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PHENOTYPIC AND MOLECULAR IDENTIFICATION OF 
BLAST RESISTANCE GENES IN RICE GERMPLASM 

BY 

MONTASIR AHMED 

 

ABSTRACT 

 

Rice blast (Magnaporthe oryzae) is one of the most devastating rice diseases which 
can lead a complete failure of the crop under severe infection. Development of 
durable blast resistant variety is the best option to control the disease. A better option 
for such attempt is the use of native blast resistant germplasm. Therefore, experiment 
was conducted to explore the phenotypic reaction of native rice germplasm for 
selection of resistant source. Further, identification of major blast resistance gene(s) 
exist in these germplasm were detected using molecular markers and analyze the 
population structure on the basis of blast resistance genes. Forty-four native 
germplasm, collected from Bangladesh Rice Research Institute (BRRI) Genebank, 
were tested for phenotypic reaction in uniform blast nursery (UBN) of BRRI against 
blast disease during T. Aman 2018 and Boro 2018-19 season. Molecular screening 
was performed at the molecular laboratory of Plant Pathology Division, BRRI. 
Among the tested genotypes, Acc. 3080 having Pita-2 gene was resistant (disease 
score 1). While nine accessions viz. Acc. 3058, Acc. 3060, Acc. 3068, Acc. 3071, 
Acc. 3073, Acc. 3975, Acc. 3076, Acc. 3083 and Acc.3085 were found moderately 
resistant (disease score 2-3). Accessions 3058 and 3075 having 6 genes (Pit, Pib, 
Pi9, Pi40, Pita-2 and Pita/Pita-2) with disease score 2. Germplasm possessing blast 
resistance genes varied from 0 to 6 and gene frequency of resistance genes ranged 
from 2.27% to 59.09% among the tested germplasm. PIC values of eight markers 
varied from 0.04 to 0.37 at an average 0.29. Out of eight markers one marker Pita3 
was found to be significantly associated (p=0.003, R2=0.19) with blast disease. 
Population structure analysis based on genotypic and phenotypic against blast 
disease divided the germplasm into two distinct subgroups. Acc. 3076 having Pit, 
Pi40 and Pita/Pita-2 genes with disease score 2 was detected in a separate group 
from other moderately resistant germplasm in cluster analysis. Therefore, Acc 3058, 
Acc 3075, Acc. 3076 and Acc. 3080 could be used for the development of durable 
blast resistant variety.  
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CHAPTER 1 

INTRODUCTION 

 

Rice (Oryza sativa L.) is one of the ancient cultivated crops (Islam and Catling, 

2012; Qiu et al., 2019) belong to the family Poaceae (former Gramineae) (USDA-

NRCS, 2019). Over half of the world’s population consume rice as a staple food 

(Muthayya et al., 2014). Solely Asia produces and consumes more than 90% of 

world production (GRiSP, 2013). Bangladesh is one of the major rice-producing 

countries in the world. The country is the fourth-largest in the world based on rice 

production (CGIAR, 2019; FAO, 2018). In addition, Bangladesh is the most 

densely populated country and about 160 million people of this country consume 

rice as principal food (UN, 2019; UNFPA, 2019). Food security of this country 

mostly depends on rice production (Kashem and Faroque, 2013). Country’s 75% 

of cultivable land is under rice production to produce 36.3 million tons of rice per 

annum (BBS, 2018). Though the rice production of Bangladesh is increasing each 

year, still 20.7% of rice yield gap is existing (Kabir et al., 2016). Besides, several 

biotic and abiotic stress, due to climate change, becomes a further challenge for 

rice production. All these situations become a threat to the food security of 

Bangladesh.  

Approximately 37% of rice yield is reduced per annum due to several biotic stress 

(IRRI, 2019; Mondal et al., 2017). In Bangladesh, several diseases prevail in the 

rice field throughout the year. Among the diseases, rice blast becomes a major 

threat to rice production.   

Rice blast is a fungal disease of rice, caused by Magnaporthe oryzae Couch 

(teleomorph) [anamorph: Pyricularia oryzae Cavara] (Couch and Kohn, 2002). 

