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ABSTRACT
Bacterial canker of grapevine (Vitis vinifera), caused by Xanthomonas campestris pv. viticola was first detected in

Brazil in 1998, affecting grapevines in the São Francisco river basin, state of Pemambuco. The disease was also reported in
Juazeiro, Bahia and later in Piauí and Ceará. Due to its limited geographical distribution and relatively recent detection in
Brazil, very little is known about the pathogen's biology and diversity. Repetitive DNA based-PCR (rep-PCR) profiles
were generated from purified bacterial DNA of 40 field strains of X. campestris pv. viticola, collected between 1998 and 200 I
in the states of Pemambuco, Bahia and Piauí. Combined analysis of the PCR pattems obtained with primers REP, ERIC and
BOX, showed a high degree of similarity among Brazilian strains and the Indian type strain NCPPB 2475. Similar genomic
pattems with several diagnostic bands, present in ali strains, could be detected. Fingerprints were distinct from those of
strains representing other pathovars and from a yellow non-pathogenic isolate from grape leaves. The polymorphism
observed among the Brazilian strains allowed their separation into five subgroups, although with no correlation with cultivar
of origin, geographic location or year collected.

Additional keywords: diversity, grapevine bacterial canker, Vitis vinifera, repeti tive DNA.

Fitopatol. bras. 30( 1), jan - fev 2005

RESUMO
Caracterização molecular de isolados brasileiros de Xanthomonas campestris pv. viticola através de rep-PCR

O cancro bacteriano da videira (Vitis vinifera), causado por Xanthomonas campestris pv. viticola, foi primeiramente
detectado no Brasil em 1998, em parreirais no município de Petrolina, Vale do São Francisco, Pemambuco. A doença foi também
observada em Juazeiro, Bahia, e mais tarde nos estados de Piauí e Ceará. Devido à sua limitada distribuição geográfica e
relativamente recente detecção no Brasil, pouco se conhece sobre a biologia e diversidade do patógeno. Padrões genômicos de
rep-PCR foram gerados a partir do DNA purificado de 40 isolados de X. campestris pv. viticola, coletados entre 1998 e 2001,
em diferentes localidades dos estados de Pemambuco, Bahia e Piauí. A análise combinada dos padrões obtidos com os "primers"
REP, ERIC e BOX, mostraram alta similaridade entre os isolados brasileiros e o isolado tipo NCPPB 2475, originário da Índia.
Os isolados brasileiros apresentaram padrões similares e algumas bandas diagnósticas, presentes em todos os isolados. Os
padrões foram distintos dos isolados de outros patovares e de um isolado não-patogênico obtido de folhas de videira. O
polimorfismo observado entre os isolados brasileiros permitiu a diferenciação de cinco subgrupos, sem nenhuma relação com
cultivar de origem, local ou época de coleta.

Palavras-chave adicionais: diversidade, cancro bacteriano, Vitis vinifera, DNA repetitivo.

IN1RODUCTION

In 1998, a new disease was reported affecting 'Red Globe'
grapevines (Vitis vinifera L.) in Pemambuco and Bahia states.
A gram-negative bacterium was isolated from alI diseased
plants and Koch's postulates were completed. The causal agent
was identified through biochemical and pathogenicity tests as
Xanthomonas campestris pv. viticola Nayudu (Dye) (MaIavolta
Jr. et al., 1999a; Lima et al., 1999). Later, the disease was also
detected in the states of Piauí (Malavolta et al., 1999b) and
Ceará (Freire & Oliveira, 2001).

*Parte da Dissertação de Mestrado do primeiro autor. Universidade de
Brasília (2002).
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This bacterium forms typical non-pigrnented, smooth,
round, mucoid, convex colonies with entire margins. Diagnostic
features of tested Brazilian strains were: grarn-negative,
metabolism strictly aerobic, urease and oxidase negative,
asparagine not utilized as the sole source of carbon and
nitrogen, tolerance up to 2% NaCl and acid production from
glucose, mannose, galactose, trehalose, cellobiose and fructose
(Lima et al., 1999). Colonies were visible after 48 to 72 h at28 'C
and 33°C (Lima et al., 1999), but no growth occurred at 41 ·C
(Malavolta Jr. et al., 1999a). The hypersensitivity test was
negative on tobacco (Nicotiana tabacum L.) leaves but
positive on tomato (Lycopersicon esculentum Mill.) cv. "Santa
Clara" (Malavolta Jr. et al., 1999a). Symptoms on grapevine
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plants could be detected from eight to 14 days after artificial
inoculation depending on the method of inoculation used
(Malavolta Jr. et al., 1999a; Lima et al., 1999).

