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Abstract 

Siri, M. I., Sanabria, A., and Pianzzola, M. J. 2011. Genetic diversity and aggressiveness of Ralstonia solanacearum strains causing bacterial wilt of 
potato in Uruguay. Plant Dis. 95:1292-1301. 

Bacterial wilt, caused by Ralstonia solanacearum, is a major disease 
affecting potato (Solanum tuberosum) production worldwide. Although 
local reports suggest that the disease is widespread in Uruguay, charac-
terization of prevalent R. solanacearum strains in that country has not 
been done. In all, 28 strains of R. solanacearum isolated from major 
potato-growing areas in Uruguay were evaluated, including 26 strains 
isolated from potato tubers and 2 from soil samples. All strains be-
longed to phylotype IIB, sequevar 1 (race 3, biovar 2). Genetic diver-
sity of strains was assessed by repetitive-sequence polymerase chain 
reaction, which showed that the Uruguayan strains constituted a homo-
geneous group. In contrast, inoculation of the strains on tomato and 

potato plants showed, for the first time, different levels of aggressive-
ness among R. solanacearum strains belonging to phylotype IIB, se-
quevar 1. Aggressiveness assays were also performed on accessions of 
S. commersonii, a wild species native to Uruguay that is a source of 
resistance for potato breeding. No significant interactions were found 
between bacterial strains and potato and S. commersonii genotypes, 
and differences in aggressiveness among R. solanacearum strains were 
consistent with previously identified groups based on tomato and po-
tato inoculations. Moreover, variation in responses to R. solanacearum 
was observed among the S. commersonii accessions tested. 

 
Bacterial wilt, caused by the bacterium Ralstonia solanacearum, 

is a widespread disease affecting more than 450 plant species in 
tropical, subtropical, and temperate regions of the world (14,23). 
Species belonging to the family Solanaceae are particularly sus-
ceptible, including economically important hosts such as tomato 
(Solanum lycopersicum), potato (S. tuberosum), eggplant (S. 
melongena), pepper (Capsicum annuum), and tobacco (Nicotiana 
tabacum) (14,23,24). R. solanacearum is a soilborne pathogen that 
enters the plant through wounds in root tissues and progressively 
invades the vascular tissues, leading to partial or complete wilting 
and, ultimately, plant death (10,23). R. solanacearum is a complex 
species with exceptional diversity among strains regarding host 
range, geographical distribution, pathogenicity, epidemiological 
relationships, and physiological properties (23). Traditionally, this 
complex species has been subdivided into five races on the basis of 
differences in host range (4) and six biovars on the basis of car-
bohydrate utilization (22–24). Although both classification 
schemes have been applied to describe strains worldwide, there are 
several disadvantages of each that limit their usefulness: they are 
time consuming, do not discriminate at a subspecific level, are not 
predictive of the biological properties of strains such as aggressive-
ness, and do not correlate well with the phylogenetic origin of 
bacterial strains. 

Several molecular-based approaches have been developed to en-
hance the understanding of the genetic diversity of R. solanacea-
rum. Recently, Fegan and Prior (16) proposed a new hierarchical 
classification scheme based on phylogenetic analysis of the inter-
nal transcribed spacer (ITS) region of ribosomal DNA and the en-
doglucanase gene, which proved to be more appropriate than host 
range and carbohydrate utilization schemes for reflecting strain 

diversity within the R. solanacearum species complex. Based on 
this system, four major groups, termed phylotypes, were distin-
guished in relation to the phylogenetic and geographic origin of 
strains. Phylotype I includes strains from Asia; phylotype II, strains 
from the Americas; phylotype III, strains from Africa and surround-
ing islands; and phylotype IV, strains isolated primarily from Indone-
sia, as well as two closely related species, R. syzygii and the banana 
blood disease bacterium (BDB). Each phylotype can be further sub-
divided into a variable and additive number of sequevars, which are 
clusters of isolates with highly conserved DNA sequences. Using 
this hierarchical scheme, epidemiological and ecological groups of 
R. solanacearum strains can be distinguished, thereby allowing path-
ologists to better predict the biological properties of unknown strains 
and assist in the development of effective disease management strate-
gies compared with previous classification schemes (33). 

In Uruguay, bacterial wilt caused by R. solanacearum is consid-
ered one of the most important diseases of potato, causing exten-
sive damage and significant economic losses, especially when pre-
ventive control measures are not applied (5,12). In addition, the 
disease represents a limiting factor for potato seed production sys-
tems, which have zero tolerance for this pathogen (27). The first 
official report of the disease in Uruguay appeared in 1974, when 
the impact of the disease was devastating: 59% of farmers sur-
veyed were affected, with losses ranging from 5 to 90% of total 
production (5). Since then, disease incidence has been variable and 
characterized by the occurrence of severe outbreaks, which are 
difficult to prevent and control (5,12). Moreover, the disease has 
been reported throughout the country, preventing the maintenance 
of pathogen-free areas for potato production (5,12). In temperate to 
cool regions of the world, bacterial wilt of potato is mainly caused 
by strains belonging to phylotype II, sequevars 1 and 2 (tradition-
ally known as race 3, biovar 2) (24). This group of strains is very 
homogeneous, possesses a narrow host range, and is highly viru-
lent on potato and tomato. Although local reports suggest that 
bacterial wilt is widespread in Uruguay (5,12), characterization of 
R. solanacearum strains prevalent in Uruguay has not been done. A 
survey conducted during the 1980s determined the presence of R. 
solanacearum strains belonging to biovar 2 (6). However, this sur-
vey was not continued and, therefore, the diversity of strains that 
currently affect potato crops in Uruguay is unknown. 
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As with many bacterial plant diseases, the most effective control 
strategy for R. solanacearum remains the use of cultivars with 
durable resistance (2). However, the performance of bacterial wilt 
resistance in potato seems relatively unstable across locations with 
different environmental conditions and pathogen strain diversity 
(2). This means that resistance breeding must be regionally tar-
geted and breeders must screen germplasm against locally preva-
lent strains of R. solanacearum. Wild relatives of cultivated potato 
provide a rich, unique, and diverse source of genetic variation for 
potato breeding (3). Extensive efforts have been made to transfer 
bacterial wilt resistance from various wild potato relatives. Disap-
pointingly, sexual hybrids of potato with S. chacoense, S. sparsipil-
lum, and S. multidissectum accessions achieved only a moderate 
level of resistance, as well as some undesirable wild traits, such as 
high glycoalkaloid content (2,19). A valuable genetic resource 
available for potato breeding in Uruguay is the wild species S. 
commersonii Dun (21). This tuber-bearing species native to Uru-
guay carries many desirable traits, such as tolerance to low tem-
peratures and resistance to several pathogens (8,50). Some studies 
have reported the use of S. commersonii as a source of resistance to 
bacterial wilt (7,32). However, little is known about resistance across 
the spectrum of diversity in this wild plant species, or about 
pathogenic fitness of different R. solanacearum strains on this plant 
species. In a previous study, we evaluated a collection of S. 
commersonii accessions from different areas across Uruguay (46). 
Wide genetic variation in bacterial wilt resistance was observed. 
Those findings highlight the potential of this species as a valuable 
genetic resource for Uruguayan and other potato-breeding programs. 