It is one of the most devastating rice diseases all over the world (Ou 1985; Agrios 

2005; Khan et al. 2016).  Rice blast is probably one of the ancient diseases of rice 

and first recorded in China (in 1637) and then in Japan (in 1704) (Islam and 
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Catling, 2012; Ou, 1980). Recent studies suggested that the relationship between 

rice and M. oryzae began from the beginning of rice domestication (Saleh et al., 

2014). Rice-infecting M. oryzae isolates probably developed from the Setaria 

millet infecting lineage around 5000 BC (Webster and Weber, 2007). It is placed 

among the top ten fungal plant pathogens of the world due to its economic and 

scientific importance (Dean et al., 2012). The fungal pathogen is distributed more 

than 85 rice-growing countries of the world (Wang et al., 2014). Every year 10 

to 30% of rice yield loss occurs only for rice blast (Dean et al., 2012; Talbot, 

2003). Blast disease outbreak is a regular phenomenon for all rice-growing 

regions and sometimes disease control is being very difficult (Valent and 

Chumley, 1991). Numerous blast epidemic outbreaks occurred in Bangladesh 

since 1980 (Shahjahan, 1994). Under low and medium pressure, the disease 

causes 11% and 46.4% yield loss respectively in Bangladesh (Shahjahan et al., 

1987). 

M. oryzae is primarily dispersed through its air borne inoculum (Monsur et al., 

2016; Villari et al., 2017). Conidia germinates within 1 hour after landing on leaf 

surface (Webster and Weber, 2007). Within 4 to 5 days, the fungus develops 

lesion (necrotrophic phase) on the host and begin sporulation. Under high relative 

humidity, numerous conidia can produce from a lesion that initiates a secondary 

infection cycle (Leung and Shi, 1994). Due to its capability to produce spore 

within a short time and also its polycyclic nature, M. oryzae can cause devastating 

outbreaks within a short period of time.  Blast disease commonly occurs during 

the vegetative phase of the rice plant but its most devastating occurrence is neck 

blast during the reproductive and ripening phase of host plant (Bonman, 1989). 

Generally, fungus colonizes at the panicle base and adjacent tissues and inhibits 

the photosynthates flow to the developing grain, resulting sterile grain or empty 

panicles.  

Sasaki first observed variation in virulence among different M. oryzae isolates in 

1922 (Ou, 1985). Goto identified 13 races between 1960 to 1965 (Wang et al., 
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2014). The M. oryzae isolates collected from Bangladesh were also widely 

diversified in virulence. A total of 267 races of rice blast pathogen were identified 

from Bangladesh among 331 blast isolates (Khan et al., 2016). This report 

indicates that M. oryzae is a highly diversified fungus. This fungus can develop 

new races spontaneously by mutation, the parasexual cycle or heterokaryosis 

(Disthaporn, 1994). As a result, the fungus can easily overcome effective 

fungicide or resistance variety.   

In the past few decades, T. Aman rice, especially fragrant rice, were susceptible 

to blast. But last few years, Bangladesh faces an outbreak of blast disease during 

Boro season. In Boro 2014-15, the highest 90% neck infection was found in some 

rice fields of the Rangpur region that even caused no harvest (Ansari et al., 2015). 

Haor regions are also affected by blast disease in every year during Boro season 

including BRRI dhan28 and BRRI dhan29 (Chowdhury, 2018; Zaman, 2017). It 

is observed that moderately resistant varieties e.g. BRRI dhan28 (BRRI, 2019b) 

are now becoming highly susceptible due to change of pathogenic race and 

environmental condition. Besides, blast disease barely recognized by farmers at 

earlier symptom expression to take control measures and as a result the complete 

crop failure has occurred.  

Depends solely on chemical management of blast disease not only increase the 

cost of production but also cause environmental pollution. Improper application 

of fungicide can cause pest resurgence as a result host become more susceptible 

to disease. From the issue of environmental pollution and health hazard as well 

as cost reduction and durable resistance, blast-resistant variety development 

deserves high importance for disease management.  

