
M. Izadiyan and S.M. Taghavi

236

Phytopathol. Mediterr. (2011) 50, 236−244

Corresponding author: S.M.Taghavi 
Fax: +98 7112286087
E-mail: mtaghavi@shirazu.ac.ir

Introduction

Bacterial wilt of potato is caused by Ralstonia 
solanacearum (E.F Smith) (Yabuuchi et al,. 1995) 
and is one of the most destructive and widespread 
bacterial diseases of potato in the world (Hay-
ward, 1991). Ralstonia solanacearum is a hetero-
geneous species (Hayward, 1994) and historically, 
it has been identifi ed by its host range (defi ning 
races) (Buddenhagen et al., 1962; He et al., 1983) 
and catabolic properties (defi ning biovars) (He 
et al., 1983; Hayward, 1994). Potato isolates of 
R. solanacearum usually belong to biovar 1/ race 
1, biovar 2/ race 3 and biovar N2 (2T). Based on 
its host range, biovar N2 is equivalent to race 3 
or race 1 (Hayward 1994; Horita and Tsuchiya, 
2001). Biovar N2 is a new variant (a tropical 
variant, 2T) that was discriminated from biovar 
2 in some phenotypic traits (French et al., 1993; 

Gillings and Fahy, 1993; Marin and El-Nashaar, 
1993). Although the identifi cation based on bio-
chemical tests proved to be useful in the past and 
is currently accepted, it is very time-consuming 
(Gillings and Fahy, 1993; Villa et al., 2005; Cruz 
et al., 2008). Therefore, DNA-based analyses have 
been used to increase our understanding of the 
genetic relatedness among R. solanacearum iso-
lates, on the basis of restriction fragment length 
polymorphisms (RFLP) (Cook et al., 1989) and 16S 
rRNA gene sequences (Li et al., 1993; Taghavi et 
al., 1996). Ralstonia solanacearum can be subdi-
vided into two major groups, designated division I 
and II. Division I comprises biovars 3, 4 and 5 and 
division II comprises biovars 1, 2 and N2. Fegan 
and Prior (2005) analyzed sequence data of the 
internal transcribed spacer (ITS) region to devel-
op a phylogeny-based scheme. This classification 
yielded four genetic or phylotype groups of the R. 
solanacearum species complex. Each phylotype 
correlated with the geographic origin of isolates. 
Phylotype I includes Asian isolates; phylotype II 
isolates from America, phylotype III from Africa 
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Summary. During 2007–2009, 170 bacterial isolates were obtained from wilting potato and tomato plants 
from Iran. Specifi c polymerase chain reaction (PCR) analyses identifi ed all the isolates as Ralstonia sola-
nacearum. Diversity among the Iranian isolates was determined by a study based on biovar determination, 
pathogenicity, repetitive sequence PCR and phylotype classifi cation. On the basis of genotypic, phenotypic 
and pathogenic characteristics two distinct clusters obtained. Cluster I comprised all biovar 2 isolates and 
cluster II comprised all biovar N2 (2T) isolates. Phylotype-specifi c multiplex PCR (pmx-PCR) indicated that 
all biovar 2 and N2 belong to phylotype II. This is the first report of phylotype determination of biovars of R. 
solanacearum with pmx-PCR in Iran. 
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and phylotype IV isolates from some Asian coun-
tries (Indonesia, Philippines, Japan, Korea) and 
Australia (Fegan and Prior, 2005; Jeong et al., 
2007). This classification scheme was recently 
confi rmed by using a whole-genome microarray 
approach (Guidot et al., 2007). Ralstonia solana–
cearum biovar N2 isolates belong to phylotype 
II, III and IV (Fegan and Prior, 2005; Villa et al., 
2005; Xu et al., 2009; Horita et al., 2010).

Bacterial wilt has been one of the most impor-
tant diseases of potato and tomato in Iran for a long 
time. Outbreak zones of this pathogen are still ex-
panding, threatening the production of potato and 
tomato in different parts of the country. Biovar 
2 isolates of R. solanacearum were identified as 
the causal agent of bacterial wilt of potato in Iran. 
Recently, three R. solanacearum isolates from po-
tato have been reported as biovar N2 (Bahar and 
Danesh, 1988; Bagheri and Taghavi, 2001; Mag-
hooli et al., 2004; Taghavi et al., 2004; Irandoost et 
al., 2007; Nouri et al., 2008).