Knowledge of local pathogen populations is a key factor for suc-
cessful breeding and integrated pest management programs. One 
objective of this study was to characterize R. solanacearum strains 
collected in Uruguay with respect to biovar, phylotype, sequevar, 
and genetic diversity. Another objective was to analyze phenotypic 
variation of strains of the pathogen by performing a comparative 
aggressiveness analysis on different hosts, including tomato, po-
tato, and S. commersonii accessions, differing in resistance to R. 
solanacearum. The information generated in this study is expected 
to lead to improved management strategies for this important dis-
ease in Uruguay. 

Materials and Methods 
Bacterial strains, isolation, and growth conditions. Bacterial 

strains used in this study are listed in Table 1. R. solanacearum 
strains were isolated from potato tubers and soil samples collected 
from fields in the main areas of potato production in Uruguay from 
2003 to 2009. Naturally infected potato plants showing bacterial 
wilt symptoms were provided by potato growers from diverse loca-
tions in Uruguay for disease diagnosis. From each field, 5 to 10 
tubers with typical brown rot symptoms (creamy exudates from the 
vascular rings and eyes of tubers) were used for isolation of R. 
solanacearum. Potato tubers were washed thoroughly with water; 
and surface sterilized with 70% ethanol, and a transverse section 
was made with a sterile scalpel. After pressing the tuber, a sterile 
loop was used to sample vascular exudates and streaked directly 
onto modified SMSA medium (mSMSA) (15). Soil samples were 
collected from six fields distributed among potato-growing areas 
in Uruguay (two fields per region: San José, Rocha, and 
Tacuarembó). Each field was sampled at 25 points following a 
zigzag pattern. Three subsamples were collected at each sampling 
point, combined, and homogenized manually to form a composite 
sample of 200 to 500 g soil. Soil from each composite sample (2 g) 
was incubated for 48 h in liquid mSMSA to enrich R. solanacea-
rum cells. A loopful of liquid bacterial culture was then streaked on 
modified mSMSA agar for isolation of single colonies. Plates were 
incubated for 3 to 5 days at 28°C. Colonies with typical R. solana-
cearum phenotype (irregular shaped, fluidal, and entirely white or 
with a pink center) were subcultured onto tetrazolium chloride agar 
(TZC) medium (30) and purified for further study. 

Additionally, 11 unknown R. solanacearum strains were kindly 
provided by the governmental Plant Protection Service in Uruguay 

(E. Verdier, Montevideo, Uruguay). These strains were isolated 
from potato tubers during a severe outbreak of bacterial wilt in the 
1980s and were identified as R. solanacearum race 3, biovar 2 (6; 
Table 1). Reference strains IPO1609 and UW551 were kindly pro-
vided by C. Boucher (LIPM-INRA, Toulouse, France) and in-
cluded as control treatments for genetic and pathogenic charac-
terization of the Uruguayan strains of R. solanacearum (Table 1). 

Identification and long-term storage of bacterial strains. For 
each strain, a single, well-isolated colony was selected and sub-
jected to colony polymerase chain reaction (PCR) using primers 
OL1 1-Y2 (43). A loopful of each colony was resuspended in 50 µl 
of sterile distilled water, boiled for 20 min, cooled on ice for 3 min, 
and centrifuged at 6,000 rpm for 1 min. PCR amplification was 
performed in a total volume of 25 µl containing 5 µl of boiled 
supernatant, 1× DNA polymerase buffer, 1.5 mM MgCl2, 0.5 µM 
each primer, 200 µM each dNTP, and 1U Taq DNA polymerase 
(Invitrogen Life Technologies, Sao Paulo, Brazil). Amplification 
was performed in a Gradient Palm Cycler (Qiagen, Valencia, CA), 
with an initial denaturation step at 95°C for 2 min; followed by 35 
cycles of denaturation at 94°C for 20 s, annealing at 68°C for 20 s, 
and extension at 72°C for 30 s; and a final extension step at 72°C 
for 5 min. PCR products (8 µl) were analyzed by electrophoresis 
through 1% (wt/vol) agarose gels with ethidium bromide at 0.5 
µg/ml, and photographed under UV light. 

All PCR-positive bacterial strains were then confirmed by patho-
genicity tests on potato. Plantlets were micropropagated from sin-
gle-node pieces growing in vitro on Murashige and Skoog agar 
medium (38) supplemented with sucrose at 30 g/liter, and main-
tained at 22°C with 16 h of light and 8 h of darkness per day. After 
3 weeks, plantlets were transferred into plastic flats with 17-cm3 
cells containing commercial soil mix (TREF, Moerdijk, The 
Netherlands) and placed in a greenhouse at 22 to 25°C under natu-
ral light for acclimatization 2 weeks prior to inoculation. Four 
plants were inoculated with each R. solanacearum strain by direct 
stem inoculation, as previously described (46). Plants inoculated 
with saline solution were used as negative control treatments. 
Inoculated plants were held in a growth chamber at 28°C with a 
12-h photoperiod per day. Reisolation of bacteria onto mSMSA 
agar medium was performed from the vascular tissue of inoculated 
and noninoculated control plants. All R. solanacearum strains were 
stored at –70°C in casamino acid peptone glucose (CPG) broth 
(25) with 18% glycerol. Individual isolates were also maintained as 
suspensions in sterile distilled water at room temperature. 

Biovar determination. Uruguayan strains of R. solanacearum 
were classified to biovar using the physiological tests developed by 
Hayward (22), which assess the ability of strains to oxidize a panel 
of sugars and sugar alcohols. Freshly cultured R. solanacearum 
cells were stabbed into a soft agar tube of Hayward’s agar medium 
containing 1% (wt/vol) filter-sterilized lactose, maltose, cellobiose, 
manitol, sorbitol, or dulcitol, and incubated at 28°C for 14 days. 
Each test was carried out twice and noninoculated tubes were used 
as negative control treatments in each repeat of the tests. The color 
change of the tubes was recorded daily. Acid production changed 
the color of the culture medium from green to yellow (22). 

