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Abstract 
Bacterial blight of rice caused by Xanthomonas oryzae pv. oryzae is one of the most destructive diseases of rice. 
Development of resistant varieties is the most economical and environmentally friendly strategy for the management of 
the disease. Phenotypic screening of 50 rice germplasm accessions from South India were carried out by artificial 
inoculation using three virulent isolates of bacterial blight pathogen. Two accessions were moderately resistant against two 
Xoo isolates, (Xoo13 and Xoo63). None of the accessions tested were resistant or moderately resistant to the most virulent 
isolate Xoo57. Out of the 50 accessions six were moderately resistant to Xoo 63 and two accessions were moderately 
resistant to Xoo13. All other accessions were moderately susceptible to highly susceptible in nature. The genotypic survey 
was carried out using molecular markers linked to Xa4, xa5 and xa13 and Xa21 genes viz., MP, RM 122 xa13 prom and pTA 
248. No amplicons specific to xa13 and xa21 allele were detected showing the absence of these two genes in the germplasm 
screened. 25 accessions amplified 150 bp size fragments specific to Xa4 gene. 20 accessions amplified 240 bp fragments 
specific to xa5 gene. 10 accessions carry Xa4 and xa5 genes in homozygous condition. Among the two accessions 
phenotypically moderately resistant to two isolates of the pathogen, one contains only xa5 gene and other does not carry 
any of these four genes studied. Further search for other genes contributing resistance is needed. The accessions having 
moderate resistance carrying Xa4 and xa5 genes could be utilized for the development of bacterial blight resistant varieties 
through molecular breeding. 
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 Bacterial Blight (BB) caused by Xanthomonas oryzae pv. 

oryzae (Xoo) is the most devastating disease of rice all over the 

world. The disease affects the rice crop resulting in two major 

symptoms viz., kresek (wilting) and leaf blight. The kresek is 

early systemic infection. In severe case the affected hills 

completely wilts. The leaf blight is the most seen symptom. The 

symptom starts as water-soaked lesions from the tip of the leaves 

and increases in length downwards. The lesions at the initial 

stages are pale green in colour which later turn into yellow to 

straw-coloured stripes with wavy margins. In severe stages the 

entire leaves turn whitish or straw coloured. The yield loss of 10 

to 20 per cent are common. Yield losses ranging from 30 to 90 

per cent have been reported depending upon the variety, stage of 

the crop and climatic conditions [1-5]. In India, bacterial blight 

is considered as a serious production constraint especially in 

irrigated and rainfed lowland ecosystem. The disease is major 

problem in kharif season in rice growing areas of Punjab, 

Haryana, Uttaranchal, Bihar, West Bengal, Tripura, Assam, 

Tamil Nadu, eastern Uttar Pradesh, coastal areas of Andhra 

Pradesh, Andaman Nicobar Islands, Kerala and parts of 

Maharashtra, Chhattisgarh, Gujarat, Himachal Pradesh, and 

Karnataka [6]. Rice is the major crop of Kerala State of India. 

Rice varieties predominantly cultivated such as Uma and Jyothi 

are highly susceptible to bacterial blight disease. In the state after 

the floods occurred during the years 2018 and 2019, the spread 

of the disease has increased in an alarming rate. 

 In view of the limited success of the other management 

practices the most effective, economical and environmentally 

friendly approach is the development of resistant varieties [7]. 

Until now forty-seven bacterial blight resistant genes conferring 
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resistance to Xoo have been identified from various rice 

cultivars, wild relatives of rice, and mutation populations [8-18]. 

Large scale and long-term cultivation of rice varieties carrying a 

single resistance gene result in breakdown of resistance due to 

high pathogen variability [3], [6], [19]. Incorporation of two or 

more genes of bacterial blight resistance can enhance the 

durability of resistance [20-21]. 

 The effectiveness of resistance genes varies over locations 

due to the geographical structuring of the pathogen. There is a 

huge potential of utilizing the untapped sources of resistance 

from the germplasm for development of disease resistant rice 

varieties with other quality parameters. Utilizing different 

sources of resistance for introgression of the traits will be useful 

for broadening the genetic base rather than utilizing the same 

source. Several researchers have studied the local germplasm for 

the identification of multiple bacterial blight resistance genes 

[22-25]. An attempt was made in this study to identify sources of 

bacterial blight resistance from the germplasm comprising local 

landraces and other cultivars of rice maintained at the Regional 

Agricultural Research Station, Pattambi, Kerala, India. 