For blast disease management, host genetic resistance can be a potential option 

(Bonman et al., 1992). The first blast resistance (R) gene, Pia gene, was identified 

from Aichi Asahi, a japonica variety, in 1967 (Wang et al., 2014). After then 

several blast resistance genes have been identified form rice, most of them are 

from indica and japonica cultivars; some from wild rice species.  
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Rice is the most genetically and morphologically diversified crop (Islam and 

Catling, 2012). Bangladesh has affluent rice genetic diversity in the past. In 1982, 

a survey conducted by BRRI found that 12487 different rice varieties were still 

cultivated in different seasons (Biswas, 2012).  Today BRRI has a collection of 

more than 8000 rice germplasms (BRRI, 2019a). Among them around 6000 are 

native germplasm that are not yet characterized against blast resistance. These 

native germplasm might have possessed novel genes for blast resistance due to 

its diversified genetic characteristics. Screening of these germplasm both 

phenotypically and with tightly linked marker may identify some novel blast 

resistance genes which can utilize for durable blast resistant variety. The present 

research was therefore carried out with the following objectives:  

 

Objectives:    

1. To investigate the phenotypic reaction of rice blast on native rice 

germplasm. 

2. To identify major blast resistance gene(s) in native germplasm using 

molecular markers. 

3. To find out the population structure of tested germplasm on the basis of 

disease reaction and blast resistance genes. 
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CHAPTER 2 

REVIEW OF LITERATURE 

 

The available literature of work done on molecular and phenotypic identification 

of blast resistance in rice have been reviewed in this chapter. The review of 

literature pertaining to this dissertation is presented in the following headings and 

sub-headings.   

 

2.1 Rice and its economic importance 

Rice (Oryza sativa L.) is under the family Poaceae (former Gramineae) (USDA-

NRCS, 2019). It may be originated in a tropical humid belt in South-East Asia 

stretching from eastern India, through Burma and Indo-China where the richest 

diversity of cultivated forms has been recorded. This center of origin crosses the 

northern border of Bangladesh (Islam and Catling, 2012). It is one of the ancient 

cultivated crops and its cultivation began during 11,000 to 9000 BP with a full 

domestication of rice at around 10,000 BP (Islam and Catling, 2012; Qiu et al., 

2019). It was most probably domesticated in India around 3000 BC and its 

cultivation spread north to east to reach China and Indochina, as well as south to 

Indonesia and to the Japanese islands (Shahjahan, 1994).  

Today rice is the staple food of an estimated 3.5 billion people worldwide 

(Muthayya et al., 2014). Rice production and consumption are among the highest 

in Asian populations. Rice is currently grown in over a hundred countries that 

produce more than 715 million tons of paddy rice annually (FAO, 2013). It is the 

main staple food in the Asia and the Pacific region, providing almost 39% of 

calories (Yaduraju and Rao, 2013). Bangladesh is the fourth-largest rice producer 

in the world (CGIAR, 2019; FAO, 2018).  Besides, about 160 million people of 

Bangladesh consume rice as principal food (UNFPA, 2019).  Almost all of the 13 



6 

million farm families of the country grow rice and about 75% of the total cropped 

area and over 80% of the total irrigated area is planted to rice (BRKB, 2019).  

Besides, farmers lose an estimated average of 37% of their rice crop to pests and 

diseases every year (IRRI, 2019). About 15.6% yield loss due to disease in India 

(Mondal et al., 2017). Rice yield loss due to pest and disease can range between 

24% and 41% depending on the production situation (Sparks et al., 2012).  

 

2.2. Rice blast disease and its economic importance 

Rice blast is one of the most important diseases of rice, caused by the fungus 

Magnaporthe oryzae Couch (Couch and Kohn, 2002).  

One of the main limitations in production is rice blast disease caused by the 

fungus Magnaporthe oryzae. Annual rice losses caused by this fungus during 90’s 

had been estimated at 35% of the worldwide production (Oerke and Dehne, 2004) 

It is one of the most devastating rice diseases all over the world (Agrios 2005). 

Rice blast disease was described in China in 1637 and in Japan, M. Tsuchiya 

wrote about the disease in his book published in 1704 (Ou, 1985). 

Blast disease causes yield losses from between 1- 100% in Japan (Kato, 2001), 

70% in China, 21-37% in Bali Indonesia (Suprapta, 2012), and 30-50% in South 

America and Southeast Asia (Baker et al., 1997). The fungus Pyricularia oryzae 

attacks at all stages of the crop and symptoms appear on leaves and nodes 

(Seebold et al., 2004). The symptoms are more severe in case of neck blast that 

is characterized by the infection at the panicle base and its rotting (Bonman, 

1989). Heavy yield losses have been reported in many rice growing countries. 

