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Detection of Xanthomonas oryzae pv. oryzae
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ABSTRACT

Bacterial blight caused by Xanthomonas oryzae pv. oryzae is one of the most important bacterial diseases on rice and is known to cause
heavy economic loss. In the present study, 30 rice seed samples from affected regions were screened for the presence of X. oryzae. pv.
oryzae and 20 isolates were identified based on morphological, physiological, biochemical tests and hypersensitive reaction (HR) on
tobacco. Molecular detection using a 16S rRNA primer revealed DNA amplification in all 20 isolates, confirmed the pathogen as X.
oryzae pv. oryzae. These amplified isolates were further confirmed by using a specific primer synthesized for the hypothetical protein
gene. A 331-bp PCR product was obtained in 16 isolates. The application of these molecular tools in the characterization of X. oryzae pv.

oryzae is discussed.
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INTRODUCTION

Rice cultivation is the principle activity and source of
income for millions of households around the globe and in
several countries of Asia and Africa. The world’s major rice
growing countries are China and India. Rice constitutes
52% of the total food grain production and 60% of the total
cereal production in India (Anon. 2010). India is the second
leading producer of rice in the entire world, next to China
with an annual rice production is 147.0 million tones in
42.24 million ha of cultivation (FAO 2011). The major rice
growing states of India are West Bengal, Uttar Pradesh,
Andhra Pradesh, Punjab, Tamilnadu, Bihar, Orissa, Assam,
and Karnataka. More than 50% of the total rice seeds pro-
duction comes from the first four states (FCI 2010). Pre-
sently, cultivation of rice is being affected due to many
diseases and pests such as bacterial, fungal, viral, insect and
nematodes. Several diseases cause high yield losses ranging
from 5-90% (FCI 2010). Diseases are the most important
limiting factors that affect rice production. Among the
many bacterial diseases, ‘Bacterial Leaf Blight’ (BLB)
caused by Xanthomonas oryzae pv. oryzae (Mizukami Ishi-
yama) is a wide spread disease in Asia (Adhikari and Mew
1994). It has also been reported from Vietnam, Philippines
and Thailand, with the first report from Japan in 1884. In
India BLB was noticed for the first time in Kolaba district
of Maharashtra (Bhapkar et al. 1960). Studies have shown
that the disease is present in most of the rice growing states
of India (Mizukami and Wakimoto 1970). The disease is
more prevalent in both rain fed and irrigated lands in the
wet season. In temperate countries, it is common during the
rainy season. BLB occurs at all stages of rice plant growth
and depends on the environmental conditions. In India it is
a severe problem during the monsoon season. In this season
the pathogen spreads rapidly and loss may be up to 6-84%
in tropical Asia, depending on habitat, climate and variety
or cultivar used. According to Liu (2006), loss at the til-
lering stage by BLB is 50% and yield reduction increases
from 10-20% (Thind and Bala 2002).

Fig. 1 Tobacco plant inoculated with Xanthomonas oryzae pv. oryzae
showing necrotic lesion.

Rapid detection and accurate identification of pathogens
are critical steps to guide responses for containment or
elimination of pathogens. However, robust and inexpensive
diagnostic tools are not available for identification and clas-
sification of many plant pathogens (Mew 1987; Lopez et al.
2011). Historically, the primary hurdle in developing highly
specific, easily used diagnostic tools for any pathogen has
been the difficulty in finding unique features, apart from the
importance of accurate identification and distinction of
pathogen for efficient control (Lang ef al. 2010).

The polymerase chain reaction (PCR) is a powerful
technique that has widespread application in molecular boil-
ogy. This technique is used to amplify a specific nucleic
acid fragment that lies between two regions of known
nucleotide sequence, and often from an extremely small
amount of target nucleic acid in biologically complex sam-
ples (Lee et al. 2004). Amplified fragments can then be fur-
ther characterized by size fractionation on agarose gels,
restriction enzyme digestion and hybridization with probes
or by DNA sequencing. The specificity of the PCR is based
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on the use of oligonucleotide primers that are complemen-
tary to the regions flanking the fragment to be amplified.
Because of the sensitivity and specificity of the PCR tech-
nique, the procedure is likely, to have widespread applica-
tions in the detection of plant pathogens, and can be used
for the identification of pathogens, populations and varia-
bility (Potter ef al. 2007). In the present study with the help
of PCR we tried to identify 16 isolates of X. oryzae pv.
oryzae causing BLB disease of rice in major rice-growing
regions of Karnataka, India.