 

MATERIALS AND METHODS 
 

Plant materials 

 50 germplasm accessions of rice obtained from 

germplasm collection maintained at the Regional Agricultural 

Research Station, Pattambi, Kerala were used for the study. 

Along with these, IR24 as well as local susceptible variety Jyothi 

were also included. 

 

Pathogen isolates (Xoo) 

Three virulent isolates of Xanthomonas oryzae pv. oryzae 

viz., Xoo 13, Xoo 57 and Xoo 63 representing three different rice 

growing areas of the state, selected from the virulence analysis 

studies were used. 

 

Phenotypic screening by artificial inoculation 

Seeds of 50 germplasm accessions as well as IR24 and 

Jyothi, susceptible local variety were sown in pots and grown in 

glass house. 20 days old seedlings were transplanted to pots filled 

with potting mixture. Three plants were planted in each pot and 

three replications were maintained. Other cultural practices as 

per recommendations were followed. Plants were inoculated 40 

days after transplanting with individual isolates of Xoo 

separately adopting clip inoculation [26]. The leaf tips were cut 

off by using sterilized scissors dipped in bacterial suspension 

containing 108 CFU/ml. The observations were recorded 15 days 

after inoculation as per Standard Evaluation System scale of 

IRRI (2013) [27]. The plants were categorised based on the 

diseased leaf area of top four leaves per plant as Resistant with 

score 1 (1-5%), moderately resistant with score 3 (6-12%), 

moderately susceptible with score 5 (13-25%), susceptible with 

score 7 (26-51%) and highly susceptible with score 9 (51-100%). 

 
Genotypic screening for bacterial blight resistance 

Plant materials 

Seeds of 50 germplasm accessions along with positive 

resistant checks IRBB4, IRBB5, IRBB13, IRBB21 carrying Xa4, 

xa5, xa13, Xa21 and susceptible check IR24 were sown in pots. 

Plants were maintained in glass house. 

 
Extraction of genomic DNA 

Leaf samples were collected from 21 days old seedlings. 

DNA was extracted following CTAB method [28]. The quantity 

of DNA was checked performing electrophoresis using 0.8% 

agarose gel. DNA was quantified using spectrophotometer by 

measuring A260/A280. The total genomic DNA was dissolved 

in 100 μL sterile nuclease free water and stored at -20 °C for 

further use. 

 
PCR amplification 

PCR amplification was carried out using SSR/STS 

markers synthesized by IDT, USA to analyze the status of BB 

resistance genes (Table 1). Amplification was carried out in a 

reaction mixture of 20μL containing 30 ng of genomic DNA, 

0.25 mM PCR buffer (GeNeiTM), 2.5μM dNTPs (GeNeiTM), 3U 

of Taq DNA polymerase (GeNeiTM) and 100 μM primer using a 

thermal cycler (Mastercycler Gradient, Eppendorf). The thermal 

cycling program involved an initial denaturation at 94 °C for 4 

min, followed by 35 Cycles of denaturation at 94 °C for 1min, 

annealing at 2 °C below the Tm of the respective primers for 

1min, and primer extension at 72 °C for 1min, followed by a final 

extension at 72 °C for 7 min. The amplified PCR products with 

a 100 bp DNA marker ladder (GeNeiTM) were size fractioned by 

electrophoresis in 2% agarose gel prepared in TAE buffer and 

visualized by staining with ethidium bromide (0.5 μg/mL) in a 

gel documentation system (Bio-Rad, USA). The rimers used for 

the study are given in (Table 1). 