For example, 75, 85 and 60 percent grain loss may occur in India, Philippines and 

Thailand (IRRI, 2019). The extent of damage caused depends on environmental 

factors, but worldwide it is one of the most devastating cereal diseases, resulting 

in losses of 10–30% of the global yield of rice (Boddy, 2016). Annual rice losses 

caused by this fungus during 90’s had been estimated at 35% of the worldwide 
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production (Oerke and Dehne, 2004). 10 to 30% of rice yield loss occurs in every 

year for rice blast (Dean et al., 2012). Blast disease outbreak is a regular 

phenomenon for all rice-growing regions (Valent and Chumley, 1991).  

 

2.3. About Magnaporthe oryzae 

Magnaporthe oryzae an ascomycete because it produces sexual spores 

(ascospores) in structures called asci, and is classified in the newly erected family 

Magnaporthaceae (TeBeest, 2007). It is haploid, with each nucleus containing 

about seven chromosomes (Valent, 1997). The asexual stage of M. oryzae is 

named as Pyricularia oryzae (TeBeest, 2007)  

In tropical climates with up to three cropping seasons each year, the fungus can 

continuously infect fresh green foliage, whereas in Southern Europe it 

overwinters on rice stubble (Webster and Weber, 2007).  A mature conidium 

swells upon hydration, and this causes the breakage of the wall at the tip of the 

spore, releasing a drop of mucilage stored in the periplasmic space. It attaches the 

spore firmly to the wax of the host cuticle or other hydrophobic surfaces (Hamer 

et al., 1988). The secondary cycles are initiated by the spores produced by the 

lesions on the young seedlings, which can be repeated many times through the 

growing season. Thousands of spores can be produced from a single lesion in 15 

days after infection (Wang et al., 2014). 

Spores of M. grisea germinates very fast and within two hours of landing on the 

leaf, a polarized germ tube is formed and then appressorium was developed 

(Bourett and Howard, 1990). 

M. oryzae have large numbers of physiological races and first reported by Sasaki 

in Japan as early as 1922 (Sridhar and Singh, 2001). From 1950s to 60s 

differential rice lines resistant to races of M. oryzae were identified in Japan, the 

United States, India, the Philippines, and South Korea. In 1961, 18 physiological 

races of M. oryzae were identified with 12 differential rice varieties in Japan. 
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During that time, an international differential system using 8 rice varieties was 

established (Ling and Ou, 1969). A total of 267 races of rice blast pathogen were 

identified from Bangladesh (Khan et al., 2016).  

 

2.4. Blast resistance genes 

Till date 99 blast R genes have been identified; in which 45% were found in 

japonica cultivars, 51% in indica cultivars, and the rest 4% in wild rice species 

(Wang et al., 2014). More than 100 blast resistance loci or genes have been 

mapped to rice chromosomes (Fang et al., 2016) 

Two types of resistance genes are responsible for rice blast resistance: major 

resistance (R) genes that confer race-specific resistance and quantitative trait loci 

(QTLs) that control partial, nonrace-specific resistance (Skamnioti and Gurr, 

2009)  

Cloned R genes are distributed across all 12 chromosomes except chromosome 3 

(QinZhong et al., 2009). All of the cloned R genes except for Pi-d2, pi21 and Ptr 

contain nucleotide-binding domain leucine-rich repeat (NLR) proteins (Zhao et 

al., 2018). 

R genes are highly specific to M. oryzae races, resistance of a single R gene is 

often rapidly overcome by the selection of compatible pathogen races (Hittalmani 

et al., 2000). In response to the rapid evolution of M. oryzae, the rice genome has 

evolved R gene polymorphism, which confers multiple forms of race-specific 

resistance (Hayashi et al., 2004). 

 

2.5. Genetic association study 

Genetic association study has recently been used for assessing associations 

between genetic markers and blast resistance in rice (Li et al., 2019). It was first 
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used to identify genes underlying complex diseases in humans (Altshuler et al., 

2008). Genetic association modeling has a wider use (Liu et al., 2016).   

Genetic association has become a powerful approach for mapping agronomic 

traits of rice (Zhao et al., 2018). Genetic association analysis was applied for QTL 

mapping using large germplasm collections (Huang et al., 2010) 
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CHAPTER 3 

MATERIALS AND METHODS 

 

The materials used and methods applied or followed for conducting the 

experiments under the present study are described in this chapter.  

