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ABSTRACT 
 

In rice crop, bacterial blight disease is caused by the bacteria Xanthomonas oryzae 
pv. oryzae and bacterial streak disease is caused by Xanthomonas oryzae pv. 
oryzicola. Most of the time symptoms produced by these pathogens are confusing 
and cannot be easily differentiated. The colony characteristics and biochemical tests 
are also quite similar. In present study a molecular tool based on Insertion sequence 
primer has been used to differentiate the pathovars. For this purpose infected leaf 
samples of rice with symptoms of bacterial blight disease were collected from rice 
growing areas of Punjab province during the year 2011 and studied in the 
Department of Biosciences, COMSATS Institute of Information Technology, Sahiwal, 
Pakistan. Twenty five bacterial isolates were isolated from leaf samples. Afterwards, 
insertion sequence based polymerase chain reaction (PCR) was applied using J1 
primer for confirmation of isolates to be Xanthomonas oryzae pv. oryzae or 
Xanthomonas oryzae pv. oryzicola. Out of 25 isolates, 18 were confirmed to be 
Xanthomonas oryzae pv. oryzae by amplifying a strong band of 500bp. while 7 
isolates were found to be Xanthomonas oryzae pv. oryzicola by amplifying bands of 
~430bp and ~340bp. 
 
KEYWORDS: Oryza sativa; Xanthomonas oryzae pv. oryzae; Xanthomonas 

oryzae pv. oryzicola; molecular tool; Punjab; Pakistan. 
 

INTRODUCTION 
 

Bacterial leaf blight (BLB) disease is one of the most destructive diseases of 
rice in Asia (9). It was first observed by farmers in Fukuoka prefecture, 
Kyushu Island, Japan, in 1884-85 (17). In Pakistan, the disease was first 
recorded in 1977. Its occurrence was confirmed from all the provinces by 
Akhtar and Akram (1). Then it was reported (7) that BLB incidence is 
increasing in Pakistan especially in “Kaller” belt, which is famous for rice 
cultivation. Recently races of BLB have been identified in Pakistan (16). 
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Bacterial leaf blight has the potential to become a destructive bacterial 
disease of rice in Pakistan and can cause huge losses mainly due to lack of 
information regarding pathogen and its effective control measures. Although 
no study has been conducted to assess the losses caused by the disease in 
Pakistan, yet it has been observed that disease appearance at early stages 
causes greater damage due to complete wilting (kresek) of seedling. 
Generally BLB disease is more destructive in Asia during the heavy rains of 
monsoon season (16). Rice yield may reduce upto 50 percent in the fields 
that are severely infected. Usually plants are affected at later stage of 
tillering, reducing rice yield from 10 to 20 percent. However, infection of crop 
at tillering stage can sometimes lead upto 100 percent yield losses (10). 
Therefore, development of disease tolerant varieties is the main concern of 
breeders (18). 
 

The bacterial nature of leaf blight in rice was reported by Japanese scientists 
in the early 1920s (11). The causal bacterium is Xanthomonas oryzae pv. 
oryzae. Primarily X. oryzae pv. oryzae was considered as one of the 
pathovars of Xanthomonas campestris till 1992. Afterwards, it was 
reclassified as Xanthomonas oryzae pv. oryzae. 
 

According to the description of Ishiyama (6), X. oryzae pv. oryzae is short 
and rod shaped, with round ends, 0.8-1.0 x 1.7 mm in host, with monotrichous 
flagellum of 6-8 mm, gram negative, aerobic and non-spore forming. Its 
genome consists of a single, 4941439 bp, circular chromosome. Various 
strains of X. oryzae pv. oryzae have been found to carry one or more 
indigenous plasmids with molecular weights of about 20.3 x 106 to 21 x 106 
dalton.   
 

Xanthomonas oryzae pv. oryzae cannot be easily differentiated by colony 
characteristics from other pathovars specially Xanthomonas oryzae pv. 
oryzicola. In present study the bacterial isolates were confirmed to be X. 
oryzae pv. oryzae, by applying polymerase chain reaction using the high-
copy insertion element IS1113 based primer J1. 
 

MATERIALS AND METHODS 
 

Sampling 
 

In order to isolate Xanthomonas oryzae pv.oryzae which is the pathogen 
causing bacterial blight disease, surveys of rice growing areas of Punjab 
were conducted during the year 2011 in the districts of Sheikhupura, Sialkot 
and Kala Shah Kakoo, Pakistan. For sampling, plants were observed at five 
points along a diagonal transect in a field. At each point four plants were 
examined for disease symptoms and upper three leaves of each plant were 
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collected. These leaves formed composite, and a representative leaf sample 
was taken for isolation of bacteria. 
 

Isolation of bacteria 
 
Bacteria were isolated from infected rice leaves in the Department of 
Biosciences, COMSATS Institute of Information Technology, Sahiwal, after 
surface sterilization by following the method of Adhikari et al. (3). Bacteria 
having yellow circular colonies with entire margins and smooth waxy and 
shiny surfaces were isolated. Single bacterial colonies of each strain were 
isolated. The isolated colonies were further purified on peptone sucrose agar 
(PSA) medium (12).  
 

