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Abstract A polymerase chain reaction (PCR)-based method
was developed to detect the DNA of Ralstonia solanacearum,
the causal agent of bacterial wilt in various crop plants. One pair
of primers (RALSF and RALSR), designed using cytochrome
cl signal peptide sequences specific to R. solanacearum,
produced a PCR product of 932 bp from 13 isolates of R.
solanacearum from several countries. The primer specificity
was then tested using DNA from 21 isolates of Ralstonia,
Pseudomonas, Burkholderia, Xanthomonas, and Fusarium
oxysporum f. sp. dianthi. The specificity of the cytochrome ¢l
signal peptide sequences in R. solanacearum was further
confirmed by a DNA-dot blot analysis. Moreover, the primer
pair was able to detect the pathogen in artificially inoculated
soil and tomato plants. Therefore, the present results indicate
that the primer pair can be effectively used for the detection of
R. solanacearum in soil and host plants.
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Ralstonia solanacearum causes bacterial wilt, which is one
of the most important and widely spread bacterial diseases
of solanaceous crops in the tropics, subtropics, and warm
temperate regions of the world. This disease has also been
recorded in more than 200 species, representing over 50
plant families [11]. The recently increasing number of
European sites infested with potentially cold-adapted
strains of R. solanacearum has dramatically enhanced the
threat posed to European potato crops [13, 28], emphasizing
the need for efficient diagnostic tests and specific detection
tools for this pathogen.

R. solanacearum has already been classified into five
biovars according to carbon source utilization [9, 10] and
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six races based on the host range [4, 21]. The most widely
used method to detect R. solanacearum in soil consists of
streaking a soil suspension on a specific medium {7, 8].
However, the sensitivity of such a plating technique varies
between soil samples, as antagonistic soil microflora often
overgrow or impede the growth of R. solanacearum
[22, 29]. Similarly, although the sensitivity of serological
methods for the detection of R. solanacearum in plants or
soil can be increased by enrichment procedures, there is
also a risk that the procedure can increase populations of
saprophytic bacteria in the soil suspensions, leading to
false-positive reactions in an ELISA, especially when
using polyclonal antibodies [5, 22].

Therefore, as an alternative, several PCR-based methods
have been described for the detection of R. solanacearum.
Seal et al. [27] proposed a PCR test to identify this
pathogen based on its 16S rDNA sequences, whereas
Boudazin et al. [3] developed several primers from
variations within the 16S rDNA sequences between groups
of strains for detection at an intraspecific level. However,
both methods have limitations as regards the detection of
this pathogen owing to the high degree of conservation of
the ribosomal genes within the genus Ralstonia, leading to
positive signals with related species [3, 30, 32]. DNA markers
useful in PCR techniques have also been employed for
the sensitive and rapid detection and identification of R.
solanacearum strains [6, 12, 16, 25, 26, 32]. In addition,
Weller et al. [32] developed fluorogenic PCR-based
(TagMan) assays, which proved to be sensitive for the
detection of the pathogen, yet too costly and labor-intensive,
considering the number of samples to be tested when
compared with general PCR-based assays. Nonetheless,
most of the specific primers reported in the literature lack
the specificity and sensitivity for the detection of R.
solanacearum. Accordingly, this study designed specific
primers based on cytochrome cl signal peptide sequences
conserved only in Ralstonia solanacearum species, and then
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investigated the sensitivity and specificity of the primers
for detecting R. solanacearum in soil and tomato plants.

MATERIALS AND METHODS

Culture Conditions and DNA Isolation

The bacterial and fungal strains were obtained from the
Korean Agricultural Culture Collection (KACC), Belgian
Coordinated Collections of Micro-organisms (BCCM),
DSM, Deutsche Sammlung von Mikroorganismen und
Zellkulturen GmbH (DSMZ), Germany, and American
Type Culture Collection (ATCC). All the microorganisms
used in this study are listed in Table 1. The conditions used
to culture all the bacterial species and fungus Fusarium
oxysporum f. sp. dianthi were as recommended in the

Table 1. List of bacterial and fungal isolates used in this study.

