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Ralstonia solanacearum causes bacterial wilt in several plants with a wide
geographical distribution. A systematic study was undertaken to study the
pathogenicity of R. solanacearum infecting solanaceous vegetables from Goa and
adjoining regions. Fifty isolates of R. solanacearum also characterized using ARDRA
and PCR-RFLP. Out of these, 33 were isolated from eggplant, chilli and tomato.
Results indicated that all the isolates studied belonged to Phylotype I based on the ITS
region and biovar 3, except one isolate which is grouped under biovar 6. Host range
studies revealed that 44 isolates were pathogenic on eggplant and tomato, 11 on chilli.
Genetic characterization of the isolates proved that all the isolates produced a similar
fingerprint when analyzed by ARDRA and PCR-RFLP of fliC gene and 280 bp
amplicon indicating genetic homogeneity among the Phylotype I biovar 3 isolates of
R. solanacearum but variation was observed when different Phylotypes were used.
This indicates that although R. solanacearum from Goa are phenotypically similar,
great variation is displayed by the pathogen in its ability to cause wilt.
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INTRODUCTION
R. solanacearum (Smith) Yabuuchi is known to infect
numerous plant species by bacterial wilt disease (Xu et al.,
2010) and has broad geographical distribution (Denny, 2006).
Eggplant cultivation in Goa is severely affected due to this
disease and the incidence ranges from 30-100% (Ramesh,
2006).  This bacterium is aerobic; catalase, oxidase and nitrate
reduction positive (Denny and Hayward, 2001). Virulent and
avirulent colonies of the pathogen can be differentiated by the
growth on tetrazolium chloride medium (TZC) (Kelman,
1954).

It invades plants through root wounds or at sites of secondary
root emergence facilitating spread through the vascular system
(Vasse et al., 1995). This leads to wilting of plant due to
vascular dysfunction that prevents sufficient water from
reaching the leaves (Denny et al., 1990). Symptoms include
leaf yellowing, wilting and necrosis as well as vascular
browning (Hayward, 1991). The bacterium then returns to the
soil, living as a saprophytic organism until it infects new host
(Schell, 2000).

Members of R. solanacearum comprise a relatively diverse
group of isolates referred to as a species complex (Gillings and
Fahy, 1994) and is classified into 5 races (Buddenhagen et al.,
1962) based on the host range: Race 1 (Solanaceous
vegetables), Race 2 (banana), Race 3 (potato and tomato from
temperate regions), Race 4 (ginger), Race 5 (mulberry) and 6
biovars (Xue et al., 2011) based on the metabolic profiles
related to the ability to reduce three disaccharides and three
hexose alcohols and 4 phylotypes based on the ITS region,
HrpB gene and Egl gene sequences.  Phylotype I consists of
isolates isolated from Asia; Phylotype II includes isolates from

Americas; Phylotype III includes isolates belonging to Africa,
Reunion Island and Madagascar islands in the Indian Ocean.
Phylotype IV includes isolates belonging to Indonesia,
Australia and Japan (Fegan and Prior, 2005).

Singh et al. (1997) reported that bacterial wilt affects mainly
the solanaceous vegetables in India and is prevalent in Gujarat,
Western Maharashtra, Karnataka,   Kerala Madhya Pradesh,
Assam, Orissa, West Bengal, Meghalya, Manipur, Tripura,
Mizoram, Arunachal Pradesh, Andaman and Nicobar Islands
(Shekhawat et al., 1978). Khan et al. (1974) reported
Asiaticum group of R. solanacearum from India on the basis of
comparative studies of the isolate infecting solanaceous crops.
Managing this pathogen is a very challenging aspect and
therefore we need to understand the pathogenic behavior of the
bacterium. Molecular techniques have been used to identify
subgroups within R. solanacearum. 16S rDNA (Horita and
Tsuchiya, 2000; Taghavi et al., 1996), egl (Fegan and Prior,
2005), and hrpB (Poussier et al., 2000) genes have been used
to separate isolates of R. solanacearum into genetic divisions
that can be traced back to continent of origin (Villa et al.,
2005).

Genomic diversity of R. solanacearum was evaluated by using
PCR-RFLP analysis of the hrp gene region (Poussier et al.,
1999). PCR RFLP confirmed that biovar 2 strains are the least
genetically diverse of all biovars (Cook and Sequeira, 1994).
Kumar et al. (2004) have performed molecular analysis of 33
strains of R. solanacearum obtained from different states of
India by REP–PCR, ITS–PCR and RFLP–PCR dividing the
isolates into various clusters.

The objective of this study was to assess the pathogenic
potential of R. solanacearum isolates from Western India and
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to characterize R. solanacearum isolates based on the
restriction fragment length polymorphism (RFLP) pattern of
three genes.

