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 Citrus bacterial canker is one of the most important citrus diseases caused by 

Xanthomonas citri subsp citri (Xcc). To assess the phenotypic and genotypic diversity 

of Xcc, 30 strains were isolated from infected areas of Fars province. All isolates were 
studied for physiological, biochemical and nutritional characters, host range and the 

existence of rpf gene using XAC02 and XAC01 primers. All strains were compared 

using seven RAPD primers. All strains were rod-shaped, motile, Gram-negative and 
obligative aerobic. They were negative in oxidase reaction but positive in catalase and 

hypersensitive reaction on tobacco. Using NTsys-PC software, numerical analysis of 

phenotypic characteristics showed that isolates are similar to each other at level 95%. In 
pathogenicity tests on limes (Citrus aurantifolia), all isolates showed typical symptoms 

of the disease after two weeks. In RAPD-PCR, using compositional analysis of seven 

random primers, two main groups at 75% similarity level were observed, Group one 
consisted of all isolates except the ones of Laar, whereas group two consisted of the 

ones from Laar. The first group was made of five subgroups with similarity level of 

89%. The first subgroup consisted of six isolates from Jahrom (J1, J2, J4, J7, J8 and J3), 
the second subgroup included other isolates of Jahrom (J5, J6, J9 and J10) plus one 

isolate from Ghir-o- Karzin (GH4), the third subgroup included most of the isolates 

from Darab (D1, D5, D4 and D3), the fourth subgroup included most of the isolates 
from Ghir-o- Karzin (GH1, GH2, GH3 and GH5) and the fifth subgroup included one 

isolate from Darab (D2). The results show that using this method, it is possible to 

distinguish between isolates from different geographical areas. In addition, comparing 
the results obtained from analysis of phenotypic and genotypic tests shows that 

grouping of isolates based on phenotypic and biochemical characteristics is inconsistent 

 with the grouping used in RAPD-PCR. 
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INTRODUCTION 

 

Citrus bacterial canker disease (CBC) is one of the most important pathogen in citrus. Since five pathovars 

of pathogen have been known, namely cankers A, B, C and D. The agent of Asiatic citrus canker, Xanthomonas 

citri subsp citri (Xcc, pathovar A), is one of the most destractive forms of these pathovars. This is due to the 

broad host range, sensitivity to most cultivars of citrus and also, large outbreaks in various regions throughout 

the world. The pathogen can cause leaf downfall, severe damage to fruit, premature fruit drop, death of young 

branches and consequently tree decline. 

    Fawcett and Jenkines observed the symptoms on leaf samples in Britain Botany Herbarium, and stated 

that citrus canker disease originated from India, Java and other eastern areas. These findings suggest that the 

primary source of disease and citrus origin are common. 

    In the late 19
th

 century, the disease was observed on Washington Navel orange leaves in Japan. In 1910, 

CBC was entered to the United State through infested Poncirous seedlings and Ansho tangerine trees, and it was 

caused severe damages in the Mexican Gulf. Afterwards, disease was appeared in southern America, southern 

Africa, Australia, Oman and Saudi Arabia. Untill 2005, CBC was reported from more than 30 tropical and 

subtropical countries [19]. 

In Iran, CBC was first reported on Mexican Lime from Kahnoj city in Kerman province [1]. 
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During 1995 and 1996, the disease caused heavy damages in the citrus gardens in Kerman, Hormozgan and 

Sistan and Balouchestan provinces. In 2007, it was reported on Mexican Lime from Ghir-o-Karzin. Afterwards, 

this disease was gradually observed in Lime gardens of Jahrom, Laar and Darab. 

In recent years, several studies have been done on this disease in different regions of country. 

Khodakaramian and coworkers (1999) examined producing strains of CBC, using phenotypic characteristics and 

host range in south of Iran. In another study, 57 Iranian strains and 16 representative strains of 5 bacterial canker 

pathotype were examined using AFLP test [11]. Rezaei and collaborators studied the diversity of 24 lime strains 

by rep-PCR method. Using this method, they could separate strains of Sistan-o- Balouchestan from the other 

strains [17]. Also, diversity of 25 Iranian strains of CBC agent was examined by rep-PCR and RAPD method 

[17]. 

