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The present study is based on biochemical characterization, pathogenicity test
and DNA based technique. Here apart from biochemical test, RAPD analysis was used to
distinguish and differentiate among 24 strains of Xac isolated from Marathwada region
in Maharashtra. 200 strains of Xac isolated from Citrus lemona from different location
within Marathwada region of Maharashtra and 24 strains representing all the 8 districts
were used in this study. All these strains were purified and maintained on YDC (Yeast
extract -1gm, D-glucose -2gm, Calcium carbonate -2gm) slants. The presently used primer
could resolve genetic diversity and geographical distribution in the study of Xanthomonas
axonopodis pv citri and RAPD marker gave reproducible and reliable results.
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In Marathwada the common cultivated
citrus fruit belongs to Citrus aurentifolia (Lime),
Citrus lemona (Lemon), Citrus sinensis (Sweet
lime), Citrus reticulate (Orange). Citrus lemona is
cultivated over an area of 87100 hectare in
Marathwada region alone, Premalinae, Vikram, Sai
sharbati and Local are common varieties cultivated
in this region. These varieties are susceptible to
citrus canker caused by Xanthomonas axonopodis
pv. citri (Hasse,1915) Vauterin, Hoste, Kersters and
Swings, 1995 (Xac) affecting plants of all age and
location thoughout the year!.

There are many reports on Xac and host
pathosystem. In order to device a suitable disease
management system, it is essential to understand
the population structure of pathogen as well as
host?. The diversity of pathogen is considered to
be one of the important aspects of the host
pathogen in interaction, pathogenesis. A variety
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of techniques are available to study the diversity
of the pathogen and molecular methods are
nowadays used. Recent study showed
differentiation and variability of strain of Xac based
on DNA based techniques and complete cell
protein profiling method?.

A variety of techniques are available to
determine variability within species such as random
amplified polymorphic DNA (RAPD).* restriction
fragment length polymorphism (RFLP)’ and
repetitive-sequence PCR (rep-PCR),* Amplified
fragment length polymorphism (AFLP)’. RAPD is
used to reveal DNA-based polymorphism through
PCR with random primers®. These random primers
can amplify randomly distributed loci in the genome
of any organism. RAPD has been used for
differentiation of variation within pathovar in
Iranian Xanthomonas strains.’ The RAPD pattern
was able to distinguish the minute difference within
the same species and showed a significant level of
genetic diversity. RAPD could be used for precise
and reliable analysis of genetic variability in
Xanthomonas strains. RAPD offer fast, sensitive,
and reliable for determining genetic relationships
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among Xanthomonas isolates'’. Therefore, in this
study the analysis of genomic DNA by RAPD was
carried out.

The present study is based on
biochemical characterization, pathogenicity test
and DNA based technique. Here apart from
biochemical test, RAPD analysis was used to
distinguish and differentiate among 24 strains of
Xac isolated from Marathwada region in
Mabharashtra.

MATERIALS AND METHODS

Bacterial strains

Two hundreds strains of Xac isolated
from Citrus lemona from different location within
Marathwada region of Maharashtra and 24 strains
representing all the 8 districts were used in this
study. The source and geographical origin of strains
are given in Table 1. All the strains were isolated
from infected plant parts collected from tree during
mid rainy season following standard method. All
these strains were purified and maintained on YDC
(Yeast extract -1gm, D-glucose -2gm, Calcium
carbonate -2gm) slants.
Morphological characteristics

Morphological characteristics were
recorded for all these strains include colony
characters like Gram staining, Cell morphology, Cell
motility .
Biochemical test

Bacteriological characteristics of the
isolated strains were examined by using the
biochemical test described by Goszczynska et al 12
, Aesculin test, Starch hydrolysis, Tween 80
lipolysis, H_S production, Urease production, Milk
proteolysis, Gelatin liquefication, Oxidase test,
utilization of sugars like galactose, fructose,
arabinose, mannose, cellobiose etc. The results of
these entire tests were recorded as either positive
or negative were shown in Table- I.
Pathogenicity test

All strains were tested for pathogenicity
test and all strains were pathogenic to citrus under
field condition' (Table-2). The bacterial
suspension or the inoculants were prepared by
using 48hr old cultures grown on nutrient agar. A
loopful of the bacterial colony was suspended in
LB broth and photometrically adjusted to an optical
density corresponding to 1 to 3X 10’CFU/ml. Then
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the healthy plant were grown in laboratory, after
growth the plant leaves, petiole and fruits were
punctrured at four to five different location with a
sterile needle and approximately 10il of the bacterial
suspension was spread on each wound. Leaves
were inoculated either along with the secondary
veins or the laminae. Control plants were
inoculated in the same way. Plants were checked
for symptoms weekly or after 20-25 days after
inoculation'.
Isolation of Genomic DNA