MATERIALS AND METHODS
Bacterial isolates: Sampling, isolation and culture conditions

R. solanacearum was isolated from different crops i.e.
eggplant, chilli and tomato from Goa (n=33) and other isolates
were obtained from Plant Pathology laboratory, ICAR Old Goa
(Table 1) for comparision. Isolation of R. solanacearum was
done on sterile TZC agar plate (Casamino acid, 1g L-1;
peptone, 10g L-1; glucose, 5g L-1; agar agar, 17 g L-1 amended
with 0.005 % v/v 2,3,5-triphenyl tetrazolium chloride)
(Kelman, 1954) as described by Ramesh and Phadke (2012).
The plates were incubated at 28+ 2°C for 48 to 72 h. R.
solanacearum colonies were selected, purified and maintained
in 30% glycerol stocks at -80°C.

R. solanacearum identification by PCR

Genomic DNA was isolated by the modification of method
suggested by Kumar et al. (2004) and its quality and quantity
was determined using Nano drop-1000, Thermo fisher
scientific, USA. Polymerase chain reaction was performed in
DNA Thermal Cycler (Mastercycler Pro, Eppendorf,
Germany) using Rs759/Rs760 primer pairs (Opina et al., 1997)
in 10μL reaction mixture (1.0 µM of each primer, 200μM
dNTPs, 1X PCR buffer, 10% DMSO, 20μg BSA, 0.5U Taq
DNA polymerase and 50ng µl of the DNA template).

Biovar determination

Biovar determination of R. solanacearum isolates was based
on utilization and oxidation of hexose alcohols and
carbohydrates (Hayward, 1991). 24 h old grown R.
solanacearum culture was inoculated in each tube and
incubated at 28 ± 2°C for 24-72 h. Change of colour from
green to yellow was recorded over the period of time.

Determination of Phylotype

Phylotype affiliation was determined by multiplex PCR using a
set of phylotype-specific primers in 25 µL reaction (1 X Taq
Buffer, 200 µM of each dNTP, 6 pmol each of Nmult21:1F,
Nmult21:2F, Nmult22: InF primers, 18pmol of Nmult23:AF,
10 pmol of Nmult22:RR and 4 pmol each of Rs759 and Rs760,
2 units of Taq DNA polymerase, 50 ng of template) as
described by Fegan and Prior (2005). Template DNA for R.
solanacearum reference isolates: GMI 1000, K60, ww386 and
ww443 representing phylotypes I, II, III and IV respectively
were provided by C. Allen (University of Wisconsin-Madison,
USA).

Pathogenicity of R. solanacearum

To assess the pathogenicity of isolates, three different hosts
[eggplant (cv. Agassaim), tomato (variety Arka vikas), chilli
(variety Pusa jwala)] were selected. 20 day old Seedlings were
grown in pots containing nursery mixture and were maintained
in a greenhouse at 30 °C. R. solanacearum isolates were grown
in 20 mL CPG broth for 48 h and was centrifuged at 10,000
rpm for 8 min at room temperature. The pellet was suspended
in 100 mL of sterile 1X PBS (Huang and Allen, 1997) and 4
mL of inoculum (108 CFU mL-1) was poured around the root
zone of each plant by soil drenching (Schaad et al., 2001).
Plants inoculated with sterile 1X PBS served as negative

control. Wilt incidence was recorded daily as number of plants
wilted and percentage of leaves wilted up to 30 days. Percent
wilt was calculated according to standard formula. Five plants
per pot in two replicates were inoculated and this experiment
was repeated twice.

Further, the virulence of R. solanacearum isolates were tested
on eggplant by inoculating reduced inoculum (107 CFU mL-1)
as per the method described above.  Wilt incidence was
recorded daily as number of plants wilted and percentage of
leaves wilted up to 30 days. Percent wilt was calculated
according to standard formula and Percent Severity Index
(PSI) was calculated based on 0-4 disease index scale (Schell
et al., 1988) with the formula described by Fininsa (2003).