Xanthomonas campestris pv. viticola was first described
by Nayudu (1972) in India as Pseudomonas viticola Nayudu
sp. nov., and its occurrence is apparently very restricted.
Besides India, there are also reports of a "grapevine bacterial
canker disease (GVBCD)" in Ukraine (Kochenko, 1993). Since
the pathovar viticola has not been included in the
reclassification work ofVauterin et al. (1995), its specific status
may still be controversial. As with the pathovar
mangiferaeindicae of the genus Xanthomonas, all strains could
be referred to as members of the pathovar viticola. We chose
here to use the name proposed by Dye (1978), considering
that it has been used in ali references to this disease found to
date and until more inforrnation on their species classification
is available.

Several molecular methods have been used to assess
diversity and to detect plant pathogenic bacteria (Louws et
aI., 1999). The presence of repetitive DNA sequences is common
in the prokaryotic and eukaryotic genomes. In bacteria, the
observed occurrence of three families of repetitive sequences,
REP, ERIC and BOX elements (Stern et al., 1984; Sharples &
Lloyd, 1990; Koeuth et al., 1995) led to the development of
repeti tive DNA PCR-based genomic fingerprinting protocols
(referred as rep-PCR), in which primers were designed to amplify
intervening DNA between two adjacent repeti tive sequences
(Louws et. al., 1999). The amplified fragments, then separated
by electrophoresis on agarose gels, generate specific
fingerprints (DeBruijn, 1992). Repetitive-PCR has been
successfully used for identification and differentiation of
strains and the assessment of genetic diversity of
phytopathogenic bacteria such as Xanthomonas spp. and
Pseudomonas spp. (Louws et al., 1994, 1995; Opgenorth et al.,
1996; Weingart & Volksch, 1997; Restrepo et al., 2000),
Clavibacter michiganensis (Smith) Davis et aI. (Louws et al.,
1998), and Ralstonia solanacearum (Smith) Yabuuchi et ai.
(Horita & Tsuchiya, 2001).

Due to its relatively recent detection in Brazil, little is
known about the biology and diversity of X. campestris pv.
viticola. The objective of this study was to compare several
field strains of X. campestris pv. viticola, collected from 1998
to 200 I, using rep-PCR fingerprinting. The molecular
characterization of these isolates could provide inforrnation
not only on their diversity but also on their origino Specific
fingerprints may also be helpful in the identification process
leading to a more rapid and effective diagnosis of grapevine
bacterial canker.

MAlERlALSANDMETIIODS

8acterial strains: source and maintenance
Forty grapevine bacterial canker-derived strains

previously identified as X. campestris pv. viticola were used
inthis study (Table 1).Reference strain NCPPB 2475 (originated
from India), another 18 Xanthomonas sp. strains from various
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host plants and one Ralstonia solanacearum strain were
included for comparison purposes. One unidentified isolate,
commonly isolated from grape leaves, was also included. This
isolate grew on asparagine rich-medium, forrned yellow, fast-
growing and gram-negative colonies and did not induce a
hypersensitive reaction on tobacco leaves. All isolates were
cultivated on Kado's 523 medium (Kado & Heskett, 1970). For
long-terrn maintenance, isolates were preserved on sterile
distilled water at room temperature and frozen in 30% glycerol
at-80'C.