Handbook of Microbiological Media [1]. The total DNA
was extracted from the microorganisms using a genomic
DNA extraction kit [Genomic-tips] supplied by QIAGEN".

Primer Design and PCR Amplification

The primers RALSF (5'-GCTCAAGGCATTCGIGIGGC-
3"} and RALSR (5'-GTTCATAGATCCAGGCCATC-3")
were designed from the cytochrome cl signal peptide of
Ralstonia solanacearum isolate GMI1000 (GenBank
Accession No. NP _518317; GI: 17544915), with a predicted
PCR product of 932 bp. The PCR assays were performed
using a PTC-225 thermocycler (MJ Research), and all
the amplifications carried out in a final volume of 50 pl
containing 10 mM Tris-HCIL, 50 mM KCl, 1.5 mM MgCl,,
0.01% gelatin, 0.2 mM of each dNTP, 10 pM of each primer,
and 2 units of 7aq polymerase (Promega). The total amount

No. Isolates Race Biovar Source® Geographical origin
1 Ralstonia solanasearum 1 1 LMG 2299 U.S.A.
2 Ralstonia solanasearum 1 3 LMG 2305 Egypt
3 Ralstonia solanasearum 1 - KACC 11179 Japan
4 Ralstonia solanasearum 1 - KACC 11178 Japan
5 Ralstonia solanasearum 1 3 KACC 11171 Republic of Korea
6 Ralstonia solanasearum 1 3 KACC 11166 Republic of Korea
7 Ralstonia solanasearum 3 2 KACC 10716 Republic of Korea
8 Ralstonia solanasearum 1 4 KACC 10704 Republic of Korea
9 Ralstonia solanasearum 1 3 KACC 10709 Republic of Korea
10 Ralstonia solanasearum 1 3 KACC 10710 Republic of Korea
11 Ralstonia solanasearum 3 2 KACC 10722 Republic of Korea
12 Ralstonia solanasearum 1 3 KACC 10714 Republic of Korea
13 Ralstonia solanasearum 1 3 KACC 10666 Republic of Korea
14 Ralstonia mannitolilytica LMG 6866 United Kingdom
15 Ralstonia pickettii LMG 5942 U.S.A.
16 Ralstonia syzygii DSM 11197 China
17 Burkholderia cenocepacia LMG 16656 United Kingdom
18 Burkholderia gladioli pv. gladioli LMG 2216 US.A.
19 Pseudomonas syringae pv. tomato LMG 5093 United Kingdom
20 Pseudomonas syringae pv. ulmi LMG 2349 Yugoslavia
21 Pseudomonas savastanoi pv. phaseolicola LMG 5008 Sweden
22 Pseudomonas libanensis KACC 10809 -
23 Pseudomonas fuscovaginae LMG 2158 Japan
24 Pseudomonas coronafaciens LMG 5060 United Kingdom
25 Pseudomonas citronellolis LMG 18378 US.A.
26 Pseudomonas oryzihabitans LMG 7040 Japan
27 Pseudomonas mucidolens LMG 2223 U.S.A.
28 Pseudomonas graminis DSM 11363 Germany
29 Pseudomonas jessenii ATCC 700870 -
30 Pseudomonas lundensis LMG 13517 -
31 Pseudomonas taetrolens LMG 2336 -
32 Pseudomonas putida KACC 10272 -
33 Xanthomonas axonopodis pv. citri KACC 10443 Republic of Korea
34 Fusarium oxysporum f.sp. dianthi ATCC11939 -

*KACC, Korean Agricultural Culture Collection, Korea (http://kacc.rda.go.kr); ATCC, American Type Culture Collection, U.S.A.; LMG, Belgian
Coordinated Collections of Microorganisms (BCCM), Belgium; DSM, Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSMZ),

Germany.
*_, Unknown.



of genomic DNA from the various microorganisms added
to the PCR mixture was approximately 50 ng. The reactions
were run for 25 cycles, each consisting of 60 s at 94°C,
30 s at 64°C, and 60 s at 72°C, with an initial denaturation
of 5 min at 94°C and final extension of 10 min at 72°C. An
8-pl aliquot of each amplified PCR product was then
electrophoresed on a 1.0% agarose gel, stained with ethidium
bromide, and visualized on a UV transilluminator.