On the basis of what mentioned above, there is not any information available for phenotypic and genotypic 

diversity of this bacteria in Fars. In addition, because of RAPD primer has been used to classify different 

bacterial strains in other geographical regions, so, it is possible that similar results can be achieved about this 

bacterium. Accordingly, the purpose of this study is to examine the possible phenotypic and genotypic diversity 

of Xcc in Fars province of Iran, using Standard bacteriological method and RAPD test. 

 

METHODS AND MATERIALS 

 

Sampling and Isolation: 

During different seasons of 2011-2012, Citrus cultivation areas and citrus nurseries in different regions of 

Fars province (Jahrom, Darab, Ghir-o-Karzin and Laar) were investigated. In each area, 4 to 6 gardens were 

chosen, and the infected tissues of tree such as leaf, twig and fruit were collected and placed in a plastic bag. 

The specifications of samples were recorded and after transferring to laboratory, were kept at 4
o
C. 

   In order to isolate the pathogen, the twigs were washed with running water, removed the skin at the site of 

canker, then 0.5cm pieces were taken between the healthy and infected tissue. Then, they were placed in 50 mm 

of sterile distilled water and placed on shaker for one day. Then 2-3 drops of suspension were streaked on 

Nutrient Agar Medium (NA). Petridishes were kept at 28
o
C for 72 hours. Then, yellow colonies were isolated 

and purified. These colonies were kept at 4
o
C for supplementary tests. 

 

Examination on phenotypic and biochemical characteristicsof strains: 

30 strains which were yellow, aerobic-obligatory, catalase-positive, oxidase-negative and urease-negative 

were primarily assumed as Xcc. Physiological, biochemical and pathogenicity tests were done on isolated 

bacteria [6,19]. 

 

Pathogenicity test: 

Thirty isolates of Xcc were inoculated on lemon leaf seedlings. The leaf surface was scratched using sterile 

needle. Then bacterial suspension (10
8
cfu/ml) was used on the leaf surface. Control plants were treated using 

sterile distilled water as the same method. For two days after inoculation, all treated plants were covered by a 

transparent plastic bag. The plants were monitored for up to one month. Appearance of any progressive lesion in 

treated leaves was considered as positive reaction.  

 

Examination on genotypic characteristics of strains: 

Samples preparation: 

The suspension was prepared from young cultures (24 hours) of bacteria with concentration of 10
8
 cfu/ml 

(OD600 = 1), boiled for 10 min and placed on ice for 1minute. The suspension was centrifuged at 1100g for 5 

minutes. The supernatant phase was directly used in PCR. 

 

Detection of pathogen by specific primers: 

The strains which had been diagnosed according to the results of phenotypic, biochemical and 

pathogenicity tests as Xcc, were examined using two specific primers, Xac01(5'-CGC CAT CCC CAC CAC 

CAC CAC GAC-3') and XAC02      

(5'- AAC CGC TCA ATG CCA TCC ACT TCA-3'). These primers are able to synthesize a DNA fragment 

with approximately 581pb in lengh, belonging to rpf gene in Xcc [2]. 

PCR reactions were carried out in 26L total reaction, consisted of 1.6 mM of MgCl2, 50pmol from each 

primer, 0.2 mM of dNTPs, 2U of taq DNA polymerase, 2.6µL of 10X buffers and 2L of the boiled bacteria. 

PCR amplifications were performed in a thermoycler (BioRAD, USA), in 36cycles, programmed for 1.5 min at 

94
o
C, 1.5 min at 60

o
C and 3 min at 72

o
C. A final extension at 72°C for 10 min ended the reactions. The PCR 

products were electrophoresed on 0.8 % TBE agarose gel at 80V/cm for 1 h. The  gels  were  stained  with  

ethidium  bromide,  viewed  and  photographed  under  UV illumination (Bio Rad, USA). 
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Rapd-Pcr: 

In this method, different parts of the genome are randomly synthesized by short primers. In this reserch 

X.c.c strains were analyzed using 7 random primers (table1). PCR reactions were carried out in 26L total 

reaction, consisted of 1.6 mM of MgCl2, 45pmol from each primer, 0.2 mM of dNTPs, 2U of taq DNA 

polymerase, 2.6µL of 10X buffers and 2L of the boiled bacterial suspension. PCR amplification waee 

performed in a thermoycler (BioRAD, USA), in 47 cycles, programmed for 4 min at 94
o
C as primary 

denaturation, 1 min at 94
o
C, 1 min at 36

o
C and 2 min at 72

o
C. A final extension at 72°C for 10 min ended the 

reactions. The PCR  

PCR Products of RAPD test were electrophoresed on 1.5 % TBE agarose gel at 70V/cm for 100min. Then, 

the gels were stained with ethidium bromide, viewed and photographed under UV illumination (Bio Rad, USA). 