The present study was conducted to investi-
gate the relationships among Iranian isolates of 
R. solanacearum in the main potato and tomato 
growing areas of this country, to evaluate the phe-

notypic and genotypic characteristics, to charac-
terize the phylotypes  of isolates and to determine 
their geographic distribution.

Materials and methods
Bacterial isolates, isolation and conditions

From 2007 to 2009, 162 bacterial isolates from 
wilted potato plants were obtained from some 
provinces of Iran (Figure 1). Six isolates previous-
ly collected (2004) from wilted potato and tomato 
plants (isolates 145–150) and two reference iso-
lates of biovar N2 (isolate 153, 154) and 2 (isolate 
G1, G2) were also used in this study. The main fea-
tures of the bacterial isolates used in this study, 
are listed in Table 1.

Physiological and biochemical tests

Physiological and biochemical tests included 
gram reaction, Kovac's oxidase, catalase, Tween 
80 and starch hydrolysis, catalase and oxidase 
production, nitrate reduction, gelatin liquefaction, 
melanin formation (tyrosinase) and pectolytic 
activity tests, and were carried out according to 

Figure 1. Locations in Iran where Ralstonia solanacearum isolates were collected. 
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Table 1. Characteristics of Ralstonia solanacearum isolates used in this study.

Isolate Host Location Year Season Biovar

1–42 Potato Fars/Eghlid 2007 Autumn 2

43–50 Potato Fars/Norabad 2008 Summer 2

51–54 Potato Fars/Darab 2008 Summer 2

55–62 Potato Fars/Dehbid 2007 Autumn 2

63–70 Potato Fars/Maharlo 2008 Spring 2

71–86 Potato Hamedan/Bahar 2008 Summer 2

87–103 Potato Kerman/Jiroft 2009 Spring 2

104–105 Potato Khoozestan/Dezful 2009 Summer 2

106 Potato Khoozestan/Andimeshk   2009 Summer 2

107–110 Potato Fars/Fasarod 2008 Autumn 2

111–112 Potato Esfahan/Dorche 2007 Autumn 2

113–115 Potato Esfahan/Fereidan 2008 Autumn 2

116–130 Potato Fars/Shiraz 2009 Summer 2

131–144 Potato Hormozgan/Bandarabas 2009 Summer 2

145–146 Tomato Khoozestan/Shushtar 2004 Summer N2

147–150 Potato Khoozestan/Andimeshk 2004 Summer N2

151–152 Potato Khoozestan/Dezful 2008 Summer N2

153–154a Potato Khoozestan/Shushtar 2004 Summer N2

155–170 Potato Fars/Dehbid 2008 Autumn N2

G1–G2 
b Potato Golestan/Gorgan 2008 – 2

a Reference biovar N2 isolates: 153 = Rs39, 154 = Rs38 (Nouri et al., 2008).
b Reference biovar 2 isolates: G1–G2 (Moslemkhany et al., 2008). 

Hayward (1964). To determine biovar affiliation, 
we evaluated the utilization of cellobiose, lactose, 
maltose, manitol, dulcitol, sorbitol, meso-inositol, 
L-tryptophan, D-trehalose, M-tatrate, L-tartrate, 
D-ribose, and D-xylose (Schaad et al., 2001).

Pathogenicity

Tomato seedlings (Lycopersicon esculentum cv. 
Early Orbano) were transplanted into pots and 
grown in greenhouses under natural light. Thirty 
seven representative isolates of biovar 2 (3, 4, 6, 10, 
41, 50, 81, 82, 85, 86, 61, 107, 115, 110–112, 120, 
123–125, 142, 130–135, 100–104, 14, 70 and G1–

G2) and 26 isolates of biovar N2 were used for the 
inoculation. A suspension of each isolate was made 
in sterile distilled water and adjusted to 108 cfu mL. 
Plants at the fourth to fi fth true-leaf stage were 
each inoculated with 1 mL of bacterial suspension 
into the stem using a sterile syringe with needle. 
Control plants were injected with sterile distilled 
water. Each isolate was tested in three plants and 
symptoms were monitored over 3 weeks. Ralstonia  
solanacearum was recovered from wilted plants 
inoculated with each of the isolates by streaking a 
loopful of extracts from stem sections in water, onto 
sucrose peptone agar (SPA) (Schaad et al., 2001).
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Identifi cation of Ralstonia solanacearum by PCR 