DNA Dot-Blot Analysis

A DNA dot-blot analysis was carried out to confirm
whether a fragment of the amplified cytochrome c1 signal
peptide was present in the other microorganisms, including
Ralstonia and Burkholderi spp., used in this study. Thus,
100-ng samples of genomic DNA isolated from the
Ralstonia strains and other reference microorganisms were
spotted onto a Hybond-N+ nylon membrane (Amersham
Pharmacia Biotech), and then UV cross-linked to bind the
labeled probe DNA, where the PCR product from Ralstonia
solanacearum LMG2299 was labeled as the probe with
[**P}dCTP using the random primed method according to the
manufacturer’s instructions (Ladderman). The prehybridization
and hybridization were then conducted in a hybridization
buffer (0.75 M NaCl, 75 mM sodium citrate, 0.5% SDS,
0.1% BSA, 0.1% Ficoll, 0.1% polyvinylpyrrolidone, and
50 pl/ml denatured salmon sperm DNA) at 65°C for 18 h.
After the hybridization, the filters were washed twice
(10 min each) in 2x SSC containing 0.1% SDS at room
temperature and twice (15 min each) in 0.1x SSC containing
0.1% SDS at 65°C. Finally, the autoradiography was
performed at —70°C using CURIX X-ray film (AGFA).

PCR Sensitivity Test
Suspensions of the R solanacearum LMG2299 strain
from pure cultures (adjusted to A600 nm=0.2) were

PCR-BASED SPECIFIC DETECTION OF RALSTONIA SOLANACEARUM 1767

serially diluted 10-fold (10™'~107) in sterile distilled water
(SDW). Five-pul aliquots from each dilution series, ranging
from 5%10°~50 CFU/ml, were then added directly to the
PCR mixture, and 5 ul of the PCR products was analyzed
by electrophoresis in a 1.7% agarose gel in a 0.5x TBE
buffer. To determine the CFU for the above dilutions,
100 pl of each dilution was plated onto three separate TTC
[14] plates, and the plates incubated for 3 days at 28°C. All
the experiments were repeated at least two times.

Detection of Bacteria in Plants and Soil

For the direct detection of R. solanacearum in tomato
tissues, five replicate tomato seedlings were inoculated
with a bacterial suspension (30 ul containing 5x10® CFU/
ml) of R. solanacearum 1MG2299 based on 1-cm-long
longitudinal incisions made with a sterile scalpel in the
stem. The control plants were inoculated with SDW. The
plants were then incubated under greenhouse conditions
until symptoms developed, at which point, transverse
sections {1 cm) of the stems showing bacterial wilt were
cut at the soil line and macerated individually in sealed
plastic bags containing 9 ml of SDW. After shaking the
bags for 10 min at room temperature, the contents were
serially diluted in SDW and boiled in a heating block
for 5min. The supernatant was then collected after
centrifugation at 10,000 xg for 1 min to precipitate the
plant material, and 5 pl of the superatant of each dilution
used in the PCR. Viable counts from the samples were
determined using TTC. To detect the pathogen in soil
samples, 1-ml bacterial suspensions (R. solanacearum
LMG2299) containing 5x10° CFU/ml were inoculated
into 9¢g of a twice-autoclaved soil substrate in 50-ml
conical tubes. After incubating the tubes for 2 h at room
temperature, the contents were serially diluted in SDW.
The supernatant was then collected as above, and 5 pl
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Fig. 1. PCR amplification of partial cytochrome ¢ signal peptide from Ralstonia solanacearum using the species-specific RALSY and

RALSR primer set.

Lane M. Size marker (1 kb plus DNA ladder; Gibeo BRL); lanes 1-34 listed as in lable 1.
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of each suspension subjected to amplification. Thereafter,
the amplified DNA fragments were electrophoresed using
an agarose gel and visualized following ethidium bromide
staining.