Diversity study by PCR-RFLP of R. solanacearum genes

16S rRNA, fliC gene and lpxC gene fragments from all R.
solanacearum from India and reference isolates (Phylotype I,
II, III and IV ) were amplified using 16F-27 & 16R-1492
(Jeong et al., 2007) ; Rsol_fliC forward & Rsol_fliC reverse
(Schonfeld et al., 2003) and Rs759 & Rs760 (Opina et al.,
1997) primers respectively. For 16S PCR, 20μl reaction mix
containing 1x PCR buffer, 200 µM dNTPs, 0.4 µM of primers-
16F-27 and 16SR-1492 each, 1.0 U Taq polymerase and 50 ng
template DNA was used. PCR cycle consisted of initial
denaturation at 94°C for 5 min followed by 32 cycles at 94°C
for 30 sec, 55°C for 40 sec and 72°C for 1 min followed by a
final extension period at 72°C for 5 min. For fliC PCR, 25μl
reaction mix containing 1x PCR buffer , 200 µM dNTPs, 10
pM of primers- Rsol_fliC forward Rsol_fliC reverse each, 10%
DMSO, 2.0 U Taq polymerase and 100 ng template DNA was
used. The PCR cycle was performed contained initial
denaturation at 94°C for 5 min and then cycled through 25
cycles of 94°C for 30s, 63°C for 2 min and 72°C for 1 min
followed by a final extension period at 72°C for 10 min. 280bp
lpxC gene fragment was amplified using 759/760 primers as
described in the R. solanacearum identification section. PCR
amplification was carried out in DNA Thermal Cycler
(Mastercycler Pro, Eppendorf, Germany).

Restriction digestion of 16S rRNA (~1500 bp) gene using 1 U
of Alu I and MspI enzymes; fliC gene (~400 bp) using 1 U of
Alu I enzyme and lpxC (282 bp fragment is the gene for UDP-
3-O-acyl N-acetylglucosamine deacetylase in R.
solanacearum) gene using 1 U of NIa III enzyme was carried
out. Restriction reaction included 100-150ng DNA, 1X tango
buffer, 1U of restriction enzyme; incubated at 37 °C for 1 h.
All the restriction enzymes and buffer were procured from
Fermentas. The restricted fragments were separated on 2%
agarose at 50V and the gel was visualized using gel
documentation unit (MultiImage Light Cabinet, AlphaImager
EC, Alpha Innotech Corporation, San Leandro, CA, USA).

RESULTS
Isolation, identification and characterization

Wilted plant samples (eggplant, tomato and chilli) from major
vegetable areas of Goa were collected from vegetable growing
areas and the pathogen was isolated on TZC medium. R.
solanacearum produced fluidal colonies with pink centers
having whirling pattern after 48 h of incubation. On CPG
media, virulent isolates produced abundant extracellular
polysaccharide (EPS). Cultural characters of all the 50 isolates
on TZC medium were similar. Further, in PCR using Rs
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759/760 primer sets, all the isolates amplified a single 282 bp
fragment which confirmed the identity of R. solanacearum.
Biovar characterization indicated that all the isolates belonged
to biovar 3, except one isolate (Rs-09-113) which formed the
new biovar 6 due to non-utilization of dulcitol. In the multiplex
PCR analysis, it amplified the 282 bp species complex specific
fragment as well as 144bp phylotype I specific amplicon
indicating that the isolates belonged to Phylotype I.

Pathogenicity of R. solanacearum

Pathogenicity of the isolates was determined as percentage of
wilt starting from 7 days after inoculation. Results indicated
that 44 isolates were pathogenic on both the hosts i.e. eggplant
and tomato. Thirty one isolates were pathogenic on all the 3

hosts. Isolates from eggplant (Rs-08-74) and ginger (Rs-10-216)
did not cause wilt in any of the host tested (Table 1). Initial
symptoms of wilting in eggplant appeared within 7-10 days and in
tomato within 3-4days after inoculation when inoculated by soil
drenching method. In chilli, only few isolates caused wilting
symptoms though high concentration of bacteria present in the
stem tissues which was detected by the presence of abundant
bacterial ooze.

Nine isolates did not cause wilting on eggplant and 6 isolates
did not wilt tomato even after 15 days of inoculation.
We have also studied the virulence of the R. solanacearum
isolates on eggplant by inoculating a defined concentration
cells and the results indicated that only 4 isolates caused wilt

Table 1 List of R. solanacearum isolates used in the study from India

No.
Strain

designation Host State Year Biovara
Pathogenic ond

upto 30 DAI

Eggplant Tomato Chili
1 Rs-08-01 Eggplant Goa 2008 3 + + +
2 Rs-08-17 Eggplant Goa 2008 3 + + -
3 Rs-08-43 Eggplant Goa 2008 3 + + +
4 Rs-08-44 Eggplant Goa 2008 3 + + +
5 Rs-08-47 Eggplant Goa 2008 3 + + +
6 Rs-08-49 Eggplant Goa 2008 3 + - +
7 Rs-08-61 Eggplant Goa 2008 3 + - +
8 Rs-08-74 Eggplant Goa 2008 3 - - -
9 Rs-09-84 Eggplant Goa 2009 3 + + +