 

Table 1 Molecular markers used for the identification of bacterial blight resistance genes 

Resistance 

gene 
Marker Primer sequence Reference 

Xa4 MP ATCGATCGATCTTCACGAGG TGCTATAAAAGGCATTCGGG [29-31] 

xa5 RM 122 GAGTCGATGTAATGTCATCAGTGC GAAGGAGGTATCGCTTTGTTGGAC [29] 

xa13 Xa13 prom GGCCATGGCTCAGTGTTTAT GAGCTCCAGCTCTCCAAATG [32] 

Xa21 pTA 248 AGACGCGGAAGGGTGGTTCCCGGA 

AGACGCGGTAATCGAAAGATGAAA 

[33] 

RESULTS AND DISCUSSION 

 

Phenotypic resistance of rice germplasm accessions to 

Xanthomonas oryzae pv. oryzae 

 50 germplasm accessions along with susceptible check IR 

24 and local susceptible variety Jyothi were screened against 

three virulent isolates of bacterial blight pathogen viz., Xoo 13, 

Xoo 57 and Xoo 63 following artificial inoculation. The results 

are given in (Table 2). All genotypes showed the symptoms of 

bacterial blight upon artificial inoculation. The symptom 

initiated as water-soaked lesion from the cut ends of the leaf 

blade extending downwards. Out of 50 accessions screened 

against Xoo 13 isolates two were moderately resistant (score 3), 

21 were moderately susceptible (score 5), 26 were susceptible 

(score 7) and one accession was highly susceptible (score 9). 

Among the 50 accessions screened against Xoo 57 none were 

resistant or moderately resistant. Four accessions were 

moderately susceptible 39 were susceptible and 7 were highly 

susceptible. Out of the 50 accessions six accessions showed 

moderate resistance, 12 were moderately susceptible and 27 
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accessions were susceptible and five were highly susceptible to 

the strain Xoo 63. 
 

Table 2 Reaction of rice germplasm accessions against 

Xanthomonas oryzae pv. oryzae isolates 

Germplasm accessions Xoo 13 Xoo57 Xoo 63 

Eruvakkali 7 7 5 

Mandupakki 7 7 5 

Mangalapuram 7 7 7 

Chenkayama (Ambalapara) 5 7 5 

Ponmani 7 7 7 

Chettivirippu 7 9 7 

Vellapokkali 7 9 7 

Virippu 5 7 9 

Bolamgittikayama 5 7 7 

Vellakkayama 7 7 5 

Mundakan 7 7 5 

Anakkodan 9 7 5 

Cheriya orpandy 7 9 7 

Gandhasala (1) 5 7 7 

Parambuvattan 7 7 7 

Champan 5 5 7 

Gandhasala (2) 5 7 3 

Jeerakasala 5 7 5 

Kokkankoli 5 9 5 

Pandi Champan 7 7 9 

Kalladiaryan (Red rice) 7 7 9 

Kothambalarikayama (1) 5 7 3 

Njavara (Black)  7 9 7 

Mundon (Cheruli) 5 7 3 

Veliyan (1) 7 9 7 

Basmati 5 5 7 

Krishnakamod 3 7 3 

Karutha njavara 5 7 9 

Kalluruli upland 5 7 7 

Chitteni (Alathur) 7 7 7 

Wayanad 2 5 7 3 

Black Chitteni (Thavanur) 7 7 7 

Chembavu 7 7 7 

Cheruvellari 5 9 7 

Ithikandan 7 7 7 

Kariyadukkan 7 7 7 

Kokkan 5 7 7 

Kothambalarikayama (2) 7 7 5 

Kunnamkulamban 5 7 7 

Kuruva 5 7 7 

Mallimatta 5 7 7 

Mannuveliyan 7 7 5 

Marathondi 5 7 5 

Mullankayama 7 7 7 

Mundon 7 7 7 

Odiyan 7 7 7 

Ottadi 3 5 3 

Thondi 7 7 7 

Veliyan (2) 7 5 5 

Vellari 5 7 7 

Jyothi 9 9 9 

IR24 9 9 9 

 

 Out of the 50 germplasm accessions, six accessions viz., 

Gandhasala (2), Kothambalarikayama (1), Mundon (Cheruli), 

Krishnakamod, Wayanad 2 and Ottadi were moderately resistant 

against the isolate Xoo 63. Among these, two accessions 

Krishnakamod and Ottadi were moderately resistant to the isolate 

Xoo 13 too. None of these accessions were resistant to Xoo 57. 

Ottadi showed moderately susceptible reaction and 

Krishnakamod was susceptible reaction to this isolate. 