 

3.1. Location of the experiment 

The experiments were conducted at Uniform Blast Nursery (UBN) of Plant 

Pathology Division, Bangladesh Rice Research Institute (BRRI), Gazipur 

(23°59'26" N latitude 90°24'28" E longitudes) during September 2018 to October 

2019. Molecular screening of resistance (R) genes from the rice germplasm were 

performed at the molecular laboratory of Plant Pathology Division, BRRI. 

 

3.2. Screening of rice germplasm 

3.2.1. Plant materials 

Forty-four rice germplasm were collected from Genebank, BRRI (Table 1), 

which are native germplasm of Bangladesh. One additional genotype, US2 was 

included with this set as blast susceptible check.   
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Table 1. Accession number and designation of rice germplasm used in the 
experiment. 

Sl. No. Accession No. Designation Sl. No. Accession No. Designation 
1 3051 Patnai 23 3076 Patnai 
2 3052 Patnai 24 3077 Patnai 
3 3053 Patnai 25 3079 Patnai 
4 3054 Patnai 26 3080 Patnai 
5 3056 Patnai 27 3081 Patnai 
6 3058 Patnai 28 3082 Patnai 
7 3059 Patnai 29 3083 Patnai 
8 3060 Patnai 30 3084 Patnai 
9 3061 Patnai 31 3085 Patnai 
10 3062 Patnai 32 3086 Patnai 
11 3063 Patnai 33 3087 Patnai 
12 3064 Patnai 34 3089 Patnai 
13 3065 Patnai 35 3090 Patnai 
14 3066 Patnai 36 3091 Patnai 
15 3067 Patnai 37 3093 Patnai 
16 3068 Patnai 38 3094 Patnai 
17 3069 Patnai 39 3095 Patnai 
18 3070 Patnai 40 3096 Patnai 
19 3071 Patnai 41 3097 Nizer Sail 
20 3072 Patnai 42 3098 Nizer Sail 
21 3073 Patnai 43 3099 Nizer Sail 
22 3075 Patnai 44 3100 Nizer Sail 

 

3.2.2. Phenotypic screening against leaf blast disease 

Germplasm with susceptible check were screened for their reaction against leaf 

blast at UBN, BRRI, Gazipur. The screening was done two times in T. Aman 

2018 and Boro 2018-19 season with four replications. Each entry was sown in 

rows in the nursery bed. Each row was 50 cm long and row to row distance was 

10 cm. Susceptible check, US2, was sown after every ten entries as well as two 

rows in border around the rows (Appendix I). Though UBN was previously 

harbor of several isolates, additionally a virulent blast isolate Lal-1 (Figure 1), 

collected from Lalmonirhar district of Bangladesh, was inoculated at 21 days 

after seeding in both seasons. Disease reaction was recorded at 7 days after 

inoculation. Disease reaction was recorded visually following the scoring system 
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developed by Japan International Research Center for Agricultural Sciences 

(JIRCAS) (Hayashi et al., 2009). Detailed scoring system is presented in Table 

2. Infection type 0 to 1 was considered as resistance, 2 to 3 was considered as 

moderately resistant and infection type 4 to 5 was considered as susceptible. 

Disease scoring was done by considering the highest disease score among the 

replications. Additionally, the location severity index (LSI) was calculated to find 

the severity of blast disease using following formula (Wheeler, 1969): 

LSI=
Sum of multiplication of entries and scales

Total number of entries
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Figure 1. Lal-1 isolate of Magnaporthe oryzae. 
A. Culture on oat meal agar media.  
B & C. Conidia of isolate Lal-1 under compound microscope (60X). 

 
 
 
 
 
 

A 

B C 
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Table 2. Leaf blast scoring system of JIRCAS. 
Disease score Leaf blast symptom 

0 No lesions. 

1 Uniform or scattered brown specks. 

2 Small lesions with distinct tan centers surrounded by a 

darker brown margin approximately 1mm in diameter. 

3 Small eyespot lesions less than one and a half times of 

the interval between thin veins or less than 1.5mm in 

diameter surrounded by dark brown. 