DNA was extracted from bacterial cells
following the method described by Ausbel et al'?
with slight modification in the incubation period
and amount of chemicals which was used.
Randomly Amplified Polymorphic DNA

Two primers OPA-2 and OPA-20 were
used for PCR Amplification using a Applied Biosys
Thermal Cycle 9700, and the reaction was carried
out in 251l volume containing 10mM Tris- HCL (PH
8.3),0.15mM of each dNTPs, 60ng primer, 0.5U of
Taq polymerase and 20ng genomic DNA’. RAPD
reactions were performed according to Williams et
al ® to estimate the approximate molecular weight
of amplification products. The gel was
photographed in Geldoc XR system (Biorad) for
viewing the banding patterns.
Phylogenetic Relationship

The strains were compared on the basis
of presence or absence of RAPD bands in the gel.
The presence or absence of band was used as 1 or
0 for preparing binary matrix and used for analysis
using UPGMA. The cluster analysis was performed
by similarity index method and the dendrogram
was generated with the UPGMA to show the
similarity coefficient between the genotype check.'®

RESULTS

The geographical distribution of the
pathogen Xanthomonas axonopodis pv citri is
very broad. The isolated strains were collected from
the different area of Marathwada like from Nanded,
Parbhani, Hingoli, Aurangabad, Beed, Latur, Jalna
and Osmanabad of Maharashtra state in India. In
the biochemical characteristic, all strains were
positive for aesculin hydrolysis, all strains were
negative for oxidase test, strain number Xacl,
Xac2, Xac4, Xac5, Xacl, Xac8, Xac9, XaclO0,
Xacll, Xacl2, Xacl3, Xacl4, Xacl5, Xacl7, Xacl8,
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Xacl9, Xac20, Xac21, Xac22, Xac23, Xac24 were
positive for starch hydrolysis test while strain Xac3
and Xac6 are negative, all strains were negative
for Tween 80 lipolysis, all strains were positive for
gelatin liquefaction and urease production , strain
number Xacl, Xac6, Xac8, Xacl4, Xacl6, Xac20,
Xac22 were positive for milk proteolysis while
Xac2, Xac3, Xacd, Xac5, Xac7, Xac9, XaclO0,
Xacll, Xacl2, Xacl3, Xacl5, Xacl7,Xacl8, Xac19,
Xac21, Xac23, Xac24 were negative. All strains
shows positive test for H,S production, for
Arabinose utilization Xacl, Xac6, Xac8, Xacl0,
Xacll, Xacl4, Xacl 6, Xacl8, Xac20, Xac22, Xac24
were positive, while Xac2, Xac3, Xac4, Xac5, Xac,
Xac9, Xacl2, Xacl3, Xacl5, Xacl7, Xacl9, Xac21,
Xac23 were negative. All strains shows mannose
utilization positive except Xac6. Strain number
Xac2,Xac3, Xac4d, Xac5, Xac6, XacT, Xac9, Xacl0,
Xacll, Xacl2, Xacl3, Xacl5, Xacl7,Xacl8, Xac19,
Xac21, Xac23, Xac24 were positive for galactose
utilization while Xacl, Xac8, Xac14, Xac16, Xac20,
Xac2?2 were negative. all strains were positive for
Trehalose utilization, strain number Xac2, Xac3,
Xac4, Xac5, XacT, Xac9, Xacl0, Xacll, Xacl2,
Xacl3, Xacl5, Xacl7, Xacl8, Xacl9, Xac21, Xac23,
Xac24 were Positive for cellobiose utilization, while
Xacl, Xac6, Xac8, Xcacl4, Xac 16, Xac20, Xac22
were negative & Strain number Xacl, Xac6, Xac8,
Xacl10, Xacl1, Xacl4, Xacl6, Xacl8, Xac20, Xac22,
Xac24 were positive for fructose utilization, while
Xac2, Xac3, Xacd, Xac5, Xac7, Xac9, Xacl2,
Xacl3, Xacl5, Xacl7,Xacl9, Xac21, Xac23 were
negative.