Genomic DNA from R. solanacearum was ex-
tracted following the method of Weller et al. (2000). 
The specifi c primer pairs 630/631, DIV2F/R and 
DIV1F/R were used in the PCR assays (Fegan et 
al., 1998; Seal et al., 1999). The PCR reaction was 
carried out in 25 μL containing 1.5 mM MgCl2, 10 
mM Tris-HCl, 200 μM each of dNTPs, 100 ng of 
primers, 1 U of Taq polymerase (Metabion,   Mar-
tinsried, Germany) and 1 μL of DNA template 
(25 ng μL-1). The PCR was performed in a Palm-
cyclerTM (Germany). Thermal profi le consisted of: 
94°C for 4 min for initial denaturation, 30 cycles 
of 94°C for 1 min, 60°C (primer pair 630/631) or 
62°C (primer pairs DIV2F/R and DIV1F/R) for 1 
min and 72°C for 2 min, followed by a fi nal elon-
gation step of 72°C for 10 min. The PCR products 
were analyzed on 1% agarose gels in TAE buffer 
and visualized by staining with ethidium bromide 
(Sambrook et al., 1989). 

Phylotype determination

To determine the phylotype of all R. solanacear-
um isolates, four forward (phylotype-specific prim-
ers) and one reverse primer and R. solanacearum 
species-specifi c primers 759 and 760 were used 
in phylotype-specifi c multiplex PCR (pmx-PCR) 
(Fegan and Prior, 2005). Pmx-PCR was carried 
out in a 25 μL reaction mixture, containing 10 mM 
Tris-HCl, 1.5 mM MgCl2, 250 μM each of dNTPs, 
50 mM KCl, 1.25 U of Taq polymerase (Metabion), 
6 pmoles of primers Nmult21: 1F, Nmult21: 2F, 
Nmult23: AF, Nmult22: InF, 18 pmoles of primer 
Nmult21: RR, 4 pmoles of primers 759 and 760 
and 1.5 μL of DNA template (25 ng μL-1). The 
amplifications were performed in a Palm-cyclerTM 
(Germany). After an initial denaturation of 5 min 
at 95°C, the DNA was amplifi ed for 30 cycles  in-
cluding, 94°C (1 min), 59ºC (30 s) 72ºC (30 s), fol-
lowed by a fi nal extension cycle at 72ºC for 10 min. 
The PCR products were separated by 1% agarose 
gel electrophoresis in TAE buffer and visualized 
by staining with ethidium bromide (Sambrook et 
al., 1989). The phylotype of each isolate was deter-
mined according to the size of the amplifi ed DNA 
(Fegan and Prior, 2005).

Rep-PCR amplification

The repetitive PCR (rep-PCR) method with 
ERIC, BOX and REP primers described by Louws 

et al., (1995) was assessed on 35 representative 
isolates of biovar 2 and 26 isolates of biovar N2. 
The ERIC, BOX, and REP primer sets were syn-
thesized by Metabion. The rep-PCR amplifi cations 
were performed as described previously (Louws et 
al., 1994; Versalovic et al., 1994) in 25 μL volumes 
containing 200 μM of each dNTPs, 2 mM MgCl2, 
1.5 pmoles primers, 1.25 U of Taq polymerase and 
2 μL of DNA template (25 ng μL-1). The thermal 
profi le consisted of an initial denaturation step 
(95°C, 2 min) followed by 35 cycles of 1 min at 
94°C, 1 min at 52ºC (ERIC), 53ºC (BOX) or 44ºC 
(REP), and 8 min at 65°C, and a fi nal extension 
cycle at 65ºC for 10 min (Louws et al., 1994). The 
PCR products were separated on 1.5% agarose 
gel electrophoresis in TAE buffer and visualized 
by staining with ethidium bromide (Sambrook et 
al., 1989). The PCR amplifi cations using the three 
primer sets were repeated three times to test the 
reproducibility of these assays.

Data analysis

The amplifi ed fragments of each isolate were 
detected, using the Total Lab (v.1.1) program and 
were scored as 1 (present) or 0 (absent) and pair-
wise comparisons were made using NTSYSPC soft-
ware (Exeter Software, New York) (Rademarker et 
al., 1998). Genetic relationships among and within 
the R. solanacearum isolates were determined by 
cluster analysis performed by UPGMA on distance 
matrices calculated with the Jaccard’s coeffi cient 
(Rohlf, 2000). 