DNA extraction. Bacterial growth from a single, well-isolated 
colony of each strain of R. solanacearum on TZC agar medium 
was used to inoculate 5 ml of liquid CPG. The culture was grown 
at 28°C for 48 h with shaking at 200 rpm. The entire bacterial sus-
pension was then pelleted by centrifugation and total genomic 
DNA was extracted using standard procedures (1). Quality and 
quantity of DNA preparations were checked by gel electrophoresis 
and standard spectrophotometry by measuring absorbance at 260 
and 280 nm (1). DNA samples were stored at –20°C. 

Phylotype identification. Phylotype affiliation of the Uru-
guayan strains of R. solanacearum was determined by multiplex 
PCR using a set of phylotype-specific primers (Nmult:21:1F, 
Nmult:21:2F, Nmult:22:InF, Nmult:23:AF, and Nmult21:RR) and 
species-specific primers (759/760) (16). Amplification was carried 
out in a total volume of 25 µl containing 1× DNA polymerase 
buffer, 1.5 mM MgCl2, 200 µM each dNTP, 6 pmol each phylo-
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type-specific primer, 4 pmol species-specific primers, 2 U of Taq 
DNA polymerase, and 50 ng of DNA template. Amplifications 
were performed in an automated Corbett thermocycler with an 
initial denaturation step at 96°C for 5 min; followed by 30 cycles 
of denaturation at 94°C for 15 s, annealing at 59°C for 30 s, and 
extension at 72°C for 30 s; with a final extension step at 72°C for 
10 min. PCR products (12 µl) were analyzed by electrophoresis 
through 2% (wt/vol) agarose gels with ethidium bromide at 0.5 
µg/ml and photographed under UV light. 

PCR amplification and sequencing of the endoglucanase 
gene. PCR amplification of a 750-bp fragment of the endogluca-
nase (egl) gene was performed for each of the R. solanaceaum 
strains using the primer pair Endo-F and Endo-R (17). Amplifica-
tion was carried out in a total volume of 25 µl containing 1× DNA 
polymerase buffer, 1.5 mM MgCl2, 200 µM each dNTP, 10 pmol 
each primer, 1 U of Taq DNA polymerase, and 50 ng of DNA tem-
plate. Amplifications were performed in an automated Corbett 
thermocycler with an initial denaturation step at 96°C for 9 min; 
followed by 30 cycles of denaturation at 95°C for 1 min, annealing 

at 70°C for 1 min, and extension at 72°C for 2 min; with a final 
extension step at 72°C for 10 min. PCR products were purified and 
sequenced by Macrogen Services (Kumchun-ku, Seoul, Korea) 
using Endo-F and Endo-R primers. Sequences were edited and 
assembled with Vector NTI Advance 11.0 sequence analysis soft-
ware (Invitrogen) and deposited in the GenBank database. Phy-
logenetic analysis was performed with MEGA 3.0 (31) by using 
neighbor-joining and the algorithm of Jukes and Cantor (29) with 
1,000 bootstraps resamplings. The following 28 reference se-
quences were retrieved from GenBank and included in the phy-
logenetic analysis in order to include a wide range of the genetic 
diversity of the R. solanacearum species complex: R292 
(AF295255), NCPPB3190 (AF295253), GMI1000 (DQ657595), 
U154 (AY464996), MOD5 (AY464992), UW21 (DQ011546), 
UW469 (AF295269), UW477 (DQ657604), CFBP2958 
(AF295266), CFBP2957 (EF371807), UW167 (DQ011545), 
UW276 (DQ657610), UW344 (DQ657620), UW551 (DQ657596), 
CFBP3858 (AF295259), JT516 (EF647737), CFBP3059 
(DQ657647), J25 (AF295279), JT525 (AF295272), JT528 

Table 1. Ralstonia solanacearum strains used in this study 

 Origin    

Strain Year Locationv Sample Biovarw Phylotype/sequevarx 

Uruguayan strains      
UY031 2003 San José Potato tuber 2 II/1 
UY032 2003 San José Potato tuber 2 II/1 
UY033 2003 Tacuarembó Potato tuber 2 II/1 
UY034 2003 Tacuarembó Potato tuber 2 II/1 
UY035 2003 Tacuarembó Potato tuber 2 II/1 
UY036 2003 Tacuarembó Potato tuber 2 II/1 
UY041 2004 Rocha Potato tuber 2 II/1 
UY042 2004 Rocha Potato tuber 2 II/1 
UY043 2004 Tacuarembó Soil 2 II/1 
UY071 2007 Rocha Soil 2 II/nd 
UY072 2007 Tacuarembó Potato tuber 2 II/1 
UY081 2008 San José Potato tuber 2 II/1 
UY082 2008 San José Potato tuber 2 II/1 
UY083 2008 San José Potato tuber 2 II/1 
UY084 2008 San José Potato tuber 2 II/1 
UY085 2008 San José Potato tuber 2 II/1 
UY086 2008 Rocha Potato tuber 2 II/1 
UY087 2008 Rocha Potato tuber 2 II/1 
UY088 2008 Rocha Potato tuber 2 II/1 
UY089 2008 Rocha Potato tuber 2 II/1 
UY0810 2008 Rocha Potato tuber 2 II/1 
UY091 2009 San José Potato tuber 2 II/1 
UY092 2009 San José Potato tuber 2 II/nd 
UY093 2009 San José Potato tuber 2 II/nd 
UY094 2009 San José Potato tuber 2 II/nd 
UY095 2009 Rocha Potato tuber 2 II/nd 
UY096 2009 Rocha Potato tuber 2 II/nd 
UY097 2009 Rocha Potato tuber 2 II/nd 
DGSA114y 1980–1984 San José Potato tuber 2 II/1 
DGSA115y 1980–1984 San José Potato tuber 2 II/1 
DGSA116y 1980–1984 San José Potato tuber 2 II/1 
DGSA117y 1980–1984 San José Potato tuber 2 II/1 
DGSA119y 1980–1984 San José Potato tuber 2 II/1 
DGSA120y 1980–1984 San José Potato tuber 2 II/1 
DGSA127y 1980–1984 San José Potato tuber 2 II/1 
DGSA130y 1980–1984 San José Potato tuber 2 II/1 
DGSA132y 1980–1984 Tacuarembó Potato tuber 2 II/1 
DGSA133y 1980–1984 Tacuarembó Potato tuber 2 II/1 
DGSA135y 1980–1984 San José Potato tuber 2 II/1 
Reference strainsz      
IPO1609 1995 The Netherlands Potato tuber 2 II/1 
UW551 2003 Kenya Geranium 2 II/1 

v Strains were collected from three potato-growing areas in Uruguay: San José (south), Tacuarembó (north), and Rocha (east). Strains came from different
fields that had previously been planted to potato production, with the exception of strains UY031 and UY032 that were isolated from different potato tubers
collected in the same field. 

