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Abstract: Citrus bacterial canker (CBC) is one of the most important diseases of citrus. It is caused by Xanthomonas citri subsp. citri 
(Xcc). To investigate the variability of Xcc, a collection of twenty-five strains were isolated from the Fars, Hormozgan, Kerman and 
Sistan-va-Baluchestan provinces of Iran. The twenty-five strains were assessed phenotypically and genetically. These strains had simi-
lar biochemical properties. Based on host range determination, the strains were divided into two groups; the first group was patho-
genic on Mexican lime (Citrus aurantifolia), citrumelo (Poncirus trifoliata x C. paradisi), citrange (C. sinensis x P. trifoliata) and sour orange  
(C. aurantium) varieties. The second group was pathogenic on Mexican lime only. Profile of cellular soluble proteins analyzed by 
sodium dodecyl sulphate-polyacryamid gel electrophoresis (SDS-PAGE) did not reveal any considerable differences among strains. 
Genetic diversity analyses were performed using two marker systems; repetitive polymerase chain reaction (rep-PCR) and random 
amplified polymorphic DNA (RAPD). The results of this research showed that two primers, ERIC 1R and 232, with the highest marker 
index, resulted in the most genetic variability among strains. Cluster analysis by band patterns showed that strains from the Sistan-va-
Baluchestan province were a different group, so it was concluded that geographical origin of strains from the Sistan-va-Baluchestan 
province is different than the geographical origin of strains isolated from other provinces. 
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INTRODUCTION
Citrus bacterial canker (CBC), caused by Xanthomon-

as citri subsp citri (Schaad et al. 2006) is one of the most 
devastating diseases that affects many kind of commer-
cial citrus varieties. The origin of CBC is not clear but 
thought to have originated from south-east Asia or India 
and then widely distributed around the world (Civerolo 
1984; Vernière et al. 1998). The main symptoms of CBC are 
hyperplasia-type lesions on leaves, fruit and stems which 
in severe infections can cause leaf abscission, twig die-
back and premature fruit drop (Stall and Civerolo 1991; 
Gottwald et al. 1993). The bacterium was first named as 
Pseudomonas citri (Hasse 1915). In 1939 it was classified as 
genus Xanthomonas sp. (X. citri) then reclassified in 1980 
(Dye et al. 1980) as Xanthomons campestris pv. citri due to 
inadequate phenotypic data (Young et al. 1978). The bac-
terium has been divided in five different forms or pa-
thotypes, A (Xanthomonas axonopodis pv. citri) B/C/ D, (X. 
a. pv. aurantifolii) and E (X. a. pv. citrumelo), respectively 
(Vauterin et al. 1991, 1995). Three separate taxa, X. smithii 
subsp. citri, X. fuscans subsp. aurantifolii and X. alfalfae 
subsp. citrumelo were proposed by Schaad et al. (2005) that 
currently are classified as species X. citri (“A”), X. fuscans 
(“B/C/D”) and X. alfalfae (“E”) (Schaad et al. 2006).  Pathot-
ype A (Asiatic form) of CBC has a wide host range and is 
pathogenic on almost all citrus varieties (Vernière et al. 

1998). There are two strain groups with a restricted host 
range within pathotype A. They were found in Southwest 
Asia, and the state of Florida in the USA, and named X. c. 
subsp. citri A* and Aw, respectively.  The A* strain is patho-
genic only on Mexican lime (Citrus aurantifolia); this strain 
is closely related to pathotype A.  The Aw strain behaves 
similarly, but its restricted host range includes Mexican 
lime and alemow (Citrus machrophylla Wester) (Vernière 
et al. 1998; Cubero and Graham 2002; Sun et al. 2004). CBC 
in Iran was first reported on Mexican lime trees from the 
Kahnouj region of the Kerman province (Alizadeh and 
Rahimian 1990). There are many approaches which allow 
discrimination of the different forms of CBC causal agent 
such as: physiological and serological tests, phage typing, 
restriction enzyme analysis, total soluble protein profile, 
and PCR based methods (Graham et al. 1990; Egel et al. 
1991; Hartung 1992; Pruvost et al. 1992; Louws et al.1994; 
Vernière et al. 1998).  Rep-PCR marker has been used for 
analysis of several genera as well as species of bacteria 
and strain identification (Louws et al. 1994; Cubero and 
Graham 2002). Primers of rep-PCR marker design are 
based on families of repetitive DNA sequences, repetitive 
extragenic palindromic (REP) sequence, entrobacterial 
repetitive intergenic consequence (ERIC) sequence and 
the BOX elements, which are present in all prokaryotes 
(Versalovic et al. 1991, 1994).  Rep-PCR has been used to 
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molecular weight markers (GeneRulerTM 1kb and 100 bp 
DNA ladder, Fermentas) were used to determine the size 
of amplified fragment. 