RESULTS

Specificity of Primers

The RALSF and RALSR primers were tested against
Ralstonia solanacearum. As expected, a 932 bp DNA
fragment was amplified from all thirteen strains of Ralstonia
solanacearum collected from different geographical regions
(Fig. 1). To check the specificity of the primers, one
fungal isolate (Fusarium oxysporum f. sp. dianthi), three
other species of Ralstonia, and strains of Burkholderia,
Pseudomonas, and Xanthomonas were also tested in
a PCR assay using the primers RALSF and RALSR.
However, none of the other Ralstonia species or reference
microorganisms used in this study reacted with the primers
(Fig. 1). Similar conditions also yielded reproducible results
in a Perkin Elmer 9600 thermal cycler (Perkin Elmer
International), and Tag polymerase enzymes supplied by
different manufacturers (Promega, Takara, and Toyobo)
also yielded similar PCR results.

DNA Dot-Blot Analysis

A dot-blot analysis was performed to examine whether the
cytochrome cl signal peptide sequences of the 932 bp of
R. solanacearum shared any homology with strains of
Burkholderia, Pseudomonas, and Xanthomonas, plus one
fungus Fusarium oxysporum f. sp. dianthi. The probe
showed a positive signal for all the R. solanacearum
strains, suggesting that the cytochrome c1 signal peptide
sequences are highly conserved in this pathogen (Fig. 2).

Fig. 2. DNA dot-blot analysis of cytochrome c1 signal peptide
using a PCR-amplified fragment (932bp) from Ralstonia
solanacearum LMG2299.
Lanes 1-13, Ralstonia solanacearum; lanes 14 to 34, corresponding to
isolates numbered in Table 1.

Fig. 3. Determination of the sensitivity of PCR conditions when
using RALSF and RALSR primers with Ralstonia solanacearum.
M, Molecular size marker (100-bp ladder, Invitrogen). Lanes 1-7, dilutions
of Ralstonia solanacearum cells ranging from 5x10"-50 CFU/ml.

However, no signal was detected with the DNA isolated
from the reference strains used in this study, indicating
that the cytochrome cl signal peptide sequences of R.
solanacearum were absent or shared no homology with the
other bacteria and fungus.

Detection of R. solanacearum in Soil and Tomato Plants
As the primers RALSF and RALSR were found to be
specific to R. solanacearum, the sensitivity of the primer
pair was tested using tomato tissue that had been artificially
spiked with the pathogen and a soil sample inoculated with
the pathogen. The primer pair was shown to amplify a
932-bp DNA fragment from both the spiked tomato tissue
and soil samples, and the detection limits in vifro were
5x10° CFU/ml (Fig. 3). The species-specific PCR was
also sufficiently sensitive to detect as little as 2x10* and
3x10* CFU/ml in the plant and soil samples, respectively
(Figs. 4A and 4B). Healthy plant and soil samples that had
been mock-inoculated with SDW as controls did not
generate any visible PCR product.

DISCUSSION

The development of specific primers and DNA probes for
identification and detection has already been reported for a
number of plant pathogenic bacteria [15, 18-20, 23,25
31]. Several DNA probes and PCR-based methods are also
available for the detection of R. solanacearum [3, 25, 26,
30, 32]. However, most existing primers lead to positive
signals with closely related species, despite claims of
specificity and sensitivity for the detection of R. solanacearum.

The role of the cytochrome cl signal peptide in
microorganism pathways has not yet been fully investigated.
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Fig. 4. PCR sensitivity assay for detection of Ralstonia solanacearum in artificially infected tomato plants and soil.

M. Molecular size marker (100-bp ladder, Invitrogen). A. PCR amplification of DNA from R. solanacearum in infected tomato plants. Lane 1, 2x10% lane
2,2x10%; lane 3, 2x10%; lane 4, 2x10°; lane 5, 2x10°, and lane 6, 20 CFU/ml. B. PCR amplification of DNA from R. solanacearum in infected soil. Lane 1,
3x10% lane 2, 3x10°; lane 3, 3x10"; lane 4, 3x10%; lane 5, 3x10%, and lane 6, 30 CFU/ml.