w Biovar was determined for each strain as described in the main text, or provided by the suppliers of the strains. 
x Abbreviation: nd = not determined. 
y Strains isolated during the 1980s and maintained at the Plant Protection Service, Montevideo, Uruguay. 
z Reference strains IPO1609 and UW551 were kindly provided by C. Boucher (LIPM- INRA, Toulouse, France). 
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(AF295273), NCPPB283 (AF295275), NCPPB332 (DQ657649), 
NCPPB505 (AF295277), NCPPB1018 (AF295271), ICMP9915 
(DQ011555), MAFF301558 (AY465002), R28 (DQ011552), R230 
(AF295280), and R233 (DQ011542). 

Repetitive-sequence PCR assay. Genetic diversity of the Uru-
guayan R. solanacearum strains was determined by repetitive 
(rep)-PCR assay employing the BOXAIR primer (5-CTACGG-
CAAGGCGACGCTGACG-3) (35). Reference potato strains 
UW551 and IPO1609 were included in the analysis. Genomic 
DNA from R. solanacearum strain GMI1000, kindly provided by 
C. Boucher (LIPM-INRA), was used as an outgroup for the genetic 
analysis. PCR amplifications were performed in 25-µl reaction 
volumes containing 1× DNA polymerase buffer, 6.8 mM MgCl2, 
200 µM each dNTP, 50 pmol primer, 2 U of Taq DNA polymerase, 
and 50 ng of DNA template. Amplifications were performed in an 
automated Corbett thermocycler with an initial denaturation step at 
95°C for 7 min; followed by 30 cycles of denaturation at 94°C for 
1 min, annealing at 53°C for 1 min, and extension at 65°C for 8 
min; and a final extension step at 65°C for 16 min. To confirm 
reproducibility of the results, amplifications were repeated twice 
for each bacterial strain. PCR products (12 µl) were analyzed by 
electrophoresis through 2% (wt/vol) agarose gels with ethidium 
bromide at 0.5 µg/ml and photographed under UV light. Gel im-
ages were analyzed with the software Gel Compar 4.2 (Kortrijk, 
Belgium). Differences in banding patterns observed were estab-
lished by the presence or absence (indicated by 1 or 0, respec-
tively) of an amplification product. The percent reproducibility of 
the banding patterns was determined by dividing the number of 
reproducible bands by the total number of bands observed. Nonre-
producible bands were not used for the analysis. A similarity ma-
trix was constructed from the binary data with Dice’s coefficients 
(11), and a dendrogram was generated with the unweighted pair-
group method using arithmetic averages clustering algorithm. The 
goodness of fit of the cluster analysis to the associated similarity 
matrix was computed by co-phenetic correlation analysis (48). 

Bacterial aggressiveness assays. Aggressiveness of a subset of 
R. solanacearum strains was determined on tomato (‘Loica’), po-

tato (‘Chieftain’), and three accessions of the wild potato relative, 
S. commersonii (Sc1, Sc19, and Sc26). To prepare inocula, bacte-
rial strains were grown overnight in liquid CPG at 28°C with shak-
ing at 200 rpm. Cells were pelleted by centrifugation, suspended in 
0.9% saline solution, and spectrophotometrically adjusted to 108 
CFU/ml (optical density at 600 nm of 0.1). Inoculum concentration 
was confirmed by dilution plating on TZC agar medium. In all, 11 
and 16 Uruguayan R. solanacearum strains isolated from 2003 to 
2009 from potato-production regions of Uruguay (Table 1) were 
assayed for aggressiveness on tomato and potato, respectively (Ta-
ble 2). Different numbers of bacterial strains were tested on both 
host species due to space limitation in the growth chamber. Refer-
ence strains IPO1609 and UW551 were included as control treat-
ments. In addition, 13 and 9 Uruguayan R. solanacearum strains 
were assayed for aggressiveness on S. commersonii in two inde-
pendent experiments (Table 3). 

Tomato seedlings were grown from seed in plastic flats with 12 
cells (each 17 cm3) containing commercial TREF soil mix. Plants 
were grown in a greenhouse at 22 to 25°C under natural light for 3 
weeks prior to inoculation. Potato plants were micropropagated 
from single-node pieces growing in vitro on Murashige and Skoog 
agar medium supplemented with sucrose at 30 g/liter and main-
tained at 22°C with a cycle of 16 h of light and 8 h of darkness. 
After 3 weeks, potato plantlets were transferred into plastic flats 
with 10 cells (each 17 cm3) containing TREF soil mix and placed 
in a greenhouse at 22 to 25°C under natural light for2 weeks for 
acclimatization prior to inoculation. Tomato and potato plants with 
six to eight fully expanded leaves (approximately 10-cm-tall 
plants) were tested in separate experiments by soil inoculation 
(36). Prior to inoculation, roots were slightly damaged by making a 
hole into the soil next to each plant with a disposable pipette tip (2 
cm deep). Inoculation was performed by pouring 1 ml of the 
appropriate bacterial suspension into each hole (5 × 106 CFU/g 
soil). A set of 12 tomato plants and 10 potato plants was inoculated 
with each strain. Each flat was placed on a separate tray to prevent 
cross-contamination among bacterial strains. Plants in three repli-
cate trays were inoculated with each strain or with saline solution 

Table 2. Aggressiveness of Ralstonia solanacearum strains on tomato (Solanum lycopersicum ‘Loica’) and potato (S. tuberosum ‘Chieftain’) 

 Aggressiveness onx 

 Tomato Potato 

Strain AUDPCy Wilting (%)z AUDPCy Wilting (%)z 

UW551 48.3 A 98.3 A 45.2 A 98.3 A 
UY031 46.8 A 98.3 A 43.9 A 96.7 A 
UY032 39.3 A 90.3 A 42.3 A 96.7 A 
UY085 nd nd 41.2 A 96.7 A 
UY036 38.8 A 88.6 A 41.8 A 95.0 A 
UY084 nd nd 39.1 A 95.0 A 
UY041 45.6 A 98.3 A 40.6 A 93.3 A 
UY042 45.0 A 97.2 A 40.7 A 93.3 A 
UY082 nd nd 40.7 A 93.3 A 
UY087 nd nd 39.5 A 93.3 A 
UY091 nd nd 38.3 A 93.3 A 
UY034 41.3 A 92.2 A 42.2 A 91.7 A 
UY092 nd nd 38.0 A 90.0 A 
UY089 nd nd 37.2 A 90.0 A 
UY072 44.9 A 96.5 A nd nd 
IPO1609 22.4 B 52.4 B 23.3 AB 59.2 AB 
UY071 14.4 B 47.6 B 10.4 B 35.0 B 
UY035 147.4 B 52.2 B 10.2 B 25.0 B 
UY033 18.6 B 52.4 B 8.9 B 25.0 B 
UY043 12.1 B 38.9 B 7.0 B 23.3 B 

x Refer to the main text for details on the inoculation protocol. Tomato and potato plants inoculated with saline solution (negative control treatments)
remained healthy in all experiments.  