DNA isolation 
 

Cultures of all bacterial isolates were prepared in Luria broth medium. DNA 
was isolated from the bacteria by using Miniprep method (4). Saturated X. 
oryzae pv. oryzae cultures (1.5ml) were centrifuged for two minutes at 
4000rmp at room temperature, until a compact pellet was formed. The 
supernatant was discarded. Pellet was resuspended in 567ml TE buffer by 
repeated pipetting. 30ml of 10% SDS and 3ml of 20mg/ml proteinase K were 
added to give a final concentration of 100mg/ml. It was mixed thoroughly and 
incubated for one hour at 37oC. Then 100ml of 5M NaCl was added and 
mixed thoroughly. 80ml of CTAB/NaCl solution was added, mixed and 
incubated at 65oC. An approximately equal volume of chloroform/isoamyl 
alcohol was added, mixed thoroughly, and spun for 4-5 minutes in a 
centrifuge. The aqueous, viscous supernatant was removed to a fresh 
microfuge tube, leaving the interface behind. An equal volume of phenol/ 
chloroform/ isoamyl alcohol was added, extracted thoroughly and spun in a 
microfuge for five minutes. The supernatant was transferred to a fresh tube 
and 0.6 volume of isopropanol was added to it. The tube was shaken back 
and forth until a stringy white DNA precipitate became clearly visible. After 
that the precipitate was pelleted by spinning at room temperature. The DNA 
was washed with 70% ethanol to remove residual CTAB and was spun for 
five minutes at room temperature to pellet it. The supernatant was carefully 
removed and the pellet was properly dried. The pellet was dissolved in 100ml 
TE buffer. 
 

Molecular detection 
 
DNA of each isolate was quantified using UV spectrophotometer at 260 nm 
and concentrations were made to about 100ng ml-1.. Primer J1 [5¢-
CGAGTCCAGTCCAGCGGACC-3¢, Tm 63.6oC] was used for molecular 
detection of X. oryzae pv. oryzae (2). The primer J1 was synthesized by 
Gene Link. The reaction mixture contained in a total volume of 25 ml, PCR 
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buffer [180mM Tris-HCl (pH 8.8), 50mM (NH4)2 SO4], 2.5 mM MgCl2, 160mM 
of deoxy nucleoside triphosphate, 50 nmol of primer and 0.5U Taq 
polymerase. The reaction cycle comprised initial denaturation at 95oC for 
seven minutes, annealing at 55oC for one minute, extension at 72oC for three 
minutes and was followed by 35 cycles of one minute at 94oC, one minutes at 
57oC and 1:30 minutes at 72oC and final extension for seven minutes at 72oC 
followed by incubation at 4oC.  
 
PCR products obtained with J1 primer were separated by electrophoresis on 
1.0 % agarose gel containing 2 ml of ethedium bromide (10mg/ml) in 1X Tris-
borate EDTA buffer. 10ml of PCR products were mixed with 2ml of 6X loading 
dye solution. 1kb DNA ladder was run as marker along the PCR products. 
Samples in the gel were electrophoresed at 100 V until the bromophenol blue 
had migrated approximately two third of length of gel. The DNA fragments in 
the gel were visualized by ultraviolet illuminator.  
 

RESULTS AND DISCUSSION 
 

PCR patterns of strains of X. oryzae pv. oryzae from Punjab are shown in 
Fig. 1. PCR products of 18 bacterial isolates produced a strong band of 
500bp and very weak bands at ~340bp, ~430bp, ~800bp, ~1kb and ~1.2kb. 
This confirmed them to be Xanthomonas oryzae pv. oryzae.  However, seven 
bacterial isolates produced strong bands at ~430bp and ~340bp. This 
confirmed them to be Xanthomonas oryzae. pv. oryzicola (Fig. 2). Twenty five 
isolates of X. oryzae pv. oryzae were preserved for further studies. PCR with 
J1 primer proved to be a reliable method to differentiate the pathogen of 
bacterial blight disease and bacterial streak disease in rice crop. In crops 
most of the times mixed infections are present. Different pathogens can 
produce similar symptoms. Also sometimes the nutrition deficiency symptoms 
are confused with the disease symptoms. Therefore, it is necessary to detect 
the pathogen at molecular level to confirm the presence of disease. 
 
Accurate identification and early detection of pathogens is a crucial step in 
plant disease management (15). The failure to adequately identify and detect 
plant pathogens using conventional, culture based morphological techniques 
has led to the development of nucleic acid based molecular approaches (8). 
Molecular diagnostic began to develop a real momentum after the 
introduction of PCR in the mid 1980s and first PCR based detection of a 
pathogen in diseased plants was published in the beginning of 1990s (14). 
One of the most important advantages that molecular based detection has 
over conventional diagnostic detection methods is the high specificity. That is 
the ability to distinguish closely related organisms (13). 
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Insertion sequence based PCR is one of the molecular technique that can be 
used for identification of pathogens. An insertion sequence is a short DNA 
sequence that acts as a simple transposable element. Insertion sequences 
have two major characteristics: they are small relative to other transposable 
elements and only code for proteins implicated in the transposition activity. 
These proteins are usually the transposase which catalyses the enzymatic 
reaction allowing the IS to move, and also one regulatory protein which either 
stimulates or inhibits the transposition activity. The coding region in an 
insertion sequence is usually flanked by inverted repeats (5). Insertion 
sequence based J1 primer identified the pathovars of X. oryzae pv. oryzae 
and differentiated them from other bacteria. 
 
The primer J1 had been used earlier for detection of X. oryzae pv. oryzae by 
amplifying intergenic regions that have unique sequences. The primers 
designed from the sequence amplified intergenic regions that exhibited some 
specificity. Thus PCR with J1 primer is a reliable and fast method for 
confirmation of X. oryzae pv. oryzae and X. oryzae pv. oryzicola. 
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