However, Mehta et al. [17] recently reported that c-type
cytochromes are specifically required for the reduction of
Fe(Ill) oxide in Geobacter sulfurreducens, whereas a BLAST
search revealed the cytochrome cl signal peptide to be
highly variable in different bacteria at the species level (data
not shown). The nucleotide sequences of the cytochrome
cl signal peptide of R. solanacearum (GenBank Accession
No. NP 518317, GI: 17544915) were also analyzed by a
BLAST search and found to be highly variable in different
bacteria at the species level (data not shown). Moreover,
the primers RALSF and RALSR, which were prepared
from the cytochrome ¢l signal peptide sequences of R.
solanacearum, were found to be specific for the detection
of all strains of R. solanacearum, including different races
and biovars, yet not for other phytopathogenic bacteria.
(Fig. 1), suggesting that the specificity of this primer pair to
R. solanacearum strains may be due to the unique sequence
of this pathogen. Furthermore, a dot-blot analysis using the
cytochrome cl signal peptide sequences (932 bp) as a probe
only showed a hybridized signal towards the genomic DNA
of the R. solanacearum strains, and not towards any of the
other phytopathogens, confirming that the cytochrome cl
signal peptide sequences were conserved in this pathogen.

It is noted that a fliC fragment-derived primer pair has
previously been reported to be specific and sensitive for
the detection of R. solanacearum, although it also amplified
the DNA of Pseudomonas syzygii [25]. However, in this
study, the cytochrome c1 signal peptide sequence-derived
primer pair only amplified the DNA of R. solanacearum
strains, with no exceptions, including R. syzygii (P. syzygii)
(Fig. 1), suggesting that the primer pair (RALSF and
RALSR ) is more specific to R. solanacearum.

Although the successful detection of pathogens using
PCR techniques essentially depends on the specificity of
the primers, the PCR conditions, including the primers,
template, concentration of Mg®" [2], thermocyclers, and
thermostable polymerase origin [24], have ail been shown
to affect amplification. Therefore, in this study, all these
parameters were optimized to ensure the reproducibility
of the amplification. As a result, consistent amplification
of a 932-bp fragment from R. solanacearum was achieved
when using different PCR machines and Tag polymerase
enzymes supplied by various manufacturers, indicating the
usefulness of the RALSF and RALSR primers for the
specific detection of R. solanacearum.

Furthermore, the current results clearly demonstrated
the sensitivity of the primer pair (RALSF and RALSR) for
the detection of R. solanacearum in artificially infected
soil, tomato stems, and pure cultures. When cell suspensions
or tissue extracts are directly used for a PCR, the appearance
of unspecific amplification bands is a common problem,
which hampers the interpretation of the results. However,
no spurious bands were observed in any of the samples
analyzed using the RALSF and RALSR primers, indicating
that this primer set is highly specific to R. solanacearum
and reliable for the detection and diagnosis of this
pathogen.

Acknowledgment

This work was supported by the National Institute of
Agricultural Biotechnology (Code #06-1-12-1-3), Rural
Development Administration, Republic of Korea.



1770

KANG et al.

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

. Hayward, A.

Atlas, R. M. 2004. Handbook of Microbiological Media, 3"
Ed. CRC Press.

Bassam, B. J., G. Caetano-Anolles, and P. M. Gresshoff.
1992. DNA amplification fingerprinting of bacteria. Appl.
Microbiob. Biotechnol. 38: 70-76.

. Boudazin, G, A. C. Le Roux, K. Josi, P. Labarre, and

B. Jouan. 1999. Design of division specific primers of
Ralstonia solanacearum and application to the identification
of European isolates. Eur: J. Plant Pathol. 105: 373-380.

. Buddenhagen, 1. and A. Kelman. 1964. Biological and

physiological aspects of bacterial wilt caused by Pseudomonas
solanacearum. Annu. Rev. Phytopathol. 2: 203-230.

