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ABSTRACT: Rice blast caused by fungus Magnaporthe oryzae B.C. Couch, is generally considered as 

the most devastating diseases of rice (Oryza sativa L.) worldwide. Plant resistance to pathogens is a 

complex process where it relies on the interaction of plant resistance (R) genes and pathogen derived 

Avirulence (Avr) genes derived proteins. Most of the resistance proteins contain a central nucleotide 

binding (NB) domain, also known as the NB-ARC domain and C-terminal leucine rich repeat (LRR) 

domain. More than 100 genes coding for such resistance proteins are identified where 30 genes are well 

characterized. In the present study, an attempt was made to analyze promoter regions of the ten resistance 

genes. Gene sequences of 10 resistance genes were retrieved from Rice Genome Annotation Project 

(RGAP). 2 kb of upstream sequences of transcription start sites were taken from RAP-DB (The Rice 

Annotation Project-database). PlantCare and PLACE were used for identification of cis-regulatory elements 

in promoters of resistance gene sequences. The cis-regulatory elements so obtained were listed. PlantPAN 

and Cpgplot were used for analysis of CpG islands. Multiple Sequence alignment was carried out by 

Clustalw and phylogenetic tree was constructed using MEGA X. We identified different classes of cis-

regulatory elements and CpG islands which are involved in transcriptional regulation of resistance genes 

during plant defense mechanism. This analysis will assist in obtaining a deeper insight on the regulation of 

resistance genes during host pathogen interaction. Outcome of the present investigation indirectly adds to 

the knowledge required for resistance breeding. 
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1. INTRODUCTION 

Rice (Oryza sativa L.) is an important staple food crop for more than half of world population 

which can provide nearly quarter of total energy intake of human population (FAO, 2014). It is 

cultivated in more than 160 million hectares worldwide and provides the daily energy for over 3.5 

billion people [1]. Rice consumption is increasing and demand for rice is also growing with 

population growth. Production must be increased by >40% by 2030 [2]. To meet this challenge we 

need rice varieties with higher yield potential and greater yield stability. Although yield potential 

of rice is 10 tons per hectare, farmers on an average harvest about 5 tons per hectare from irrigated 

lands. This yield gap is due to the losses caused by biotic and abiotic stresses. Among the biotic 

stresses, blast disease is the most important one. Rice blast disease caused by the filamentous 

ascomycetes fungus Magnaporthe oryzae B. C. Couch is the most devastating fungal disease in 

the rice-growing regions of the world thus resulting in huge yield losses [3]. The Fungus is a 

notorious pathogen among 36 major fungal pathogens reported from rice, having capability to 

reduce world food grain production by 8% per year [4]. Rice blast is one of the most distributed 

plant diseases being reported world-wide [5][6]. Blast fungus has a hemibiotrophic phase in its life 

cycle [7], which can infect many growth stages of rice and causes up to 100% loss of rice 

production in infected areas [8]. Annual rice harvest amounting to 30% is lost due to rice blast 

infection, which is enough to feed more than 60 million people for one year [9]. Blast disease is a 

major constraint for rice cultivation in different agro-climatic regions of India. India is the largest 

rice growing country accounting for about one third of the world acreage under the crop. India’s 

annual rice production is 103.6 million tons during 2016 [10]. In India, management of rice blast 

disease is done using chemical fungicides due to low levels of host plant resistance in the 

cultivated rice varieties. The use of chemicals is neither practical nor environment-friendly for 

disease control and hence utilisation of host resistance has been the best way to manage the 

disease, for which identification of sources of resistance genes is necessary. Advances in 

molecular genetics and completion of the genome sequence of rice paved the way for cloning and 

characterization of major genes for blast resistance. Further, many major resistance genes have 

been cloned and characterized. Development of resistant cultivars by introduction of major R 

genes into elite rice varieties has proven to be the most eco-friendly and sustainable approach for 

blast control [11]. Characterization of resistance genes from rice plant will help to unravel varied 