Biochemical and pathogenic characterization
Initially all grapevine-derived isolates were identified

and characterized according to conventional biochemical and
physiological tests (Bradbury, 1986; Lelliott & Stead, 1987;
Schaàd et al., 2001), except those obtained from other culture
collections (IBSBF 1385, 1386 and 1369, and NCPPB 2475). The
tests conducted were as described by Lima et ai. (1999), except
that the hypersensitivity test on tomato (cv. Santa Cruz), and
growth on triphenyl tetrazolium chloride-containing medium
(TTC) tests were included. Ali isolates were tested for
pathogenicity by inoculation of petioles and leaves of grapevine
cv. Catalunha after superficial wounding with a sterile needle.

DNA isolation
Total bacterial DNA was extracted using a modified

version oftheCTAB method fromAusubel et al. (1992). Single
colonies grown on Kado's 523 medium were transferred to 1.5
rn1of 523 liquid medium and cultures were grown at 28°C, with
shaking at 150 rpm. After 48 h the cultures were centrifuged at
4,600 g (8,000 rpm) for 5 min, the supernatant was removed and
the pellets were resuspended in 520 111of TE buffer (10 mM
Tris-HCl, 1 mM EDTA, pH 8.0). Fifteen microliters of20% SDS
and 3111ofProteinase K (20 mg/ml) were added. The mixture
was incubated for 1 hour at 37°C, then 100 111of 5 M NaCl and
80 111of a 10% CTAB solution in 0.7 M NaCI were added and
mixed. The suspension was incubated for 10 min at 65°C and
kept on ice for 15 min. An equal volume of chloroforrn:isoamyl
alcohol (24:1) was added, followed by incubation on ice for 5
min and centrifugation at 7,200 g (10,000 rpm) for 20 min. The
aqueous phase was transferred to a new tube, 0.6 volumes of
isopropanol were added and DNA was precipitated at -20°C
for 16h. DNA was collected by centrifugation at7,2oo g (10,000
rpm) for 10 rnin, washed with 500 ul of70% ethanol, air-dried at
room temperature for approximately 3 h and finally resuspended
in 50 111ofTE buffer. The DNA was quantified on 0.8% agarose
gels by comparison with DNA samples (phage À DNA-Hind
III fragments) of known concentration, diluted to working
aliquots of 50 ng/ul and stored at -20°C until needed.

Repetitive elements-based PCR (rep-PCR)
Amplification reactions were conducted with three

primer sets: (1) REPIR-I (5' I1ICGICGICATCIGGC 3 ')
and REP2- I (5' ICGITTATCIGGCCTAC 3'); (2) ERICIR (5'
ATGTAAGCfCCfGGGGATTCA3') and ERIC2 (5'AAGTAA
GTGACTGGGGTGAGCG 3'), and (3) primer BOXAIR (5'
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TABLE 1-Species and strains used in this study

L.c. Trindade et ai.

Strain Location and year
collectedHost

Xanthomonas campestris pv. viticola
NCPPB'2475
UnBbI183,1185,1186,1187, 1188,1189, 1190,1193, 1194,1195, IBSBFc 1369
1191,1192
1BSBF 1385
IBSBF 1386
UnB 120 I, 1202,1203,1206, 1207,1208, 1209
UnB 1204
UnB 1216,1218
UnB 1205
UnBI210
UnB 1211
UnB 1212
UnB1213
UnB 1214,1219,1220,1221
UnB 1222
UnB 1223, 1224
UnB 1225
UnB 1226
UnB 1227

X axonopodis pv. g/ycines
UnB 306

X axonopodis pv. manihotis
UnB 1126
UnB 1114
UnB 1111
UnB 1129

X axonopodis pv. passijlorae
UnB 642

X axonopodis pv. ricini
UnB 607 (white colonies)

X campestris pv. campestris
UnB 159
UnB 606

X campestris pv. carotae
UnB 107

X campestris pv. mangiferaeindicae
UnB 769 (yellow)
UnB 764 ( white)
IBSBF 1230 (white)
IBSBF 1508 (white)

X campestris pv. vesicatoria
UnB 604
UnB 605
UnB 1174

X me/anis
UnBI080

Ralstonia solanacearum
UnB 486

unidentified non-pathogenic isolate (NI)

