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Abstract 
 

Bacterial blight (BB), caused by Xanthomonas oryzae pv. oryzae (Xoo) has been one of the most 

serious diseases in rice. The present investigation was done to find out novel alleles of Xa27 gene 

from rice. Twenty nine orthologs of bacterial blight resistance genes Xa27 were used for 

comparative analysis. The phylogenetic analysis of cultivated and wild species of rice indicated 

clear phylogenetic relationship and Oryza alta was the farthest relative among all. Twenty nine 

orthologs have been divided into six groups. All twenty nine alleles studied in present 

investigation, have maximum ten motifs such as Protein kinase C phosphorylation site and N-

myristoylation site indicating its role in signal transduction process. Motif distribution shows high 

degree of conservation among Xa27 alleles. This study will help to understand molecular 

mechanism of Xa27 gene and its evolution in rice and related species. Besides, various resistant 

alleles cloned from wild species can be exploited in the effective management of bacterial blight 

disease after transferring these alleles either alone or in combination in the susceptible 

genotypes.  
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Introduction 

Rice (Oryza sativa L.) is one of the most 

important crops being cultivated and consumed 

worldwide. Rice production is constrained by 

various biotic and abiotic stresses. Among biotic 

stresses, diseases of fungal, bacterial and viral 

origin cause a heavy annual yield loss. 

Bacterial blight (BB), caused by Xanthomonas 

oryzae pv. oryzae (Xoo) has been one of the 

most serious diseases in rice. Bacterial blight 



27                                       Sangeeta Singh et al.    [Vol.10 No.1]
 

 

was first noticed by the farmers of Japan in 1884 

[Tagami et al. 1962]. The pathogen enters rice 

leaves through water pores or wounds and 

moves by invading the xylem, causing the 

disease. The severity of damage caused by 

infection of Xoo has necessitated the 

development of strategies to control and 

manage this disease, so as to reduce crop loss 

and to avert an epidemic. Use of pesticide is 

costly as well as environmentally undesirable 

[Song and Goodman 2001]. Thus, there is need 

to develop strategies providing durable 

resistance, giving protection for a long time and 

over a broad geographic area. Among such new 

strategies, the exploitation of host resistance 

appears to be the only reliable method of 

disease management.  

Numerous major genes with resistance to 

various strains of Xoo have been identified, 

which have been named in a series from Xa1 to 

Xa34. Till date 34 bacterial blight R-genes have 

been found on different chromosomal loci [Singh 

et al. 2011]. Thus far, six R-genes (Xa1, Xa5, 

Xa13, Xa21, Xa26 and Xa27) have been 

isolated using map-based cloning strategies 

[Song et al. 1995; Yoshimura et al. 1998; Gu et 

al. 2005; Chu et al. 2006; Jiang et al. 2006]. The 

dominant R genes included Xa1 to Xa28. Six of 

the recessive R-genes, xa5, xa8, xa13, xa24, 

xa26 and xa28, occur naturally and confer race-

specific resistance; the other 5, xa15, xa19, 

xa20, xa32 and xa34 are created by 

mutagenesis and each confers a wide spectrum 

of resistance to Xoo [Ogawa 1996; Lee et al. 

2003; Chen et al. 2011]. Xa27 is one of the 

important BB resistant genes in rice and has 

been cloned [Gu et al. 2005]. Its cloning from 

wild species may give rise to novel alleles, which 

can be used for plant breeding. 

After decoding of rice genome in 2005 by 

International Rice Genome Sequencing 

Consortium [IRGSP. 2005], huge sequence 

information is available in public databases. 

These sequences can be used for mining novel 

alleles for disease resistance. There are reports 

about the allele mining strategy in several cereal 

species to isolate alleles of target genes. Latha 

et al. [2004] used the rice calmodulin genes and 

a salt inducible rice gene for allele mining of 

stress tolerance genes on identified accessions 

of rice and related germplasm. Sharma et al 

(2009) analyzed 19 rice lines for mining alleles 

of three blast resistance genes([Pi-ta, Pi5(Pi-k
h
) 

and piz-(t). Allele mining for blast resistance 

genes, Pi54(Pi-k
h
) [Kumari et al. 2013; Thakur et 

al. 2015], Pi-ta [Singh et al. 2014], piz-(t) [Thakur 
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et al. 2012] has been done for rice accessions. 

