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Xanthomonas axonopodis pv citri (Xac) is the phytopathogen responsible for citrus canker, one of the most 
devastating citrus diseases in the world. Fifty six strains of Xanthomonas axonopodis pv citri (Xac) were isolated 
from different citrus growing areas of Marathwada region of Maharashtra state and twenty representative strains 
of Xac were selected to study the genetic diversity. Morphological, biochemical and pathogenicity tests were 
carried out to identify and characterize the strains of bacteria causing citrus canker. Repetitive DNA polymerase 
chain reaction-based fingerprinting (rep-PCR) using repetitive extragenic palindromic (rep) and enterobacterial 
repetitive intergenic consensus (ERIC) and BOX primers were used to assess the genetic diversity.Cluster 
analysis done by combining the banding patterns of REP-PCR, ERIC-PCR and BOX-PCR clearly separated two 
diverse groups within species of Xanthomonas axonopodis pv citri based on the geographic region of isolation. 
  
 

  

Key words:  
Citrus canker, Xanthomonas 
axonopodis pv citri, 
pathogenicity, genetic 
diversity, Rep -PCR  

  

1. INTRODUCTION 
 

In India, citrus occupies third position among fruits after 
mango and banana. Canker is one of the major constraints of its 
cultivation [1]. In Marathwada the citrus fruit belongs to Citrus 
aurentifolia (Lime), Citrus lemona (Lemon), Citrus sinensis 
(Sweet lime). 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 (Xac) affecting plants of all age 
and location throughout the year[2]. Citrus Canker is widespread 
in all the citrus growing areas of the world. The disease has 
originated from India, Java or some other parts of Asia. In India, 
Citrus canker was reported from Punjab by Luthra and Sattar in 
1940 [3]. The disease causes raised necrotic lesions on leaves, 
twigs and fruits. Severe infections can cause defoliation, twig 
dieback, premature fruit drop, and badly blemished fruit that 
consequently reduce fruit production and its market value [4]. 
Several techniques such as RFLP analysis, genomic finger-
printing, and rDNA analysis, have been reported for the 
identification and characterization of the bacterial strains and 
pathotype assignation. REP, ERIC  and  BOX-PCR  were  also  
used  to generate genomic  fingerprints of a variety of 
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Xanthomonas isolates and to identify pathovars and strains that 
were previously not distinguishable by other classification methods 
[5, 6]. Families of repetitive DNA sequences, like repetitive 
extragenic palindromic, enterobacterial repetitive intergenic 
consensus (ERIC), and BOX elements, which are present in all 
prokaryotes, can be used for bacterial fingerprinting. PCRs based 
on these repetitive sequences (rep-PCRs) have been used 
effectively for analysis of several genera and species of bacteria.  

For Xanthomonas species, rep-PCRs have been used to 
assess variation among pathovars and have revealed low levels of 
intra-pathovar diversity [7]. The present study is based on 
biochemical characterization, pathogenicity test and REP-PCR 
analysis. REP-PCR genomic fingerprinting with REP, ERIC and 
BOX primers was used to study the genetic diversity within 20 
representative strains of Xanthomonas axonopodis pv citri         
isolated from different areas of Marathwada region of Maharashtra 
state.  
 
2. MATERIAL AND METHODS 
 

2.1. Isolation of bacteria 
Infected leaves and fruit of citrus collected from different 

citrus growing areas of Marathwada (Fig. 1). Infected portion of 
leaf and fruit were cut, surface sterilized with 0.1% HgCl2                   
and 30% alcohol washed with distilled water twice teased with 
saline streak suspension on YDC (Yeast, Dextrose, Calcium 
carbonate) agar plates by using flame wire loop incubated at 28-37 
°C for 24 hrs.  Pure   cultures were maintained on YDC slants [8]. 
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Fig. 1: Map of Marathwada region of Maharashtra showing the location of the 
sample collected from various districts. 
 