Vitis vinifera
cv. Anabi -e-Shahi
cv. Red Globe
cv. Itália
cv. Itália
cv. Ribier
cv. Itália
cv. Red Globe
cv. Red Globe
cv. Itália
cv. IAC 572 (rootstock)
cv. Cata1unha
cv. Itália
cv. Red Globe
cv. Catalunha
cv. Pcrlctte
cv. Red Globe
cv. Festival
cv. Thompson Seed1ess
cv. Itália

soybean

cassava
cassava
cassava
cassava

passionfruit

castor

cabbage
cabbage

carrot

mango
mango
mango
cashew

tomato
tornato
pepper

cucurnber

lndia, 1972
Petrolina, PE, 1998
Petrolina, PE, 1998
Teresina, PI, 1998
Teresina, PI, 1998
Petrolina, PE, 2000
Juazeiro, BA, 2000
Petrolina, PE, 2000
Sobradinho, BA, 2000
Petrolina, PE, 2000
Petrolina, PE, 2000
Petrolina, PE, 2001
Petrolina, PE, 2001
Petrolina, PE, 2001
Pctrolina, PE, 2001
Juazeiro, BA, 2001
Petrolina, PE, 2001
Petrolina, PE, 200 I
Petrolina, PE, 2001

Planaltina, DF,1983

Jataí, GO, 1996
Mirador, PR,1996
Paranavaí, PR,1996
Rolândia, PR, 1996

Planaltina, DF, 1986

Ibiapina,CE,1985

Vargern Bonita, DF, 1981
Guararniranga, CE,1985

Vargem Bonita, DF, 1981

Planaltina, DF, 1990
Planaltina, DF, 1990
Brasil,1996
Brasil,1999

Ibiapina, CE, 1985
CE,1985
DF, 1998

Vargern Bonita, DF, 1995

potato Lagoa Seca, PB, 1984
Vitis vinifera cv. Catalunha Petrolina, PE, 2001

'National Collection of Plant Pathogcnic Bactcria, York, UK.
b Coleção de Bactérias Fitopatogênicas da Universidade de Brasília, Brasília, O.E
c Instituto Biológico Setor de Bacteriologia Fitopatológica, Campinas, S.P.

CTCCGGCAAGGCGACGCTGAC 3'), corresponding to REP,
ERIC and BOX elements, respectively (Louws et aI., 1999).
Primers were synthesized by Life Technologies do Brasil Ltda.
Each reaction consisted of: 1.2 ul of 10X Taq buffer (500 mM
KCl, 100 mM TRIs-HCI); 1mg/rnl BSA; 1.5 mM MgC12; 0.2 mM
each dNTP (GIBCO, BRL); 2 ~M of each primer, 1.25 U of Taq
DNA polymerase (GIBCO, BRL) and 50 ng ofbacterial DNA, in
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a final volume of 12 ul,
The PCR was carried out in a Gene Amp-PCR System

2400 therrnal cycler (Applied Biosystems). With REP primers,
REPIR-I and REP2-I, amplification began with adenaturation
step at 95°C for 7 min, followed by 35 cycles of 94°C /l min; 44
°C/8 min, and 65°C for 8 mino With ERrC and BOX primers,
cycling programmes started with denaturation at 95°C for 7
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min,followed by 30 cycles of: 94°C/l min; 1min at 52°C (ERIC)
or 53°C (BOX) for primer annealing, and 8 min at 65°C for
primer extension. After the extension step, the temperature was
held at 65°C for 15 rnin for ali three primer sets. For each
bacterial strain, reactions were repeated at least twice.

The PCR products were separated by electrophoresis
on 1.5% agarose gels. Total volume of the reaction (12 /-LI) was
analyzed. Electrophoresis was carried out at 80 V for 4 h in 0.5
X Tris-borate EDTA buffer. Gels were stained with ethidium
bromide (0.5 ug/rnl), and DNA migration pattems were analyzed
visually. Sizes of fragments were determined by comparison
with DNA molecular weight markers, 1 Kb and 100 bp DNA
ladders(GIBCO, BRL).