Thus in rice, genetic diversity analysis has been 

done mainly for blast resistance genes. Till date, 

single report on allele mining of bacterial blight 

resistance gene has been done [Bimolata et al. 

2013]. Thus, allele mining supports the 

discovery of new alleles of target genes. 

However, the limitation of this approach in rice 

lies in the fact that very few genes of 

agronomical importance have yet been cloned. 

This is particularly true for genes involved in 

disease resistance.  

A bacterial blight resistant gene Xa27 isolated 

from rice variety IRBB27 has been mapped and 

cloned [Gu et al. 2005]. It is intronless gene and 

encodes a protein of 113 amino acids. Its 

recessive allele xa27 from IR24 also codes for 

the same protein without any change in the 

protein sequence. Xa27 , unlike other R-genes 

do not code for any known conserved domains 

like NBS-LRR or LRR receptor kinase and it has 

been predicted to encode a protein with a trans-

membrane domain [Gu et al. 2005]. The 

sequence information of this gene can be used 

for allele mining. In view of above present 

investigation has been planned for PCR 

amplification, sequence analysis, molecular 

evolution of Xa27 allele from wild species and 

cultivated rice lines. 

Materials and methods 
  
Plant Material and phenotypic analysis 

Wild species of rice, Oryza rhizomatis, 

nucleotide sequence of Xa27 gene isolated from 

rice line IRBB27, IR24, Orya nivara, Oyza 

officinalis and ecotypes of them were obtained 

from the public database and used in this 

analysis (Accessions no.s AY986491, 

AY986492, JN601064, JF304302, JF304301, 

HQ888857, HQ888856, HQ888855, HQ888854, 

HQ888853, HQ888852, JN016521, JN016520, 

JN016519, JN016518, JN016517, JN016516, 

JN016515, JN016514, JN016513, JN016512, 

JN016511, JN016510, JN016509, JN016508, 

JN016507, JN016506, HE858441). A virulent 

strain of Xanthomonas oryzae pv oryzae has 

been used for phenotypic analysis. The wild 

species of rice was inoculated with this bacterial 

suspension and disease reactions were 

observed after 15 days. Five emerging young 

leaves in each plant were inoculated with the 

Xoo through clip inoculation method [Kauffman 

et al. 1973]. The plant reaction to the pathogen 

was scored 15 days after inoculation following 

the scale proposed by Ogawa [1996].  
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Designing gene specific primer 

The Xa27 allele (NCBI Acc. No AY986492) was 

downloaded from the NCBI 

(http://www.ncbi.nlm.nih.gov/), Coding DNA 

Sequence (CDS) of Xa27 IRBB27 allele was 

retrieved. A primer pair was designed by using 

the Primer 3 software (http://frodo.wi.mit.edu) in 

such a way that complete CDS of Xa27 allele 

can be amplified. 

DNA isolation, gene amplification, 

sequencing and anlysis 

DNA was extracted from rice leaves by modified 

CTAB method [Murray and Thompson 1980]. 