10 Rs-09-86 Eggplant Goa 2009 3 + + +
11 Rs-09-104 Eggplant Goa 2009 3 + + +
12 Rs-09-153 Eggplant Goa 2009 3 + + +
13 Rs-09-157 Eggplant Goa 2009 3 + + +
14 Rs-09-172 Eggplant Goa 2009 3 + + +
15 Rs-09-173 Eggplant Goa 2009 3 + - +
16 Rs-09-176 Eggplant Goa 2009 3 + + +
17 Rs-10-262 Eggplant Goa 2010 3 + + +
18 Rs-10-266 Eggplant Goa 2010 3 + + +
19 Rs-10-268 Eggplant Goa 2010 3 + + +
20 Rs-10-273 Eggplant Goa 2010 3 + + +
21 Rs-10-277 Eggplant Goa 2010 3 - + +
22 Rs-10-278 Eggplant Goa 2010 3 + + +
23 Rs-10-286 Eggplant Goa 2010 3 + + +
24 Rs-10-295 Eggplant Goa 2010 3 + + -
25 Rs-10-298 Eggplant Goa 2010 3 - + -
26 Rs-10-315 Eggplant Goa 2010 3 + + +
27 Rs-10-319 Eggplant Goa 2010 3 + + +
28 Rs-10-322 Eggplant Goa 2010 3 + + +
29 Rs-10-325 Eggplant Goa 2010 3 + + +
30 Rs-10-337 Eggplant Goa 2010 3 + + -
31 Rs-10-280 chilli Goa 2010 3 + + +
32 Rs-10-332 chilli Goa 2010 3 + + +
33 Rs-09-83 Tomato Goa 2009 3 + + +
34 Rs-09-197 Chilli Karnataka 2009 3 + + +
35 Rs-09-201 Chilli Karnataka 2009 3 + + +
36 Rs-09-189 Potato Karnataka 2009 3 + - -
37 Rs-09-123 Eggplant Kerala 2009 3 + + +
38 Rs-09-113 Chilli Kerala 2009 6 + + +
39 Rs-10-209 Tomato Kerala 2010 3 + + +
40 Rs-10-216 Ginger Kerala 2010 3 - - -
41 Rs-11-376 Eggplant Orissa 2011 3 + + -
42 Rs-11-357 Eggplant Maharashtra 2011 3 + + -
43 Rs-11-359 Eggplant Maharashtra 2011 3 + + +
44 Rs-11-364 Eggplant Maharashtra 2011 3 + + -
45 Rs-11-363 Eggplant Maharashtra 2011 3 + + +
46 Rs-11-365 Eggplant Maharashtra 2011 3 - + -
47 Rs-11-340 Eggplant Maharashtra 2011 3 + + -
48 Rs-11-341 Eggplant Maharashtra 2011 3 + + -
49 Rs-11-344 Eggplant Maharashtra 2011 3 - + -
50 Rs-10-250 Eggplant Andaman 2010 3 + + -

a biovar determined based on the utilization of disaccharides and alcohols (Hayward, 1964)
b Phylotype was determined based on multiplex PCR (Fegan and Prior, 2005)
c Primer set 759/760 amplified a 282 bp band from R. solanacearum strains (Opina et al., 1997)
d pathogenicity was tested on 5 plants, replicated twice. The experiment was repeated twice.
DAI - Days after inoculation

+ pathogenic; - non pathogenic
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on 76-100% plants post 7 days of inoculation. After 14 days of
inoculation, we observed that 14 isolates wilted maximum
number of plants (76-100%) (Fig. 1). Maximum number of
isolates (9) caused wilting in 1-25% plants within 7 days of
inoculation, whereas, in the rest of the days only 2-3 isolates
managed to wilt these many number of plants. Throughout the
experiment, 4 isolates (Rs-09-189, Rs-10-216, Rs-09-104 and
Rs-09-153) did not cause wilt up to 28 days. Disease Percent
severity index (PSI) was assessed at weekly intervals until 28
days post inoculation. The results indicated that percent disease
and PSI do not vary much except when the data was recorded
after 7 days of inoculation. (Fig. 1).

After we could find variation in the pathogenic ability of the
pathogen we attempted to determine the genetic diversity of R.
solanacearum isolates by PCR-RFLP.

PCR-RFLP of R. solanacearum genes

16S rRNA, fliC gene and lpxC gene fragments from all the isolates
from India (Phylotype I) and other reference isolates (Phylotype I,
II, III and IV) of R. solanacearum were amplified and digested
with different restriction enzymes.