Genomic fingerprint comparisons among bacterial
strains were performed by measurement of band sizes. The
presence or absence of each band was converted into binary
data, scored as 1 for presence, and O for absence. Only the
reproducible bands ranging from 200 bp to 3 kb were scored
for each strain. Data generated with the three sets of primers
werecombined and analyzed using software MVSP 3.1 (Kovach,
1999).Genetic relationships among isolates were determined
by Jaccard's similarity coefficients foIlowed by UPGMA
(unweighted pair-group method using arithmetic averages)
clustering analysis. The reliability of the dendrograms was
assessed by bootstrap analysis (Swofford & Olsen, 1990) with
thesoftware program WinBoot (Yap & Nelson, 1996) with 1,000
repeated samplings.

RE5ULTS

Ali 37 field strains dated from 1998-2001, isolated from
V. vinifera plants with bacterial canker symptoms showed
biochemical properties of the genus Xanthomonas (Schaad et
aI., 2001) and, apart from colony color, they could not be
differentiated from a X. campestris pv. campestris (Parnrnel)
Dowson strain (UnB 159) through biochemical and
physiological tests. The pathogenicity assay on grape leaves
and petioles along with the biochemical characteristics,
confirmed the identity of ali strains as the pathogen described
byNayudu (1972).

The DNA amplification from 41 X. campestris pv.
viticola strains with primers REP, ERrC and BOX (rep-PCR)
showed multiple fragments varying from 190 bp to 3054 bp.
Initially, several tests with REP primers were carried out in
orderto assess the reproducibility of the method with purified
DNA and whole cells collected directly from agar or liquid
cultures grown for 24-48 h. The cells were resuspended in
sterilewater and I /-LI was used in the amplification reaction.
TheREP-PCR banding pattems were reproducible only when
purifiedDNA was used. Only the major and more intense bands
ofIkb and 600 bp were visualized when using whole cells in
lhe amplification reactions. With purified DNA, the same
electrophoretic pattems were produced from independent
amplification reactions and also from two independent DNA
extractionsof the same strain (data not shown).

With ERrC primers, 19bands varying from 190-3054 bp
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were visualized and scored (Figure 1). The majority of strains
and the type strain NCPPB 2475 showed a similar pattem overall
(Figure IA), with several diagnostic bands. Polymorphic bands
were also observed, and nine pattems could be differentiated.
The genomic patterns of X. campestris pv. viticola were
visually distinct from a non-pathogenic isolate (NI) and other
xanthomonads (Figure lB).

With primer BOX A IR a total of 12 bands varying from
210 bp to 2,036 bp were scored. An 800 bp-fragment was
observed in the amplification pattems of 38 X. campestris pv.
viticola strains. However, strains UnB 1212, 1222 and 1227 did
not present that bando Visual analysis of the BOX fingerprinting
patterns revealed five distinct patterns among the grape
strains. Polymorphic bands were mostly detected in the region
of 60Q-l 000 bp. A high degree of similarity between Brazilian
strains and the Indian strain was also observed (Figure 2).

The REP primers produced 16 scoreable bands ranging
from 250 to 2900 bp. Seven distinct pattems were observed
among X. campestris pv, viticola strains, with a 1,000 bp-band
present in all strains. Polymorphism was observed between
bands of 500 and 1000 bp.

The PCR products of ali 41 pathovar viticola strains,
regardless of the geographic location, host cultivar or year
collected, showed an overaIl homogeneous pattern sharing
muItiple bands (Figures 1 and 2). For ali three primers used, the
non-pathogenic yellow strain (Nl) showed a distinct banding
pattem from the Xanthomonas spp. strains.

Considering only the grapevine-derived strains and the
combined data from the three primer sets, two distinct groups
could be differentiated at 26% similarity: group 1, formed by
the non-pathogenic strain (Nl) only, and group 2, comprising
ali pathovar viticola strains (Figure 3). At 68% similarity, five
subgroups were detected among the pathogenic strains.
Thirty-two strains, representing 78% of the strains, formed
one single group, which included lhe type strain (NCPPB
2475),27 strains from Pemambuco, the two strains from Piauí
(IBSBF 1385 and 1386) and two strains from Bahia (UnB 1224
and 1205). Reference strain NCPPB 2475 showed above 80%
similarity to 29 grapevine strains (-73% ofthe tested strains).