The PCR reactions were performed in 60 l 

reaction volume containing 150 ng of template 

DNA, 0.2 µM both forward and reverse primers, 

1X buffer, 1X enhancer, 0.2mM dNTP mix and 1 

unit Taq polymerase enzyme mix (MBI, 

Fermentas). The cycling conditions involved 

initial denaturation at 94
o
C for 5 min, followed by 

35 cycles of denaturation at 94
o
C for 1 min, 

primer annealing at 55-60
o
C for 1 min, and 

primer extension at 72
o
C for 1 min. A final 

extension at 72
o
C for 7 min was done and 

products stored at 4
o
C until electrophoresis. The 

PCR products were resolved on 2% agarose 

gel. The amplified PCR products were purified 

by using the instructions for QIAEX II gel 

extraction kit (Qiagen, USA). The PCR amplicon 

was sequenced directly by using Sanger’s 

dideoxy method on an automated capillary 

based DNA sequencer, Mega BACE 4000 

(Amersham Biosciences, NJ, USA) in both 

forward and reverse direction twice using M 13 

specific primers. All the sequence reads 

generated were assembled by using 

Phred/Phrap/Consed Software Package 

(http://www.phrap.org/phredphrapconsed.html) 

and saved in fasta format for further analysis. 

The gene prediction for the allele was performed 

by using FGENESH gene prediction tool 

(www.softberry.com) trained for monocots. 

Functional motifs in amino acid sequence of 

Xa27 alleles were predicted using ExPASy tools 

(http://www.expasy.ch/tools/). Phylogenetic 

analysis among Xa27 allele of rice species along 

with downloaded orthologs was done using 

MEGA 4.1 software [Tamura et al. 2007]. For 

multiple sequence alignment, various 

parameters like gap open penalty-15, gap 

extension penalty- 6.66 and weight matrix- IUB 

(for DNA) were used.  The tree was viewed and 

edited using an online tool named iTOL 

(Interactive Tree Of Life) [Letunic et al. 2011]. 

We carried out the motif finding analysis to 

correlate motif with the phylogenetic analysis 

http://www.ncbi.nlm.nih.gov/
http://www.phrap.org/phredphrapconsed.html
http://www.expasy.ch/tools/
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using MEME 4.6.1 software [Bailey et al. 1994]. 

The width of a block shows the width of the motif 

relative to the length of the sequence.  

Results 

Phenotypic analysis of Oryza species with 

Xanthomonas oryzae 

The rice species Oryza rhizomatis was classified 

resistant to the virulent strain of Xanthomonas 

oryzae.  

Amplification and sequencing of Xa27 alleles 

The primer pair amplified 457 bp PCR product 

from the genomic DNA of Oryza species. The 

sequences were assembled to get consensus 

and the sequence was submitted to EMBL 

[Acession no. HE858441].  

DNA sequence and structural organization of 

Xa27 allele 

The CDS region of Xa27 allele isolated from rice 

variety IRBB27 was aligned with the nucleotide 

sequence of same allele isolated from 28 

different rice lines and wild species by using 

clustalX Software [Thompson et al. 1997]. 

Structural analysis of Xa27 alleles was 

performed to find number of exons and introns in 

the ORF region using FGENESH software 

(www.softberry.com). Oryza rhizomatis studied 

in present investigation, have only one exon in 

its ORF region from 67 to 408 bp.  

Evolutionary relationship among Xa27 alleles 

Phylogenetic analysis of Xa27 alleles from 

different rice lines and species along with 

downloaded sequence of Xa27-IRBB27 allele, 

Xa27-IR24 allele was performed to study their 

evolutionary relationship. The tree was dived 

into six distinct groups. In the gene tree, 8 Oryza 

species and 6 rice lines along with CDS 

sequence of Xa27 allele, complete gene 

sequence of Xa27-IRBB27 allele and complete 

gene sequence of Xa27-IR24 allele were 

clustered in the group along with wild ecotypes 

from Oyza nivara, Oryza rhizomatis and Oryza 

officinalis, whereas only Oryza alta clustered in 

independent group I (Figure. 1). The Xa27 allele 

of IRBB27 showed more genetic similarity with 

the alleles isolated from all wild species and 

Oryza rhizomatis. Thus phylogenetic tree 

reveals that resistant and susceptible alleles 

belong to two different groups. 

 

 

http://www.softberry.com/
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Figure1: Phylogenetic relationship among Xa27 alleles isolated from lines and wild species of rice. 