2.2. Morphological characteristics 

Morphological characteristics such as Gram staining, 
Colony colour & Cell motility were recorded for all these strains [9].  

 
2.3. Biochemical Tests 

The pathogen was identified biochemically by 
performing standard procedures given in the laboratory manuals 
by Goszczynska [10] biochemical tests like Starch Hydrolysis, 
Gelatin liquefaction, Aesculin hydrolysis, Tween80 lypolysis, 
Milk Hydrolysis, Oxidase test, H2S Production, Urease production, 
and utilization of carbon from different sources including  
arabinose, fructose,  sucrose and trehalose  were used to identify 
the pathogen[11]. 

 
2.4. Pathogenicity Test 

Citrus plants inoculated with various Xanthomonas 
strains were moved into a growth chamber in which the relative 
humidity was between 65-90% and temperature was at 30 °C 
during the light period (12 hr) and 25 °C in the dark period (12 hr). 
Bacterial cells grown overnight in YDC broth were harvested by 
centrifugation and resuspended in sterile distilled water to a 
concentration of approximately 108 colony-forming units 
(CFU)/ml. Prior to inoculation, six wounds per 1-cm2 on new fully 
expanded citrus leaves were made with a standard 26-gauge 
needle. An aliquot (20 µl) of bacterial suspension was dropped 
onto each of six wounds on leaves, and the inoculum drops were 
wiped off with sterile cotton just after inoculation. Symptoms were 
examined visually or with dissection microscope [12]. 

2.5. DNA Isolation 
Extraction of total genomic DNA from the bacterial 

strains was carried out by CTAB method described by Ausbel[13] 
with slight modification in the incubation period and amount of 
chemicals which was used. The DNA was resuspended in TE 
buffer and quantified using a spectrophotometer then 
electrophoresed on 1% agarose gel by comparison with DNA 
samples of known concentration.  

 
2.6. Repetitive elements based PCR (REP-PCR) analysis 
2.6.1 PCR-amplification 

Amplification reactions were conducted with three 
primer sets:                           
(1) REP1R-I (5’ IIICGICGICATCIGGC 3’) and REP2-I (5’ 
ICGITTATCIGGCCTAC 3’);       
(2)ERIC1R(5’ATGTAAGCTCCTGGGGATTCA3’)andERIC2(5’
AAGTAAGTGACTGGGGTGAGCG 3’)   and                                  
(3) Primer BOXA1R (5’CTCCGGCAAGGCGACGCTGAC3’), 
corresponding to REP, ERIC and BOX elements, respectively [6, 
14]. The reaction mixture in each tube consisted of: 1.2 μl of 10X 
Taq buffer (500 Mm KCl, 100 mM TRIS-HCl); 1 mg/ml BSA; 1.5 
mM MgCl2; 0.2 mM each dNTP (Himedia,India); 2 μM of each 
primer, 1.25 U of Taq DNA polymerase (Merck Bioscience, India) 
and 50 ng of bacterial DNA, in a final volume of 12 μl. The PCR 
was carried out in a Gene Amp-PCR System 9700 thermal cycler 
(Applied Biosystems). With REP primers, REP1R-I and REP2-I, 
amplification began with a denaturation step at 95 °C for 7 min, 
followed by 35 cycles of 94 °C /1 min; 44 °C /8 min, and 65 °C for 
8 min. With ERIC and BOX primers, cycling programmes started 
with denaturation at 95 °C for 7 min, followed by 30 cycles of: 94 
°C/1 min; 1 min at 52 °C (ERIC) or 53 ºC (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 min for all 
three primer sets. For each bacterial strain, reactions were repeated 
at least twice as described by [6, 14].The PCR products were 
analyzed by 1.5% agarose gel electrophoresis. 
 
2.6.2. Genomic Fingerprinting 

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 0 for absence. Only the reproducible bands 
ranging from 100 bp to 3 kb were scored for each strain.  
 