MATERIALS AND METHODS

A field survey was undertaken in the major rice-growing regions
of Karnataka, India, during June to November 2009 and February
to June 2010. In the course of the field survey, the plants were
inspected during the nursery stage, after transplanting, and at the
flowering stage. BLB incidence was recorded, among the ran-
domly selected subplots of 1 m* each (10 subplots/ha). The dis-
eased plants were considered as infected on the basis of typical
symptoms of BLB, which included yellow water soaked lesions at
the leaf blade margin, the lesions run parallel along the leaf with
bacterial discharge appearing on young lesions that look like a
milky-dew drop in the early morning. As the disease progress the
leaf dries up with white lesions and the leaf blade has wavy
margin (EPPO 2007). The suspected diseased plant parts were
collected separately from the field, labelled and brought to the
laboratory for further studies.

Seeds of 30 different rice cultivars were collected from
farmers’ fields in different agro-climatic conditions, and also from
public and private seed agencies in Karnataka. The collected seed
samples were subjected to different seed health testing methods
such as direct plating, liquid assay and seedling symptom test to
determine the seed-borne X. oryzae pv. oryzae infection (Mew et
al. 1993).

The seed samples were surface sterilized with 1% sodium
hypochlorite solution for 3 min, followed by repeated washing
with distilled water (3 times) and blot-dried, then plated directly
(25 seeds/plate) on to yeast dextrose calcium carbonate agar
medium (YDC; yeast extract — 10 g, calcium carbonate — 20 g,
agar — 20 g in 950 ml distilled water and dextrose 20 g in 50 ml
distilled water, the two solutions were autoclaved separately and
mixed well when temperature of the medium was 50°C (ISTA
1999). Plated seeds were incubated at 28 + 2°C for 24-72 h and
observed for the presence of bacterial colonies based on the mor-
phological characters such as shiny, raised, mucoid, pale yellow at
first, straw yellow later. The suspected colonies were subjected to
different physiological, biochemical, hypersensitive reaction and
pathogenicity tests for confirmation of X. oryzae pv. oryzae. The
experiment was carried out in four replicates of 100 seeds each
and repeated twice.

Three layers of filter papers were placed in each Petri dish and
it was soaked in 0.15% of carbendazim solution and plates were
sterilized at 121°C for 20 min. The kernels from 100 seeds were
removed and 25 kernels were placed on filter paper, the plates
were incubated at 28 + 2°C for 24 h. Then plates were transferred
into deep freezer for 12-18 h, later incubated for 72 h and ob-
served for the development of yellow mucoid bacterial colonies on
kernel.

Four hundred seeds of each sample were ground to coarse
powder and suspended in 200 ml of sterile saline (0.85% sodium
chloride) and kept for 2 h on a rotary shaker at 150 rpm. The sam-
ples were serially diluted in 4 x 1:10 concentrations and streaked
50 ul of undiluted and diluted suspension on growth factor
medium plates. The plates were incubated at 26 + 2°C for 2 to 4
days and observed for the presence of small shiny yellow colonies.
Number of colonies were counted and recorded, the experiments
were repeated twice (Mortensen 1994; Razak ez al. 2009).