Dendrograms obtained with each individual set of
primers showed an overall similar pattem of separation when
compared to the combined analysis (data not shown). Of the
three sets of primers tested, BOX was the most conserved,
identifying a smaller number of subgroups among the strains.

Pathovar viticola strains representing ali geographic
locations and differentrep-PCR groups (Figure 3) were selected
and compared with other Xanthomonas sp. strains, associated
with different hosts and one R. solanacerum strain. The
combined analysis of the pattems generated by BOX, ERrC
and REP-PCR showed the separation into two groups at 15%
similarity (Figure 4). The first group was composed only of
Ralstonia solanacearum (UnB 486), the second and largest
group included ali xanthomonads and the 12 selected X.
campestris pV. viticola strains. Three mango (Mangifera
indica L.) strains of X. campestris pv. mangiferaeindicae
(Patel, Moniz & Kulkarni) Robbs et aI., UnB 764 (white), UnB
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FIG. 1 - Genomic fingerprints of Xanthomonas spp. generated from ERIC-PCR. (A) field strains of X. campestris
pv. viticola collected in Brazil compared to type strain NCPPB 2475. (B) field strains of X. campestris pv. viticola
collected in Brazil compared to other Xanthomonas spp. from different host species. NI: unidentified strain; WC:
water control; M: molecular size standards I Kb DNA ladder (MI) and 100 bp-DNA ladder (M2). PCR products
were separated by electrophoresis on 1.5% agarose gels.
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FIG. 2 - Genomic fingerprints of Xanthomonas spp. from various host species and four strains of X.
campestris pv. viticola generated from BOX-PCR. Lane MI: molecular size standard ,1 Kb- DNA
ladder; NI: unidentified strain. PCR products were separated by electrophoresis on 1.5% agarose geJ.

769 (yellow) and lBSBF 1230 (white), showed lhe highest
sirnilarity to X. campestris pv. viticola. Among the X. campestris
pv. mangiferaeindicae strains, the strain IBSBF 1508 (white)
from cashew was the most divergent. AlI other xanthomonads
were grouped separately with similarity levels below 36% in
relation to the grapevine strains.

DISCUSSION

Reproducible genomic fingerprints were produced for
all field strains of X. campestris pv. viticola, collected in three
different years (1998, 2000 and 2001), different locations and
isolated from different grape cultivars. Although most bands
were present in a11tested strains, there were differences in the
intensity of some amplified fragments as we11 as in the
occurrence of several polymorphic bands. The rep-PCR
fingerprints cIearly differentiated the grapevine strains from
the R. solanacearum strain as we11as from the unidentified
yellow strain and members of other pathovars, all of which
produced uni que profiles (Figures 1 and 2). ln the genus
Xanthomonas, rep-PCR has revealed both inter and
intrapathovar variability (Louws et al., 1994). For example, the
studies of Louws et ai. (1995) with Xanthomonas campestris
pv. vesicatoria (Doidge) Dye., confmned the separation of
this pathovar into two genetically distinct groups, thus
confirming the taxonomic studies ofVauterin et aI. (1995). On
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the other hand, with primers REP and ERlC, a very high degree
ofhomogeneity was found within a population of Xanthomonas
fragariae Kennedy & King, pathogenic on strawberries
(Fraga ria x ananassa Duch.), collected during a four-year-
period in California (Opgenorth et al., 1996). Louws et al. (1994)
suggested that intrapathovar diversity in Xanthomonas spp.
could be grouped into two categories: (i) pathovars from which
isolates had almost identical fingerprints or had overall unique
profiles but shared multiple bands, and (ii) pathovars from
which isolates could be divided into groups and did not share
common banding patterns. The Brazilian strains ofthe pathovar
viticola characterized in this study were found to belong to
the first category.

