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ABSTRACT 

To evaluation of pathogenicity and race classi- 
fication of Xanthomonas oryzae pv. oryzae agent 
bacterial leaf blight of rice, 153 isolates of X. 
oryzae pv. oryzae were collected from different 
rice-growing cities of Guilan province—Iran. All 
of isolates were inoculated to assess the di- 
fferential characteristics of 26 near isogenic rice 
lines containing a single resistance gene or two 
to five genes. Inoculation was done 21 days after 
sowing in the greenhouse. Scoring of inoculated 
plants was done 18 days after inoculation. The 
level of infection was not so clear among py- 
ramiding lines, expect IRBB53 and IRBB61. 
Therefore, the pyramiding lines can not be used 
as differentials for pathogenicity evaluation of X. 
oryzae pv. oryzae The 12 rice lines with a single 
resistance gene were used further to establish a 
system of races classification of X. oryzae pv. 
oryzae IRBB14, IRBB21and IRBB7 were resis- 
tance to the most isolates. Whereas, IRBB1, 
IRBB2, IRBB4 and IRBB10 were susceptible to 
all isolates. Based on the interactions between 
the isolates X. oryzae pv. oryzae and the 12 near- 
isogenic rice lines, seven single-gene rice lines 
were chosen as differentials, and the 153 tested 
isolates were classified into four races. Except 
for cultivar types, different terrain, climate, pe- 
riod of rice planting and other factors may be 
associated with the population diversity and 
virulent variation of X. oryzae pv. oryzae. 
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1. INTRODUCTION 

Bacterial leaf blight (BLB) of rice, [Oryza sativa]  

caused by Xanthomonas oryzae pv. oryzae [1], is a major 
disease in the tropics and subtropics of Asia countries [2]. 
The disease has become a major rice disease in last three 
decades because of the extensive deployment of more 
nitrogen-responsive modern rice varieties. The disease 
has also been reported in Australia, Africa, and latin 
America as well as in North America [3,4]. Bacterial 
blight can cause severe yield loss of up to 50% depend- 
ing on the rice growth stage, the geographic location and 
seasonal conditions [5]. 

The disease, reported in Iran as early as in the 2007 [6], 
and because of the widely grown hybrid rice combina- 
tions with high yield spread rapidly. Efficacy of chemical 
on this disease is not significant. Therefore, planting re- 
sistance varieties provide an effective control and up to 
the present most breeders concentrate on the develop- 
ment of highly resistance varieties. Recently, thirty re- 
sistance genes for bacterial blight have been identified 
from rice [7-11], and most of them have been used to 
characterize the virulence of and differentiate among 
pathogenic races of X. oryzae pv. oryzae. Jeung et al. [12] 
demonstrated that developing resistant cultivars requires 
an understanding of the dynamics of the pathogen popu- 
lations as well as the genetics of host resistance. Mew et 
al. [13] detected six virulence types (pathotypes or races) 
of the pathogen among 800 strains taken from around the 
Philippine over a 17-year period. Nine pathogenic races 
of X. oryzae pv. oryzae have thus been described from 
Nepal [14] and 10 have been described from the Philip- 
pines (C. M. vera cruz, personal communication). Liu et 
al. [15] worked on virulence analysis and race classifica- 
tion of X. oryzae pv. oryzae in china and reported that 
pyramided lines cannot be used as differential for the 
virulence analysis of X. oryzae pv. oryzae in china, so 
they used rice lines with a single gene further to establish 
a system of races classification of X. oryzae pv. oryzae in 
China. In Iran, 153 isolates from four rice cultivars 
(Hashemi-Khazar-Sadri-Alikazemi) from 2007 to 2009 
had been collected. The genetic characteristic of the four 
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rice cultivars are not completely known, probability the 
isolates identified in Iran did not match known resistance 
genes, and so they could not be compared with races 
identified in other countries. This study attempted for the 
pathogenicity analysis and races classification of X. 
oryzae pv. oryzae in Iran based on the interactions be- 
tween the isolates of X. oryzae pv. oryzae collected from 
cities of Guilan province—Iran and differential lines 
carrying specific genes for BB resistance, provided from 
International Network for Genetic Evaluation of Rice 
(INGER), Philippines. 

2. MATERIALS AND METHODS 

2.1. Bacterial Isolates 

One hundred and fifty-three isolates of X. oryzae pv. 
oryzae form 2007-2009 were collected from Guilan pro- 
vince in Iran. Bacteria were isolated from leaf portions 
showing typical bacterial blight lesions. A single colony 
of each isolate was selected from nutrient agar (NA) 
plates and incubated at 27˚C for 48 hours. For long-term 
storage, the purified strains were grown in peptone suc- 
rose and frozen at –80˚C in 20% glycerol. The strains 
were revived on Luria Pepton (LP) (Difco) medium for 
experiments. All isolates were inoculated to local suscep- 
tible cultivar (Hashemi) for confirm their pathogenicity. 

