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ABSTRACT 

 Rice brown leaf spot disease is one of the most devastating fungal 

diseases that affect rice plants and reduces the yield across the globe. In 

the present study, twenty isolates from different rice-growing districts in 

Tamil Nadu by tissue segment approach was isolated from disease-

infected leaves and a purified. The isolates were identified at the genus 

level using ITS primers, which resulted in an amplicon size of a 550 bp. 

With the use of species-specific primers of BF and BR the isolate was 

confirmed as B. oryzae. Gene-specific primers were designed using Primer 

3 plus software for the Glycoside hydrolase family 13 protein, which is a 

highly conserved gene in B. oryzae. All isolates were sequenced using 

gene-specific primers, and phylogenetic tree analysis was used to 

investigate the isolate's diversity. The results revealed considerable 

variance among the B. oryzae collected from different locations of Tamil 

Nadu with other B .oryzae isolates retrieved from the NCBI database. The 

isolates were phenotypically validated using morphological and cultural 

features. 
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INTRODUCTION 

Rice is one of the most significant crops 

globally, and it is a dietary staple food for more 

than half of the worldwide population, with global 

output eclipsing 700 million tonnes (Thapa & 

Bhusal, 2020). Various biotic and abiotic barriers, 

reduce grain yield and quality and have an impact 

on rice production (Acharya et al., 2019). Among 

the biological factors, fungal diseases alone are 

estimated to reduce the annual production of rice 

worldwide by 14 per cent (Agrios, 2004). One of 

the important rice diseases is the brown spot of 

rice caused by Bipolaris oryzae (Subr and Jain), 

which results in significant yield losses worldwide. 

It is often regarded as a “Poor man disease” 

because it occurs in the ecosystem where water is 

scarce, nutritional instabilities, notably the 

absence of nitrogen, extreme dry conditions, and 

direct seeded rice cultivation (Valarmathi & 

Ladhalakshmi, 2018). The pathogen infects rice at 

all the developmental stages, causing a minute 

brownish lesion on the leaves that are ovate or 

elliptical. It also infects grains, causing them to  

*Corresponding author’s e-mail: krswarna2015@gmail.com 

become discolored and shrivelled in cases of severe 

infection. In culture, the fungus grows inter and 

intracellular, forming a grey to black mycelial mat. 

Typically, the conidia are 5-10 septate with acropetal 

arrangement and slightly curved at the end and 

widest at the middle, germinating at both polar ends 

(Singh et al., 2014). There are several species of 

Bipolaris, and determining the correct species based 

on morphological and cultural characteristics is time-

consuming and complicated. Molecular 

characterization by targeting different conserved 

genes is now the fastest and most reliable method of 

fungus identification. The examination of ribosomal 

DNA's internal transcribed spacer (ITS) sequences is 

one of the most frequent methods for identifying 

plant pathogenic fungus (rDNA) (Sobanbabu et al., 

2018). The region is very unique to the pathogen 

that is being studied. Therefore, the objective of this 

study was to characterize B. oryzae at molecular 

level using conserved gene Glycoside hydrolase 

family 13 protein. And to obtain a better 

understanding of the phenotypic characters and 

genetic characteristics of the different isolates of B. 

oryzae that cause rice brown spot disease  
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MATRIALS AND METHODS 

Isolation of Bipolaris oryzae infecting rice leaves 

A total of twenty rice leaves infected with brown 

spot samples were collected from various 

locations in Tamil Nadu, India (Fig 1). The infected 

leaves were surface sterilised for one minute with 

a 1 percent sodium hypochlorite solution to 

eliminate saprophytes. The samples were cut into 

small pieces and placed in sterile Petri plates with 

distilled water before rinsing for 30 seconds. After 

that, the surface-sterilized pieces were transferred 

to potato dextrose agar plates and incubated at 

28±2 °C. The fungus was purified, and sub-

cultured on PDA slants for three days before being 

stored at 4 °C for further research. 