 

Genotypic screening of germplasm accessions for bacterial 

blight resistance 

50 landraces from germplasm collection were screened for 

the presence/absence of four bacterial blight resistance genes 

Xa4, xa5, xa13 and Xa21 using PCR based markers MP, RM 

122, xa13 prom and pTA 248 linked to these genes. The resistant 

checks IRBB4, IRBB5, IRBB13 and IRBB21 and susceptible 

check IR24 were also included. PCR results were analyzed by 

visualization of amplicons corresponding to each gene. The 

amplicon size corresponding to positive and negative controls 

were 150 bp and 120 bp for Xa4, 240 bp and 230 bp for xa5, 450 

bp and 220 bp for xa13 and 950 bp and 725 for Xa21 

respectively. The results of genotypic screening of 50 germplasm 

accessions are presented in (Table 3) and electrophoretic patterns 

of molecular markers linked to bacterial blight resistance genes 

are shown in Figure 1a-1d and 2a-2d. 

The amplicons specific to Xa21 and xa13 alleles were not 

detected indicating the absence of these genes in any of the 

germplasm accessions except in positive controls IRBB21 and 

IRBB13. Amplicons of size 150 bp corresponding to the marker 

MP linked to Xa4 gene were detected in 25 accessions indicating 

the presence of this gene. In five accessions showed the resistant 

alleles in heterozygous pattern. In 17 accessions amplicon 

corresponding to the linked marker was absent indicating the 

absence of Xa4 gene (Table 2, Fig 1a-d). 

 
 

Fig 1a Banding patterns showing the presence and absence of Xa4 
gene in germplasm accessions of rice amplified at 150 bp and 120 

bp size fragments respectively 
 
 

Fig 1b Banding patterns showing the presence and absence of Xa4 
gene in germplasm accessions of rice amplified at 150 bp and 120 

bp size fragments respectively 
 

Lane M = 100 bp DNA ladder, lane 1 = IRBB4, lane 2. IR24, lane 3 = 
Eruvakkali, lane 4 = Mandupakki, lane 5 = Mangalpuram, lane 6 = 

Chenkayama (Ambalapara), lane 7 = Ponmani, lane 8 = Chettivirippu, lane 9 
= Vellapokkali, lane 10 = Virippu, lane 11 = Bolamgittikayama, lane 12 = 

Vellakkayama, lane 13 = Mundakan, lane 14 = Anakkodan, lane 15 = 
Cheriya orpandy, lane 16 = Gandhasala (1), lane 17 =    Parambuvattan, lane 

18 = Champan, lane M = 100 bp DNA ladder 
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Fig 1c Banding patterns showing the presence and absence of Xa4 
gene in germplasm accessions of rice amplified at 150 bp and 120 

bp size fragments respectively 

 Fig 1d Banding patterns showing the presence and absence of 
Xa4 gene in germplasm accessions of rice amplified at 150 bp and 

120 bp size fragments respectively 

   

   

Fig 2a Banding patterns showing the presence and absence of Xa5 
gene in germplasm accessions of rice amplified at 240 bp and 230 

bp size fragments respectively 

 Fig 2b Banding patterns showing the presence and absence of 
Xa5 gene in germplasm accessions of rice amplified at 240 bp and 

230 bp size fragments respectively 
   
   

Fig 2c Banding patterns showing the presence and absence of Xa5 
gene in germplasm accessions of rice amplified at 240 bp and 230 

bp size fragments respectively 

 Fig 2d Banding patterns showing the presence and absence of 
Xa5 gene in germplasm accessions of rice amplified at 240 bp and 

230 bp size fragments respectively 
 

Lane M = 100 bp DNA ladder, lane 1 = IRBB5, lane 2 = IR24, lane 3 = Mundon, lane 4 = Thondi, lane 5 = Odiyan, lane 6 = Mannuveliyan, lane 7 = Ottadi, lane 8 = 
Veliyan (2), lane 9 = Vellari, lane 10 = Chembavu, lane 11 = Kunnamkulamban, lane M = 100 bp DNA ladder 

The SSR marker RM122 amplified 240 bp sized fragment 

in positive check and 230 bp sized fragment in negative control 

(IR24). Out of the 50 germplasm accessions 21 accessions were 

positive for the presence of 240 bp amplicon indicating the 

presence of xa5 gene. In two accessions both resistant and 

susceptible alleles were present and 22 accessions showed the 

presence of susceptible allele (Table 2, Fig 2a-d). 