Molecular weights of the reproduced fragments were measured by DNA molecular weight 100bp Ladder, which 

had been loaded with samples. 

 
Table 1: Primer sequences used in RAPD-PCR  

Primer's Name 
Nucleotide Sequence 

(5'-3') 

P1 CAGCACCCAC 
P59 AGGTGACCGT 

P4e TTCCGCCAC 

P81 GTGAGGCGTC 
P86 TGGACCGGTG 

P102 TGAGCGGACA 

P3e CTGGGCACG 

 

Analysis of phenotypic and genotypic data: 

Using NTsys-pc software (Numerical Taxonomy and Multivariate Analysis System V2.02), genetic 

distance of strains were drawn. In RAPD-PCR, for each bacterial isolate, the bands were scored as 1 and 0 

depending on whether or not the isolate did or did not synthesize a band, respectively. In phenotypic analysis, 

for each isolate the characters were scored as 1 (for positive characters) and 0 (for negative ones). Cluster 

analysis were done at the base of hierarchical technique, and to examine the real distance between clusters, 

UMGMA (Unweighted pair-group method using arithmetic average) and simple matching method were used. 

 

Results: 

Our results showed that CBC disease scattered in Jahrom, Darab, Ghir-o- Karzin and Laar in Fars province. 

Based on visual inspection (disease symptoms and amount of damage in leaf, twig and fruit) was revealed that 

the highest contamination is correlated to Jahrom, especially in Mohammad-Abad and Qutb-Abad regions. 30 

isolates of infected tissues were obtained and purified (table 2). 

 
Table 2: Characteristics of citrus bacterial canker strains, isolated from different regions of Fars province 

Isolate's Code Host's Name City of Isolation Region 

J1 Lime Jahrom Mohammad-Abad 

J2 Lime Jahrom Mohammad-Abad 

J3 Lime Jahrom Mohammad-Abad 
J4 Lime Jahrom Mohammad-Abad 

J5 Lime Jahrom Mohammad-Abad 

J6 Lime Jahrom  Gutb-Abad 
J7 Lime Jahrom Gutb-Abad 

J8 Lime Jahrom Gutb-Abad 

J9 Lime Jahrom Gutb-Abad 
J10 Lime Jahrom Baba Arab 

J11 Lime Jahrom Baba Arab 

J12 Lime Jahrom Baba Arab 
J13 Lime Jahrom Dehriz 

J14 Lime Jahrom Dehriz 

GH1 Lime Ghir-o- Karzin Baroos 

GH2 Lime Ghir-o- Karzin Baroos 

GH3 Lime Ghir-o- Karzin Baroos 

GH4 Lime Ghir-o- Karzin Baroos 
GH5 Lime Ghir-o- Karzin Baroos 

GH6 Lime Ghir-o- Karzin Baroos 

D1 Lime Darab Fourg 
D2 Lime Darab Fourg 

D3 Lime Darab Fourg 

D4 Lime Darab Fourg 
D5 Lime Darab Fourg 

L1 Lime Laar Jooyom 

L2 Lime Laar Jooyom 
L3 Lime Laar Jooyom 
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L4 Lime Laar Jooyom 

L5 Lime Laar Jooyom 

 

All isolates were obligative aerobic, Gram-negative, oxidase-negative or weak. Catalase, Levan and 

hypersensitive tests on geranium were positive. The other results are recrded in table 3. 