On fruit e.g. healthy citrus, necrosis
developed around (i.e.1-2mm) the inoculation
wound after 10-15 days. Sometimes the necrotic
spots tended to enlarge and some fruit fell
prematurely. The inoculated leaf lamina and veins
started to develop necrotic areas 7-11 days after
inoculation. Some strains are more aggressive in
the leaf lamina veins, where large necrotic spots
were developed. In control no symptoms were
developed.

Two primers were selected to assess the
diversity among the 24 X. axonopodis pv citri.
The primer OPA-2 yielded fragments ranging from
200bp to approximately 2kb. In RAPD analysis total
seven bands were observed. Band first having
molecular wt 1000kb were observed in most of the
of Xanthomonas strain like Xacl, Xac2, Xac3,
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Xac4, Xac5, Xac6, XacT, Xacl0, Xacl2, Xacl3,
Xacl6, Xacl7, Xacl8, Xac22, Xac23 while in other
it was absent. Band II of molecular wt 900bp
observed in Xac9, Xacl2, Xacl4, Xacl5, Xac20,
Xac21 while absent in others. Band III of molecular
wt 800bp was observed in Xac3, Xac6, XacT,Xac8,
Xacl0, Xacl3, Xacl6, Xac2?2 only. Band IV of
molecular wt 500bp was observed in Xacl, Xac7
Xacll,Xacl2, Xacl4, Xacl7, Xac21, Xac22, Xac23
while absent in others. Band V of molecular wt
400bp was observed in Xac3, Xac5, Xac9, Xacl4,
Xacl7,Xac22.Band VI of molecular wt 300bp were
observed in Xac3, Xac5, Xac8, Xac9, XaclO0,
Xacl2, Xacl3, Xacl4, Xac21, Xac22 while absent
in others. Band VII of molecular wt 200kb were
observed in Xac2, Xac3, Xac4, Xacll, Xacl3,
Xacl5, Xacl7,Xacl8, Xac20, Xac22, Xac23.

The primer OPA-20 yielding fragments
again ranging from 200bp-2kb. In RAPD analysis
seven bands were observed. Band I of molecular
wt 1000kb observed in Xac18 and Xac22. Band 11

Table 2. Strains of Xanthomonas axonopodis
pv citri used in this study

Strains  Location Virulence HR  Year
Xacl Latur —I . + 2010
Xac2 Hingoli —II ++ + 2010
Xac3 Osmanabad —I + . 2011
Xac4 Nanded -1 +++ + 2011
Xac5 Latur-II1 ++ + 2011
Xac6 Parbhani —II + + 2010
Xac7 Jalna —I1 + + 2010
Xac8 Beed -II ++ + 2010
Xac9 Beed 111 ++ + 2010
Xacl0  Jalna-III +++ + 2011
Xacll  Beed-I ++ + 2010
Xacl2  Aurangabad-I +++ + 2010
Xacl3  Parbhani-III + + 2011
Xacl4  Hingoli-I ++ + 2011
Xacl5  Nanded-III +++ + 2010
Xacl6  Jalna-1 ++ + 2011
Xacl7  Osmanabad-III + + 2011
Xacl8  Nanded-II ++ + 2011
Xacl9  Aurangabad-1I +++ + 2010
Xac20  Parbhani-I ++ + 2011
Xac21  Hingoli-III + + 2010
Xac22  Osmanabad —II ++ + 2011
Xac23  Latur —III +++ + 2011
Xac24  Aurangabad-III ++ + 2010
(+ = Mild virulent, ++ = moderate Virulent,

+++ = Strong virulent) (HR + = positive)
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of molecular wt 900 observed in Xac2, Xac5, Xac7,
Xacl0, Xacl4, Xacl8, Xac20. Band I1I of molecular
wt 800 observed only in Xac8 while in other bands
was absent. Band IV of molecular wt 500bp were
observed in Xacl4, Xac23, Xac24 only and absent
in others. Band V of molecular wt 400kb observed
in Xac3, Xac6, Xac8, Xacll, Xacl3, Xacl4,Xacl6,
Xacl7, Xacl8, Xac20, Xac21, Xac22 were
observed. Band VI of molecular wt 300kb observed
in Xacl, Xac3, Xac8, Xac9, Xacl 1, Xac22, Xac23.
Band VII of molecular w 200kb were observed in
Xac2, Xac4,Xac6,Xac7,Xacl0,Xacl2,Xacl3,
Xacl5,Xacl6, Xacl7,Xacl8, Xacl9, Xac20, Xac24.