4 Intermediate size eyespot lesions less than twice the 

interval between thin veins or less than 2 mm in 

diameter. 

5 Large eyespot lesions more than twice the interval 

between thin veins or more than 2 mm in diameter. 
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Figure 2. Activities at uniform blast nursery (UBN).  

A & B. Sowing of germplasm. 
C. Water spraying for maintaining disease favorable environment.  
D. Disease observation. 
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3.3. Reagent Preparation 

3.3.1. 1M Tris-HCL, pH 8.0 

For 1L solution preparation: 

Reagent Amount 

Tris, UltraPure (Invitrogen, USA)  121.1 g 

HCL, fuming 37% (Merck, Germany) ~150 mL (until pH to 8.0) 

ddH2O Up to 1L 

 

 

3.3.2. 0.5M EDTA, pH 8.0 

For 1L solution preparation: 

Reagent Amount 

EDTA (VWR International, USA) 186.12 g 

NaOH (Merck, Germany) ~20 g (until pH to 8.0) 

ddH2O Up to 1L 

 

 

3.3.3. 5M NaCl 

For 1L solution preparation: 

Reagent Amount 

NaCl (Duchefa Biochemie, Netherlands) 292.2 g 

ddH2O Up to 1L 
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3.3.4. 2X Cetyl trimethylammonium bromide (CTAB) 

For 1L solution preparation: 

Reagent Concentration Amount 

Tris, pH 8.0 1M 100.0 mL 

EDTA, pH 8.0 0.5M 40.0 mL 

NaCl 5M 280.0 mL 

Polyvinylpyrrolidone (PVP-40) 
(Bio Basic Inc., Canada)  10.0 g 

CTAB (Bio Basic Inc., Canada)  20.0 g 

ddH2O  Up to 1L 

 

 

3.3.5. Chloroform: Iso-amyl alcohol: Phenol (CIP) 

For 1L solution preparation: 

Reagent Amount 

Chloroform (DAEJUNG Co. Ltd., Korea)  912.0 mL 

Isoamyl Alcohol (AMRESCO, USA) 38.0 mL 

Phenol (Wako Pure Chemical Industries, 
Ltd., Japan) 

50.0 mL 

 

 

3.3.6. TE buffer 

For 1L buffer preparation: 

Reagent Concentration Amount Final Concentration 

Tris, pH 8.0  1M 10 mL 10 mM 

EDTA, pH 8.0 0.5M 2 mL 1 mM 

ddH2O  Up to 1L  
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3.3.7. 10X and 1X TBE buffer 

For 1L 10X TBE buffer preparation: 

Reagent Amount 

Tris (MP Biomedicals, USA) 108 g 

Boric Acid (Bio Basic Inc., Canada) 55 g 

EDTA (VWR International, USA) 9.3 g 

ddH2O Up to 1L 

 

1X TBE buffer was prepared from 10X TBE following the formula, 

V1S1=V2S2  

Where,  S1= Concentration of stock solution (10X) 

S2= Desired concentration of solution (1X) 

V1= Volume of stock solution (10X) 

V2= Final volume of buffer with desired concentration  

 

3.4. Genomic DNA extraction 

Genomic DNA were extracted from leaves of each germplasm following the 

CTAB method (Ferdous et al., 2012) with minor modification.  

 

3.4.1. Protocol for genomic DNA extraction 

Young leaves were collected from three-week-aged seeding of each 

genotype/germplasm. Then the leaves were cut into small pieces (around 1-1.5 

cm) and were placed into a separate 2 mL microcentrifuge tube (Axygen, Inc., 

USA) for each genotype. A zirconium oxide ball (3mm) was put into each tube 

and 300 µL of 2X CTAB was added into the tube and the tubes were placed into 

Mixer Mill MM400 (RETSCH, Germany) and crashed the leaves at 30 rpm for 2 

minutes. 300 µL CIP was added into the tubes after crashing the leaves and were 



19 

vortex mixer (Whirlimixer, Fisher Scientific, UK). After vortex, tubes were 

centrifuged (Microfuge 20R, Beckman Coulter, Inc., Germany) at 15000 rpm for 

10 minutes. 200 µL supernatant was taken and put into a new 1.5 mL 

microcentrifuge tube (Axygen, Inc., USA). Additionally, 200 µL cold 

isopropanol (Molecular Biology Grade, Fisher BioReagents, USA) was mixed 

with the supernatant. The tubes were inverted for few minutes and kept at room 

temperature for 10 minutes. Again, the samples were centrifuged at 15000 rpm 

for 10 minutes. Finally, Supernatants were removed and wash the pellet with 70% 

ethanol (TEDIA, USA).  

