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Ralstonia solanacearum biovar 1 associated with a new outhreak
of potato brown rot in Portugal
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Summary. In May 2007, potato plants exhibiting symptoms possibly of brown rot were collected in some potato
fields in the Baixo Mondego region (Center), Portugal, as a part of a nationwide programme to monitor Ralstonia
solanacearum. All laboratory procedures laid down in Commission Directive 2006/63/EC, including dilution plating
on semi-selective medium SMSA, indirect imunofluorescence (IIF), polymerase chain reaction (PCR) using specific
primers and bioassays on tomato plants, were strictly followed and the causal agent of the disease was identified
as Ralstonia solanacearum. The identity of the pure cultures of the isolated organism was confirmed by PCR, IIF
and pathogenicity tests on several other plant species (eggplant, tobacco, pelargonium and eucalyptus). In biovar
determination, the failure of the isolates to utilise/oxidise certain carbon sources indicated that the isolates were all
biovar 1. This biovar has a broader host range than biovar 2 strains, and affects several crops of economic importan-
ce including ornamental plants and forest trees. Comparative analysis of 16S rRNA and endoglucanase (egl) gene
sequences of these isolates with sequences that have been deposited at the GenBank revealed a similarity higher
than 99% for several Ralstonia solanacearum isolates from biovar 1, including isolate DAR 64836 (Accession number
DQO011551). This is the first report of Ralstonia solanacearum biovar 1 in Portugal. All control measures specified in
the Commission Directive are being implemented.
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Introduction

Ralstonia solanacearum (Smith 1896) Yabuuchi et
al. (1995), the causal agent of potato brown rot and
bacterial wilt disease on a variety of hosts, is a qua-
rantine organism regulated by the European Union
phytosanitary legislation. The organism is genomi-
cally very complex, thus exhibiting an extensive host
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range and a high plasticity in its adaptation to widely
different climatic conditions and habitats. Brown rot
was quite widespread in Portugal in the early 20th
century (Maia and Oliveira, 1945). However, measu-
res to eradicate the disease led to the disappearance
of the disease caused by biovar 2, subphenotype A
strains of the bacterium (Sousa-Santos, 1997). A
recurrence of the disease was seen in the late 1990s,
affecting potato and tomato fields as well as alterna-
tive host weeds, and the pathogen was also detected
in surface irrigation water (Cruz et al., 2001). This
recurrence of brown rot led to the identification once
more of biovar 2, subphenotype A strains, which are
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characterized by a narrow host range, with solana-
ceous crops as their main natural hosts. In late May
2007, the detection of potato plants in an irrigated
field in the Baixo Mondego region showing symptoms
reminiscent of brown rot led to intensive monitoring
of this and several other potato fields exhibiting the
same symptoms nearby. The symptoms were wilting
of the basal leaves, yellowing and reduced growth of
the whole plant, associated with very high virulence
patterns, which suggested that a different strain of R.
solanacearum occurred in this area. Laboratory proce-
dures laid down by the European Union phytosanitary
legislation (Anonymous, 2006), including the isolation
of the organism, the identification of pure cultures and
pathogenicity tests on tomato plantlets, as well as on
other hosts such as tobacco plants, Pelargonium sp.
and Eucalyptus globulus, made it possible to iden-
tify the causal agent of the disease. Several other
laboratory approaches, namely biovar determination
(Hayward, 1964, 1994), 16S rRNA and the sequen-
cing of partial endoglucanase (egl) (Fegan and Prior,
2005) genes enabled the new isolates obtained to be
characterized at intra-specific level and the causal
agent of this new outbreak to be identified.

Materials and methods
Sampling and isolate characterization

Samples of potato plants and tubers collected
as part of the National Monitoring Programme
on Ralstonia solanacearum in the Baixo Monde-
go irrigated area were routinely analyzed at the
Bacteriology Laboratory of the Portuguese Plant
Protection Services (ex-DGPC), following the pro-
cedures laid down in the EU Directive 2006/63/CE
(Anonymous, 2006), which include a range of steps
such as screening, identification, characterization
of the pathogen and confirmation of its identity.

Pieces of plant tissue collected from the basal part
of the stems and heel end cores from potato tubers
were processed and analysed by dilution plating on
the semiselective medium SMSA (Elphinstone et al.,
1996), the enrichment of plant extracts in a semi-
selective broth for indirect imunofluorescence with
a validated polyclonal antiserum (Plant Research
International, The Netherlands) (Janse, 1988) and
PCR detection (Opina et al., 1997), supplemented
with bioassays on susceptible tomato plantlets
(Janse, 1988). Presumptive bacterial colonies were
re-isolated on general sucrose peptone agar medium
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(SPA) (Lelliott and Stead, 1987), and their identity
was confirmed using PCR and imunofluorescence.
Pathogenicity tests on susceptible tomato plantlets
were also performed to fulfil Koch’s postulates.