Results
Physiological and biochemical tests

All isolates were gram-negative, aerobic and 
positive for catalase, oxidase, Kovac’s, Tween 80 
hydrolysis, starch hydrolysis, were able to produce 
nitrite from nitrate and were negative for gelatin 
liquefaction. They produced typically fl uid, ir-
regular white colonies with reddish-pink centers 
on TZC medium, with the exception of 26 isolates 
(from 145 to 170), which produced relatively small 
colonies that were less fluid than colonies of the 
other isolates. All isolates produced a brown pig-
ment from tyrosine after 72 h, with the exception 
of the previously mentioned 26 isolates (145–170). 
The isolates utilized lactose, maltose, D-ribose and 
cellobiose, but not mannitol, sorbitol and dulcitol. 
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Based of phenotypic results, all isolates belonged 
to R. solanacearum. Isolates 145–170, utilized D-
trehalose and L-tryptophan, while all other iso-
lates did not, also their pectolytic activity was less 
than the other isolates. These isolates were rec-
ognized as biovar N2 (2T). All 170 isolates were 
unable to utilize Meso-inositol, L- tartrate and M- 
tartrate. 

Pathogenicity determination 

Tomato plants inoculated with biovar 2 iso-
lates, showed wilting 10 to 14 days after inoc-
ulation. Plants inoculated with biovar N2 iso-
lates showed wilting symptoms 20 to 23 days 
after inoculation. Isolates of biovar 2 were more 
aggressive than biovar N2 isolates. Ralstonia 
solanacearum was recovered from wilted plants 
inoculated with each of the isolates of R. solan-
acearum.

Specifi c PCR for identifi cation 

All assayed isolates produced an approximately 1 
kb product in PCR reactions with the DIV2F/R prim-
er pair and no PCR product with the DIV1F/R primer 
pair, supporting that the isolates belong to R. solan-
acearum division 2. Using the 630/631 primer pair 
all isolates produced a 320-bp amplification product, 
with the exception of 26 isolates (145–170), which 
confi rmed that the 630/631 primer pair is specifi c for 
the detection of R. solanacearum race 3.

Phylotype of Iranian potato and tomato isolates

Based on multiplex-PCR analysis, the Iranian 
potato and tomato isolates belonged to phylotype 
II. Phylotype II isolates comprised biovars 2 and 
N2 isolates (Figure 2).

Fingerprint analysis of Iranian isolates based on the 
rep-PCR method 

Reproducible DNA fi ngerprints were generat-
ed from genomic DNA of all tested R. solanacear-
um isolates. The rep-PCR DNA fi ngerprint, rang-
ing in size from 250 bp-3.5 kb for Box, 150 bp-2 
kb for Eric and 250 bp-3 kb for Rep primers were 
amplifi ed. The data were analyzed by combining 
each fi ngerprint and revealed four groups (1–4), 
corresponding to different haplotypes, that were 
grouped in two main clusters (I and II) (Figure 
3). The clusters I and II included, respectively, all 
biovar 2 (haplotypes 1 and 2) and N2 (haplotypes 
3 and 4). Haplotype 1 comprised isolates 130, 
125, 82, 85, 86, 129, 107. Haplotype 2 comprised 
isolates 3, 4, 8–10, 14, 15, 41, 50, 61, 70, 81, 100–
103, 110–113, 120, 123, 131, 132, 134, 135, 142 
and G1. Haplotype 3 included all biovar N2 iso-
lates from potato. Haplotype 4 comprised biovar 
N2 isolates from tomato. The two main clusters 
were distinguished at a mean level of similarity 
of approximately 57%. The average similarity be-
tween isolates was 91% in the cluster I and 94% 
in the cluster II.

Figure 2. Agarose gel electrophoresis of pmx–PCR products from Ralstonia solanacerum isolates. Lanes: M, DNA 
molecular marker (Fermentas, cat no. SM 0331); 1, 169;  2, 145;  3, 170;  4, 155;  5, 146;  6, 160;  7, 165;  8, 154;  9, 148;  
10,  90;  11, 40;  12, 1;  13, 16; 14, 70;  15, 10;  16, 120;  17, 11;  18, 81;  19, 100.
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Discussion
Based on the phenotypic and pathogenicity 