y AUDPC = area under the disease progress curve based on the average wilting rating . Values are means of two repeated trials of each experiment. Data were 
pooled across trials since no significant effects involving trials were found in the analyses of variance (ANOVAs). Values followed by the same letter in the
same column are not significantly different (Tukey’s multiple comparison test, P = 0.05).  

z Mean percentage of wilted plants assessed 21 days after inoculation. Values are means of two repeated trials of each experiment. Data were pooled across 
trials because no significant effects involving trials were found in the ANOVAs. Values followed by the same letter in the same column are not significantly 
different (Tukey’s multiple comparison test, P = 0.05); nd = not determined. 
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(negative control treatment) in a completely randomized design, 
and each experiment was repeated once under the same experimen-
tal conditions, for a total of two trials for each host. After inocula-
tion, plants were incubated in a growth chamber at 28°C with a 12 
h photoperiod. 

Disease development was recorded at 4-day intervals using an 
ordinal scale ranging from 0 (no wilting symptoms) to 4 (all leaves 
wilted) for up to 21 days after inoculation (54). Strain aggressive-
ness was estimated by the area under disease progression curve 
(AUDPC) based on the average wilt scoring for each combination 
of strain and host (44). Disease incidence was evaluated 21 days 
after inoculation as the percentage of plants wilting. AUDPC and 
incidence data from trials of experiments performed on the same 
host were combined, and analysis of variance (ANOVA) was con-
ducted to identify significant effects of trials, strains, and interac-
tions between the main effects of trials and strains. Means were 
pooled across trials when no significant effects involving trials 
were found. When a significant strain main effect was found in the 
ANOVAs, means were compared according to Tukey’s multiple 
comparison procedure using INFOSTAT (13). Scheffe’s contrasts 
were calculated to compare the means for groups of strains with 
different geographic origin (37). 

A subset of R. solanacearum strains was evaluated for aggres-
siveness on three S. commersonii accessions obtained from a germ-
plasm collection maintained at the National Institute for Agricul-
tural Research (INIA, Las Brujas, Uruguay). Thirteen strains were 
tested in the first experiment and a subset of nine of these strains 
was tested in a repeat experiment (Table 3). Three S. commersonii 
genotypes (accession names Sc1, Sc19, and Sc26) carrying differ-
ent levels of genetic resistance to bacterial wilt were selected based 
on a previous screening (46). Chieftain potato plants were included 
as a susceptible control treatment. S. commersonii accessions were 

propagated in vitro as described above for potato plants, with the 
exception that 4 to 5 weeks were required for rooting prior to trans-
planting. Plants with six to eight fully expanded leaves were in-
fected by soil inoculation. Preparation of inocula, the inoculation 
procedure, and incubation conditions were the same as described 
above. In all, 10 plants of each accession (= 10 replicates) were 
inoculated with each strain or with saline solution (negative control 
treatment) in a randomized complete block design with two blocks 
(replicates). Disease development was recorded at 4-day intervals 
for 21 days, and AUDPC was calculated for each combination of 
strain and host based on the average wilting score (44). ANOVA 
was used to determine the effects of strain, host, and strain–host 
interactions on the AUDPC. Means were compared using Tukey’s 
multiple comparison test using INFOSTAT (13). Data from both 
experiments were analyzed separately because of the different 
number of R. solanacearum strains evaluated in each trial. 

Results 
Strain isolation, identification, and characterization. In total, 

28 bacterial strains were collected from fields located in the main 
potato production regions of Uruguay during the period 2003 to 
2009, including 26 strains isolated from potato tubers and 2 strains 
isolated from soil samples (Table 1). All strains were confirmed as 
R. solanacearum by colony PCR, yielding an expected 280-bp 
fragment following amplification with primers OLI1-Y2 (data not 
shown). Furthermore, all strains isolated produced typical symp-
toms of wilting on potato plants 4 to 5 days after direct stem inocu-
lation (data not shown). The strains were reisolated from the stem 
vascular tissues of wilting potato plants and showed typical colony 
phenotype on TZC agar medium. In contrast, the 11 archival 
strains isolated during the 1980s did not cause wilt symptoms on 
potato, and no bacteria were reisolated from asymptomatic plants 

Table 3. Aggressiveness of Ralstonia solanacearum strains from Uruguay inoculated on potato plants (Solanum tuberosum ‘Chieftain’) as well as S. com-
mersonii accessions originating from Uruguayw 

 Aggressiveness (AUDPC)x  

  S. commersonii accessions  

Strain S. tuberosumy Sc26 Sc19 Sc1 Meanz 

Experiment 1      

UY031 47.2 40.8 23.6 5.3 29.2 A 
UY041 47.1 43.0 22.2 3.9 29.0 A 
UY091 39.0 42.2 21.7 5.3 27.0 A 
UY042 40.5 42.0 21.4 3.5 26.8 A 
UY082 41.9 41.4 19.0 3.6 26.5 A 
UY036 39.4 40.8 17.4 7.6 26.3 A 
UY072 40.2 39.6 22.3 3.3 26.3 A 
UY032 41.4 37.5 20.4 5.6 26.2 A 
UY087 40.0 36.0 17.7 8.3 25.5 A 
UY084 35.8 41.7 22.8 1.4 25.4 A 
UY071 22.8 23.4 4.8 0.0 12.7 B 
UY033 21.1 21.2 2.7 0.0 11.2 B 
UY043 10.8 11.8 0.9 0.0 5.9 B 
Meanz 35.9 A 35.5 A 16.7 B 3.7 C … 