Seeds were soaked in water for a few minutes, four replicates
of 50 seeds were put on the paper towel in equal distance and
incubated at 30 + 2°C for 9 days. After 9 days seedlings were
examined for typical symptoms of BLB disease (ISTA 2005).
Bacteria were isolated directly from the seeds and from infected
plant materials. Test for bacterial ooze from the suspected portion
of the plants was carried out by immersing the freshly cut portion
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of the leaf on glass slide containing a drop of water followed by
compound microscopic observation. Leaf parts from where ooze
was observed, were selected for further isolation of the bacteria.
Leaf sections were surface sterilized with 1% (w/v) sodium hypo-
chlorite for 3 min followed by repeated washing with distilled
water; blot dried and plated on to YDC and NA media. The plates
were incubated at 28 + 2°C for 24-72 h, and after 48 h plates were
observed for the presence of bacterial colonies, and they were pure
cultured on YDC slants. All bacterial isolates were maintained at
4°C for short term storage and for long term the bacteria were
stored in 40% glycerol at -80°C (Ghasemie ef al. 2008).

Identification and characterization of the bacterial blight
pathogen was carried out by subjecting the bacterial isolates to
various biochemical tests, such as Gram's staining, potassium hyd-
roxide (KOH) solubility test, Kovac’s oxidase test (Hilderbrand
and Schroth 1972) starch hydrolysis, lipase activity and Arginin
dehydrogenase test (Lelliot and Stead 1987), gelatin hydrolysis,
oxidative/fermentative metabolism of glucose and catalase tests.
The strains were also subjected to hypersensitive reaction in
tobacco (Nicotiana tabacum var. xanthi) plants (Carlton et al.
1998) and pathogenicity test (Fig. 1) (Kauffman and Rao 1972).
Each test was conducted with four replicates and repeated twice.

Isolates were grown on NA medium for 24-48 h at 27 &+ 2°C
and bacterial cells were harvested and bacterial DNA was isolated
using bacterial genomic DNA isolation kit, (Chromous Biotech,
Bangalore, India) as per manufacturer’s instructions. The
16SrRNA region was amplified by PCR using 16S rRNA primers:
16S forward primer (5'-TGGTAGTCCACGCCCTAAAC-3'") and
16S reverse primer (5'- CTGGAAAGTTCCGTGGATGT-3"),
which were designed using Primer3 software (Rozen and Skalet-
sky 2000). PCR was performed in a 0.2 ml PCR tube in volumes
of 25 pl, containing 2.5 pl of genomic DNA (80-100 ng), 1 pl of
25 pmol of both primers, 1 pl of 100 mM dNTP (25 mM each),
2.5 pl of PCR buffer and 0.5 pl of 5 U Tag polymerase (Chromous
Biotech, Bangalore, India). The PCR was performed in a Labmate
gradient thermal cycler. The procedure followed was as follows
initial denaturation at 95°C for 5 min; 30 cycles of denaturation
for 30 sec at 94°C, annealing for 30 sec at 60°C and extension for
45 sec at 72°C; the final extension at 72°C for 2 min, followed by
cooling to 4°C until the sample was recovered. For all the PCR
protocols, sample containing without template DNA and non-
infected host plant were used as negative control. These amplified
isolates were confirmed by using specific primer which is custom
synthesized (XO03756 forward 5-CATCGTTAGGACTGCCAG
AAG-3") and (XO3756 reverse 5S-GTGAGAACCACCGCCATCT-
3' (Lang et al. 2010). PCR reaction mixture contained 0.5 pl of 10
mM dNTPs, 2.5 ul of 10X buffer, 2.0 pl of 25 mM MgCl,, 0.02 U
of Taq polymerase and 0.5 pl of each 10 uM primer in a total
volume of 25 pl. The PCR protocol included an initial denaturing
step at 94°C for 3 min; followed by 35 cycles of 94°C for 30 s,
64°C for 30 s, and 72°C for 1 min 30 s; and a final extension at
72°C for 7 min (Lang ef al. 2010). Products were analysed by
separation in 2% agarose gels (1% Tris acetate-EDTA [TAE] buf-
fer), gel was stained with ethidium bromide and visualized under
UV light.

RESULTS AND DISCUSSION

Among the different fields visited, most of them were infec-
ted with BLB with varying degrees of incidence. In the
Koppala district of Gangvathi, the disease incidence was
13-20%, whereas in Madikeri it was only 1.5-6.5%, in Man-
dya district it was 4-34%. In Nanjanagudu, the disease inci-
dence was 5-23%, whereas in the Davangere district it was
as high as 13-37%.