DNA pellets were dried on the Dri-Block heater (Techne, UK) at 55°C. After 

complete drying, the pellets were resuspended with 100 µL ultra-pure water 

(PURELAB Option-Q, ELGA LabWater, UK) and that solution were used as 

stock DNA solution. The quantity and quality of purified genomic DNA were 

estimated on Genova Nano micro-spectrophotometer (Jenway, UK). The DNA 

samples were later diluted with ultra-pure water to the concentration of 20 ng/μL 

for polymerase chain reaction (PCR). 

 

3.5. Molecular screening for rice blast R genes 

Collected germplasm were genotyped for the presence of 8 (eight) blast resistance 

genes viz. Pit, Pib, Piz, Pi9, Pi5, Pita, Pita-2, Pi40. Eight molecular markers 

tightly linked with those R genes were used for molecular screening (Table 3). 

All molecular markers were synthesized by Integrated DNA Technologies, Inc., 

USA.  

 

3.5.1. PCR amplification 

Each DNA sample was run into PCR Thermal Cycler (SimpliAmp, Applied 

Biosystems, Thermo Fisher Scientific, USA) to amplify the targeted sequence for 

a specific gene/allele/QTL using specific marker.  
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3.5.2. PCR reaction volume preparation 

 A 20 μL PCR reaction volume was prepared for each PCR sample. Each PCR 

sample containing 20 ng template DNA, 1.0 μL of each primer (0.4 μmol/L), 10 

μL of Taq PCR Master Mix (Bio Basic Inc., Canada) and nuclease-free water to 

final volume of 20 μL. 

 

3.5.3. PCR condition 

PCR program was set up as follows: initial denaturation at 94°C for 5 minutes 

followed by 35 cycles of denaturation at 94°C for 45 seconds, primers annealing 

at varying temperatures (Table 3) for 45 seconds, and extension at 72°C for 2 

minutes, followed by a final extension at 72°C for 10 minutes.  

 

3.5.4. Gel electrophoresis and gel documentation 

The amplified PCR products along with 100 bp and 1kb DNA ladder (Promega 

Corporation, USA) were separated using gel electrophoresis (multiSUB Maxi, 

Cleaver Scientific Ltd., UK) in 2% UltraPure agarose (Invitrogen, USA) gel in 

1X TBE buffer at 90V for 2 to 2.5 hours. After electrophoresis, the gel was stained 

with UltraPure ethidium bromide (0.5 μg/mL) (Invitrogen, USA) and visualized. 

The picture was taken in a gel documentation system (BioDocAnalyze, Biometra, 

Germany). 

All PCR reactions of each sample were repeated twice to confirm the results. 
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Figure 3. Some activities of PCR and gel electrophoresis.
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Table 3. List of molecular markers used for detection of blast resistance genes in rice germplasm. 

Gene Chr Primers Primer Sequence (5' to 3') Types of 
Marker 

AT 
(°C) 

Expd. Size 
(bp) 

References 

Pit 1 t311 F: CGTGAACCCAAGGCACCAGTATTA SNP 60 287 (Fukuta et al., 2009; 
Hayashi et al. 2006) R: CATGTAGTTCTGGATGTTGTAGCTACTC 

Pib 2 b28 F: GACTCGGTCGACCAATTCGCC SNP 60 388 (Fukuta et al., 2009; 
Hayashi et al., 2006; 
Yadav et al., 2017) 

R: ATCAGGCCAGGCCAGATTTG 

Piz 6 Z56592 F: GGACCCGCGTTTTCCACGTGTAA SNP 60 292 (Hayashi et al., 
2006; Yadav et al., 
2017) 

R: AGGAATCTATTGCTAAGCATGAC 

Pi9 6 195R-1 F: ATGGTCCTTTATCTTTATTG STS 56 2000 (Qu et al., 2006) 
R: TTGCTCCATCTCCTCTGTT 

Pi40 6 MSM6 F: TGCTGAGATAGCCGAGAAATC Codominant 55 256 (Gavhane et al., 
2019) R: GCACCCTTTTCGCTAGAGG 