The restriction profiles of phylotype I isolates with different
restriction enzymes were identical and no polymorphism was
observed in all the three genes. However, polymorphism was
observed in the restriction profile when different phylotype strains
were compared. 16sRNA fragment restricted with Msp I
differentiated phylotype II with a single extra polymorpic band of
size 500bp. When fliC gene was restricted with Alu I, phylotype II
showed different restriction profile with an additional fragment of
100bp. In case of PCR-RFLP of 282bp gene with Nla III,
phylotype I and phylotype IV I produced identical restriction
profile. Phylotype II and Phylotype III produced different profiles.
Msp I restriction of 282 bp fragment could not differentiate the
phylotypes (Fig. 2).

DISCUSSION
We could say that all the virulent R. solanacearum from Goa
morphologically resembled those from other regions of the
world (He et al, 1983; Williamson et al., 2002) by producing
typical white coloured fluidal colonies with pink centers and
irregular in shape (Hayward, 1964). Furthermore, using species
specific primers 282 bp band was obtained from all the isolates
as reported by Opina et al (1997) and other studies
(Chandrashekara et al., 2012; Villa et al., 2003).

Phylogenetic analyses based on multiple gene sequence loci
have revealed that the species is divided into four phylotypes
(I, II, III, IV) (Fegan and Prior, 2005), each of which reflects
the geographical origin of the isolates. In our study we found
that all the isolates belonged to Phylotype I (Asian origin).
There is genetic evidence that phylotypes arose from
geographical isolation and that populations may have diverged
a long time ago, as judged by the amount of fixed
polymorphisms observed among phylotypes (Castillo and
Greenberg, 2007). According to Cook and Sequeira (1994), the
Asiaticum division contains biovars 3, 4, and 5; this proves
that all our isolates that belonged to Phylotype I corresponds to
Asiaticum Division 1. Although, Sagar et al. (2014) has
reported that the Indian potato strains of R. solanacearum
belong to three out of four phylotypes (I, II, and IV), we did
not find any other phylotype of R. solanacearum infecting
solanaceous vegetables.

Early classification of R. solanacearum divided the species
into five major races based on the host range of the isolates,
and these ‘races’ mostly corresponded to pathovars (Denny,
2006). In India race 1 is reported as widespread (Khan, 1974)
and is prevalent in 11 states (Andhra Pradesh, Assam,
Himachal Pradesh, Punjab, Karnataka, Kerala, Maharashtra,
Nagaland, Orissa, Uttar Pradesh and Bengal). Shekhawat et al.
(1978) reported that isolates from plain area belonged to race
1. Based on our host range studies, the isolates examined were
pathogenic on solanaceous plants such as eggplant, tomato and
chilli which corresponded to race 1.

R. solanacearum Biovar 3 is widely distributed and is known
to cause severe losses in tomato, eggplant and other crops
(Raymundo et al., 2005). Shekhawat et al. (1978) reported that
biovar 3 and 4 were encountered only among eastern parts of
India. Bhattacharya et al. (2003) reported the prevalence of
race 1 and biovar 3 infecting solanaceous crops from west
Bengal. Interestingly, most of our isolates that belonged to

Figure 1 Figure depicting Percent disease and Percent severity index of
bacterial wilt in eggplant by soil drenching method over a period of time

(up to 28 DAI). Experiment was repeated twice with 2 replications.
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Figure 2 Restriction fragment length polymorphisms of polymerase
chain reaction amplified 16 S (a), fliC (b) and 282-bp (c) fragments of
different isolates of Ralstonia solanacearum and the amplificons were
digested by Msp I, Alu I and Nla III restriction enzymes respectively.
The restricted products were run in 2%  agarose gel. Lane (PI-PIV)

represents Phylotypes I, II, II and IV; M marker (100bp DNA ladder
from Genei) was used.

The PCR-RFLP was repeated twice for all the genes to check for
repeatability of the results.
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on 76-100% plants post 7 days of inoculation. After 14 days of
inoculation, we observed that 14 isolates wilted maximum
number of plants (76-100%) (Fig. 1). Maximum number of
isolates (9) caused wilting in 1-25% plants within 7 days of
inoculation, whereas, in the rest of the days only 2-3 isolates
managed to wilt these many number of plants. Throughout the
experiment, 4 isolates (Rs-09-189, Rs-10-216, Rs-09-104 and
Rs-09-153) did not cause wilt up to 28 days. Disease Percent
severity index (PSI) was assessed at weekly intervals until 28
days post inoculation. The results indicated that percent disease
and PSI do not vary much except when the data was recorded
after 7 days of inoculation. (Fig. 1).

After we could find variation in the pathogenic ability of the
pathogen we attempted to determine the genetic diversity of R.
solanacearum isolates by PCR-RFLP.

PCR-RFLP of R. solanacearum genes

16S rRNA, fliC gene and lpxC gene fragments from all the isolates
from India (Phylotype I) and other reference isolates (Phylotype I,
II, III and IV) of R. solanacearum were amplified and digested
with different restriction enzymes.