Thirty seed samples were collected from the different
districts surveyed (Table 1). Among these sample no cul-
tivar was found free from X. oryzae pv. oryzae infection.
‘Rathnachoodi’ recorded a minimum of 4% of X. oryzae pv.
oryzae infection and ‘Jyothi’ recorded the highest infection
of 75% in the direct plating method ‘Pusa Basumati’ recor-
ded the lowest number (63 x 10* cfu/g) and ‘Jyothi’ recor-
ded the highest number (310 x 10* cfu/g) in the liquid assay
method. However, in the seedling symptom test, the highest
incidence of 68% was recorded by ‘Jyothi’ and the lowest



Table 1 Farmer stored rice seed samples collected from different places in
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Karnataka.

Variety Location
Gowrisanna Ramanagara
IR 64 Hasana
1001 C R Nagara
Thanu Malavalli
Jaya S.R. Patna
Ankursona Mandya
BR S.R. Patna
Jyothi Davanagere
Rasi Tumakur
MR 1001 Pandavapura
Sonamasuri Pandavapura
JGL Maddur
1010 Gangavathi
Emergencey sona Gangavathi
Doddi Madikeri
BKB Madikeri
Naga Shivalli
Rajabhoga Periyapatna
64 Sona Koppala
B.T. Mallige Koppala
Intana Madikeri
Hemavathi Madikeri
Tamilnadu sona Koppala
Kanathumba Shivalli
Dehradum Basumathi Shivalli
Pusa Basumathi Shivalli
Rathnachudi Shivalli
MTU 1001 Haveri
Local variety Madikeri
Kerala Madikeri

Table 2 Biochemical test results of Xanthomonas oryzae pv. oryzae.

Biochemical test Results
Gram’s reaction -
KOH test +
Starch hydrolysis -
Kovacs hydrolysis -
Lipase activity -
Gelatin hydrolysis -
Arginine test +
O/F test +/-
Catalase +
Hypersensitivity test +
Pathogenicity test +

+ ve =Positive; -ve = Negative.

incidence of 8% was recorded by ‘Sonamahsuri’ and ‘Uma’.

In the kernel plating method, the lowest incidence of 4%
was recorded by ‘Uma’ and highest incidence was recorded
by ‘Jyothi’. The typical X. oryzae pv. oryzae colony show-
ing yellow mucoid shining growth around the seed and ker-
nel was observed for typical BLB disease symptoms. The
isolates of X. oryzae pv. oryzae was purified and used for
further studies.

The isolated bacterium showed a stain pink red and thin
viscid mucoid strand indicating positive for KOH tests and
Gram-negative nature (Table 2). A clear zone of hydrolysis
was formed around the bacterial colonies when the plates
were flooded with Lugol’s iodine. Hence the bacterium in-
dicated positive for the starch hydrolysis test (Table 2) and
the inoculated Tween-80 agar plates showed white precipi-
tates around the colonies of bacteria. Hence the bacterium
was positive for lipase test (Table 2). After 2-3 days of
incubation, test isolates showed liquefaction of the gelatin
medium when compared to control. Hence the bacterium
indicated positive for gelatin hydrolysis (Table 2). After the
incubation period, O/F medium showed colour change from
green to yellow indicating acid production from glucose.
There was no change in colour of O/F medium when it was
covered with white petroleum jelly (Table 2). Necrosis was
observed on tobacco plant leaves within 24 h after infil-
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Fig. 2 PCR product of 20 Xanthomonas oryzae pv. oryzae isolates am-
plified by 16SrRNA primer. Lane M: 100 bp marker; 1-21: Xanthomonas
oryzae pv. oryzae isolates; 22: negative control.
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Fig. 3 PCR product of Xanthomonas oryzae pv. oryzae amplified with
specific primer X0O3756F and 3756R. Lane M: 100-bp marker; 1-16:
Xanthomonas oryzae pv. oryzae isolates.

tration with bacterial cells (Fig. 1), whereas sterile distilled
water infiltrated leaf region did not show any change in leaf
colour, which served as control (Table 2). Rice plants ino-
culated with suspected X. oryzae pv. oryzae isolates showed
bacterial blight symptoms, whereas control plants did not
show any symptoms.