2.6.3. Cluster analysis 

Data generated with the three sets of primers were 
combined and Cluster analysis was performed on a similarity 
matrix, which was produced using the Jaccard coefficient and 
subjected to the unweighted pair group method with arithmetic 
average (UPGMA) clustering algorithm, using NTSYSpc ver. 2.1 
software (Exeter Software, New York, USA).  

 
3. RESULTS AND DISCUSSION  

A total of 20 strains were isolated from the citrus 
growing districts of Marathwada like from Nanded(4), 
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Parbhani(3), Hingoli (3), Aurangabad (2), Beed (2), Latur (2), 
Jalna (2) and Osmanabad (2) of Maharashtra state in India Table -I 
and were selected for further study. The infected plant materials 
were brought to the laboratory and were used for isolation of 
Xanthomonas axonopodis pv citri associated with infected tissue. 
The colonies were made pure and were used for further studies. 
Twenty represented strains were selected from 8 district of 
Marathwada regions. The bacterial isolates causing citrus canker 
were similar to one another in most of the morphological and 
physiological characters. All the strains were Gram-negative, 
obligate aerobes and non spore forming rod yellow giving convex 
round and mucoid colonies on YDC agar medium. 
 
3.1. Biochemical and Physiological Characterization 

In the biochemical characteristic, all strains were positive 
for starch hydrolysis, gelatin liquefaction, aesculin hydrolysis and 
tween 80 lipolysis. Of 20 strains 18 were positive for Milk 
hydrolysis while strain numbers Xac3and Xac11 were negative. 
All strains shows positive test for H2S production. All strains 
shows positive test for urease production. All strains shows 
oxidase test negative. All strains shows arabinose utilization 
positive. Strain number Xac1, Xac2, Xac3, Xac4, Xac5, Xac7, 
Xac8, Xac9, Xac10, Xac11, Xac12, Xac13, Xac14, Xac15, Xac16, 
Xac17 and Xac20 were positive for fructose utilization. Strain 
number Xac2, Xac3, Xac4, Xac5, Xac6, Xac7, Xac9, Xac10, 
Xac11, Xac12, Xac13, Xac14, Xac15, Xac17, Xac18, Xac19, 
Xac20 were positive for sucrose utilization while Xac1and Xac16 
were negative. Of these strains 18 were positive for Trehalose 
utilization while strain number Xac7 and Xac17 were negative 
(Table: 2). 

 
3.2. Pathogenicity Test 

The inoculated leaf lamina and veins started to develop 
necrotic areas 6-11 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. The 
lesion size was in a range from 1.8 to 2.5 mm in diameter 6 days 
after inoculation and the lesions could continue to expand until 20 
days later. 

 
3.3. Genomic fingerprinting 

The rep-PCR fingerprint profiles, obtained with the REP, 
ERIC and BOX primers confirmed that all isolates were strains of 
X. axonopodis pv citri. All 20 strains were amplified with the Rep-
PCR by using the universal primers of REP, ERIC and BOX to 
identify genetic diversity in Xanthomonas axonopodis pv citri. 
REP, ERIC and BOX primers sets gave reproducible genomic 
PCR profiles consisting of approximately 100- 3kb bands. The 
bands were clearly differentiate by Agarose gel electrophoresis. 
These profiles were complex and revealed polymorphic bands 
among Xanthomonas axonopodis pv citri. 

The PCR  banding were compared based  on the       
presence or absence of fragments at a specific position and 
similarity coefficient for pairs of isolates were calculated                 
with the programme NTSYS version 2.1 and clustered with 

UPGMA ( unweighted pair group method with arithmetic mean)   
to  determine  the  genetic  relationship  among  bacterial   isolates. 
 