10 accessions showed the presence of resistant alleles 

corresponding to Xa4 and xa5 genes. These include Mandupakki, 

Ponmani, Gandhasala (2), Kothambalarikayama 1 and 

Kothambalarikayama 2, Njavara (Black), Chembavu, 

Kunnamkulamban, Veliyan (2) and Vellari. Five accessions viz., 

Vellapokkali, Virippu, Bolamgittikayama, Kothambalarikayama 

(1), Mundon (Cheruli) carry either Xa4 or xa5 genes or both 

together in heterozygous condition. These germplasm accessions 

carrying single or combination of Xa4 and xa5 genes could be 

used as donors for these genes in breeding programme (Table 3, 

Fig 1a-d, 2a-d). 

The present study was carried out to evaluate rice 

germplasm for bacterial blight resistance. 50 accessions of 

germplasm evaluated phenotypically against three virulent 

isolates of Xanthomonas oryzae pv oryzae. Among the 50 

accessions screened, two accessions viz., Krishnakamod and 

Ottadi were moderately resistant to the isolate Xoo 13 of 

Xanthomonas oryzae pv oryzae with the score of 3. None of the 

accessions screened were resistant or moderately resistant to the 

most virulent isolate Xoo 57. The accession Ottadi showed 

moderate susceptibility with score 5 to this isolate. These two 

accessions Krishnakamod and Ottadi showed moderate 

resistance to the isolate Xoo 63 also. Four other accessions 

Gandhasala, Mundon (Cheruli), Kothambalarikayama (1) and 

Wayanad 2 were moderately resistant to the bacterial blight 

pathogen isolate Xoo 63. Many of cultivars/ landraces available 

in the germplasm are potential sources of resistance to diseases. 

Unless we know the trait qualities, we would not be able to utilize 

these directly for cultivation or to utilize for breeding purpose. In 

Res. Jr. Agril. Sci.                                    4                                                                  CARAS 



the present study none of the accessions were resistant to 

bacterial blight phenotypically under artificial inoculation. 

However, the accessions with moderate resistance under 

artificial inoculation particularly the accessions which showed 

moderate resistance to more than one virulent isolate 

(Krishnakamod and Ottadi) could be utilized as a source for 

resistance to bacterial blight for the improvement of existing high 

yielding varieties for bacterial blight resistance or to develop new 

bacterial blight resistant varieties. Several researchers located 

landraces/ cultivars/ wild rice accessions with resistance/ 

tolerance to bacterial blight earlier [23-25], [34-36]. The 

germplasm accessions identified in this study would be of 

specifically useful for the state of Kerala where bacterial blight 

is a severe problem. By understanding the phenotypic resistance, 

these germplasm accessions could be utilized for cultivation 

directly after their performance evaluation or for conventional 

breeding for disease resistance. 

 
Table 3 Status of bacterial blight resistance genes in germplasm accessions 

Germplasm accessions Xa4 xa5 xa13 Xa21 

Eruvakkali - - - - 

Mandupakki + + - - 

Mangalapuram + - - - 

Chenkayama (Ambalapara) + - - - 

Ponmani + + - - 

Chettivirippu - + - - 

Vellapokkali + + - - - 

Virippu + - + - - - 

Bolamgittikayama + - - - - 

Vellakkayama + - - - 

Mundakan - + - - 

Anakkodan - + - - 

Cheriya orpandy - + - - 

Gandhasala (1) - + - - 

Parambuvattan + - - - 

Champan - + - - 

Gandhasala (2) + + - - 

Jeerakasala - + - - 

Kokkankoli + - - - 

Pandi Champan - - - - 

Kalladiaryan (Red rice) + - - - 

Kothambalarikayama (1) + - + - - 

Njavara (Black)  + + - - 

Mundon (Cheruli) + - + - - 

Veliyan (1) - - - - 

Basmati + - - - - 

Krishnakamod - + - - 

Karutha njavara - - - - 

Kalluruli upland + - - - 

Chitteni (Alathur) - - - - 

Wayanad 2 - - - - 

Black Chitteni (Thavanur) - + - - 

Chembavu + + - - 

Cheruvellari + - - - 

Ithikandan + - - - 

Kariyadukkan + - - - 

Kokkan + - - - 

Kothambalarikayama (2) + + - - 

Kunnamkulamban + + - - 

Kuruva + - - - 

Mallimatta + - - - 

Mannuveliyan + - - - 

Marathondi + - - - 

Mullankayama + - - - 

Mundon + - - - 

Odiyan - - - - 

Ottadi - - - - 

Thondi + - - - 

Veliyan (2) + + - - 

Vellari + + - - 

IR24 - - - - 
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Conventional breeding is time consuming and laborious 