molecular mechanisms underlying the interaction between host and the pathogen.  So, various 

molecular approaches are used to identify and to understand the mechanisms of activation/ 

expression of resistance genes in rice plants during infection. Resistance genes have been 

extensively studied in rice with the development of bioinformatics and molecular markers. The 

first evidence to support this concept was revealed by the direct interaction between the Pita 

protein and the Avr-Pita effector more than a decade ago [12]. To date, around 100 rice blast 
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resistance genes have been identified. Resistance genes are members of a very large multigene 

family and these R genes are distributed throughout the 12 rice chromosomes except chromosome 

3 [13][14]. Out of them, 22 have been cloned [15].The identification and characterization of 

additional host resistance genes and pathogen avirulence genes is now required to deepen 

understanding of molecular machineries involved in the host-pathogen interaction and strategic 

deployment of resistance genes in commercial cultivars. Hence we planned to characterize the 

structure of rice blast resistance genes and planned to check their diversity. The accumulation of 

information regarding resistance gene mediated host defense mechanisms will facilitate 

engineering of genes conferring durable resistance to a broad spectrum of pathogens. Rice plants 

respond to pathogen attack by transcriptionally regulating different blast resistance genes through 

various types of transcription factors, which also show defense-responsive expression through 

specific types of cis elements in their promoter regions [16]. Promoters play major role in 

controlling gene expression. However, very little is known about blast resistance gene promoters. 

CpG islands are present at promoter regions and they may regulate the tissue-specific gene 

expression by undergoing modifications. CpG islands are discrete DNA regions in which CpG 

dinucleotide frequently occurs. Cis-acting regulatory elements (CAREs) associated with specific 

promoter regions are vital transcriptional gene regulatory units that establish distinct 

spatiotemporal transcriptional activity [17]. Hence identification and understanding of the cis-

acting regulatory regions bound by TFs that control gene expression will put forward the crucial 

information to elaborate the mechanism of their expression in response to various signals. Various 

computational methods are employed in this study to analyze the promoter regions with respect to 

cis-acting regulatory elements and CpG islands of rice blast resistance genes. 

2. MATERIALS AND METHODS 

M. oryzae sub culturing  

M. oryzae (MO36) culture was grown on oat meal agar medium (OMA) medium containing 

40mg/l streptomycin sulphate. The culture plates were incubated at 26°C in dark for twelve days. 

Conidia of M. oryzae were collected from culture plates by rinsing with sterile water and105 

conidia/ml counts were maintained using hemocytometer. 

Rice seedling generation and plant disease screening 

Seeds of rice cultivars BR2655 and HR12 were surface sterilized, water soaked and allowed to 

germinate in the Petri dish for five days with appropriate moisture content and then the germinated 

seedlings were transferred to plastic trays 60x30x30cm, filled with 10-11cm deep puddle sterile 

soil. Plants were raised in rows, 4-5cm apart with 20-25 plants per row and were grown for 20 

days at 26±2°C. 0.1% Tween-20 suspension solution without conidia was used to spray the control 

plants (mock inoculation) at four-leaf stage. Approximately 105 conidia/ml of the pathogen was 

mixed with 0.1% Tween-20 and this suspension was sprayed on the 20 days old plants using glass 
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automizer. Relative humidity and the temperature were maintained above 90% and 25±1°C 

respectively under complete dark for 24h and later transferred to standard growth conditions of 

16h of light and 8h of dark. The plants were observed regularly on day to day basis for the 

development of the disease symptoms. After seven days of inoculation, the disease incidence was 

assessed by recording the severity of blast by adopting 0 - 9 scale (IRRI, 1996). The rice leaves 

were collected from both the control and inoculation group and preserved immediately in the ice 

box and transferred to deep freezer (-20 oc). 

