 | 0.00 | 0.00 0.00
Z12 “NOISE™2 0.00 [ 0.00 [ 0.00 0.00 Z12 "NOISE™2 0.00 | 0.00 | 0.00 0.00
Z12 “NOISE"3 0.00 | 0.00 [ 0.00 0.00 Z12 "NOISE"3 0.00 | 0.00 | 0.00 0.00
Z12 “NOISE’4 26.92 | 28.67 | 27.80 1.24 Z12 “NOISE™4 25.99 | 27.61 | 26.80 1.15
Z12 "SHEAT SCRAPED” | 23.58 | 24.94 | 24.26 0.96 Z12 "SHEAT SCRAPED" | 23.66 | 23.73 | 23.70 0.05
7121 23.48 | 25.04 | 24.26 1.10 Z12.1 22.70 | 23.64 | 23.17 0.66
212.2 30.15 | 30.29 | 30.22 0.10 212.2 27.68 | 30.61 | 29.15 2.07
212.3 26.69 | 25.58 | 26.14 0.78 212.3 24.55 | 23.67 | 24.11 0.62
72124 32.81 | 32.81 | 32.81 0.00 2124 31.00 | 31.00 | 31.00 0.00
212.5 28.89 | 29.64 | 29.27 0.53 212.5 27.57 | 28.01 | 27.79 0.31
212.6 28.48 | 29.91 | 29.20 1.01 212.6 26.60 | 29.51 | 28.06 2.06
212.6.2 28.31 | 25.95 | 27.13 1.67 212.6.2 22.62 | 22.72 | 22.67 0.07
212.7 33.19 | 34.56 | 33.88 0.97 212.7 31.00 | 31.00 | 31.00 0.00
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Table 10 Intra-assay and inter-assay repeatability using one isolate as well as different colonies

Intra-assay repeatability
Isolate Cct1 Ct2 Ct3 Ct4 Average Séi?:t?gg
SA6 27.80 27.24 27.54 26.49 27.27 0.49
CB16 23.30 23.43 23.26 23.31 23.33 0.06
Z18 22.19 22.30 22.2 22.21 22.23 0.04
223 24.62 2511 25.06 24.87 24.92 0.19
732.2 27.79 28.29 27.88 27.95 27.98 0.19
273 25.07 2547 24.91 24.81 25.07 0.25
TB0%4 23.13 22.85 23.41 23.23 23.16 0.20
742 22.94 2243 22.29 23.25 22.73 0.39
PB12 23.92 24.08 24.21 23.91 24.03 0.12
216 21.82 21.80 21.83 21.84 21.82 0.01
DB22 26.81 21.22 27.26 26.76 27.01 0.23
Z32.1 22.44 22.46 22.28 22.13 22.33 0.13
Z50 23.91 23.97 23.97 23.21 23.77 0.32
D81 22.62 22.63 22.92 22.73 22.73 0.12
NB346 20.69 20.00 2042 20.61 2043 0.27

In the PCR identification of the isolates listed, it was observed that using 2l template instead of 5ul template, resulted in no
significant difference in Ct values. After heat lyses of cells and the addition of 900yl of water, template can also be stored for
up to six months at -20°C and still be used with confidence. Longer incubation of template has not been assessed, but would
be possible and can be investigated in time. The current storage of template in this manner should only be considered to
enable repetition of assays and to guarantee the positive identification of isolates. Template should preferably always be fresh
when used.

The specificity of the primes and probe was evaluated by Weller et al. (2000). However, for this particular assay and modified
conditions, 24 non-target organisms of unknown identity and atypical colony morphology were included in the panel of isolates
subjected to the PCR to ensure the specificity of the assay for R. solanacearum (Figure 1). The PCR assay did not result in
any positive Ct values for the unknown isolates that were evaluated (Table 11).
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Table 11 Comparison of conventional identification and the PCR identification of R. solanacearum.