The ERIC-PCR revealed more polymorphic bands
among the strains than the other two sets of primers. Other
studies have also shown differences in the ability of primers to
reveal diversity in Xanthomonas spp. The REP element, for
example, was the most conserved and the less efficient in
revealing polymorphism in X. campestris pv. vesicatoria group
B strains (Louws et al.,1995). Within Xanthomonas
axonopodis pv. manihotis (Bondar) Vauterin et al., both REP
and ERlC primers showed a high level of polymorphism among
strains originating from different edaphocIimatic zones in
Colombia (Restrepo et ai., 2000).

The great majority of field strains from Pemambuco,
Piauí and Bahia, isolated from different cultivars over a three-
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FIG. 3 - Phenogram based on Jaccard's similarity coefficients among 40 Xanthomonas campestris pv. viticola strains collected in Brazil along
with lhe type slrain (NCPPB 2475) from lndia and a non-pathogenic yellow strain from grape (Vitis spp.) leaves (NI). Cluster analysis was
performed using the UPGMA method. Values greater than 50% in 1,000 bootstrap samples are placed on lhe branches.

year period, showed similarity values above 80% in relation to
the Indian strain. Considering their biochemical and
physiological properties, the Brazilian and Indian strains have
shown the same characteristics (Nayudu, 1972; Lima et al.,
1999; Araújo, 2001) except in the milk proteolysis test, which
was negative for the strains from lndia studied by Ch~nd &
Kishun (1990). The high genetic similarity between Brazilian
isolates and the Indian type strain supports the hypothesis
that this bacterium may have originated in India, and that it
was disseminated and introduced through contaminated
planting material (Robbs & Rodrigues Neto, 1999). It is also
possible that multiple introductions have occurred over time
anel/or that the bacterium may have been present in the country
for a longer period, remaining undetected until the favorable
climatic conditions of the summer of 1998 (Lima et al., 1999).
The development of irrigation projects in the São Francisco
basin, including Bahia and Pernambuco started in the 1970's
(Araújo, 2001). lntroduction and transit of planting material
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from other regions occurred and may have been responsible
for the introduction of the bacterium. However, the lack of
favorable environmental conditions may have prevented
bacterial spread as the occurrence of an epidemic was not
observed until 1998. Another hypothesis is that the bacteria
may have been introduced by other potential hosts like mango
and neem (Azadirachta indica A. Juss.).lt is not known ifthe
bacterium is naturally associated with these hosts in the area.
Occurrence of symptomatic mango or neem plants has not
been reported.

Xanthomonas campestris pv. viticola and X. campestris
pv. mangiferaeindicae shared several bands and were found
to be the most genetically similar. Both bacteria were originally
described in India and are currently present in the northeast
region ofBrazil (Nayudu, 1972; Robbs et al., 1978). Some grape-
producing areas in the São Francisco basin also grow mango
trees and use neem plants as wind-breakers. Both mango and
neem have been reported as hosts of the pathovar viticola. It
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FIG. 4 - Phenogram based on Jaccard's similarity coefficients showing relationships between the Brazilian strains of Xanthomonas campestris
pv. viticola, the type strain from India (NCPPB 2475) and other bacterial species and genera. Cluster analysis was performed using the
UPGMA method. Values greater than 50% in 1,000 bootstrap samples are placed on the branches.

that rep-PCR fingerprinting can be considered an important
tool for identifying and monitoring the diversity of this
pathogen in the affected areas.

should be considered that the use of neem for protecting
vineyards may also represent a source of genetic variation
since this species can be naturally infected thus providing
more inoculum for potential disease outbreaks (Nayudu, 1972;
Nascimento et al., 2001).

The rep-PCR fingerprinting allowed us to identify X.
campestris pv. viticola strains by the presence of several
diagnostic bands present in all genomic fingerprints. Those
bands were not present in the fingerprinting patterns of other
pathovars, R. solanacearum, or the yellow strain associated
with grape leaves. Intrapathovar variation was also detected
and its significance should be further investigated with
additional molecular markers. The lack of correlation between
rep-PCR groupings and geographic origin of strains is an
indication that this bacterium has spread among different
vineyards in the Petrolina-Juazeiro area. Correlation between
rep-PCR groupings and cultivar of origin or year of isolation
were not evident either. The existing diversity in the pathovar
viticola should be considered when adopting control measures
based on selection of resistant material. Our study indicates
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