Experiment 2      
UY041 43.7 39.6 20.0 7.8 27.8 A 
UY031 44.0 38.8 19.9 8.2 27.7 A 
UY091 41.3 39.2 19.2 6.9 26.6 A 
UY042 38.1 38.2 17.2 7.8 25.3 A 
UY036 35.6 38.0 18.9 7.3 24.9 A 
UY032 40.0 34.2 14.7 6.6 23.9 A 
UY071 18.9 20.6 1.7 0.0 10.3 B 
UY033 16.4 16.8 0.0 0.0 8.3 B 
UY043 9.8 11.5 0.0 0.0 5.3 B 
Meanz 32.0 A 30.8 A 12.4 B 4.9 C … 

w Two independent experiments were performed, with 13 R. solanacearum strains (experiment 1) and a subset of 9 of these strains (experiment 2). Data from
both experiments were analyzed separately because of different number of R. solanacearum strains evaluated in each trial. 

x AUDPC = area under the disease progress curve based on average wilt ratings for each host–strain combination. Refer to the main text for details on the 
inoculation procedure, rating scale, and data analyses. 

y S. tuberosum and S. commersonii plants inoculated with a saline solution (negative control treatments) remained healthy until the end of the experiment. 

z Average AUDPC value for each strain and host. Values followed by the same letter in the same column or row within each experiment are not significantly
different (Tukey’s multiple comparison test, P = 0.05). 
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14 days after inoculation (data not shown). Moreover, these strains 
showed an atypical phenotype in culture, growing as small, round, 
dark-red colonies on TZC agar medium. Based on these results, we 
assumed that the archived R. solanacearum strains had lost viru-
lence on potato due to long-term storage; therefore, we excluded 
them from the comparative aggressiveness analysis. Nevertheless, 
because these isolates were confirmed as R. solanacearum by PCR 
amplification, they were included in the genetic analysis with the 
strains isolated more recently from affected potato crops in Uru-
guay. 

All Uruguayan strains metabolized disaccharides (lactose, mal-
tose, and cellobiose) but not hexose alcohols (manitol, sorbitol, and 
dulcitol) (data not shown) and, therefore, were classified as biovar 

2 (Table 1). Phylotype-specific multiplex PCR assays resulted in 
amplification of the expected 281-bp, species-complex-specific 
fragment as well as a 372-bp amplicon (data not shown), indicat-
ing that all strains in the Uruguayan collection belong to phylotype 
II. All of the Uruguayan strains had identical egl sequences and 
were assigned to phylotype IIB/sequevar 1 group (IIB1), resem-
bling most strains that cause potato brown rot in temperate regions 
worldwide (24; Fig. 1; Table 1). This phylogenetic characterization 
of strains was consistent with the previous designation of the 
strains as belonging to biovar 2 (6). 

Genomic fingerprinting. A reproducible pattern of amplifica-
tion products was obtained with the repetitive-sequence (BOX)-
PCR assays of the R. solanacearum strains, with 97% as the lowest 

 

Fig. 1. Phylogenetic neighbor-joining tree based on the partial (690-bp) endoglucanase (egl) gene sequences of 32 Ralstonia solanacearum strains from Uruguay and 28 
reference strains from the species complex. Scale bar represents one nucleotide substitution per 100 nucleotides. Refer to the main text for details of egl sequencing and 
phylogenetic analysis. 
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level of reproducibility among replicate assays of the same strain 
(data not shown). Banding patterns generated by BOX-PCR assay 
contained 17 to 21 bands ranging from 200 to 3,000 bp (data not 
shown). In total, 45 discrete, amplified products were scored, of 
which 8 (33.4%) were polymorphic in at least one pairwise com-
parison among R. solanacearum strains classified as phylotype II, 
sequevar 1 (data not shown). High similarity was found among 
genetic profiles of Uruguayan R. solanacearum strains and those of 
reference strains IPO1609 and UW551. Cluster analysis of finger-
print patterns revealed two groups distinguished at a mean similar-
ity of 82% (Fig. 2). One predominant cluster included reference 
strains IPO1609 and UW551, all Uruguayan strains isolated from 
2003 to 2009, and eight strains isolated in the 1980s. The second 
cluster included strains DGSA119, DGSA127, and DGSA135 
isolated during the 1980s. The average similarity among strains in 
the first and second clusters was 94 and 100%, respectively (Fig. 
2). Strain GMI1000, an outgroup for the cluster analysis, showed a 
low level of genetic similarity (45%) to the remaining strains, thus 
substantiating the phenetic reliability of the dendrogram, because 
all R. solanacearum strains tested were more closely related to 
each other than to the outgroup. Moreover, the analysis of co-
phenetic correlations resulted in a very strong matrix correlation (r 
= 0.945). 

Comparative aggressiveness analysis. In the aggressiveness as-
says of the R. solanacearum strains from Uruguay on tomato and 
potato using a soil inoculation procedure, the noninoculated con-

trol plants treated with saline solution remained healthy in all re-
peats of the experiments. Results of the ANOVAs using AUDPC 
and disease incidence data of tomato and potato assays indicated 
no significant trial effects, as well as no interactions between trial 
and treatments (bacterial strains). Therefore, means were pooled 
across the repeat trials of the same experiment (Table 2). Uru-
guayan strains were classified in two groups for aggressiveness 
regardless of the host species on which the strains were assayed (P 
< 0.0001; Table 2). Strains UY031, UY032, UY034, UY036, 
UY041, UY042, UY072, UY082, UY084, UY085, UY087, 
UY089, UY091, and UY092 showed similar high levels of aggres-
siveness as the reference strain UW551 on both hosts (Table 2). 
Tomato and potato plants began to develop wilt symptoms 5 to 7 
days after inoculation, and more than 80% of the plants were dead 
by the end of the experiments. In contrast, strains UY033, UY035, 
UY043, and UY071 were less aggressive on both tomato and po-
tato. For this group of strains, appearance of symptoms was de-
layed, beginning 9 to 13 days after inoculation, and the incidence 
of wilted plants was <30% by 21 days after inoculation (Fig. 3). 
Reference strain IPO1609 grouped with the less aggressive Uru-
guayan strains on tomato but, statistically, the aggressiveness of 
this reference strain was not distinguishable from both groups of 
strains when inoculated on potato. Based on the comparison of 
mean AUDPC values on tomato or potato, no significant differ-
ences in aggressiveness were found among strains isolated in 
different years from 2003 to 2009 or from different locations (data 
not shown). 

When variation in aggressiveness among a subset of Uruguayan 
strains was tested on three S. commersonii accessions (Table 3), the 
control plants treated with saline solution remained healthy in both 
experiments. ANOVAs showed highly significant differences 
among strains of R. solanacearum (13 strains tested in the first 
experiment, and a subset of 9 of these 13 strains tested in the repeat 
experiment) and among host plants (accessions) (P < 0.0001). No 
significant interaction was observed between the main factors of 
bacterial strains and host accessions (P = 0.0763 and 0.7085 for the 
two experiments; Table 3). Therefore, the data were analyzed for 
each main effect separately. Based on AUDPC ratings, both experi-
ments showed identical results regarding the classification of R. 