In addition, samples from potato plants and tubers
and from irrigation water were taken from visibly af-
fected fields and from areas near those fields. Samples
from surface irrigation water were always checked
for temperature at the time of sampling in order to
assess the possibility of isolating R. solanacearum.
These samples were also analyzed according to the
stringent procedures laid down in the EU legislation
mentioned above (Anonymous, 2006). Intra-specific
characterization of isolates was done by determining
the biovar profile according to the utilization of six
carbon sources: maltose, lactose, cellobiose, mannitol,
sorbitol and dulcitol (Hayward, 1964, 1994). Subphe-
notypes from biovar 2 isolates were characterized on
the basis of their utilization of threalose, innositol
and D-ribose (Hayward, 1994). Bacterial water su-
spensions from fresh pure cultures grown on SPA and
containing about 108 cfu ml* (OD 0.1 at 630 nm) were
used to stem-inoculate tomato, tobacco, eggplant and
Pelargonium sp. with two to three true leaves, and
E. globulus plantlets, in order to evaluate their host
range, following Janse (1988).

DNA extraction and semplificaton

Minisatellite primed PCR (MSP-PCR) genomic
fingerprinting with primer csM13, obtained from
the core sequence of the capsid protein from phage
M13 using bacterial water suspension lysates, was
performed for several Portuguese isolates and for
the foreign type strain K 60, obtained by Kelman
from tomato and belonging to biovar 1, to assess
the similarity of the genomic fingerprinting profiles
(Gadanho et al., 2003).

The housekeeping gene 16S rRNA and the
egl megaplasmid virulence gene were partially
sequenced on two selected isolates. The DNA was
purified using the Invitrogen easy DNA Kit (Invit-
rogen, Paisley, UK). The 16S rRNA sequence was
amplified using the pA and pH primers. The egl 750
bp partial sequence was determined using the Endo-
F, Endo-R and Endo 837r primers, following Fegan
and Prior (2005) and Castillo and Greenberg (2007).
Raw sequences from both strands were corrected
and assembled using BioEdit Version 7.0.5.3 soft-
ware (www.mbio.ncsu.edu/BioEdit/bioedit.html).



Nucleotide BLAST was done by comparing the ob-
tained sequences with the accessions deposited at
the ‘National Center for Biotechnology Information’
(NCBI) database (www.ncbi.nlm.nih.gov).

Nucleotide sequence accession numbers

Nucleotide sequences were deposited in the nucleo-
tide sequence database NCBI under accession num-
bers EU574930 and EU574931 for gene 16S rRNA,
and EU334565 and EU334564 for the egl gene.

Results

Potato plant and tuber samples from ware potato
fields in the ‘Baixo Mondego’ region were infected with
astrain of the R. solanacearum species complex patho-
genic to tomato. The species-specific primers 759f and
760r produced the expected 288 bp amplicons after
PCR amplification of DNA from the plant and tuber
tissue extracts. Colonies from those extracts exhibited
the characteristic morphology on a specific isolation
medium. The identity of the isolated organism was
confirmed by indirect imunofluorescence with a com-
mercially available validated polyclonal antiserum,
the bacterial cells showing a characteristic morpho-
logy and fluorescence intensity. Water samples at
a temperature of about 20°C consistently produced
negative results, indicating that these samples were
not contaminated with this organism.

Further characterization showed that the isola-
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tes did not utilize or oxidise the three disaccharides
or the three hexose alcohols, revealing that they
belonged to biovar 1 phenotype.

Stem inoculation as described in the EU legisla-
tion performed under a plant quarantine confine-
ment facility produced symptoms on all the tomato,
eggplant, tobacco and Pelargonium sp. test plantlets
a few days after inoculation. On E. globulus the first
symptoms arose one month after inoculation.

MSP-PCR fingerprinting profiles of the Portu-
guese isolates from biovar 1, including CPBF 674
and CPBF 1192, were very similar among each
other, but clear differences were observed between
these and other isolates from the same biovar, na-
mely the type strain K 60 isolated from tomato and
the isolate NCPPB 1029 obtained from Pelargonium
capitatum. The Portuguese isolate CPBF 1212, also
from potato tubers but belonging to biovar 2, produ-
ced a clearly distinct genotypic profile (Fig. 1).