Cultural and morphological characterization of 

Bipolaris oryzae 

B. oryzae isolates were grown in a PDA medium 

by inoculating a 9 mm mycelial disc from a five-

day-old actively growing culture. The plates were 

kept at a constant temperature of 28 °C for the 

duration of the experiment. It was decided to keep 

three replications. When mycelium covered the 

entire plate in any of the isolates, the radial growth 

of the mycelium was measured. The length and 

breadth of the spore were measured under phase 

contrast microscope (Leica DM 2000 LED), and 

the image was visualized using the software Leica 

LAS version 4.11.0 (Switzerland). Ltd. Length and 

breadth of the spores were measured under 40X 

magnification, and the results were recorded.  

Molecular characterization 

Genomic DNA extraction 

 Using a modified CTAB method, total DNA 

was isolated from the B. oryzae mycelial mats 

(Doyle and Doyle, 1990). A mortar and pestle were 

used to macerate about 100 mg of dried mycelial 

mats using CTAB buffer (10 per cent CTAB, 1M Tris 

base, 5 M NaCl, 0.5 M EDTA). The mixture was 

transferred to microfuge tubes, vortexed for 2 

minutes, and then incubated at 65 °C for 20 

minutes. An equal volume of phenol, chloroform, 

and isoamyl alcohol (25:24:1) was added to the 

mixture and centrifuged at 13,000 rpm for 10 min. 

After incubation, the supernatant was transferred 

to a new Eppendorf tube and to which double the 

volume of ice-cold isopropanol was added and 

incubated at -20 °C overnight. After an overnight 

incubation period, the tube was centrifuged for 10 

min at 13,000 rpm. The DNA pellet was treated 

with 70% ethanol, and the tube was air-dried and 

resuspended in 30 µL of double-distilled water. 

The amount of genomic DNA in the sample was  

 

quantified using NanoDrop spectrophotometer 

(Thermo Scientific, Wilmington, DE) to measure and 

quantify the samples 

PCR amplification using universal primers and 

species-specific primers 

A PCR assay was performed for molecular 

confirmation of Bipolaris oryzae pathogen using 

universal ITS1 (5'- TCCGTAGGTGAACCTGCGG -3') and 

ITS4 primers (5'- TCCTCCGCTTATTGATATGC-3) (Bruns 

et al., 1990).  A temperature profile followed for the 

amplification of ITS region is initial denaturation of 

95 °C for 7 minutes followed by 40 cycles of 

denaturation of 95 °C for 1minute, annealing at 55 

°C for 1 minute, extension of 72 °C for 1 minute, 

and final extension at 72 °C for 7 minutes. A highly 

conserved ITS region was chosen as species-specific 

primer to detect Bipolaris oryzae at the species level. 

B.F (CGCCCATCTTATGCAGTTTCC) B.R 

(CGAGTCTCCCAGAAAGAGG) (Basavaraju et al., 

2014). The PCR amplification reaction mixture 

consisted of a 5µL of 2X master mix (RR310B 

Emerald Amp®) 1 µL each of forward and reverse 

primers, 1 µL of genomic DNA (50ng/ µl), and 2 µL 

of nuclease-free water. The amplified PCR product 

was confirmed using 1 per cent agarose dissolved in 

1X TAE buffer amended with 2 µL of EDTA at 70V for 

1 h. The results were visualized under UV light and 

the image was documented using gel documentation 

unit (Multlmage TM light cabinet, USA).  

PCR amplification using a highly conserved 

Glycoside hydrolase gene sequence present in 

Bipolaris oryzae 

A highly conserved gene Glycoside hydrolase 

family 13 protein (GenBank: XM_007684496.1) was 

targeted for specific detection of Bipolaris oryzae 

using NCBI online primer designing tool 

(https://www.ncbi.nlm.nih.gov/tools/primer-blast/). 