REP–PCR profile 

The figure 2 shows the DNA fingerprinting pattern of the 
20 strains of Xanthomonas axonopodis pv citri. The pattern 
corresponding to the conserved DNA sequence of REP element 
amplified. In these REP-PCR fingerprints, total 13 bands were 
generated in the gel. Of these 13 bands, eight bands are common in 
all strains, while remaining bands are different in the strains, there 
was no unique bands were observed in the gel. Differences were 
observed in the intensity of bands.  

Four bands were with high intensity in all strains, seven 
bands shows medium intensity and rest of the two bands show low 
intensity. The REP-PCR produced 100bp to 3kb clear as well as 
distinct DNA band on the gel. Depending on the molecular weight 
this could be clearly seen differences among the strains of 
Xanthomonas axonopodis pv citri. The generated products of the 
fingerprints profiles with REP primer showed variation among the 
strains. 
 

 
Fig. 2: Agarose gel electrophoresis of PCR products with REP1/REP2 primers 
of Xanthomonas axonopodis pv citri strains. 
 

 
Fig.  3: Agarose gel electrophoresis of PCR products with ERIC primers 
Xanthomonas axonopodis pv citri strains. 
 
ERIC –PCR profile 

The DNA fingerprinting pattern of the 20 strains of 
Xanthomonas axonopodis pv citri shows in the Figure-3. The 
DNA sequence of ERIC element amplified and the pattern 
corresponding to the conserved sequence was obtained. In the 
ERIC-PCR fingerprints, total 13 bands were generated in the gel, 
from these bands six bands are common bands while 7 different 
bands were observed, but there was no any unique bands observed 
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in the gel. In the bands differences were observed in the intensity. 
In the gel there were 12 bands with high intensity and only one 
band with less intensity and there was no any medium intensity 
bands observed.  

The ERIC- PCR produced 100bp to 3kb clear as well as 
distinct DNA bands on the gel. The fingerprints profiles generated 
with ERIC primers showed variation among the strains of 
Xanthomonas axonopodis pv citri . 

 
BOX PCR profile 

DNA fingerprinting of 20 Xanthomonas axonopodis pv 
citri shows in the Figure-4.  
 

 
Fig. 4: Agarose gel electrophoresis of PCR products with BOX primers 
Xanthomonas axonopodis pv citri strains. 
 

With BOX primers, 20 bands varying from 100bp - 3kb 
were visualized and scored. In the BOX-PCR fingerprints from 
total 20 bands thirteen bands are common bands in most of the 
strains in the gel while seven bands were distinct and no any 
unique bands was observed in the gel. No any type of intensity 
differences was observed because all bands in the gel were with 
high intensity. Among the strains of Xanthomonas axonopodis pv 
citri based on the molecular weight variation was observed. Based 
on the generated product the fingerprints profiles generated with 
BOX-PCR shows variation among the strains of Xanthomonas 
axonopodis pv citri.  

REP, ERIC and BOX primers were used to discriminate 
pathotype of Korean strains.  Rep PCR could not differentiate 
among A and Aw types by it stongly showed that the Korean 
isolates under study were Xanthomonas axonopodis pv citri A 
types [6]. Rep –PCR studies were to differentiated from two 
atypical Xanthomonas axonopodis pv citri strains A* and Aw 
isolated from Southwest Asia and Florida [12].  The DNA 
fingerprinting by using Rep-PCR technique allowed us to identify 
the Xanthomonas axonopodis pv citri by the presence of several 
diagnostic bands present in REP, ERIC and BOX fingerprints. 
Each set of primers yielded common banding pattern among 
isolates within a pathovar. The intrapathovar diversity of DNA 
fingerprints was determined by the isolates obtained from the same 
geographic area at different times.  The tested isolates of  
Xanthomonas axonopodis pv citri had unique REP, ERIC and  
BOX – PCR fingerprint profiles but the presence of multiple bands 
of apparent equal mobility suggested that the Xanthomonas 

axonopodis pv citri isolates with each pathovar had a commonly 
heritage. 