Extraction of RNA and gene expression analysis 

Total RNA from rice plant tissues was extracted using RNeasy Plant Mini Kit (Qiagen, Germany) 

by following manufacturer protocol. The quality was assessed by loading 1µl of total RNA on 

Agilent 6000 nanochip and to the Agilent 2100 Bio analyzer, USA, and quantification was done 

using QUBIT RNA HS kit (Thermo fisher Scientific, USA). NEBNext® Ultra™ RNA Library 

Prep Kit to prepare the mRNA libraries and Paired-end sequencing was performed with the TruSeq 

SBS Kit (Illumina, Inc. USA) on Illumina NextSeq 500 (Illumina., USA). Differential gene 

expression analysis was carried out and genes were shortlisted based on their fold change in 

expression. Rice blast resistance gene sequences of rice cultivars BR2655 and HR12 were 

retrieved from Rice Genome Annotation Project (RGAP) (www.rice.plantbiology.msu.edu/) [18] 

Chromosome maps of O. sativa blast resistance genes were constructed by Chromosome Map 

Tool available at Oryza base (www.viewer.shigen.info/oryzavw/maptool), The intron/exon 

organization of splice variants of resistance genes of O. sativa was retrieved from Rice Genome 

Annotation Project. 

Retrieval of promoter regions and analysis of cis-regulatory elements 

Promoter sequences (2 kb upstream of translation start site) of each blast resistance gene under 

consideration were retrieved from the RGAP. The tools PlantCare 

(www.bioinformatics.psb.ugent.be/webtools/plantcare)[19] and PLACE (www.dna.affrc.go.jp)[20] 

were used for identification of cis-regulatory elements in promoter of resistance gene sequences. 

PlantPAN (www.plantpan2.itps.ncku.edu.tw)[21] was used for the analysis of CpG islands. 

Similarly CpG plot tool was employed to check the CpG islands (www.ebi.ac.uk/Tools). The 

sequences were aligned for multiple sequence alignment to observe the sequence similarity among 

resistance gene upstream sequences using Clustalw. Sequence data was analyzed by Molecular 

Evolutionary Genetic Analysis (MEGA X) software version 7.0 and tree was constructed using 

Neighbour Joining method with default parameters [22][23][24]. 

3. RESULTS AND DISCUSSION 

Plant Disease screening 

Three-week old BR2655 rice plant seedlings inoculated with M. oryzae (M036) conidial 

suspension, showed less infection and scored 2 based on IRRI SES scale. HR12 rice cultivars 
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showed characteristic blast symptoms and it scored 8 on the scale. 

Extraction of RNA and gene expression analysis 

Total mRNA was isolated from leaves of BR2655 and HR12 rice cultivars, RNA libraries were 

prepared and they were sequenced under control conditions using Illumina NextSeq 500 (Illumina, 

USA). In total, we obtained 75.8 and 69.7 million raw reads for BR2655 134 and HR12 rice 

cultivars respectively. Reference based assembly were done using of CGWB tool. We identified 

7577 differentially expressed genes (DEG) in the BR2655 and 4290 DEGs in HR12 cultivars. 

Based on fold change, five resistance genes were shortlisted for the promoter analysis from each 

of BR2655 and HR12 cultivars (Table 1). Blast resistance genes of BR2655 and HR12 rice 

cultivars were retrieved from RGAP databases given in Table 1. The first five genes are from 

BR2655 and the next five are from HR12 cultivar. The size of 10 rice blast resistance genes ranged 

from 2.4 kb (Os10g0161400bp) to around 3.1 kb (Os11g0677000) and this data was also verified 

in RAP-DB (www.rapdb.dna.affrc.go.jp).  In-silico chromosome mapping of 10 resistance genes 

of two rice cultivars is presented in Fig. 1 and Fig. 2 shows the exon-intron and intron phase 

arrangement of these resistance genes. The resistance genes are distributed in 7 out of 12 

chromosomes. Chromosome 11 harbored 3 resistance genes, whereas chromosome 3, 4, 5, 6, 8 

showed no resistance genes. Promoter sequences up to 2 kb upstream from the translation start site 

of each resistance gene of rice were retrieved by RAP-DB (Table1.) and scanned using PlantCare 

program for the identification of cis-acting regulatory elements (CAREs). The study revealed a 

total of 10 CAREs in 10 resistance genes. The length of cis-acting regulatory elements varied from 