The restriction profiles of phylotype I isolates with different
restriction enzymes were identical and no polymorphism was
observed in all the three genes. However, polymorphism was
observed in the restriction profile when different phylotype strains
were compared. 16sRNA fragment restricted with Msp I
differentiated phylotype II with a single extra polymorpic band of
size 500bp. When fliC gene was restricted with Alu I, phylotype II
showed different restriction profile with an additional fragment of
100bp. In case of PCR-RFLP of 282bp gene with Nla III,
phylotype I and phylotype IV I produced identical restriction
profile. Phylotype II and Phylotype III produced different profiles.
Msp I restriction of 282 bp fragment could not differentiate the
phylotypes (Fig. 2).

DISCUSSION
We could say that all the virulent R. solanacearum from Goa
morphologically resembled those from other regions of the
world (He et al, 1983; Williamson et al., 2002) by producing
typical white coloured fluidal colonies with pink centers and
irregular in shape (Hayward, 1964). Furthermore, using species
specific primers 282 bp band was obtained from all the isolates
as reported by Opina et al (1997) and other studies
(Chandrashekara et al., 2012; Villa et al., 2003).

Phylogenetic analyses based on multiple gene sequence loci
have revealed that the species is divided into four phylotypes
(I, II, III, IV) (Fegan and Prior, 2005), each of which reflects
the geographical origin of the isolates. In our study we found
that all the isolates belonged to Phylotype I (Asian origin).
There is genetic evidence that phylotypes arose from
geographical isolation and that populations may have diverged
a long time ago, as judged by the amount of fixed
polymorphisms observed among phylotypes (Castillo and
Greenberg, 2007). According to Cook and Sequeira (1994), the
Asiaticum division contains biovars 3, 4, and 5; this proves
that all our isolates that belonged to Phylotype I corresponds to
Asiaticum Division 1. Although, Sagar et al. (2014) has
reported that the Indian potato strains of R. solanacearum
belong to three out of four phylotypes (I, II, and IV), we did
not find any other phylotype of R. solanacearum infecting
solanaceous vegetables.

Early classification of R. solanacearum divided the species
into five major races based on the host range of the isolates,
and these ‘races’ mostly corresponded to pathovars (Denny,
2006). In India race 1 is reported as widespread (Khan, 1974)
and is prevalent in 11 states (Andhra Pradesh, Assam,
Himachal Pradesh, Punjab, Karnataka, Kerala, Maharashtra,
Nagaland, Orissa, Uttar Pradesh and Bengal). Shekhawat et al.
(1978) reported that isolates from plain area belonged to race
1. Based on our host range studies, the isolates examined were
pathogenic on solanaceous plants such as eggplant, tomato and
chilli which corresponded to race 1.

R. solanacearum Biovar 3 is widely distributed and is known
to cause severe losses in tomato, eggplant and other crops
(Raymundo et al., 2005). Shekhawat et al. (1978) reported that
biovar 3 and 4 were encountered only among eastern parts of
India. Bhattacharya et al. (2003) reported the prevalence of
race 1 and biovar 3 infecting solanaceous crops from west
Bengal. Interestingly, most of our isolates that belonged to

Figure 1 Figure depicting Percent disease and Percent severity index of
bacterial wilt in eggplant by soil drenching method over a period of time
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repeatability of the results.
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on 76-100% plants post 7 days of inoculation. After 14 days of
inoculation, we observed that 14 isolates wilted maximum
number of plants (76-100%) (Fig. 1). Maximum number of
isolates (9) caused wilting in 1-25% plants within 7 days of
inoculation, whereas, in the rest of the days only 2-3 isolates
managed to wilt these many number of plants. Throughout the
experiment, 4 isolates (Rs-09-189, Rs-10-216, Rs-09-104 and
Rs-09-153) did not cause wilt up to 28 days. Disease Percent
severity index (PSI) was assessed at weekly intervals until 28
days post inoculation. The results indicated that percent disease
and PSI do not vary much except when the data was recorded
after 7 days of inoculation. (Fig. 1).

After we could find variation in the pathogenic ability of the
pathogen we attempted to determine the genetic diversity of R.
solanacearum isolates by PCR-RFLP.

PCR-RFLP of R. solanacearum genes

16S rRNA, fliC gene and lpxC gene fragments from all the isolates
from India (Phylotype I) and other reference isolates (Phylotype I,
II, III and IV) of R. solanacearum were amplified and digested
with different restriction enzymes.