Glycoside hydrolase (GH) is a member of the 

carbohydrate-active enzyme (CAZyme) family, which 

includes cell wall degrading enzymes (CWDEs) that 

aid in the breakdown of plant polysaccharides (Zhao 

et al., 2013). The reaction mixture consists of 5 µL of 

2X master mix (RR310B Emerald Amp®), 1 µL each 

of forward FP (GCGGGACTGGTACATTTGG) and 

reverse primer RP (AGACACCACGATCCAGCC), 1 µL of 

template DNA and 2 µL of nuclease-free water. The 

PCR program for the amplification of Glycoside 

hydrolase (GH) is initial denaturation at 94 °C for 7 

minutes, followed by 40 cycles of denaturation at 94 

°C for 1minute, annealing at 58 °C for 1 minute, 

extension at 72 °C for 1min and final extension at 

72 °C for 7 minutes. The amplicons obtained were 

sequenced at Barcode bioscience (Bangalore, India) 

and a similarity search was performed by blast  
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analysis with other B. oryzae isolates available in 

the NCBI database. The maximum neighbor-joining 

tree was constructed with Mega 7.0 software for 

studying the phylogenetic relationship among the 

isolates with 1000 bootstrap replications. The 

nucleotide sequences were subjected to ClustalW 

for multiple sequence alignment and sequence 

identity matrix was developed between the 

isolates through bioEdit software (Version 7.0.4.1). 

RESULTS AND DISCUSSION 

Cultural and morphological characterization of 

Bipolaris oryzae 

Leaves showing the brown spot symptoms 

consistently yielded Bipolaris oryzae isolates on 

the PDA plates. Conidia were normally curved, 

fusoid or obclavate, occasionally nearly cylindrical, 

pale to mid golden brown, 5 to 6 septate. Conidia 

that have matured ranges between 84.50 and 

51.83 µm in length and 20.37 to 9.18 µm in width 

(Table 1). The organism was identified as Bipolaris 

oryzae based on morphological characteristics. 

Similarly, Kumari et al. (2015) recorded the 

morphological characteristics of 52 B. oryzae 

collected from different regions of Bihar and 

observed that the spore size varied from 7.48 µm 

in length and 5.51 in width. The results were in 

concurrence with the reports of Valarmathi & 

Ladhalakshmi, (2018) studied the morphological 

characteristics of B. oryzae and measured the 

spore size as 113.32 µm in length and 13.75 µm 

in width. The results wherein comparisons with  

Nayak and Hiremath, (2019) that the spore size 

ranged from 50.92 µm in length to 68.32 µm in 

width.  

Molecular characterization of B. oryzae 

 Initially, B. oryzae pathogen was identified 

using morphological and cultural characters up to 

genus level. In the current study, its identity at the 

species level must be validated using molecular 

techniques. The ITS sequence analysis is a method 

for detecting B. oryzae, and the amplified PCR 

product was approximately 560 bp (Fig.2). Though 

the ITS region is one of the most widely utilized 

molecular techniques for the species-level 

identification of fungus, and it is not highly 

specific. Hence, we have targeted and designed a 

highly conserved Glycoside hydrolase gene present 

in B. oryzae for specific detection of the pathogen. 

The amplified PCR products were partially 

sequenced, and the sequences were submitted to 

NCBI Genbank database and accession numbers 

were obtained (Table 2 & Fig 3). Similar methods 

were used to adopt the identification of B. oryzae 

using universal ITS primers for the species level 

detection (Sobanbabu et al., 2018). Nayak and 

Hiremath (2019) collected brown spot infected 

leaves samples from different locations in north 

Karnataka and confirmed the presence of B. oryzae 

pathogen using universal ITS primers as a molecular 

approach. To the best of our knowledge, very limited 

studies on gene-level detection and confirmation of 

B. oryzae pathogen. Several studies have been 

carried out on phenotypic and cultural 

characterization. Hence, we have targeted and 

designed a highly conserved gene for accurate 

pathogen detection. 