5-11bp in selected rice cultivars. Cis-regulatory elements are listed into different functional 

categories as shown in Table 2. Os11t0590400 and Os12g0467300 gene promoters show two 

CAREs each, Os01t0953200, Os07t0294100 and Os11t0591000 gene promoters show three 

CAREs each, remaining resistance genes show single CARE each. Similarly promoters were 

scanned using PLACE and this revealed many cis-acting regulatory elements as listed in Table 3. 

32 cis elements are recognized across ten blast resistance genes. Maximum of 17 cis elements are 

identified in Os09g0311600gene and least of four cis elements were recognized in Os10g0161400.  

Multiple sequence alignment done for these cis-acting regulatory elements showed similarity 

which is depicted in the phylogenetic tree as shown in Fig. 3. The tree was constructed by 

Neighbor Joining method. CpG island of length 801, 929, 1157, 1037 and 849 were detected in the 

promoter regions of Os01t0953200, Os11t0590400, Os12t0467300, Os02t0558400 and 

Os09t0311600 respectively. Similar CpG islands were also identified in the same set of promoter 

regions when CpG plot tool was used. 
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Table 1. Rice Blast Resistance genes of BR2655 and HR12 rice cultivars shortlisted for the analysis 

Sr. 

No 
RAP-GB ID RGAP Locus ID Length Description 

1 Os01g0953200 LOC_Os01g72390 2574   NBS type disease resistance protein, putative,  expressed 

2 Os11g0590400 LOC_Os11g37850 2763   Stripe rust resistance protein Yr10, putative, expressed 

3 Os07g0294100 LOC_Os07g19320 2874   Stripe rust resistance protein Yr10, putative, expressed 

4 Os11g0591000 LOC_Os11g37880 2913   Stripe rust resistance protein Yr10, putative, expressed 

5 Os12g0467300 LOC_Os12g28100 2844   NBS-LRR disease resistance protein, putative, expressed 

6 Os11g0677000  LOC_Os11g45180 3096   NBS-LRR disease resistance protein, putative, expressed 

7 Os12g0215950  LOC_Os12g11370 3045 
  Verticillium wilt disease resistance protein, putative, expressed

  

8 Os10g0161400 LOC_Os10g07400 2415   Disease resistance RPP13-like protein 1, putative, expressed 

9 Os02g0558400  LOC_Os02g35210 2844   Resistance protein, putative, expressed 

10 Os09g0311600  LOC_Os09g14100 2976   Disease resistance protein RPS2, putative, expressed 

Sl. no. 1-5: BR2655, 6-10: HR12 rice cultivars 

 

Figure 1. Distribution of resistance genes on rice chromosomes 

(Os01g0953200, Os11g0590400, Os07g0294100, Os11g0591000, Os12g0467300 genes localized 

on BR2655 cultivar. Os11g0677000, Os12g0215950, Os10g0161400, Os02g0558400, Os09g0311

600 genes localized on HR12 cultivar.) 
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Figure 2. Exon-intron arrangement of of rice blast resistance genes. Exon-intron 

arrangement among splice forms in BR2655 [first five] and HR12 cultivars [last five] 

Table 2: Cis-regulatory elements identified in Resistance gene promoters of BR2655 and 

HR12 rice cultivars through Plant CARE Database 

GENE ID OF SITE SEQUENCE DESCRIPTION 

Os01g0953200 

 

OS~Skn-1_motif 

 

 

 

 

 

OS~GCN4_motif 

 

 

 

OS~GCN4_motif 

 

GTCAT 

 

 

 

 

 

TGAGTCA 

 

 

 