16S rRNA primers were used to amplify the tested bac-
terial DNA in all the respective positive isolates to confirm
the pathogen. The PCR product of 210 bp was obtained in
all the isolates (Fig. 2), while the negative control did not
show any amplification. All 16 X. oryzae pv. oryzae isolates
were identified by specific primers: XOF and XOR. On
agarose gel electrophoresis isolates produced a characteris-
tic band of 331-bp and the bands of isolates were similar to
those of the reference (Fig. 3). Based on the phenotypic
characteristics, biochemical test, pathogenicity test and
PCR test all 16 isolates were classified as X. oryzae pv.
oryzae (Fig. 3).

BLB of rice caused by X. oryzae pv. oryzae is a major
threat to the world rice production and also in India. In
Karnataka, the rice crop is suffering from BLB disease
(Shivalingaiah and Umesha 2011). Earlier reports revealed
the presence of BLB disease in almost all rice-growing
states of India which are seriously disturbed by this disease
(Nayak et al. 2008). Based on the morphological, biochemi-
cal and pathogenicity test and PCR reaction using specific
primer we identified the causal organism of BLB in rice. All
X. oryzae pv. oryzae isolates produced blight symptoms on
rice. No significant differences were observed in the inten-
sity of blight on inoculated plants. These results suggest that
isolates obtained from different fields did not differ in their
degree of virulence (Ochiai et al. 2000). Based on this work,
we attempted to confirm the presence of X. oryzae pv. ory-
zae in rice seeds. In the present study, 16 isolates of X
oryzae pv. oryzae were identified from the different districts
of Karnataka where rice is a major crop. These isolates
were confirmed by biochemical, pathogenicity and hyper-
sensitivity tests and further confirmed by PCR reaction
using a specific primer (Lang et al. 2010). To our know-
ledge, the occurrence and incidence of this disease on rice
in different geographic regions of Karnataka have not been
studied using any molecular technique. This study will
generate molecular information of X. oryzae pv. oryzae
causing BLB of rice in Karnataka.



The Asian and Australasian Journal of Plant Science and Biotechnology 6 (1), 44-47 ©2012 Global Science Books

ACKNOWLEDGEMENTS

We are grateful to the Department of Collegiate Education, Govt.
of Karnataka and Maharani’s Science College for Women, Mysore
for continuous support to carry out the research work. The authors
also thank Mr. Gavin Wilson (University of Mysore) and Dr. Jaime
A. Teixeira da Silva for correcting the grammar.

REFERENCES

Adhikari TB, Mew TW (1994) Progress of bacterial leaf blight on rice cul-
tivars carrying xa genes for resistance in the field. Plant Disease 78, 73-77
Anonymous (2010) Economic Survey, Agriculture and Food Management,
Ministry of Finance, Government of India

Becker A, Winter K-U, Meyer B, Saedler H, Theiben G (2000) MADS-box
gene diversity in seed plants 300 million years ago. Molecular Biology and
Evolution 17, 1425-1434

Bhapkar DG, Kulkarni NB, Chavan VM (1960) Bacterial blight of paddy.
Poona Agricultural College Magazine 51, 34-46

Carlton WM, Braun EJ, Gleason ML (1998) Ingress of Clavibacter michiga-
nensis subsp. michiganensis into tomato leaves through hydathodes. Phyto-
pathology 88, 525-529

EPPO (2007) Diagnostics-Xanthomonas oryzae. EPPO Bulletin

Food And Agriculture Organization (2010) Agridata, Rome

FCI (Food Corporation of India) (2010) Status of rice cultivation. Current
Science 90, 6

Ghasemie E, Kazempour MN, Padasht F (2008) Isolation and identification
of Xanthomonas oryzae pv. oryzae the causal agent of bacterial blight of rice
in Iran. Journal of Plant Protection Research 48 (1), 53-61