Table 2. NCBI Genebank accession number of B. 

oryzae isolates 

S.No Isolates Genbank 

Accession Number 

1. B.s-1 MW602462 

2. B.s-2 MZ475339 

3. B.s-3 MZ475340 

4. B.s-4 MZ073734 

5. B.s-5 MZ073735 

6. B.s-6 MZ073736 

7. B.s-7 MZ073737 

8. B.s-8 MZ073738 

9. B.s-9 MZ073739 

10. B.s-10 MZ073740 

11. B.s-11 MZ073741 

12. B.s-12 MZ073742 

13. B.s-13 MZ073743 

14. B.s-14 MZ073744 

15. B.s-15 MZ073745 

16. B.s-16 MZ073746 

17. B.s-17 MZ073747 

18. B.s-18 OK167003 

19. B.s-19 OK167004 

20. B.s-20 OK167005 
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Table 1. Morphological and cultural characterization of B. oryzae 

S.No Isolate Location Latitude and logitude Radial mean 

mycelial 

growth 

(mm)* 

Spore size (µm) 

1. B.s-1 Cuddalore 11.5159°N&79.3269°E 81.63bcd 
58.69×13.52 

2. B.s-2 Cuddalore  11.7666°N&79.5629°E 87.52abc 
82.26×14.18 

3. B.s-3 Cuddalore 11.4070°N&79.692°E 90.00a 69.72×14.11 

4. B.s-4 Tirunelveli  8.7093°N&77.453°E 80.56cd 72.65×16.73 

5. B.s-5 Thiruvallur 13.0895°N&79.7989°E 78.11d 72.83×9.18 

6. B.s-6 Thiruvallur 13.0972°N&79.8634°E 84.37abcd 53.63×14.46 

7. B.s-7 Erode 11.5034°N&77.2444°E 90.00a 63.72×13.91 

8. B.s-8 Erode 11.3592°N&77.3180°E 90.00a 54.62×16.49 

9. B.s-9 Erode 10.7273°N&77.6710°E 90.00a 79.53×16.87 

10. B.s-10 Mayiladuthurai 11.3307°N&79.7204°E 90.00a 67.94×14.38 

11. B.s-11 Mayiladuthurai 11.2391°N&79.7361°E 84.58abcd 72.63×15.08 

12. B.s-12 Thanjavur 11.0910°N&79.4531°E 88.98ab 62.54×9.52 

13. B.s-13 Thanjavur 10.2861°N&79.2005°E 90.00a 66.82×12.17 

14. B.s-14 Kanchipuram 12.7948°N&79.8213°E 84.78abcd 76.47×11.15 

15. B.s-15 Thiruvannamalai 12.3603°N&78.8772°E 83.44abcd 74.81×16.38 

16. B.s-16 Thiruvannamalai 12.6713°N&79.2818°E 81.98bcd 63.26×12.64 

17. B.s-17 Coimbatore 11.0062°N&76.933°E 80.39cd 51.83×14.55 

18. B.s-18 Krishnagiri 12.3825°N&78.4124°E 89.74a 69.33×20.37 

19. B.s-19 Krishnagiri 12.4215°N&78.2174°E 90.00a 69.72×15.65 

20. B.s-20 Salem 11.7863°N&77.8008°E 

 

90.00a 84.50×13.85 

                            SEd= 3.7305  

                  CD(0.05)= 7.5397  
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Figure 1. Typical brown spot surrounded by yellow halo 

 

 

 

 

Figure 2. PCR product (~560 bp) amplified from DNA of B. oryzae isolates using ITS 1 & 4 

primers L1-L20 Genomic DNA of B. oryzae, M- DNA ladder 100 bp (Genei Pvt. L. Bangalore 
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Figure 3. Phylogenetic tree based on nucleotide 

sequences of study isolates with other related 

Bipolaris oryzae retrieved from NCBI database 

using Mega 7 software with 1,000 bootstrap 

replications. 

Conclusion 

B. oryzae cultures were isolated from brown spot 

infected rice leaves present in twenty different 

locations in Tamil Nadu. Using universal and 

species-specific primers, species-level detection of 

B. oryzae pathogen was confirmed. 
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