The restriction profiles of phylotype I isolates with different
restriction enzymes were identical and no polymorphism was
observed in all the three genes. However, polymorphism was
observed in the restriction profile when different phylotype strains
were compared. 16sRNA fragment restricted with Msp I
differentiated phylotype II with a single extra polymorpic band of
size 500bp. When fliC gene was restricted with Alu I, phylotype II
showed different restriction profile with an additional fragment of
100bp. In case of PCR-RFLP of 282bp gene with Nla III,
phylotype I and phylotype IV I produced identical restriction
profile. Phylotype II and Phylotype III produced different profiles.
Msp I restriction of 282 bp fragment could not differentiate the
phylotypes (Fig. 2).

DISCUSSION
We could say that all the virulent R. solanacearum from Goa
morphologically resembled those from other regions of the
world (He et al, 1983; Williamson et al., 2002) by producing
typical white coloured fluidal colonies with pink centers and
irregular in shape (Hayward, 1964). Furthermore, using species
specific primers 282 bp band was obtained from all the isolates
as reported by Opina et al (1997) and other studies
(Chandrashekara et al., 2012; Villa et al., 2003).

Phylogenetic analyses based on multiple gene sequence loci
have revealed that the species is divided into four phylotypes
(I, II, III, IV) (Fegan and Prior, 2005), each of which reflects
the geographical origin of the isolates. In our study we found
that all the isolates belonged to Phylotype I (Asian origin).
There is genetic evidence that phylotypes arose from
geographical isolation and that populations may have diverged
a long time ago, as judged by the amount of fixed
polymorphisms observed among phylotypes (Castillo and
Greenberg, 2007). According to Cook and Sequeira (1994), the
Asiaticum division contains biovars 3, 4, and 5; this proves
that all our isolates that belonged to Phylotype I corresponds to
Asiaticum Division 1. Although, Sagar et al. (2014) has
reported that the Indian potato strains of R. solanacearum
belong to three out of four phylotypes (I, II, and IV), we did
not find any other phylotype of R. solanacearum infecting
solanaceous vegetables.

Early classification of R. solanacearum divided the species
into five major races based on the host range of the isolates,
and these ‘races’ mostly corresponded to pathovars (Denny,
2006). In India race 1 is reported as widespread (Khan, 1974)
and is prevalent in 11 states (Andhra Pradesh, Assam,
Himachal Pradesh, Punjab, Karnataka, Kerala, Maharashtra,
Nagaland, Orissa, Uttar Pradesh and Bengal). Shekhawat et al.
(1978) reported that isolates from plain area belonged to race
1. Based on our host range studies, the isolates examined were
pathogenic on solanaceous plants such as eggplant, tomato and
chilli which corresponded to race 1.

R. solanacearum Biovar 3 is widely distributed and is known
to cause severe losses in tomato, eggplant and other crops
(Raymundo et al., 2005). Shekhawat et al. (1978) reported that
biovar 3 and 4 were encountered only among eastern parts of
India. Bhattacharya et al. (2003) reported the prevalence of
race 1 and biovar 3 infecting solanaceous crops from west
Bengal. Interestingly, most of our isolates that belonged to

Figure 1 Figure depicting Percent disease and Percent severity index of
bacterial wilt in eggplant by soil drenching method over a period of time

(up to 28 DAI). Experiment was repeated twice with 2 replications.
PD- Percent Disease

PSI- Percent Severity index
DAI- Days after inoculation

No. of Plants: 10

Figure 2 Restriction fragment length polymorphisms of polymerase
chain reaction amplified 16 S (a), fliC (b) and 282-bp (c) fragments of
different isolates of Ralstonia solanacearum and the amplificons were
digested by Msp I, Alu I and Nla III restriction enzymes respectively.
The restricted products were run in 2%  agarose gel. Lane (PI-PIV)

represents Phylotypes I, II, II and IV; M marker (100bp DNA ladder
from Genei) was used.

The PCR-RFLP was repeated twice for all the genes to check for
repeatability of the results.
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western parts of India were classified under biovar 3 group
except 1 that belonged to biovar 6 (did not utilize dulcitol) as
designated by Xue et al (2011). Similarly, James et al. (2003)
also reported the variation in dulcitol utilization of isolates.
According to Xu et al. (2009), the vast majority of isolates
analyzed belonged to the Asian phylotype I and belonged
mainly to biovars 3 and 4. The phenotypic characterization for
biovar revealed the predominance of biovar 3 over biovar 4 in
Kerala (Kumar and Sarma, 2004). The incidence of biovar 4 is
less frequent in India, which further confirms that biovar 3 is
more versatile in its adaptation to varying environmental
conditions and is less influenced by the vagaries of soil
edaphic factors. Ji et al. (2007) reported that biovar type and
aggressiveness of R. solanacearum may be linked. However,
our study does not provide any evidence to link aggressiveness
to biovar as all our isolates are biovar3 and a wide variation in
the aggressiveness is observed among the isolates. Horita and
Tsuchiya (2001) stated that biovar 3 isolates differ in their
pathogenicity and our findings are in the same line with that
report.