 

Fig. 2. Dendrogram based on repetitive-sequence polymerase chain reaction
(BOX-PCR) fingerprints of 37 Ralstonia solanacearum strains from Uruguay cre-
ated using unweighted pair-group method using arithmetic averages (UPGMA) 
clustering of Dice coefficient values (11). Reference strains included in the dendro-
gram are GMI1000 (outgroup), IPO1609, and UW551 (see main text for details of
the BOX-PCR assay and UPGMA clustering). 

 

Fig. 3. Development of bacterial wilt on ‘Chieftain’ potato after soil inoculation with 
Uruguayan strains of Ralstonia solanacearum with significant differences in 
aggressiveness on potato (Tukey’s multiple comparison test, P = 0.05). Group A 
includes strains UY031, UY032, UY034, UY036, UY041, UY042, UY082, UY084, 
UY085, UY087, UY089, UY091, UY092, and reference strain UW551. Group B 
includes strains UY033, UY035, UY043, and UY071. Each data point represents 
the mean disease index for two independent experiments. Error bars indicate 
standard errors of the means. Refer to the main text for details of the soil 
inoculation procedure, disease severity ratings, and disease index calculations. 
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solanacearum strains into two aggressiveness groups. Strains 
UY031, UY032, UY036, UY041, UY042, UY072, UY082, 
UY084, UY087, and UY091 were significantly more aggressive 
than strains UY033, UY043, and UY071. In the latter group, al-
though strain UY043 had the lowest mean AUDPC rating on every 
host tested in both repeats of the experiment, the mean rating for 
this strain was not significantly different from those of the other 
strains in the less-aggressive group. 

The three S. commersonii accessions evaluated differed signifi-
cantly in the level of resistance following soil inoculation with 
Uruguayan strains of R. solanacearum in the repeated experiment 
(P < 0.0001). Moreover, both experiments showed the same rank-
ing of S. commersonii accessions based on AUDPC data (Table 3). 
Accession Sc26 was, statistically, the most susceptible genotype, 
showing a highly susceptible response to inoculation similar to that 
of S. tuberosum to all the bacterial strains evaluated. Accession Sc1 
was, statistically, the most resistant genotype, followed by acces-
sion Sc19, which displayed an intermediate response. For the latter 
two accessions, asymptomatic plants predominated (>50%), and 
plants that did develop bacterial wilt symptoms showed delayed 
and less severe symptoms of wilting compared with the susceptible 
control plants of S. tuberosum (data not shown). Bacterial strains 
classified as more aggressive were able to cause wilting of all three 
S. commersonii accessions, whereas the less-aggressive strains 
failed to cause symptoms on the most resistant accession, Sc1. 

Discussion 
Results of this study showed low genetic diversity among R. so-

lanacearum strains affecting potato crops in Uruguay. All strains 
were classified as biovar 2. In addition, based on the classification 
system proposed by Fegan and Prior (16), all strains in this Uru-
guayan collection belonged to phylotype IIB, sequevar 1 (IIB1), 
historically known as race 3/biovar 2. This is in agreement with 
previous reports that IIB1 strains are adapted to mild temperatures 
(<25°C) and, therefore, constitute a serious threat to production of 
susceptible crops in temperate regions of the world (52). R. solana-
cearum strains belonging to race 1 can affect potato as well as a 
wide range of other host plants, in contrast to race 3 strains, which 
have a host range limited to potato and tomato (4). Currently, race 
1 strains of R. solanacearum are considered quarantine pests in 
Uruguay (9). Race 1 strains have been reported from southern Brazil 
(45), meaning there is a risk of introducing strains of that race 
through bordering areas where exchange of plant material is hard to 
control. Therefore, control of potato and plant material movement at 
borders should be enforced, and a more extensive survey, including 
other susceptible hosts, should be implemented in Uruguay. 

In this study, we included a set of R. solanacearum strains iso-
lated in Uruguay in the 1980s and maintained in the Plant Protec-
tion Service collection in Uruguay. These archival strains were 
nonpathogenic on potato following direct stem inoculations; there-
fore, they were not included in the comparative aggressiveness 
analysis. This was supported by the phenotype of these strains 
observed on TZC agar medium, which resembled phenotypic con-
version mutant strains previously described in R. solanacearum 
(30). Spontaneous phenotypic conversion mutants are generated 
under stressful conditions and are often observed during long-term 
storage or repetitive subculturing of the pathogen. When this phe-
nomenon occurs, the wild-type strain loses pathogenicity in asso-
ciation with multiple changes, including colony morphology, 
motility, and production of virulence factors (20,30,42). It has been 
established that susceptible crops can specifically induce reversion 
of phenotypically converted strains back to the wild-type (39). 
However, we did not reisolate the bacterium from asymptomatic 
plants 14 days after inoculation with these 1980s strains. Regard-
less of the phenotype of these strains, the strains were subjected to 
molecular characterization, revealing that they all belonged to phy-
lotype IIB, sequevar 1. These results concur with the previous 
assignation of the strains to race 3, biovar 2 (6). 

DNA fingerprint analyses based on rep-PCR assays have been 
widely used to assess diversity and genetic relationships among R. 

solanacearum strains (26,28,33,47,51). In this study, we applied 
BOX-PCR assays to analyze genetic variation among R. so-
lanacearum strains isolated from potato fields in Uruguay. PCR-
based techniques are usually subject to variations that reflect many 
factors, such as template and primer DNA concentrations and com-
position of the PCR buffer. Therefore, we compared the band pat-
terns between replicate assays of the same strains and found a high 
level of reproducibility (97%). High similarity was also found 
among genetic profiles of Uruguayan R. solanacearum strains, 
suggesting that a single clonal population might be involved in 
outbreaks of bacterial wilt in all potato-growing areas of Uruguay. 
This is consistent with previous reports in which IIB1 strains of R. 
solanacearum have shown high genetic homogeneity, possibly 
reflecting the adaptation of this phylotype to low temperatures and 
the relatively narrow host range (40,49,51). Despite the low genetic 
variability detected, clustering analysis of DNA fingerprints pat-
terns revealed two distinct groups of Uruguayan strains. The pre-
dominant cluster contained most of the Uruguayan strains as well 
as reference strains IPO1609 and UW551. Eight of the 1980s 
archival strains collected from potato crops had fingerprints with a 
mean level of similarity of 94% compared with those of strains 
collected in 2003 to 2009, suggesting the prevalence of the same 
genetic lineage as in the 1980s. On the other hand, three strains 
isolated during the 1980s in the same location (San José) formed a 
separate group with 84% similarity to the other genetic cluster that 
included all the other Uruguayan strains. This distinct genotype 
was not represented in the strains collected from 2003 to 2009. 
Further research using additional molecular tools could test this 
hypothesis and be used to analyze genetic differences between both 
groups of strains. 