 
Table 3: Physiological and biochemical properties of of citrus bacterial canker isolates in Fars province 

              Isolate's Code 

 

Test's Name 

L GH D J 

Gram Test - - - - 
Oxidase - (+)a - - 

Catalase + + + + 

Arginine D-Hydrolyse - - - - 
Levan + + + + 

Production of 

Fluorescent Pigment 
- - - - 

Aerobic/Anaerobic 

Growth  
Aerobic Aerobic Aerobic Aerobic 

HR on Geranium + + + + 
Production of H2S from 

Peptone 
+ + + + 

Production of Acetoin - - - - 
Methyl Red - - - - 

Production of Indole - - - - 
Lecithinase - - - - 

Nitrate Reduction - - - - 

Urease - - - - 
Sucrose Reduction - - - - 

Simon Citrate Agar + + + + 

Tyrosinase + + + + 
Litmus Milk Alkali reaction Alkali reaction Alkali reaction Alkali reaction 

Hydrolysis of Gelatin + + + + 

Hydrolysis of Starch + + + + 
Hydrolysis of Tween 20 + + + + 

Hydrolysis of Tween 80 + + + + 

Hydrolysis of Esculin + + + + 
Growth on 

 NaCl 
    

1% + + + + 
2% + + + + 

3% - - + + 

Growth at     
35oC + + + + 

 36oC + + + + 

37oC + + + + 
 38oC + - + + 

 

In pathogenicity test, three days after inoculation, initial symptoms of disease appeared. These symptoms 

appeared in the form of outstanding, fine, soft and white spots on the upper and lower surfaces of leaf. In 7 to 14 

days after inoculation, these symptoms were observed as outstanding, circular, small, cork and yellowish brown 

spots with yellow halo around the wound on upper and lower surfaces of lime leaves. 

Some of the isolates (J8, J1, L2 and GH1) led to downfall of lime leaves. There was not any symptom on 

control plants. For proving K’och hypothesis, pathogenic bacteria were re-isolated from infected plants. 

Numerical analysis of phenotypic characteristic, using NTsys-pc v2-02 software, showed that 30 isolates 

are placed in 3 groups at similarity level of 98%. Isolates of first group (cluster 1) had two subgroups. The first 

subgroup (I-a) included Jahrom and Darab isolates with 100% homology, and the second one (I-b) consisted of 

2 strains of Laar (L1 and L2). Second group (cluster II) included all strains isolated from Ghir-o- Karzin, and the 

third group consisted of the other 2 strains from Laar (II-b) (Figure 1). 
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Fig. 1: Dendrogram obtained from numerical analysis of phenotypic characteristics of Xanthomonas citri strains 

from different regions in Fars province 

 

Genotypic tests: 

Pathogen detection by specific primers: 

Thirty strains which had been diagnosed as Xanthomonas citri,  at the base of phenotypic characteristics, 

using specific primer pairs of XAC02 and XAC01, produced approximately a DNA fragment approximately 

600bp in lengh (Figure 2). 

 

 
Fig. 2: Electrophoretic patterns of PCR product using specific primer (XAC02 and XAC01). M.100 bp 

molecular marker, 1 to 6: Jahrom strains, 7 to 9: Darab strains, 10 to 12: Ghir-o- Karzin strains, and 13 

to 14: Laar strains 

 

RAPD-PCR test: 

All strains which had been recognized as Xanthomonas citri on the base of phenotypic characteristics and 

specific primers pairs were examined by RAPD-PCR. 

Results of 7 random primers were analyzed individually and in combination with each other. The resulting 

pattern of P4e, P3e and P2 primers was diverse among strains. There was no possibility of separating species at 

the base of geographic region. Using P1 primer, strains were placed in two main groups at similarity level of 

88.5%. The first and second cluster II included Jahrom and Darab strains and Laar and Ghir-o-Karzin strains, 

respectively. The resulting pattern of P3 primer placed strains in two groups at similarity level of 93.5%. The 
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strains from Jahrom, Darab and Ghir-o-Karzin and the strains from Laar were placed in group 1 (cluster I) and 

group 2 (cluster II), respectively. 

Using P5 primer, the strains were placed in two groups at similarity level of 76%. The strains of Darab were 

in one group and the other strains were placed in another group. The resulting pattern of P6 primer divided 

strains into different groups at similarity level of 93%, meanwhile, the strains from Laar and the strains from 

Ghir-o- Karzin were separately grouped. 