characteristics, two distinct groups of R. solan-
acearum isolates were obtained from various geo-
graphic regions of Iran. The fi rst group comprised 
146 isolates of biovar 2/ race 3; the second group 
contained 26 biovar N2 isolates which were ob-
tained from potato and tomato (Table 1). The Ira-
nian biovar N2 isolates differed from the canonical 
phenotypic characteristics of biovar N2 in some 
aspects (failed to utilize Meso-Inositol, L-Tartrate, 
M-Tartrate and a lower pectolytic activity than 
biovar 2), but the other phenotypic characteristics 
were the same. By artifi cial inoculation, biovar 2 
isolates were more aggressive than biovar N2 iso-
lates on tomato plants. Our results indicate that 
pathogenicity tests on tomato can distinguish bio-
var 2 isolates from biovar N2 isolates. Ralstonia 
solanacearum has been found in Iran since 2001 
(Bagheri and Taghavi, 2001; Maghooli et al., 2004; 
Irandoost et al., 2007; Nouri et al., 2008), but lit-
tle is known about its distribution and diversity 

in various geographic regions. As indicated in the 
distribution of R. solanacearum in Iran shown in 
Figure 1, biovar 2 isolates are common and widely 
distributed, while biovar N2 is found only in some 
limited areas. In this study, ten biovar N2 iso-
lates (Khozestan province) and 15 biovar N2 iso-
lates (northern part of Fars province) have been 
isolated from warm and cool regions, respectively 
(Table 1); these isolates did not produce a PCR am-
plifi cation product with the race 3 specifi c primers 
(630/631 primers). Biovar N2 isolates are often de-
scribed as limited to warm climate zones (French 
et al., 1993; Marin and El-Nashaar, 1993; Horita et 
al., 2005; Nouri et al., 2008). Our fi ndings suggest 
that Iranian biovar N2 isolates are able to adapt to 
cool-temperature zones. These results are relevant 
for epidemiology, because potato seed tubers are 
typically stored at 4 to 5°C for some months, and 
latently infected seed tubers are a common source 
of potato brown rot outbreaks.

The comparison of genomic fingerprint pat-
terns of the Iranian isolates obtained by rep-PCR 

 
Figure 3. Dendrogram based on rep-PCR of Ralstonia solanacearum isolates with REP, ERIC and BOX primers.
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revealed that the R. solanacearum biovar N2 and 
2 isolates formed two distinct clusters, each divid-
ed in two groups (Figure 3). Our results showed 
a genetic homogeneity among biovar 2/ race 3 R. 
solanacearum isolates, confi rming that biovar 2/ 
race 3 has relatively low levels of genetic diversity. 
Comparison of biovar 2/ race 3 populations isolat-
ed from potato pointed to a high level of genetic 
diversity in South America, while Kenyan popu-
lations consisted of only one major clone (Smith 
et al., 1995; 1998). Isolates of biovar 2/ race 3 ap-
pear to be more genetically variable in the region 
of origin of potato than in other parts of the world 
(Smith et al., 1995; 1998; Jeong et al., 2007; Nouri 
et al., 2008; Xu et al., 2009). Based on rep-PCR fi n-
gerprints, biovar N2 isolates formed two distinct 
groups that differ in original hosts (potato and to-
mato), suggesting that rep-PCR is a useful method 
for assessing the genetic relationships among bio-
vars and hosts of R. solanacearum isolates (Horita 
and Tsuchiya, 2000; Norman et al., 2009). The 
clustering based on rep-PCR was confi rmed by 
phenotypic features.

The phylotype determination is a new hierar-
chical classifi cation: it is rapid and linked to geo-
graphic origin of species complex members (Fegan 
and Prior, 2005). Biovar N2 has several origins 
and it belongs to the three phylotypes II, III and 
IV. Phylotype III isolates belong to biovars 1, 2 
and N2 from America (Fegan and Prior, 2005; Xu 
et al., 2009; Horita et al., 2010). Our results with 
pmx-PCR, as well as with specifi c primer pairs 
DIV2F/R and DIV1F/R, indicate that Iranian bio-
var N2 and 2 isolates belong to phylotype II/ divi-
sion 2. Contrary to the majority of most Asian bio-
var N2 isolates, Iranian biovar N2 and 2 isolates 
seem to originate from South America. This fi nd-
ing confi rmed previous reports in which the par-
tial endoglucanase gene (egl) sequence of isolate 
Rs38 and Rs39 (EF647742 and EF647743) shared 
100% sequence identity to the egl gene sequence 
(UW477) of the biovar N2 isolates from South 
American (Nouri et al., 2008).