2.2. Rice Lines 

Seeds of rice lines were obtained from the Interna- 
tional Network for Genetic Evaluation of Rice (INGER) 
and used to preliminary evaluation of pathogenicity and 
race classification of Xanthomonas oryzae pv. oryzae in  

2011 at Rice Research Institute of Iran. The 26 differen- 
tial rice lines with a single gene or pyramid lines of two 
to five genes were tested in this study (Table 1). Rice 
seeds are pre-germinated for 48 hours at 28˚C in petri 
dishes. Germinated seeds were planted in rows 1-cm 
apart, in 35 × 26 × 10 cm plastic trays. Each line was 
planted in a 10-cm long row. The differential lines are 
planted in separate trays. Local resistant (Khazar) and 
susceptible (Hashemi) cultivars were planted at the cen- 
ter of each tray. 

2.3. Inoculums Preparation and Inoculation  

Bacterial isolates that were maintained at –80˚C were 
revived on NA (nutrient agar) slants at 27˚C for 48h. 
Each isolates was transferred to NA slants and incubated 
an additional 24 h at 27˚C. Each bacterial colony on the 
slants were suspended with sterilized distilled water and 
adjusted to concentrations of approximately 109 cfu/ml 
prior to inoculation [16]. Inoculation was done 21 days 
after sowing by clipping method with sterilized scissors 
[17]. The inoculated plants were grown in green house. 
To reduce the possible effects of high temperature on 
disease reactions, favour the entry of bacteria into infec- 
tion courts in the presence of sufficient moisture on the 
leaf surface and maintain inoculation time consistency, 
the inoculation was conducted in one morning. 

2.4. Disease Assessment 

Disease severity was rated by measuring the lesion 
length from the leaf tips. Scoring was done at 18 days 
after inoculation (DAI). The scales to be used in scoring  

 
Table 1. Crosses and Resistance genes of differential rice lines used to characterize virulence of Xanthomonas oryzae pv. oryzae 
isolates in Iran. 

Rice line 
Resistance 

gene(s) 
Cross Rice line Resistance gene(s) Cross 

IRBB1 Xa1 IR24 × 5/KOGYOKU IRBB51 Xa4+Xa13 IRBB4/IR66699-9-1-1-5-2 

IRBB2 Xa2 IR24 × 5/TETEP IRBB52 Xa4+Xa21 IRBB4/66700-3-3-3-4-2 

IRBB3 Xa3 IR24 × 5/CHUGOKU 45 IRBB53 Xa5+Xa13 IRB4/IR66699-9-1-1-5-2 

IRBB4 Xa4 IR24 × 5/IR20 IRBB56 Xa4+Xa5+Xa13 AY4+5/IR68311-13-3-42 

IRBB5 Xa5 IR24 × 5/IR1545-339 IRBB57 Xa4+Xa5+Xa21 AY4+5/IR66700-4-2-9-5-2 

IRBB7 Xa7 IR24 × 5/DV85 IRBB58 Xa4+Xa13+Xa21 NH11-35/NH9-53 

IRBB8 Xa8 IR24 × 5/P1231129 IRBB59 Xa5+Xa13+Xa21 NH11-35/NH9-53 

IRBB10 Xa10 IR24 × 5/CAS209 IRBB60 Xa4+Xa5+Xa13+Xa21 NH11-35/NH9-53 

IRBB11 Xa11 IR24 × 5/IR8 IRBB61 Xa4+Xa5+Xa7 IR-BB7/IR-BB60 

IRBB13 Xa13 BJ1/5 × IR24 IRBB62 Xa4+Xa7+Xa21 IR-BB7/IR-BB60 

IRBB14 Xa14 
TAICHUNG NATIVE 1/5 

× IR24 
IRBB64 Xa4+Xa5+Xa7+Xa21 IR-BB7/IR-BB60 

IRBB21 Xa21 IR 24 × 8/O BARTHII IRBB65 Xa4+Xa7+Xa13+Xa21 IR-BB7/IR-BB60 

IRBB50 Xa4+Xa5 - IRBB66 Xa4+Xa5+Xa7+Xa13+Xa21 IR-BB7/IR-BB60 
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were those from the 4th edition of the Standard Eva- 
luation System for Rice [18]. The data analyzed for the 
main effect and interaction effect between cultivars and 
bacterial isolates. 

3. RESULTS 

3.1. Reactions of Differential Rice Lines 

On each cultivar, lesions developed uniformly down- 
ward from the point of inoculation. Interaction between 
differential rice lines and 153 isolates were used to assess 
the differential characteristic of 26 near isogenic rice 
lines that provided from INGER. The degree of disease 
reaction in this experiment showed different relationship 
between combination of rice lines and bacterial isolates. 
The pyramiding lines containing two to five genes expect, 
IRBB53 and IRBB61 were relatively high resistant to 
approximately most tested isolates. IRBB50, IRBB52, 
IRBB57, IRBB59, IRBB60 and IRBB66 showed hyper- 
sensitive reaction to all tested isolates (Figure 1). Many 
isolates with high virulence on near-isogenic lines were 
avirulent on pyramiding lines. Therefore the most pyra- 
miding lines could not be used as differential to virulence 
analysis of X. oryzae pv. oryzae. The 12 rice lines with a 
single-gene were selected as candidates for races classi- 

fication X. o. pv. oryzae in Guilan province. 