In the combinational analysis, two main groups were distinguishable at similarity level of 75.4% by 7 

random primers in RAPD-test. Group 1 consisted of all isolates except all of the Laar, whereas group 2 

consisted of the all Laar. In mentioned clustering, the first group was made of five subgroups with similarity 

level of 89%. The first subgroup consisted of six isolates from Jahrom (J1, J2, J4, J7, J8 and J3), the second 

subgroup included other isolates of Jahrom (J5, J6, J9 and J10) plus one isolate from Ghir-o- Karzin (GH4), the 

third subgroup included most of the isolates from Darab (D1, D5, D4 and D3), the fourth subgroup included 

most of the isolates from Ghir-o- Karzin (GH1, GH2, GH3 and GH5) and the fifth subgroup included one 

isolate from Darab (D2)(Figure 4). 

 

 
 

Fig. 3: Fingerprinting of Xanthomonas citri strains using RAPD test and P1 primer: M.100 bp molecular marker, 

1 to 10: Jahrom strains, 11 to 15: Darab strains, 16 to 20: Ghir-o- Karzin strains, and 21 and 22: Laar 

strains 

 

 
Fig. 4: Dendrogram obtained from compositional analysis of Xanthomonas citri by RAPD-PCR and Ntsys-pc 

v.2-2 software 
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Discussion: 

Visits made to various regions of Fars showed that distribution of CBC is limited to different regions of 

Darab, Gir-o-Karzin, Laar and Jahrom. The highest contamination was found in gardens of Jahrom, especially 

Mohammad-Abad and Gutb-Abad. In intercropping gardens (Orange, Limon, Clementine, Sour orange and 

Grapefruit), the disease was observed only on lime (Mexican lime). 

Regarding to the climatic conditions in southern regions of Iran (hot and dry), it is supposed that during the 

period of citrus suseptibility, necessary conditions are not provided for pathogen to overcome most citrus such 

as, orange, sour orange, Clementine and grapefruit. 

Additionally, in the south, harvest methods of lime lead to injury trees, and thus, pathogen can enter 

through the wound [12]. Some researchers believe that droughts in the recent years have caused the reduction of 

disease and host restriction in bacteria. 

In the present study, a total of thirty isolates were obtained. All isolates were Gram-negative, catalase-

positive, obligative aerobic and Oxidase negative or weak. According to the results of standard bacteriological 

test, the strains were identified as X. citri subsp. citri. 

In phenotypic tests, strains from Jahrom, Laar and Darab and strains from Ghir-o- Karzin having negative 

oxidase and weak positive oxidase, respectively were not able to grow on 3%-salt and to tolerate temperature of 

38
o
C. Also, the strains from Laar were not able to grow on 3%-salt.  

Using NTsys-pc 2-02, numerical analysis of phenotypic characteristics showed that 30 isolates are placed in 

3 groups at similarity level of 98%. The first group (cluster I) consisted of two subgroups: the First (I-a) 

included Jahrom and Darab isolates with 100%-homology, and the second (I-b) consisted of 2 strains of Laar 

(L1 and L2). Second group (cluster II) included the strains from Ghir-o-Karzin, and the third group consisted of 

other 2 strains of Laar (II-b) (Figure 1). Two Laar’s isolates (L1 and L2) were separated at similarity level of 

98.2%, from L3 and L4 strains. 

The difference between these strains was in Nacl tolerance. There is a considerable point that Laar strains 

dispersed in two subgroups unlike the strains of other regions. Khodakaramian et al., [12] examined the bacterial 

strains of CBC at the base of phenotypic specifications in the south of Iran, and were located them in 2 groups. 

In these groups, distribution of strains was due to differences in a small number of biochemical, phenotypic 

and nutritional characteristics. In phenotypic methods, the similarity between individuals in one species should 

be 80% or more. In recent study, the isolates were belonged to one pathovar; so, similarity percent of 98% were 

not unexpected. 

In pathogenicity test in Lime, the strains showed the developed typical symptoms of disease in two weeks 

after inoculation. The first symptoms included cream-colored and cork swelling that over the time these 

symptoms were observed as brown outstanding spots with yellow and water-soaked halo around the spots. 

These results are consistent with findings of Khodakaramian and collaborators [12]. 