Our results show genetic and phenotypic homo-
geneity among Iranian biovar N2 isolates and in-
dicate that bacterial wilt of potato has been prob-
ably spread locally and internationally on latently 
infected potato tubers (Hayward, 1991). There-
fore, we can speculate that biovar N2 was fi rst in-
troduced on potato seed tubers to Khoozestan, and 

afterwards moved to Fars province via infected 
tubers. Biovar 2/ race 3 probably originated in the 
Andes with potato, and isolates from around the 
world are nearly genetically and phenotypically 
identical, suggesting its distribution from South 
America by potato tubers (Hayward, 1994; Smith 
et al., 1995; Fegan and Prior, 2005; Xu et al., 2009). 
Biovar 2 and N2 isolates have probably been in-
troduced to Iran by infected potato tubers. In the 
past, Iran imported seed potato tubers mainly 
from the Netherlands and Germany (Nouri et al., 
2008), but, it is proper to mention that Iran has 
also imported potato tubers from South America 
in recent years.

The control of bacterial wilt is diffi cult; the 
best management strategies are planting disease-
resistant hosts and preventing the introduction 
of latently infected potato tubers to new regions. 
Distribution and diversity maps will provide use-
ful information to limit the introduction of R. sola-
nacearum into new regions or hosts plants. To our 
knowledge, this is the fi rst report of phylotype de-
termination biovars of R. solanacearum with pmx-
PCR in Iran.

Literature cited
Bagheri A. and S.M. Taghavi. 2001. Characteristics of 

strains of the causal agent of bacterial wilt of potato 
and tomato in Fars province and reaction of some pota-
to and tomato cultivars to the pathogen. Iranian Jour-
nal of Plant Pathology 36, 69–72.

Bahar M. and D. Danesh. 1988. Etiology of potato wilts in 
Iran. Iranian Journal of Plant Pathology 24, 1–12.

Buddenhagen I., L. Sequeira and Kelman A., 1962. Desig-
nation of races in Pseudomonas solanacearum. Phyto-
pathology 52, 726.

Cook D., E. Barlow and L. Sequeira, 1989. Genetic diversity 
of Pseudomonas  solanacearum: detection of restriction 
fragment length polymorphisms with DNA probes that 
pecify virulence and the hypersensitive response. Mo-
lecular Plant-Microbe Interactions 2, 113–121.

Cruz L., M. Eloy, F. Quirino and H. Carrinho, 2008. Ralsto-
nia solanacearum biovar 1 associated with a new out-
break of potato brown rot in Portugal. Phytopathologia 
Mediterranea 47, 87–91.

Fegan M. and P. Prior, 2005. How complex is the ‘Ralsto-
nia solanacearum species complex’? In: Bacterial Wilt 
the Disease and the Ralstonia solanacearum Species 
Complex (C. Allen, P. Prior, A.C. Hayward, ed.), The 
American Phytopathological Society, St. Paul, MN, 
USA, 449–462. 

Fegan M., M. Taghavi, L.I. Sly and A.C. Hayward, 1998. 
Phylogeny diversity and molecular diagnostics of Ral-



243Vol. 50, No. 2 August, 2011

Diversity of Ralstonia solanacearum isolates 

stonia solanacearum. In: Bacterial Wilt Disease Mo-
lecular and Ecological Aspects. (C. Allen, P. Prior, J. 
Elphinstone, ed.), Springer-Verlag, Berlin, Germany, 
19–33.

French E.R., P. Aley, E. Torres and U. Nydegger, 1993. Di-
versity of Pseudomonas solanacearum Peru and Brazil. 
In: Bacterial Wilt. (G.L. Hartman, A.C. Hayward, ed.), 
ACIAR Proceedings, No. 45, 199–207.

Gillings M. and P. Fahy, 1993. Genetic diversity of Pseu-
domonas solanacearum biovar 2 and N2 assessed us-
ing restriction endoglucanase analysis of total genomic 
DNA. Plant Pathology 42, 744–753.

Guidot A., P. Prior, J. Schoenfeld, S. Carrere, S. Genin and 
C. Boucher, 2007. Genomic structure and phylogeny of 
the plant pathogen Ralstonia solanacearum inferred 
from gene distribution analysis. Journal of Bacteriology 
189, 377–87.

Hayward A.C., 1964. Characteristics of Pseudomonas sola-
nacearum. Journal of Applied Bacteriology 27, 265–77.

Hayward A.C, 1991. Biology and epidemiology of bacterial 
wilt caused by Pseudomonas solanacearum. Annual Re-
view of Phytopathology 29, 65–87.