tool for gene pyramiding. To get broad spectrum durable 

resistance against bacterial blight, incorporation of more than 

one BB resistance genes is more desirable [20], [37-38]. To 

achieve this marker assisted breeding is an efficient tool. For this 

approach donors with known resistance genes are essential. Once 

the resistance genes in our landraces are identified, these can be 

further utilized for molecular breeding. In this study, we report 

the resistance spectrum of 50 germplasm accessions and the 

status of bacterial blight resistance genes Xa4, xa5, xa13 and 

Xa21. 

The effectiveness of these genes in various combinations 

for enhancing bacterial blight resistance has already been 

reported by several workers. The high yielding rice variety 

Jalmagna was improved by incorporating three resistance genes, 

xa5, xa13 and Xa21 [39]. Four resistance genes Xa4, xa5, xa13 

and Xa21 were pyramided to a popular variety Ranidhan and 

developed a variety with broad spectrum resistance to bacterial 

blight [40]. Improvement of rice variety Basmati 385 was done 

by pyramiding of Xa4, xa5, xa13 and Xa21 genes by [41]. 

Among the germplasm accessions of rice identified with 

moderate phenotypic resistance to bacterial blight pathogen 

isolates, the accession namely Krishnakamod carry only xa5 

gene. In Ottadi none of these genes were present. This suggests 

the contribution of some other genes also towards the phenotypic 

resistance shown by these varieties. To utilize these two 

accessions for molecular breeding further search for other genes 

is required. Among the other accessions exhibited moderate 

resistance to other isolate Xoo 63 possess two resistance genes 

surveyed viz., Gandhasala (Xa4 and xa5), Mundon (Cheruli) 

(Xa4 (±) and xa5) and Kothambalarikayama (1) (Xa4 (±) and 

xa5). The accession Wayanad 2 which showed phenotypic 

moderate resistance to the isolate Xoo 63 does not carry any of 

these four genes. So as in Ottadi this also may harbour source 

other resistance genes. These accessions having moderate 

phenotypic resistance along with known resistance genes could 

be utilized as potential donors for bacterial blight resistance 

breeding. Some of the accessions which apparently did not show 

resistance reaction also carries Xa4 and xa5 genes such as 

Mandupakki, Ponmani, Gandhasala (2), Vellapokkali, Njavara 

(black), Chembavu, Kunnumkulamban, Veliyan (2) and Vellari. 

This may be due to the wide range of genetic background. 

Similar results of occurrence of one or more R genes in 

moderately susceptible germplasm accessions were earlier 

reported [25], [27]. None of the genotypes screened had Xa21 

and xa13 genes [35]. The presence of Xa21 gene in germplasm 

is very rare as the gene was introgressed originally from wild 

rice, Oryza longistaminata [11]. 

 

CONCLUSION 
 

Phenotypic screening of 50 germplasm accessions for 

bacterial blight resistance revealed the moderate resistance of 

two accessions Krishnakamod and Mundon to two isolates of the 

bacterial blight pathogen viz., Xoo 13 and Xoo 63. Six accessions 

viz., Gandhasala (2), Kothambalarikayama (1) Mundon 

(Cheruli), Krishnakamod, Wayanad 2 and Ottadi were 

moderately resistant to X00 63. None of the accessions showed 

resistance to the isolate Xoo 57. The genotypic survey using 

linked markers, to locate the bacterial blight resistance genes 

showed the presence of Xa4 and xa5 genes in 10 accessions. Xa4 

gene alone was present in 25 accessions. 20 accessions carry xa5 

gene. None of the accessions possess xa21 and xa13 genes. The 

information on phenotypic resistance status and the presence of 

R genes for bacterial blight resistance would be useful for the 

utilization of these germplasm pool for future breeding 

programmes. 
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