CAAGCCA 

cis-regulatory element required for 

high levels of endosperm expression 

in cooperative interaction with other 

motifs (AACA; GCN4; ACGT) [25]  

(Pubmed ID:1680490) 

motif highly conserved in glutelin 

promoters which may be involved in 

tissue-specific expression [26] 

(Pubmed ID:2263449) 

truncated motif highly conserved in 

5prime of all glutelin genes cis-

regulatory element involved in 

endosperm expression with other 
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motifs (AACA and A 

Os11g0590400 

 

OS~TATC-box 

 

 

OS~motifIIb__1 

TATCCCA 

 

 

CCGCCGCGCT 

cis-acting element involved in 

gibberellin-responsiveness but not 

involved in the expression of GluB-1 

[25]  (Pubmed ID:1680490) 

abscisic acid responsive element                                           

[27] (Pubmed ID: 14645724) 

Os07g0294100 

 

 

OS~Skn-1_motif 

 

 

OS~TATA-box 

 

 

OS~TATC-box 

 

 

GTCAT 

 

 

TACAAAA 

 

 

TATCCCA 

cis-regulatory element required for 

high levels of endosperm expression 

in cooperative interaction with other 

motifs (AACA; GCN4; ACGT)                                                                    

[25]  (Pubmed ID:1680490) 

core promoter element around -30 of 

transcription start  

cis-acting element involved in 

gibberellin- responsiveness but not 

involved in the expression of GluB-1 

[25]  (Pubmed ID:1680490) 

Os11g0591000 

 

OS~P-box 

 

 

 

 

 

OS~Skn-1_motif 

 

 

 

 

OS~TATA-box 

 

GCCTTTTGAGT 

 

 

 

 

 

GTCAT 

 

 

 

 

TACAAAA 

cis-acting element involved in 

gibberellin responsiveness; 

conserved element in the upstream 

sequence of GA inducible genes in 

cereal seeds [26]  (Pubmed 

ID:17319974) 

cis-regulatory element required for 

high levels of endosperm expression 

in cooperative interaction with other 

motifs (AACA; GCN4; ACGT)                                                                 

[25]  (Pubmed ID:1680490) 

core promoter element around -30 of 

transcription start 

Os12g0467300 

 

OS~Skn-1_motif 

 

 

 

 

GTCAT 

 

 

 

cis-regulatory element required for 

high levels of endosperm expression 

in cooperative interaction with other 

motifs (AACA; GCN4; ACGT) [25]  

(Pubmed ID:1680490) 
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OS~Sp1 GGGCGG involved in light responsiveness                                                    

[28] (Pubmed ID:1623185) 

Os11g0677000  OS~GCN4_motif TGAGTCA 

motif highly conserved in glutelin 

promoters which may be involved in 

tissue-specific expression [26] 

(Pubmed ID:2263449) 

Os12g0215950  
OS~Box II -like 

sequence 
TCCGTGTACCA 

cis-acting regulatory element; similar 

DNA sequence and relative position 

to the motif present in alpha-amylase 

promoter [26](Pubmed ID:2263449) 

Os10g0161400 OS~Skn-1_motif GTCAT 

cis-regulatory element required for 

high levels of endosperm expression 

in cooperative interaction with other 

motifs (AACA; GCN4; ACGT) [25]  

(Pubmed ID:1680490) 

Os02g0558400  OS~Skn-1_motif GTCAT 

cis-regulatory element required for 

high levels of endosperm expression 

in cooperative interaction with other 

motifs (AACA; GCN4; ACGT) [25]  

(Pubmed ID:1680490) 

Os09g0311600  OS~G-box CACGTG cis-acting regulatory element [29] 
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Table 3: Characteristics of cis-regulatory elements identified in resistance gene promoters of 