Hayward A.C., 1994. Systematics and phylogeny of Pseu-
domonas solanacearum and related bacteria. In: Bacte-
rial Wilt: The Disease and its Causative Agent,  Pseu-
domonas solanacearum (A.C. Hayward, G.L. Hartman, 
ed.), CAB International, Wallingford, UK, 123–135.

He L.Y., L. Sequeira and A. Kelman, 1983. Characteristic 
of Pseudomonas solanacearum from China. Plant Dis-
ease 67, 1357–1361.

Horita M., A. Ooshiro and K. Tsuchiya, 2005. Character-
istics of Ralstonia solanacearum biovar N2 strains in 
Asia. Journal of Phytopathology 153, 209–213.

Horita M., Y. Suga, A. Ooshiro, K. Tsuchiya, 2010. Analysis 
of genetic and biological characters of Japanese potato 
strains of Ralstonia solanacearum. Journal of General 
Plant Pathology 76, 196–207.

Horita M. and K. Tsuchiya, 2000. Comparative analysis of 
Japanese and foreign strains of Ralstonia solanacear-
um based on 16S rRNA gene sequences. Journal of Gen-
eral Plant Pathology 66, 132–137. 

Horita M. and K. Tsuchiya, 2001. Genetic diversity of Jap-
anese strains of Ralstonia solanacearum. Phytopathol-
ogy 91, 399–407.

Irandoost H., G Niknam, S.M. Taghavi, A. Torabi, 2007. 
Study on phenotypic and protein diversity of Ralstonia 
solanacearum strains in Iran. Journal of Agriculture 
and Natural Resources 43, 193–204.

Jeong Y., J. Kim, Y. Kang, S. Lee and I. Hwang, 2007. Ge-
netic diversity and distribution of Korean isolates of 
Ralstonia solanacearum. Plant Disease 91, 1277–1287.

Li X., M. Dorsch, T. Del Dot, L.I. Sly, E. Stackebrandt 
and A.C. Hayward, 1993. Phylogenetic studies of the 
rRNA group I1 pseudomonads based on 16s rRNA 
gene sequences. Journal of Applied Bacteriology 74, 
324–329.

Louws F.J., D.W. Fulbright, C.T. Stephens and F.J. de Bru-
jin, 1994. Specifi c genomic fi ngerprint of phytopatho-
genic Xanthomonas and Pseudomonas pathovars and 

strains generated with repetitive sequences and PCR. 
Applied and Environmental Microbiology 60, 2286–
2295.

  Louws F.J., D.W. Fulbright, C.T. Stephens and F.J. de Bru-
jin, 1995. Differentiation of genomic structure by rep–
PCR fi ngerprinting to rapidly classify Xanthomonas 
campestris pv. vesicatoria. Phytopathology 85, 528–536.

Maghooli M., J. Hayati, M. Taghavi and R. Mostofezadeh 
Ghalamfarsa, 2004. Characteristics of Ralstonia solan-
acearum in Khuzestan. In: Proceedings of the Sixteenth 

Iranian Plant Protection Congress, University of Ta-
briz, Tabriz, Iran, 218 (abstract).

Marin J.E. and H.M. El-Nashaar, 1993. Pathogenicity and 
new phenotypes of Pseudomonas solanacearum from 
Peru. In: Bacterial Wilt. (G.L. Hartman, A.C. Hayward, 
ed.), ACIAR Proceedings, No. 45, 78–84.

Moslemkhany C., J. Mozafari and A. Alizadeh, 2008. Ef-
fi cacy of in vitro selection for resistance to Ralstonia 
solanacearum in potato. In: Proceedings of the Eight-
een Iranian Plant Protection Congress, University of  
Hamedan, Hamedan, Iran, 438 (abstract).

Norman D.J., M. Zapata, D.W. Gabriel, Y.P. Duan, J.M.F. 
Yuen, A. Mangravita-Novo and R.S. Donahoo, 2009. 
Genetic diversity and host range variation of Ralstonia 
solanacearum strains entering North America. Phyto-
pathology 99, 1070–1077.

Nouri, S., M. Bahar and M. Fegan, 2008. Diversity of Ral-
stonia solanacearum causing potato wilt in Iran and 
the fi rst record of phylotype ΙΙ /biovar 2T strain outside 
South America. Plant Pathology 58, 243– 249.

Rademaker J.L.W. and F.J. De Bruijn, 1998. Characteriza-
tion and classifi cation of microbes by REP-PCR genomic 
fi ngerprinting. In: Molecular Microbe Manual (A.D.L. 
Akkermans, J.D. Van Elsas, F.J. De Bruijn, ed.), Kluw-
er Academic Publishers, Dordrecht, Netherlands, 1–26.