Sequences from the 16S rRNA gene of isolates
CPBF 674 and CPBF 1192 were identical. The same
happened for egl partial gene sequences from both
isolates. Blast of the 16S rRNA gene sequences from
isolates CPBF 674 (EU574930) and CPBF 1192
(EU574931) revealed 100% nucleotide identity with
several R. solanacearum accessions deposited at
the GenBank, such as AF207891 (CFBP 1036). In
addition, blast of the egl gene partial sequences from
those isolates (accession numbers EU334565 and
EU334564, respectively) had an identity of 99% with
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Fig. 1. MSP-PCR of Ralstonia solanacearum with primer CsM13. M, DNA ladder 1Kb plus (Invitrogen); Biovar 1
isolates - Lanes 1 to 10: 1, NCPPB 1029; 2, CPBF 674; 3, K60; 4, CPBF 1189; 5, CPBF 1192; 6, CPBF 1199; 7, CPBF
1200; 8, 1201; 9, CPBF 1211. Biovar 2 isolate- lane 10, CPBF 1212. Lane 11, negative control.
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the corresponding sequences from other isolates of
biovar 1, such as isolate DAR 64836 (DQ011551).

Discussion

The diagnostic procedures used in the present
study identified the isolates obtained from samples
of potato tubers and plants. Pathogenicity tests
showed that the isolates were highly virulent on
tomato, eggplant, Nicotiana sp. and Perlargonium
sp. plants, leading to their death in a few days. E.
globulus plants were also susceptible to these iso-
lates when inoculated on the stems and potential
hosts under natural conditions. Other hosts, inclu-
ding Musa acuminata, will soon be inoculated with
these isolates in order to establish the race of the
isolates as defined by Janse (1991). Strains of R.
solanacearum biovars 1 and 3 both produce disease
on Eucalyptus sp. (Alfenas et al., 2006; Fouché-Wei-
ch et al., 2006), but the high reproducibility of the
biovar determination tests allowed these isolates
to be typed as biovar 1. Only one report on the
interception of R. solanacearum biovar 1 infecting
Begonia eliator plants in Europe was found (Janse,
2006), and the corresponding eradication measures
were carried out successfully.

MSP-PCR produced highly reproducible finger-
prints and characterized the Portuguese biovar 1
isolates as belonging to a type clearly different from
the resident strains of biovar 2, subphenotype A. R.
solanacearum biovar 1 has a broad host range and
its genomic diversity is higher (Gillings and Fahy,
1994; Fegan and Prior, 2005). MSP-PCR indica-
ted that the putative biovar 1 strains tested had
some degree of diversity, and suggested that these
Portuguese strains may belong to a group distinct
from the type strain K 60, isolated from tomato and
belonging to race 1.

The 16S rRNA gene sequence from the R. sola-
nacearum species complex is extremely conserved,
revealing a high reliability in identifying specimens
from this group. Variability was less than 1% (Ta-
ghavi et al., 1996; Fegan et al., 1998). The egl gene
sequence was more variable, correlating well with
the virulence profile and adaptative performance of
the strains and usefully confirming the identifica-
tion and the intra-specific characterization of these
Portuguese isolates as belonging to biovar 1 of the
R. solanacearum species complex.

So far, it has not been possible to trace the origin of
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the current outbreak affecting several potato fields in
the Baixo Mondego region. However, the most likely
origin is a single potato seed lot of foreign origin, with
a latent infection, distributed and marketed in this
area. In fact, the same agricultural machinery used by
different farmers may have played an important role
in the dissemination of this organism to neighbouring
potato fields. The potato fields are located near an area
where there are several ornamental and forest nurse-
ries which may also represent a possible alternative
source of contamination or alternative host reservoir
that should not be neglected.

The National Monitoring Programme, imple-
mented several years ago, made it possible to
detect and identify this new pathogen population
with a broader host range, which is confined to
this irrigated area. Since the irrigation water is
not contaminated the pathogen has probably been
recently introduced, suggesting a positive prospect
towards the implementation of a new eradication
program. Specific phytosanitary measures, in-
cluding quarantine, to control and eradicate this
new outbreak, are now being undertaken by the
competent national authorities.

Further pathogenicity assays and biomole-
cular characterization are ongoing to assess the
epidemiologic profile of these new isolates and to
determine whether there are any new variants of
R. solanacearum in Portugal that are pathogenic
on unexpected host plants.
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