ISOLATE Results ISOLATE
COLLECTION Results of of PCR COLLECTION Results of Results of
# NUMBER conventional ID ID # NUMBER conventional ID PCRID
1 74412015 + + 4 TB100 + +
2 Z16/2015 + + 42 SB269 + +
3 21212015 + + 43 NK19 + +
4 Z11/2015 + + 44 SA22 + +
5 710/2015 + + 45 2008.1 - -
6 20212015 + + 46 Z008.2 - -
7 TB094/2014 + + 47 141 - -
8 74212014 + + 48 1.2 - -
9 Z30/2015 + + 40 1.3 - -
10 NB82/2010 + + 50 1241 - -
11 Z02/2008 + + 51 122 - -
12 Z18/2008 + + 52 123 - -
13 SBT26/2007 + + 53 124 - -
14 SB107/2007 + + 54 1 - -
15 7322006 (1) + + 55 2 - -
16 73212006 (1) + + 56 3 - -
17 729/2006 + + 57 4 - -
18 Z137/2005 + + 58 5 - -
19 20212005 + + 59 6 - -
20 CB16/2005 + + 60 7 - -
21 NB04/2005 + + 61 8 - -
22 CB07/2015 + + 62 9 - -
23 72412006 + + 63 10 - -
24 72312004 + + 64 " - -
25 721/2004 + + 65 12 - -
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26 222/2004 + + 66 13 R R
27 TB32/200 + + 67 14 R R
28 SA6 + + 68 15 B -
29 PB12 + + 69 16 B -
30 DB22 + + 70 17 - -
31 DB81 + + 71 18 - B
32 NB346 + + 72 19 B -
33 S152 + + 73 20 B -
34 230 + + 74 21 - -
35 750 + + 75 22 - B
36 Z73 + + 76 23 - B
37 739 + + 77 24 - -
38 | z31 + ;

39 Z19 + +

40 | N257 + ¥
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Typical R. solanacearum colonies

Figure 1 Colonies with atypical morphologies included in the evaluation of PCR specificity (typical R. solanacearum
culture depicted in the bottom picture).
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4. DISCUSSION AND CONCLUSION

Determining the presence or absence of R. solanacearum in a potato seed tuber sample completes the process of
certification. Since this phytopathological bacterium is considered a quarantine organism in the South-African Seed Potato
Certification Scheme, extreme care is taken to ensure a reliable process that includes test methods fit for the purpose. It is
also not advisable to use a single method to determine the status of a seed lot, but rather, as in several foreign countries, to
use more than one method in the testing process to ensure that the reported result is reliable.

Although the current process of determining the R. solanacearum status of a seed lot is as reliable as it can be, the isolation
and conventional identification of the isolated organism takes up to three weeks allowing the potato seed crop to deteriorate in
the meantime. For this reason a PCR assay was considered as a replacement for the conventional identification method.
Since the capacity for real-time PCR at Plantovita exists, a real-time method was the method of choice. A Tagman-based
assay developed by Weller et al. (2000) specifically for R. solanacearum was evaluated and proved to be fit for purpose. The
published method was slightly modified to fit differences in reagents employed by PLS. Modification proved to be reliable. The
identification using both methods compared 100%.

The current process is depicted in a flow diagram in Figure 2, while the envisaged process where the PCR identification is
included is depicted in the flow diagram in Figure 3.

The replacement of the conventional identification methods with the PCR could save the industry two weeks or more in time
and thus have subsequent economic benefits for the growers since management decisions pertaining to a particular seed lot
can be made in less time.
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FIGURE 2 CURRENT TESTING PROCESS FOR DETERMINING THE PRESENCE OF R. solanacearum
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FIGURE 3 PROPOSED PROCESS TO INCLUDE PCR IDENTIFICATION OF R. solanacearum
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6. OUTPUTS

1. Protocols approved by the industry and the Department of Agriculture, Forestry and Fisheries for routine use by the
Potato Laboratory Services in the certification of seed potatoes.

2. Report-back at meetings of the regional seed committees, Potato Seed Growers’ Forum and National Seed Potato
Committee, as well as the Independent Council for the Certification of Seed Potatoes.
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