All the test strains were identified as
Xanthomonas by UPGMA analysis these strains
divided into main two cluster, cluster A and cluster
B. In cluster A isolates Xacl, Xac23, Xac5, Xac3,
Xac22, Xacl7, Xacll, Xac8, Xac9, Xacl4 and
Xac21 are included. This cluster A again divided
into two subgroups, subgroup A, and subgroup
A,. Subgroup A, contains strain Xacl, Xac23, Xac5

2 3 45 6 7 8 9
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and subgroup A, contains strain Xac3, Xac22,
Xacl7,Xacll, Xac8, Xac9, Xacl4, Xac21. From the
dendrogram it is clear that the cluster A is divided
into two subgroups namely A and A, A, isolates
belongs to Nanded district, A, isolates belongs to
Parbhani, Hingoli and Latur district . This indicate
that in cluster A those isolates are present they are
very close with each other because of the district
wise distribution. Cluster B also divided into
subgroup B, B,, B,. Subgroup B, contain the
isolates Xac2, Xac4, Xacl8, Xacl5, Xac20,
subgroup B, contains the isolates Xac6, Xacl3,
Xacl6, Xac7, Xacl0, Xacl2 and in subgroup B3
two isolates are coming Xac19 and Xac24. Cluster
B which divided into three subgroups, subgroup
B, contains those isolates present that belongs to
Osmanabad and Beed districts, those present in
subgroup B, belongs to Jalna and Aurangabad
districts and subgroup B, containing those isolates
belongs to the Beed and Hingoli districts.

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Fig. 1. RAPD banding of Xanthomonas axonopodis pv citri for differentiating various strains using OPA02

1234 56728 9101112

13 14 15 16 17

181920 21 2223 24 M

Fig. 2. RAPD banding of Xanthomonas axonopodis pv citri for differentiating various strains using OPA 20
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Xac 1
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Fig. 3. Dendrogram of Xanthomonas axonopodis pv
citri species generated on RAPD banding by UPGMA

DISCUSSION

A number of morphological and molecular
methods have been used for characterization of
species of Xanthomonas. Genetic studies based
on DNA technique have played important role in
deriving diversity, relationship, variability within
the genus and species of Xanthomonas.
Xanthomonas campestris pv citri has been
changed to Xanthomonas axonopodis pv citri
owing to insight due to molecular studies'’. The
RAPD results show Xanthomonas axonopodis pv
citri has very small amount of variability within
this pathovars. The polymorphism emerged is
being results of modification, insertion and deletion
of nucleotides at initiation sites. Low genetic
diversity of Xanthomonas axonopodis pv citri
from Syria!® was observed, which is similar to
results found in the present study.

The determination of phenotypic
characteristics led to the conclusion that all strain
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identified as Xanthomonas axonopodis pv citri.
The biochemical characterization confirmed the
identification consistently. All the strains had
similar biochemical properties and varied within
these strains. However, these test were not enough
capable to demonstrate differences in
Xanthomonas axonopodis pv citri strain from
Marathwada®. The results of such studies were
not similar and the biochemical test based
differentiation was limited to three to four test’.

Disease severity and virulence of these
strains could not differentiate within the strains.
This may be due to the host range and host reaction
to the pathogen'®". In earlier study whole cell
protein profiling was used to characterize
Xanthomonas campestris pv citri pathovar from
Marathawada region and could substantially
differentiate among the isolated speices®. The
genetic diversity analysis of Xanthomonas
axonopodis pv citri strains using RAPD markers
have not been yet studied. The screening of primers
is an essential step for reproducible and consistent
fingerprints®. The genetic similarity among the
strains was estimated from the data, from the bands
obtained from combination of two RAPD primers.
The pairwise matrix (Table-3) of genetic distance
was calculated from 24 strains with distinct banding
pattern. However, the estimate of substitution of
nucleotide per site among the strains are smaller
than 0.167 which is considered to be limit to express
genetic distance based on RAPD data®'.

In the present study RAPD primer were
tested and used which gave consistent and
reproducible results. The discriminative power of
RAPD was considerably higher than that of
biochemical test, virulence and disease severity of
whole cell protein profiling’. The presently used
primer could resolve genetic diversity and
geographical distribution in the study of
Xanthomonas axonopodis pv citri and RAPD
marker gave reproducible and reliable results.
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