                     

 

The motif analysis revealed that all selected 

twenty nine species have maximum ten motifs 

[Figure 2]. The distribution of motifs is seen in 

Figure 3. Motif search revealed 6 to 50 residues 

in all the alleles. A correlation between the motif 

pattern and the phylogenetic tree was found, 

since each cluster shared the same motif 

pattern.  This study focuses on the fact that if 

genes are phylogenetically in same clade then 

they share common motifs. Motif finding and 

phylogenetic analysis of the Xa27 alleles in our 

investigation clearly depicted deep evolutionary 

origin of R-genes. The motif distribution 

indicated that the genes containing the same 

motifs might arise from gene expansion within 

the same class.  
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Figure 2: Pattern of discovered Motifs in Xa27 Alleles. 

 

 

Figure 3: Distribution of Motifs in allels of Xa27 gene. 
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Discussion 

Wild species and land races of rice could be 

useful for fishing out agriculturally important 

genes resistant to various diseases. One of the 

recent approaches used for cloning new and 

better forms of disease resistance gene is allele 

mining. However, the basic pre-requisite of 

using this strategy is that the target gene should 

be cloned, characterized and functionally 

validated. A bacterial blight resistant gene Xa27, 

isolated from rice line IRBB27 confers broad 

resistance and is representative of an unusual
 

class of dominant R genes in rice [Gu et al. 

2005]. Thus allele mining for Xa27 gene from 

wild species of rice can be a potential tool for 

finding alternate and better forms of Xa27 gene 

which can be used for bacterial blight 

management. Using PCR based approach, 19 

lines of O. sativa were analyzed for mining 

alleles of three blast resistant genes (Pi-ta, 

Pi54(Pi-K
h
) and Pi-z(t) [Sharma et al. 2009]. 

Pi54(Pi-K
h
)  and Pi-z(t) alleles were more 

variable than Pi-ta allele in Indian land races of 

rice. However there are very few attempts on the 

mining of rice bacterial blight resistance alleles 

from different wild species. Therefore, efforts 

were made, in present investigation to use the 

sequence information of bacterial blight resistant 

gene Xa27 for the hunting of Xa27 alleles in wild 

and cultivated species of rice. 

Two motifs identified were Protein kinase C 

phosphorylation site and N-myristoylation site. 

Presence of phosphorylation site in the 

predicted protein indicates its involvement in 

signal transduction by activating/inactivating 

itself or by phosphorylation/dephosphorylation. 

The presence of N-myristoylation site in the 

predicted protein showed its role in membrane 

anchoring.  

The phylogenetic relationship of Xa27 alleles 

would be helpful in understanding its origin and 

evolution. In the gene tree constructed, 8 Oryza 

species including CDS sequence of Xa27 allele, 

complete gene sequence of Xa27-IRBB27 allele 

and complete gene sequence of Xa27-IR24 

allele were clustered in one group indicating that 

these were descended from the same ancestral 

sequence with little variation at nucleotide levels. 

All other groups are mixed type with ecotypes 

and species, showing close relationship of O. 

nivara and O. sativa species of Xa27 gene. 

Group I is independent with only O. alta showing 

its most evolved evolution. The Xa27 allele of 

IRBB27 showed more genetic similarity with the 

alleles isolated from wild species of 

O.rhizomatis.  
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In present investigation, the resistant nature of 

Oryza rhizomatis was confirmed phenotypically 

and genotypically indicating its role in 

counteracting pathogen attack under natural 

conditions. Phylogenetic analysis also confirmed 

the close relationship of Xa27 gene with 

resistant O. rhizomatis. Also confirmed the 

darwinian pattern of selection which leads to 

divergent evolution of Xa27 gene in nature. 

Finding of motifs confirmed the conserved 

nature of Xa27 genes. The resistant alleles 

isolated in present investigation can be 

confirmed by complementation tests. These 

alleles can further be used for the gene 

pyramiding against rice pathogen Xanthomonas 

oryzae. This study is useful for marker-assisted-

selection after validation in the mapping 

population. 
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