BR2655 and HR12 rice cultivars through PLACE Database 
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Table 4: Characteristics of CpG islands on different rice blast resistance gene promoter 

region through PlantPAN 

Gene ID Start site End site Length 
G+C 

frequency 

CpG o/e 

ratio* 

Os01g0953200 659 1473 801 0.48 0.6 

Os11g0590400 422 1366 929 0.49 0.75 

Os07g0294100 - - - - - 

Os11g0591000 - - - - - 

Os12g0467300 858 2033 1157 0.54 0.84 

Os11g0677000 - - - - - 

Os12g0215950 - - - - - 

Os10g0161400 - - - - - 

Os02g0558400 43 1096 1037 0.51 1.07 

Os09g0311600 1 863 849 0.5 0.92 

          * Observed/Expected ratio of CpG dinucleotides  
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Table 5: Characteristics of CpG islands on different rice blast resistance gene promoter 

regions through CpG plot 

Sl. no GENE LENGTH STRAND FROM TO 

1 Os01g0953200 245 + 1010 1254 

  245 + 3010 3254 

2 Os11g0590400 230 + 737 966 

3 Os07g0294100 -  - - 

4 Os11g0591000 -  - - 

5 Os12g0467300 548 + 1075 1622 

6 Os11g0677000 -  - - 

7 Os12g0215950 -  - - 

8 Os10g0161400 -  - - 

9 Os02g0558400 603 + 206 808 

10 Os09g0311600 350 + 284 633 

 

Figure 3: Phylogenetic analysis of rice blast resistance gene promoters of BR2655 and HR12 

rice cultivars using MEGA X through Neighbor Joining method 

http://www.rjlbpcs.com/


Chandrakanth et al    RJLBPCS 2018        www.rjlbpcs.com                Life Science Informatics Publications 

© 2018 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2018 July - August RJLBPCS 4(4) Page No.426 

Resistance genes (R) are members of a very large multigene family and these R genes are 

distributed throughout the 12 rice chromosomes except chromosome 3 [13][14]. Our study also 

revealed the absence of any one of the 10 resistance genes of BR2655 and HR12 in the 3rd 

chromosome in addition to the other chromosomes namely 4, 5, 6 and 8.  The selected Resistance 

genes viz., Os11g0590400, Os07g0294100 and Os11g0591000 show similarity based on their 

function of involvement in stripe rust resistance. Os01g0953200, Os12g0467300 and 

Os11g0677000 are specifically involved in encoding NBS-LRR disease resistance protein. The 

position of exons/introns and intronic phase distribution are important characteristics for gene 

structure analysis. The number of intron and exon arrangements were different in all the resistance 

genes. Os11g0677000 and Os12g0215950 genes do not show any introns. To analyse the general 

features of the promoter regions of the resistance genes, the 2 kb sequences upstream from the 

start site of the genes were used to search against known cis-regulatory elements in the 

PlantCARE database using the Search for Care program. The specific elements presented in the 

promoter regions of the coding strands were counted and are listed in Table 2. The data revealed 

that these promoter regions contained several cis-regulatory elements such as core promoter 

element with high level endosperm expression, glutelin promoters which may be involved in 

tissue-specific expression, Plant hormones responsive and light responsive elements having stress 

response and cellular functions. This type of investigation assists in better understanding of the 

functions of resistant genes from a holistic point of view [56]. Multiple sequence alignment and 

phylogenetic analysis of promoter sequences revealed that there is no conserved signature in the 

nucleotide sequences of cis-regulatory elements of selected promoter regions. All the 10 promoters 

are distinct to each other and specific conserved regions were not observed in selected upstream 

sequences. Five CpG islands were detected for the selected promoter regions in PlantPAN whereas 

six CpG islands were identified across five gene promotor sequences in CpGplot. This knowledge 

can be further used to understand the epigenetic changes during plant pathogen interaction [57]. 

4. CONCLUSION 

Promoter analysis of rice blast resistance genes help us to understand the transcriptional regulation 

of resistance genes which are going to express transcripts during blast infection. The findings of 

the current research investigation will be helpful to understand the mechanism of expression of 

these resistance genes during plant defense mechanism. This knowledge will indirectly assist in 

resistance breeding. 
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