All the isolates produced typical wilt symptoms in respective
hosts exhibiting pathogenesis. Saile et al. (1997) reported that
EPS I has an important function in facilitating the bacterial
multiplication in tomato plant stems. Three isolates namely Rs-
09-189, Rs-10-216 and Rs-09-153 isolated from potato, ginger
and eggplant hosts respectively failed to infect eggplant and
therefore, regarded as non-pathogenic, whereas other isolates
showed disease incidence in the range of 10-100%. Kumar and
Sarma (2004) also reported that R. solanacearum isolates from
ginger (Race4/Biovar3) are highly pathogenic on ginger as
well as on solanaceous vegetables. However, in our study the
ginger strain (Race4/Biovar3) was not pathogenic on
solanaceous vegetables.

In this study, lot of variation was observed in the ability of the
isolates to cause disease in the eggplant irrespective of its host
and geographical location.  When host range studies were
conducted we observed that maximum number of isolates
(34%) infected 76-100% of eggplants and 38% isolates
infected 51-75% tomatoes after 15 days of inoculation. Three
isolates viz. Rs-10-337, Rs-08-17 and Rs-08-61 were highly
virulent as they caused 100% wilting in eggplant within 7 days
of inoculation. Rs-11-357, Rs-10-325 and Rs-08-43 could be
regarded as moderately virulent since they caused 100%
wilting in eggplant within 14 days of inoculation. Whereas,
Rs-09-172 and Rs-09-197 wilted less than 25% eggplants in 28
days after inoculation, these isolates can be categorised as
mildly virulent. Jaunet and Wang (1999) determined the
pathogenic variation among the isolates present in tomato
fields and hypothesised that the variability that was observed
in R. solanacearum population can also be related to its
soilborne nature. The reason behind this high degree of
variation in pathogenicity could be recombination process
which takes place in bacteria (Didelot and Maiden, 2010).

From the literature, we know that the most virulent and
aggressive phylotype I strains belonging to biovar 3, 4, and 5
have only been reported in Asia (Truong et al., 2008). Jaunet
and Wang (1999) recorded that all the strains produced wilting
symptoms in tomato plants after 14 days post inoculation and
were considered pathogenic whereas, in our host range studies
we recorded the wilting within a very short period of time in
tomato (3-5 days) post inoculation.

Molecular techniques like PCR-RFLP fingerprinting (Gillings
et al., 1993; Poussier et al., 2000; Fouche weich et al., 2006;
Villa et al., 2003; Xue et al., 2010) were used to assess the
diversity and genetic relationships among R. solanacearum
isolates. The restriction profiles of phylotype I isolates of our
collection with different restriction enzymes are identical and
no polymorphism was observed in all the three genes used with
various enzyme combination. Our results are in agreement
with the reports of Xue et al. (2010) wherein all isolates under
study also displayed a distinct fliC-RFLP pattern. This could
have happened because all the isolates belonged to phylotype I
and hence no variation. Dookun et al. (2001) used RFLP
technique to prove the genetic diversity present in Race 1,
biovar 3 isolates. However, Thammakijjawat et al. (2004) used
PCR-RFLP with 759f/760r primers and restricted with HaeIII
and MspI and it differentiated the biovar 2 race 3 R.
solanacearum from biovars 3, 4 and N2. Our results are in
agreement with the Sequence and RFLP analysis of a specific
282-bp fragment in R. solanacearum conducted by Villa et
al.,(2003) who reported that the isolates present in Asia
(Phylotype I) showed no distinction between different biovars.
Polymorphism was observed in the restriction profile when
different phylotype strains were compared in our studies.
Roncal et al. (1999) were able to differentiate isolates from
Asia or Australia and the Americas using restriction enzymes
HaeIII and MspI on 282 bp.

From this study we found that although PCR-RFLP
fingerprinting method did not diversify the isolates, its
variation in pathogenicity did so to a major extent. Various
studies indicated that R. solanacearum evolves continuously
through genetic recombination or mutation and that is
primarily the main reason for the existence of wide variation in
this bacterium as it is a known fact that the pathogen takes up
new DNA from the environment by natural transformation
(Mercier et al., 2007) Wicker et al. (2012) after conducting
Multilocus sequence analysis revealed that phylotype I is
highly recombinogenic.

CONCLUSION
From this study it is concluded that phenotypic differentiation
of R. solanacearum isolates is not possible. Though all isolates
are biovar 3, variation exists in the ability of the pathogen to
cause wilt on eggplant.
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