. Caruso, P., M. T. Gorris, M. Cambra, J. L. Palomo, J. Collar,

and M. M. Loépez. 2002. Enrichment double-antibody
sandwich indirect enzyme-linked immunosorbent assay that
uses a specific monoclonal antibody for sensitive detection
of Ralstonia solanacearum in asymptomatic potato tubers.
Appl. Environ. Microbiol. 68: 3634-3638.

. Dittapongpitch, V. and S. Surat. 2003. Detection of

Ralstonia solanacearum in soil and weeds from commercial
tomato fields using immunocapture and the polymerase
chain reaction. J. Phytopathol. 151: 239-246.

. Elphinstone, J. G, J. Hennessy, J. K. Wilson, and D. E.

Stead. 1996. Sensitivity of different methods for the
detection of Pseudomonas solanacearum (Smith) in potato
tuber extracts. EPPO Bull. 26: 663—-678.

. Granada, G. A. and L. Sequeira. 1983. A new selective

medium for Pseudomonas solanacearum. Plant Dis. 67:
1084-1088.

1964. Characteristics of Pseudomonas
solanacearum. J. Appl. Bacteriol. 27: 265-2717.

Hayward, A. C., H. M. El-Nashaar, U. Nydegger, and L. De
Lindo. 1990. Variation in nitrate metabolism in biovars of
Pseudomonas solanacearum. J. Appl. Bacteriol. 69: 269—
280.

Hayward, A. 1994. Systematics and phylogeny of Pseudomonas
solanacearum and related bacteria, pp. 127-135. In G. L.
Hartman and A. C. Hayward (eds.), Bacterial Wilt: The
Disease and its Causative Agent, Pseudomonas solanacearum.
CAB International, Oxford, England

Ito, S., Y. Ushijima, T. Fujii, S. Tanaka, M. Kameya-Iwaki,
S. Yoshiwara, and F. Kishi. 1998. Detection of viable cells of
Ralstonia solanacearum in soil using a semiselective medium
and a PCR technique. J. Phytopathol. 146: 379-384.

Janse, J. D., F. A. X. Araluppan, J. Schans, M. Wenneker,
and W. Westerhuis. 1998. Experiences with bacterial brown
rot Ralstonia solanacearum biovar 2, race 3, in The
Nethetlands, pp. 146-154. In P. Prior, C. Allen, and J.
Elphinstone (eds.), Bacterial Wilt Disease - Molecular and
Ecological Aspects. Springer-Verlag, Berlin, Germany.
Kelman, A. 1954. The relationship of pathogenicity in
Pseudomonas solanacearum to colony appearance on a
tetrazolium medium. Phytopathology 44: 693-695

Kim, S., H. Lim, W. Lee, I. Hwang, G. Woo, and S. Ryu.
2006. PCR-based detection and molecular genotyping of

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

enterotoxigenic Clostridium perfringens isolates from
swine diarrhea in Korea. J. Microbiol. Biotechnol. 16: 291—
294.

Lee, Y. A. and C. C. Wang. 2000. The design of specific
primers for the detection of Ralstonia solanacearum in soil
samples by polymerase chain reaction. Bot. Bull. Acad. Sin.
41: 121-128.

Mehta, T., M. V. Coppi, S. E. Childers, and D. R. Lovley.
2005. Outer membrane ¢-type cytochromes required for Fe(IIT)
and Mn(IV) oxide reduction in Geobacter sulfurreducens.
Appl. Environ. Microbiol. T1: 8634-8641.

Park, Y. J., B. M. Lee, J. H. Hahn, G. B. Lee, and D. S. Park.
2004. Sensitive and specific detection of Xanthomonas
campestris pv. campestris by PCR using species-specific
primers based on hrpF gene sequence. Microbiol. Res. 159:
419-423.

Park, D. S., J. K. Shim, J. S. Kim, B. Y. Kim, M. J. Kang,
Y. J. Seol, J. H. Hahn, R. Shrestha, C. K. Lim, S. J. Go, and
H. G Kim. 2006. PCR-based sensitive and specific detection
of Pectobacterium atrosepticum using primers based on Rhs
family gene sequences. Plant Pathol. 55: 625-629.