In contrast to the low level of genetic diversity observed, varia-
tion in aggressiveness among Uruguayan R. solanacearum strains 
isolated during the period 2003 to 2009 was detected on several 
hosts following the soil inoculation protocol. Aggressiveness char-
acterization was performed on tomato and potato because these are 
the main susceptible crops grown in Uruguay. Most Uruguayan 
strains showed aggressiveness on these two hosts similar to that of 
reference strain UW551, which was highly aggressive on tomato 
and potato. In contrast, some strains exhibited low aggressiveness, 
typically in the form of delayed appearance of symptoms and 
significantly more nonwilted plants at the end of the experiments. 
These strains were consistently less aggressive on both hosts when 
the experiments were repeated. Several other studies have reported 
differences in aggressiveness among R. solanacearum strains be-
longing to other biovars or when comparing different biovars and 
races (18,28,34). To our knowledge, this is the first report of differ-
ent aggressiveness levels among R. solanacearum strains belong-
ing to IIB1. 

No significant differences in aggressiveness were found among 
groups of strains with different geographic origins. Because only 
two of the strains were isolated from soil samples in this study 
(UY043 and UY071), no conclusions can be made regarding the 
nature of the samples used (soil or tuber) for isolation of R. solana-
cearum. Recently, the first genotypic and phenotypic characteriza-
tion of a set of R. solanacearum biovar 2 strains obtained from 
Dutch local waterways as well as asymptomatic bittersweet (S. 
dulcamara) plants was reported (49). In that study, no significant 
differences in pathogenicity were found between these strains com-
pared with reference R. solanacearum strains isolated from symp-
tomatic potato plants. However, this evaluation was limited to tomato 
and done with few strains (15 strains from water samples or 
bittersweet plants and 2 reference strains isolated from potato) (49). 

Although some studies have reported the use of S. commersonii 
as a source of resistance to bacterial wilt (7,32), little is known 
about resistance properties across the spectrum of diversity in this 
wild species. In the present study, three S. commersonii genotypes 
were selected from a previous screening (46) and tested for resis-
tance to a subset of R. solanacearum strains from Uruguay. No 
significant interaction was found between pathogen strains and 
host genotypes, because all strains were ranked in the same order 
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regardless of the S. commersonii accession tested. However, differ-
ences in aggressiveness among the R. solanacearum strains were 
observed, and were consistent with the aggressiveness ratings on 
tomato and potato. This suggests that the low aggressiveness ob-
served for some strains is not host specific. Moreover, the results 
indicate that germplasm selection with highly aggressive strains 
may be a promising strategy for breeding programs in Uruguay. 

Significant differences in resistance to R. solanacearum were 
observed among the three S. commersonii accessions evaluated. 
The accessions were selected to represent different levels of bacte-
rial wilt resistance based on a previous screening of a germplasm 
collection of S. commersonii accessions from Uruguay (46). How-
ever, the latter screening was performed with a single R. so-
lanacearum strain (UY031) using a stem inoculation protocol (46). 
In the present study, we evaluated the three S. commersonii acces-
sions against 13 R. solanacearum strains using a soil inoculation 
procedure, which more accurately resembles the natural method of 
infection of plants by R. solanacearum than stem inoculation. A 
similar resistance response of the S. commersonii accessions was 
observed with soil inoculation compared with the previous stem 
inoculation method. This may indicate that resistance in S. com-
mersonii is associated with the ability of the plant to restrict bacte-
rial invasion and multiplication inside plant tissues. Unfortunately, 
little is known about the plant–pathogen interactions for bacterial 
wilt of potato. Studies on tomato suggest that activation of secon-
dary metabolism of phenolic compounds and xylem cell wall struc-
ture appear to contribute to reduced bacterial multiplication in the 
plant (53,55). Further research comparing the root infection proc-
ess of S. commersonii accessions with different levels of resistance 
to R. solanacearum is needed to test this hypothesis. 

Accession Sc1 of S. commersonii was consistently the most 
resistant of the three accessions evaluated, showing mild symptoms 
even when challenged with aggressive strains of R. solanacearum. 
Therefore, this accession has been selected as a progenitor for a 
potato breeding program in Uruguay. Another important aspect to 
consider is the ability of R. solanacearum strains to cause latent 
infections in resistant plants. Plants of such resistant genotypes 
may not show symptoms but the roots or stems may be infected by 
the bacterium (23). Because latently infected plant material may 
constitute a source of inoculum, potentially leading to outbreaks of 
the disease, screening for resistance to latent infection by R. 
solanacearum has been recommended for potato breeding (41). In 
this study, assessment of bacterial populations in asymptomatic 
plants was not performed, and genotypes were classified as resis-
tant based solely on the absence of disease symptoms. 

The variation in responses observed for three S. commersonii ac-
cessions to inoculation with R. solanacearum highlights the poten-
tial of this wild species as a source of resistance for potato breed-
ing. Studies are now underway to investigate the genetic basis of 
this resistance, through the development of a segregating popula-
tion from crossing different S. commersonii accessions. Prelimi-
nary characterization of bacterial wilt resistance in these target 
populations has revealed segregation of this resistance, suggesting 
that resistance in S. commersonii is determined by a few independ-
ent genes with additive effects (M. González, personal commu-
nication). 

In conclusion, this study confirmed that potato crops with symp-
toms of bacterial wilt that were surveyed in Uruguay were all in-
fected by R. solanacearum strains belonging to phylotype IIB, 
sequevar 1. Despite the low level of genetic diversity among the 
Uruguayan R. solanacearum strains, based on BOX-PCR analysis, 
variation in aggressiveness was detected on three host plant spe-
cies, revealing (for the first time) different aggressiveness levels 
among IIB1 strains of R. solanacearum. This study also highlights 
the potential of S. commersonii as a valuable source of resistance 
for potato breeding. This wild species harbors genetic and pheno-
typic diversity and is well adapted to environmental conditions in 
Uruguay. Results of this study confirmed different levels of resis-
tance within this wild species, and pave the way to identifying 
more resistant genotypes for breeding. Such resistance will con-

tribute to an integrated approach to control bacterial wilt of potato 
in Uruguay. 
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