RAPD-PCR fingerprinting
Thirty-three different 10-mer oligonucleotide primers 

were tested. The 5 primers 211, 220, 230, 232 and OPA11 
(Table 3) were chosen on the basis of their capability to 
produce polymorphic bands in a preliminary evaluation, 
and reproducibility for RAPD fingerprinting. Genomic 
DNA was extracted as described for rep-PCR. The final 
concentration of MgCl2 and Taq DNA polymerase in PCR 
mixture were 2 mM and 1.5 U, respectively. Concentra-
tion of other materials was the same as the rep-PCR con-
dition. PCR amplification was performed in a termocy-
cler (Mastercycler® gradient) in the following cycles: ini-
tial denaturation at 94°C for 5 min; 40 cycles of denatura-
tin at 94°C for 1 min, annealing at 34.5°C with 211 and 
220, 35.2°C with 230 and 232 and 36.5°C with OPA11, for  
1 min and extension at 72°C for 2 min with the final exten-
sion cycle for 10 min.

Data analysis 
The results of rep-PCR and RAPD fingerprinting 

were compared based on the presence or absence of frag-
ments at a specific position (0 absences; 1 presence). The 
obtained data was calculated with the program NTSYS 
version 2.1 (Rohlf 2000) based on Jaccard’s coefficient 
and clustered with the unweighted pair group method 
with arithmetic mean (UPGMA). Marker index of differ-
ent primers were calculated according to the formula de-
scribed by Powell et al. (1996).

RESULTS
A total of twenty-five Xcc strains were isolated from 

infected Mexican lime from southern Iran. Also one strain 
of Xcc from the Philippines, was isolated from celeman-
tin (C. reticulata) and included in this work (Table 1). All 

strains were Gram negative, obligate aerobic and unable 
to produce urease.  However, they were able to generate 
hydrogen sulphide from cysteine and hydrolyse starch, 
gelatin, aesculin, casein and Tween 20 and 80.  The alka-
line reaction was performed on litmus milk by all strains.  
They utilized dextrin, maltose, D-manose, lactose, D-mel-
ibiose, asparatic acid, glycogen, L-prolin, D-manitol, ci-
trate, lactic acid, salicin and D (+) cellubiose.  They could 
not utilize L-arabinose, Xylitol, raffinose and tartaric 
acid.  Based on these phenotypic tests, the strains were 
identified as putative Xanthomonas citri subsp. citri.  The 
identity of the strains as Xcc was confirmed by subjecting 
them to PCR amplification.  Strains generating a 581 bp 
fragment in PCR using primer pairs specific for Xcc, were 
selected and used for analysis of genetic variation.

Based on host range determination, all strains were 
divided into two groups (Table 2). The first group was 
pathogenic on Mexican lime, sour orange, citrange and 
citrumelo. The second group induced symptoms only on 
Mexican lime. Inoculation of isolates on susceptible va-
rieties, resulted in typical symptoms of CBC disease on 
leaves and shoots after three weeks (Fig. 1a–d). Canker 
symptom primarily appeared on the lower surface of leaf 
tissue and later on the upper surface. Lesions gradually 
joined together and made erumpent callus-like postules 
with water-soaked margins.  All strains were re-isolated 
from inoculated leaves and re-identified by phenotypic 
characters.  

The SDS-PAGE technique was repeated three times to 
analyze whole-cellular soluble proteins. The protein pro-
file was similar in all strains and there was no consider-
able difference among them.  

Different fingerprints were generated by the prod-
ucts of rep-PCR. The primers yielded PCR products that 
ranged from 200 to 3000 bp.  BOX-PCR did not differenti-
ate strains, whereas analysis of ERIC-1R-PCR fingerprints 
(Fig. 2) yielded two main clusters. One cluster included all 
strains from the Kerman, Hormozgan and Fars provinces 
with DH strain. The other cluster included all the strains 

Table 1.	 Code, host plant, location and year of isolation of X. citri subsp. citri strains used in this study

Strain code Host plant Location Year isolated
K1-K9 C. aurantifolia Kerman province 2007
F1-F7 C. aurantifolia Fars province 2007
H1-H5 C. aurantifolia Hormozgan province 2007
S1-S3 C. aurantifolia Sistan-va-Baluchestan province 2007
DH C. reticulate Philippine 2007

Table 2.	 Host range determination of Iranian strains of X. citri subsp. citri

Host plant Group 1 Group 2
Mexican lime (Citrus aurantifolia) + +
Sour orange (C. aurantium) + –
Citrumelo (Poncirus trifoliata × C. paradise) + –
Citrange (C. sinensis × P. trifoliata) + –
Citrumelo (Poncirus trifoliata × C. paradise) – –
Grapefruit (C. paradisi) – –
Orange (C. sinensis) – –
Pamello (C. grandis) – –
Sweet lime (C. limettioides) – –
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Fig. 1. Symptoms developed by the Iranian strain of X. citri subsp. citri inoculation on leaves of Mexican lime (C. aurantifolia) (a) Sour 
orange (C. aurantium) (b) Citrange (C. sinensis x P. trifoliata) (c) Citrumelo (P. trifoliata x C. paradisi) (d)

Fig. 2. PCR fingerprinting pattern of genomic DNA of Iranian strains of X. citri subsp. citri from different geographical regions of Iran 
generated by ERIC-1R primer.  Lane M, molecular marker GeneRulerTM 100 bp DNA ladder (Fermentas); lane NC (negative 
control) without DNA template; lane OG (out group) X. citri subsp. malvacearum; lanes K1 to K9, strains from the Kerman 
provice; lanes S1 to S3, strains from the Sistan-va-Baluchestan province; lane DH, strain from the Philippines; lanes F1 to F7, 
strains from the Fars province; lane H1 to H5, strains from the Hormozgan province