Park, J. H., H. K. Park, B. C. Kang, E. S. Song, H. J. Jang,
and C. M. Kim. 2006. Development of genus- and species-
specific probe design system for pathogen detection based
on 23S rDNA. J. Microbiol. Biotechnol. 16: 740-747.
Pegg, K. and M. Moffett. 1971. Host range of the ginger
strain of Pseudomonas solanacearum in Queensland. Aust.
J. Exp. Agric. Anim. Husb. 11: 696—-698.

Pradhanang, P. M., J. G. Elphinstone, and R. T. V. Fox. 2000.
Sensitive detection of Ralstonia solanacearum in soil: A
comparison of different detection techniques. Plant Pathol.
49: 414-422.

Rasmussen, O. F. and J. C. Reeves. 1992. DNA probes for
the detection of plant pathogenic bacteria. J. Biotechnol. 25:
203-220.

Schierwater, B. and A. Ender. 1993. Different thermostable
DNA polymerases may amplify different RAPD products.
Nucleic Acids Res. 21: 4647-46438.

Schonfeld, J., H. Heuer, J. D. van Elsas, and K. Smalla.
2003. Specific and sensitive detection of Ralsionia
solanacearum in soil on the basis of PCR amplification
of fliC fragments. Appl. Environ. Microbiol. 69: 7248-7256.
Seal, S. E., L. A. Jackson, and M. J. Daniels. 1992. Isolation
of a Pseudomonas solanacearum-specific DNA probe by
subtraction hybridization and construction of species-specific
oligonucleotide primers for sensitive detection by the
polymerase chain reaction. Appl. Environ. Microbiol. 58:
3751-3758.

Seal, S. E., L. A. Jackson, J. P. W. Young, and M. J. Daniels.
1993. Differentiation of P solanacearum, P. syzygii, P.
pickettii and the blood disease bacterium by partial 16S
rRNA sequencing: Construction of oligonucleotide primers
for sensitive detection by polymerase chain reaction. J. Gen.
Microbiol. 139: 1587-1594.

Van Elsas, J. D., P. Kastelein, P. van Bekkum, J. M. van der
Wolf, P. M. de Vries, and L. S. van Overbeek. 2000. Survival
of Ralstonia solanacearum biovar 2, the causative agent of



29.

30.

potato brown rot, in field and microcosm soils in temperate
climates. Phytopathology 90: 1358-1366.

van der Wolf, J. M., P. J. van Bekkum, J. D. van Elsas,
E. H. Nijhuis, S. G. C. Vriend, and M. A. Ruissen. 1998.
Immunofluorescence colony-staining and selective enrichment
in liquid medium for studying the population dynamics of
Ralstonia (Pseudomonas) solanacearum (race 3) in soil.
EPPO Buil. 28: 71-79.

van der Wolf, J. M., S. G C. Vriend, P. Kastelein, E. H.
Nijhuis, P. J. van Bekkum, and J. W. L. van Vuurde. 2000.
Immunofluorescence colony-staining (IFC) for detection and
quantification of Ralstonia (Pseudomonas) solanacearum
biovar 2 (race 3) in soil and verification of positive results by

PCR-BASED SPECIFIC DETECTION OF RALSTONIA SOLANACEARUM

31.

32.

1771

PCR and dilution plating. Eur. J. Plant Pathol. 106: 123—
133.

Ward, L. J. and S. H. De Boer. 1994. Specific detection of
Erwinia carotovora subsp. atroseptica with a digoxigenin-
labeled DNA probe. Phytopathology 84: 180—-186.

Weller, S. A., J. G. Elphinstone, N. C. Smith, N. Boonham,
and D. E. Stead. 2000. Detection of Ralstonia solanacearum
strains with a quantitative, multiplex, real-time, fluorogenic
PCR (TagMan) assay. Appl. Environ. Microbiol. 66: 2853~
2858.