Rohlf F.J., 2000. NTSYS–PC, Numerical Taxonomy and 
Multivariate Analysis System. Exeter Software.Version 
2. 11j. Setauket, NY, USA. 

Sambrook J., E.F. Fritsch and T. Maniatis, 1989. Molecu-
lar Cloning; A Laboratory Manual, 2nd ed., Cold Spring 
Harbor Laboratory Press, Cold Spring, NY,USA.

Schaad N.W., J.B Jones and W. Chun, 2001. Laboratory 
Guide for Identifi cation of Plant Pathogenic bacteria. 
3rd ed. American Phytopathological Society St. Paul, 
MN, USA, 378 pp.

Seal S.E., M. Taghavi, N. Fegan, A.C. Hayward and 
M. Fegan, 1999. Determination of Ralstonia (Pseu-
domonas) solanacearum rDNA subgroups by PCR tests. 
Plant Pathology 48, 115–120.

Smith J.J., G.N. Kibata, Z.K. Murimi, K.Y. Lum, E. Fer-
nandez–Northcote, L.C. Offord and G.S. Saddler, 1998. 
Biogeographic studies on Ralstonia solanacearum race 
1 and 3 by genomic fi ngerprinting. In: Bacterial Wilt: 
The Disease. Molecular and Ecological Aspects. (P. Pri-
or, C. Allen, J. Elphinstone, ed.), Springer-Verlag, Ber-
lin, Germany, 50–55.

Smith J.J., L.C. Offord, M. Holderness and G.S. Saddler, 
1995. Genetic diversity of Burkholderia solanacearum 
(synonym Pseudomonas solanacearum) race 3 in Ken-



Phytopathologia Mediterranea

M. Izadiyan and S.M. Taghavi

244

ya. Applied and Environmental Microbiology 61, 4263–
4268.

Taghavi S.M., M. Ghiasi and A.A. Behjatnia, 2004. Applica-
tion of specifi c primers and polymerase chain reaction 
for identifi cation of Ralstonia solanacearum biovar 2. 
Iran Agricultural Research 23, 43–50.

Taghavi M., A.C. Hayward, L.I. Sly and M. Fegan, 1996. 
Analysis of the phylogenetic relationships of strains of 
Burkholderia solanacearum, Pseudomonas syzygii and 
the blood disease bacterium of banana based on 16S 
rRNA gene sequences. International Journal of System-
atic Bacteriology 46, 10–15.

Versalovic J., M. Schneider, F.J. de Bruijn and J.R. Lupski, 
1994. Genomic fi ngerprinting of bacteria using repeti-
tive sequence-based polymerase chain reaction. Meth-
ods in Molecular and Cellular Biology 5, 25–40.

Villa J., K. Tsuchiya, M. Horita, M. Natural, N. Opina and 
M. Hyakumachi. 2005. Phylogenetic relationships of 
Ralstonia solanacearum species complex strains from 

Asia and other continents based on 16S rDNA, endog-
lucanase, and hrpB gene sequences. Journal of General 
Plant Pathology 71, 39–46.

Weller S.A., J.G. Elphinstone, N.C. Smith., N.C. Boonllam 
and D.E. Stead, 2000. Detection of Ralstonia solan-
acearum strain with quantitative, mutiplex, real–time, 
fl uorogenic PCR (TaqMan) assay. Applied and Environ-
mental Microbiology 66, 2853–2858.

Xu J., Z.C. Pan, P. Prior, J.S. Xu, Z. Zhang, H. Zhang, L.Q. 
Zhang, Y.L. He and J. Feng, 2009. Genetic diversity of 
Ralstonia solanacearum strains from China. European 
Journal of Plant Pathology 125, 641–653.

Yabuuchi E., Y. Kosako, I. Yano, H. Hotta and Y. Nishiuchi, 
1995. Transfer of two Burkholderia and an Alcaligenes 
species to Ralstonia gen. nov.: Proposal of Ralstonia 
pickettii (Ralston, Palleroni and Doudoroff 1973) comb. 
nov., Ralstonia solanacearum (Smith 1896) comb. nov. 
and Ralstonia eutropha (Davis 1969) comb. nov. Micro-
biology and Immunology 39, 897–904.

Accepted for publication: April 13, 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ITA (JOB GIUNTI \(14_04_2011\))
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA39 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