Modern molecular technology involving specific 
amplification of target DNA fragments was used for detection of 
phytopathogenic bacteria. Based on PCR a number of molecular 
methods have been developed for the identification of 
Xanthomonas axonopodis pv citri.  Rep – PCR has been useful for 
identifying genetic variation within phytopathogenic bacteria. Rep 
– PCR also permits the identification of specific sequences useful 
for developing PCR based assay for phytopathogenic bacterial 
detection. The BOX-PCR revealed more polymorphic bands 
among the strains than the other two sets of primers. Both the REP 
and ERIC element was the most conserved and less efficient in 
revealing polymorphism in Xanthomonas axonopodis pv citri. 
 

 
 
Fig. 5: Dendrogram constructed from the pooled data of all the PCR products 
of Xanthomonas axonopodis pv citri strains. 
 
3.5. Cluster Analysis 

The dendrogram constructed from the pooled data (Fig. 
5) had two main  clusters,  cluster – I   and  cluster  –II. Cluster I  
consisted of strains Xac 1 (Nanded -IV), Xac 8 (Hingoli-I), Xac16 
(Hingoli-III),  Xac02  (Nanded-III), Xac12 (Aurangabad-I),  Xac07 
(Nanded-II), Xac17 (Jalna-I), Xac10 (Parbhani-III), Xac 14 
(Hingoli-II), Xac04 (Jalna-II), Xac18 (Parbhani-II), Xac19 (Latur-
II), Xac3 (Parbhani-I) and Xac11 (Nanded-I).  The cluster –I is 
divided into four sub-cluster, sub-cluster-I, sub-cluster-II, sub-
cluster-III and sub-cluster-IV. The sub-cluster-I formed by Xac 1 
(Nanded -IV), Xac 8 (Hingoli-I) and Xac16 (Hingoli-III) belonged  
to Nanded and Hingoli districts sharing the similar geographical  



Arshiya et al.  / Journal of Applied Biology & Biotechnology 2 (01); 2014: 017-022                                             021 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table. 2: Biochemical characters and of Xanthomonas axonopodis pv citri. used for differentiating various strains. 
 

Biochemical 
Characteristic 

Xac 
1 

Xac 
2 

Xac 
3 

Xac 
4 

Xac 
5 

Xac 
6 

Xac 
7 

Xac 
8 

Xac 
9 

Xac 
10 

Xac 
11 

Xac 
12 

Xac 
13 

Xac 
14 

Xac 
15 

Xac 
16 

Xac 
17 

Xac 
18 

Xac 
19 

Xac 
20 

Starch 
Hydrolysis 

+ + + + + + + + + + + + + + + + + + + + 

Gelatin 
Liquefaction 

+ + + + + + + + + + + + + + + + + + + + 

Aesculin 
Hydrolysis 

+ + + + + + + + + + + + + + + + + + + + 

Tween 80 
Lipolysis 

+ + + + + + + + + + + + + + + + + + + + 

Milk 
Hydrolysis 

+ + - + + + + + + + - + + + + + + + + + 

Oxidase Test - - - - - - - - - - - - - - - - - - - - 
H2S 
Production 

+ + + + + + + + + + + + + + + + + + + + 

Urease 
Production 

+ + + + + + + + + + + + + + + + + + + + 

Arabinose 
Utilization 

+ + + + + + + + + + + + + + + + + + + + 

Fructose 
Utilization 

+ + + + + - + + + + + + + + + + + - - + 

Sucrose 
Utilization 

- + + + + + + - + + + + + + + - + + + + 

Trehalose 
Utilization 

+ + + + + + - + + + + + + + + + - + + + 

 
 
 
Table. 3: Similiarlity matrix of Xanthomonas axonopodis pv citri strains based on combined analysis by Jaccard Index. 
 