3.2. Race Classification of X. oryzae pv.  
oryzae 

One hundred and fifty-three isolates were subjected to 
virulence evaluation on 12 near-isogenic lines with a 
single gene. All isolates were virulent on IRBB1, IRBB2, 
IRBB4 and IRBB10 and most isolates were avirulent on 
IRBB7, IRBB14 and IRBB21. Therefore, IRBB1 was 
chosen as a susceptible line and IRBB7 was chosen as a 
resistant line. IRBB3, IRBB5, IRBB13, IRBB8 and IR- 
BB11 showed distinct resistant or susceptible reactions 
to different isolates. Based on the interaction between the 
tested isolates and the near-isogenic rice lines, seven rice 
lines with a single gene, IRBB1, IRBB3, IRBB5, IR- 
BB13, IRBB8, IRBB11 and IRBB7, were chosen as the 
differentials for identifying pathogenic races of X. oryzae 
pv. oryzae in Guilan province of Iran. As a result, 153 
isolates of X. oryzae pv. oryzae were classified into four 
pathogenic races (Table 2). 

4. DISCUSSION 

Pathogenic race of plant bacterial is usually classified 
based on the interaction of an avr gene in pathogen and 
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Figure 1. Percentage of susceptible isolates on 26 rice lines inoculated with 153 
isolates of Xanthomonas oryzae pv. oryzae. The discrimination of 26 rice lines in X. 
oryzae pv. oryzae was evaluated by Standard Evaluation System for rice of IRRI, 
21 days after inoculation. (Hs-S-Ms = s and HR-R-MR = R). 

 
Table 2. Interaction between Xanthomonas oryzae pv. oryzae isolates and near-isogenic lines. 

  Near-isogenic lines    

IRBB7 IRBB13 IRBB5 IRBB3 IRBB11 IRBB8 IRBB1 Race 

R R MR S S MS MS R1 

MR S MR MS MS S HS R2 

MS MR S MS MR MR S R3 

MR S S MR S HS HS R4 
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Xa gene in the host. Therefore, we used a set of differen- 
tial lines with various resistance genes [12,19,20]. Viru- 
lence of Xanthomonas oryzae pv. oryzae races against 
near-isogenic rice lines with known resistance genes will 
give a better understanding of interactions between the 
host and the pathogen in genetics and a characterization 
of pathogen races in relation to resistance genes, as well 
as provide an important information that can be used in 
breeding programmes to develop effective resistance in 
rice cultivars [12,21].  

In this study, we estimated the differential characteris- 
tics of 26 near-isogenic rice lines carrying different sin- 
gle and combinations resistance genes to 153 isolates of 
X. oryzae pv. oryzae in Guilan province, Iran. The results 
showed that approximately most pyramiding lines were 
resistance to the tested isolates and could not be used as 
differential to characterize the virulence of X. oryzae pv. 
oryzae. So, we selected 12 rice lines with a single gene to 
identification and classification the races of Xanthomo- 
nas oryzae pv. oryzae. The phenotype reactions between 
the single-gene lines and isolates were clear and easily 
classified into virulence or avirulence patterns. The de- 
gree of IRBB2, IRBB4 and IRBB10 susceptible were 
similar to that of IRBB1. The resistance of IRBB14 and 
IRBB21 were similar to that of IRBB7. Another lines 
showed different reactions to isolates. As a result, seven 
differential lines chosen for race classification and all X. 
oryzae pv. oryzae isolates in Guilan province were clas- 
sified into four pathogenic races. 

The major goals of rice-breeding programmes was to 
develop rice cultivars with effective resistance genes to X. 
oryzae pv. oryzae. In this study, we establish the level of 
resistance to the bacterial blight pathogen conferred by a 
single gene individually and multiple gene combinations. 
Among 12 single genes Xa1 was low resistance and Xa7 
was high resistance on the basis of percentages of the 
compatible strains, also Xa7 was not avirulence to all 
tested isolates. These results indicate that Xa21, Xa14 
and especially Xa7 are resistant to the most isolates and 
they could be effectively used for Bacterial leaf blight 
resistance breeding in Iran. The gene combination showed 
higher resistance levels than a single gene, but the Xa5 
and Xa13 combination in IRBB53 was less resistant than 
gene Xa13. The results of this study just classified iso- 
lates of X. oryzae pv. oryzae that were collected from 
different rice-growing cities of Guilan province—Iran 
and may not reflect the diversity and differentiation of 
pathogen population in other countries where bacterial 
blight is an important constraint to rice production. There 
are obvious difference in the population structure of 
Xanthomonas oryzae pv. oryzae from different countries 
due to different agroecosystems [22]. Except for cultivar 
types, different terrain, climate, period of rice planting 
and other factors may be associated with the population 

diversity and virulent variation of Xanthomonas oryzae 
pv. oryzae. 

Therefore, a breeding program should be initiated to 
transfer resistance genes from these differential lines to 
commercial and high quality Iranian rice varieties for 
controlling bacterial blight disease effectively. 
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