Hilderbrand DC, Schroth MN (1972) Identification of the fluorescent Pseu-
domonas. In: Proceedings of the 3rd International Conference on Plant
Pathogenic Bacteria, Wageningen, Centre for Agriculture Publishing and
Documentation, pp 281-287

ISTA (2005) International Rules for Seed Testing. In: Draper (Ed), International
Seed Testing Association, Zurich, Switzerland

Lang JM, Hamilton JP, Diaz MQ, Sluys MAV, Ruby G, Burgos MRG, Cruz
CMYVY, Buell CR, Tisserat NA, Leach JE (2010) Genomics-based diagnos-
tic marker development for Xanthomonas oryzae pv. oryzae and X. oryzae pv.
oryzicola. Plant Disease 94,312-319

Kauffman HE, Rao PS (1972) Resistance to bacterial leaf blight: Rice breed-
ing in India. IRRI, Los Bailos, Philippines, pp 283-287

47

Lee BM, Young JP, Dong SP, Jjeong GK, Hee WK, Ttae HN, Gilb LJ,
Joung KA (2004) PCR base sensitive detection and identification of Xantho-
monas oryzae pv oryzae. Korean Journal of Microbiology 32, 256-264

Lelliot R, Stead DE (1987) Methods for the diagnosis of bacterial disease of
plants. Methodls in Plant Pathology 2,216

Liu DON (2006) Xanthomonas oryzae pv. oryzae: Model pathogen of a model
crop. Molecular Plant Pathology 7, 303-324

Lopez MM, Olmos PA, Noales EM, Cambra M, Bertolini E (2011) Molecu-
lar tools for detection of plant pathogens. Current Issues in Molecular Biol-
ogy 11, 13-46

Mew TW (1987) Current status and feature prospects of research on bacterial
leaf blight of rice. Annual Review of Phytopathology 25, 359-382

Mew TW, Alvarez AM, Leach JE, Swings J (1993) Focus on bacterial blight
of rice. Plant Disease 77, 5-12

Mizukami S, Wakimoto S (1970) Epidemiology and control of bacterial leaf
blight of rice. Annual Review of Phytopathology 8, 259-280

Mortensen CN (1994) Seed health testing for bacterial pathogens. Danish
Government Institute of Seed Pathology for Developing Countries (DGISP).
Denmark

Nayak D, Bose LK, Singh UD, Singh S, Nayak P (2008) Measurement of
genetic diversity of virulence in populations of Xanthomonas oryzae pv. ory-
zae in India. Communications in Biometry and Crop Science 3 (1), 16-28

Ochiai H, Horino O, Miyajima H, Kaku H (2000) Genetic diversity of Xan-
thomonas oryzae pv. oryzae strain from Sri Lanka. Journal of Biotechnology
90, 415-421

Potter JL, Nakhla MK, Rojas M, Gilbertson RL, Maxwell DP (2007) Proto-
cols for Detection of Begomovirus University of Wisconsin-Madison. Inter-
national Plant Diagnostic Network, USA

Razak AA, Zainudin NAIM, Sidige SNM, Ismail NA, Mohamad NMIM,
Salleh B (2009) Sheath brown rot disease of rice caused by Pseudomonas
fuscovaginae in the peninsular Malaysia. Journal of Plant Protection
Research 49 (3), 244-249

Rozen S, Skaletsky HJ (2000) Primer3 on the WWW for general users and for
biologist programmers. In: Krawetz S, Misener S (Eds) Bioinformatics
Methods and Protocols: Methods in Molecular Biology, Humana Press,
Totowa, NJ, pp 365-386

Shivalingaiah, Umesha S (2011) Characterization of Xanthomonas oryzae pv.
oryzae from major rice growing regions of Karnataka. The Bioscan 6, 5-10

Thind BS, Bala GS (2002) Effect of cultural practices on seed plant trans-
mission of Xanthomonas oryzae pv. oryzae in rice. Journal of Mycology and
Plant Pathology 32, 90-91