 XAC1 XAC2 XAC3 XAC4 XAC5 XAC6 XAC7 XAC8 XAC9 XAC10 XAC11 XAC12 XAC13 XAC14 XAC15 XAC16 XAC17 XAC18 XAC19 XAC20 

XAC1 1 0.800 0.814 0.773 0.791 0.791 0.860 0.841 0.762 0.837 0.756 0.841 0.791 0.818 0.795 0.867 0.881 0.818 0.837 0.733

XAC2  1 0.717 0.837 0.814 0.814 0.884 0.822 0.829 0.818 0.778 0.907 0.857 0.800 0.778 0.889 0.905 0.800 0.778 0.837

XAC3  1 0.767 0.829 0.786 0.773 0.795 0.800 0.791 0.833 0.717 0.744 0.857 0.791 0.822 0.711 0.814 0.791 0.767

XAC4  1 0.744 0.744 0.733 0.837 0.756 0.791 0.833 0.756 0.786 0.814 0.750 0.822 0.791 0.902 0.833 0.727

XAC5   1 0.762 0.791 0.773 0.919 0.854 0.727 0.857 0.805 0.833 0.810 0.841 0.767 0.791 0.810 0.829

XAC6   1 0.791 0.733 0.732 0.810 0.810 0.773 0.850 0.711 0.810 0.761 0.810 0.750 0.727 0.829

XAC7   1 0.761 0.805 0.881 0.756 0.884 0.791 0.860 0.756 0.826 0.927 0.739 0.795 0.814

XAC8   1 0.705 0.739 0.818 0.864 0.773 0.800 0.860 0.932 0.739 0.841 0.778 0.837
XAC9   1 0.780 0.698 0.786 0.821 0.805 0.738 0.773 0.825 0.762 0.780 0.756
XAC10   1 0.814 0.860 0.767 0.881 0.733 0.804 0.857 0.837 0.857 0.791
XAC11   1 0.778 0.689 0.837 0.814 0.804 0.733 0.837 0.814 0.750
XAC12   1 0.773 0.841 0.860 0.889 0.860 0.761 0.778 0.881
XAC13   1 0.674 0.727 0.800 0.854 0.833 0.767 0.829

XAC14   1 0.795 0.867 0.795 0.818 0.837 0.773

XAC15   1 0.844 0.733 0.717 0.773 0.833

XAC16   1 0.804 0.867 0.844 0.822

XAC17   1 0.795 0.814 0.750

XAC18   1 0.881 0.733

XAC19   1 0.674

XAC20   1
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area. The sub-cluster-II contained Xac02 (Nanded-III), Xac12 
(Aurangabad-I), Xac07 (Nanded-II), Xac17 (Jalna-I), Xac10 
(Parbhani-III), Xac 14 (Hingoli-II) all these strains belonged to 
Nanded, Hingoli, Aurangabad, Parbhani and Jalna districts. The 
sub-cluster-III had Xac04 (Jalna-II), Xac18 (Parbhani-II) and 
Xac19 (Latur-II) all these strains belonged to Jalna, Parbhani and 
Latur districts. The sub-cluster-IV consisted of only two strains 
Xac3 (Parbhani-I) and Xac11 (Nanded-I). The Cluster-II formed 
by Xac 5(Osmanabad II), Xac09 (Beed-II), Xac06 (Aurangabad-
II), Xac13 ( Osmanabad-I), Xac15 (Latur-I ) and Xac20 (Beed-I) 
belonged to Osmanabad, Beed, Aurangabad and Latur districts. 
The cluster -II is divided into two sub-cluster, The sub-cluster-I 
contained two strain Xac 5 (Osmanabad II) and Xac09 (Beed II) 
belonged to Osmanabad and Beed districts they were closed with 
each other based on geographical. The sub-cluster-II generated by 
four strains Xac06 (Aurangabad-II), Xac13 (Osmanabad-I), Xac15 
(Latur-I ) and Xac20 (Beed-I) belonged to Osmanabad, Beed, 
Aurangabad and Latur districts. 
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