In PCR diagnostic test, a fragment of DNA with an approximately size of 600bp was reproduced in all 

isolates. This result confirms the presence of pathogenicity of rpf gene in all isolates. The role of this gene in 

bacterial pathogenicity has been proved in different studies [2]. For example, studies have shown that mutation 

in rpf gene leads to decrease in virulent factors such as some enzymes (protease, endonuclease, 

polygalacturonase, Ligase, Exopolysaccharide and extracellular polysaccharides like Xanthan) and 

consequently, the pathogenicity had been decreased. 

In the present study, the results obtained from 7 specific primers were analyzed individually and in 

combination with each other by RAPD-PCR. All primers synthesize several fragments of Bacterial genome. 

These primers showed the polymorphism among isolates. This result is consistent with findings of Khodoo and 

coworkers [13]. In this method, although some primers solely were able to show the diversity among isolates, 

but conclusion is not reliable at the base of individual primer in RAPD test, and several primers should be used. 

It is due to low comparable properties of one primer than severl primers. 

Compositional analysis of genetic fingerprinting from seven random primers showed that strains are 

divided into two groups at similarity level of 75.4%. The first group included the strains of Jahrom, Ghir-o-

Karzin and Darab, and the second group consisted of all Laar strains. It is seemed that special weather 

conditions (hot and dry) have caused spread of specific strains in Laar. In addition, the first group was made of 

five subgroups with similarity level of 89%. The first subgroup consisted of six isolates from Jahrom (J1, J2, J4, 

J7, J8 and J3), the second subgroup included other isolates of Jahrom (J5, J6, J9 and J10) plus one isolate of 

Ghir-o- Karzin (GH4), the third subgroup included most of Darab isolates (D1, D5, D4 and D3), the fourth 

subgroup included most of the Ghir-o-Karzin isolates (GH1, GH2, GH3 and GH5) and finally the fifth subgroup 

included one isolate from Darab. This result indicates that some strains can be separated in terms of 

geographical conditions by this method. 

The recent result is consistent with the results of other researchers using this method. Lee and coworkers 

could separate the strains of P. s. pv.actinidiae in Korean and Japan through RAPD-PCR [14]. In another study, 

different strains of Xylella fastidiosa obtained from various hosts were divided to five groups by RAPD-PCR 

method, in which these groups were consistent with their host range. 
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In Iran, Rezaei and collagues studied 25 strains of XCC from Kerman, Hormozgan, Fars, Sistan and 

Balouchestan and one strain from Philippines. In this examination, strains were divided into 3 groups at 

similarity level of 91%. First group included Kerman, Hormozgan and Fars Strains, second group included 

strains from Philippines, and the third group consisted of strains from Sistan and Balouchestan [17]. It should be 

noted that in this research, only 7 strains of Fars have been examined using 5 primers, while in the present 

research, 30 strains were studied and 7 primers were used.  So, it seems that present result is more precise than 

previous research. 

Comparing the results obtained from analysis of phenotypic and genotypic tests revealed that grouping of 

strains at the base of phenotypic and biochemical property is not consistent with grouping at the base of RAPD-

PCR. For instance, Darab and Jahrom strains were homogenous in terms of phenotypic characteristics, and they 

were placed in the same group with 100% homology, but they were placed in different subgroup in terms of 

genetic characteristics (Figure 3).  

It should be noted that in examination on genetic specifications, only one genetic marker cannot be used to 

achieve reliable result about genetic similarity or difference of strains. Therefore, the results obtained from 

combinational analysis of RAPD test are more reliable than individual analysis of genetic fingerprinting for each 

primer due to access more information on pathogen genome. 

In the present study, genotypic similarity of some strains is expectable, because the spread of bacteria may 

have occurred through infected fruits from nearby regions [17]. 

Uncontrolled use of pesticides, frequent droughts and genetic mutations can lead to emerge different strains 

in terms of genetic characteristics. This event may in turn change the bacterial pathogenicity. 

It should be noted that Fars is like as an exit gate of seedlings to the western and central parts of the 

country, so there is a possibility of transmission and spread of disease to other infected states. Hence, early and 

proper diagnosis and quarantine between neighbor and non-infected provinces can help to appropriate 

management methods. Using molecular methods beside traditional phenotypic methods are able to achieve this 

affair more accurately. Additionally, it is necessary that future researches should be done in order to find 

resistant varieties to this disease. 
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