Pi5 9 40N23r F: TGTGAGGCAACAATGCCTATTGCG InDel 55 700/480 (Jeon et al., 2013) 
R: CTATGAGTTCACTATGTGGAGGCT 

Pita-2 12 Pita3 F: AGTCGTGCGATGCGAGGACAGAAAC SNP 59 861 (Hayashi et al., 
2006) R: GCATTCTCCAACCCTTTTGCATGCAT 

Pita/Pita-2 12 YL155/YL87 F: AGCAGGTTATAAGCTAGGCC Dominant 55 1042 (Yadav et al., 2017) 
R: CTACCAACAAGTTCATCAAA 

*Chr-Chromosome, AT-Annealing Temperature, SNP-Single Nucleotide Polymorphism, STS-Sequence-Tagged Site, InDel-Insertion Deletion 
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3.6. Statistical Analysis 

3.6.1. Allele scoring and diversity analysis 

The amplified PCR product were scored for the presence of absence of each 

marker allele. Binary matrix was created on the basis of scoring ‘1’ for the 

presence and ‘0’ for the absence of the allele. The genetic distance and similarity 

coefficients were estimated using binary matrix of 8 markers. Major allele 

frequency, gene diversity and polymorphism information content (PIC) value of 

each marker were estimated using Powermaker Ver3.25 software (Liu and Muse, 

2005). Genetic similarities were estimated by constructing a cladogram through 

unweighted Pair Group Method with Arithmetic Means (UPGMA) to their 

genetic relationship (Sneath and Sokal, 1975) using TASSEL 4.3 software 

(Bradbury et al., 2007). 

 

3.6.2. Association analysis 

The hypothesis of genetic association between blast resistance genes and blast 

disease was tested using general liner model (GLM) function in TASSEL 4.3 

software (Bradbury et al., 2007). The GLM of TASSEL 4.3 software was 

conducted with permutation of 1000.  

 

3.6.3. Population structure 

Analysis of population structure of 44 native germplasm based on 8 markers and 

blast disease score was carried out using STRUCTURE version 2.3.4 software 

(Pritchard et al., 2000). The number of subgroups (K) in the population was 

estimated by the program at different K values from K=1 to K=10, with 5 

independent iterations per K using the admixture model and correlated allele 

frequencies with 100000 burn-in period and 100000 Markov Chain Monte Carlo 

(MCMC). The peak value of ΔK was estimated by using STRUCTURE 

HARVESTER (Earl and vonHoldt, 2012).  
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1. Phenotyping for blast resistance 

Based on the screening scores of native germplasm in UBN, only one germplasm 

Acc. 3080 (R: 2.27%) was found resistant with the disease score 1. Nine 

germplasm (MR: 20.45%) exhibited moderately resistant reaction (disease score 

2-3) and thirty-four germplasm (S: 77.27%) were susceptible with the disease 

score >3 (Table 4). The location severity index (LSI) of two seasons was found 

4.0, which confirm the adequate disease pressure in the study location. Native 

germplasm in the same group like Patnai varied in their phenotypic reaction 

against blast inoculation due to their evolutionary change in the genetic 

characters.  

 

4.2 . Identification of blast resistance genes  

Gel electrophoresis results of 44 native germplasm for 8 linked markers are 

shown in Figure 5a and Figure 5b. The results of cataloguing of germplasm based 

on gel electrophoresis of different markers with the highest disease score against 

blast disease are present in Table 5. From the analysis of eight tightly linked 

markers, it was found that the genetic frequency of different blast resistance genes 

ranged from 2.27% to 59.09%. Among the germplasm, maximum number of 

genes (6) found in five germplasm (Acc. 3052, Acc. 3058, Acc. 3060, Acc. 3068 

and Acc. 3075). Four of these germplasm found moderately resistant to blast in 

UBN while Acc. 3052 found susceptible. Total 13 germplasm contained more 

than half of the genes studied (Table 5). Six germplasm (Acc. 3053, Acc. 3064, 

Acc. 3089, Acc. 3091, Acc. 3094, Acc. 3095) found having no studied genes and 

all these germplasm were susceptible to blast.  
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Figure 4. Blast disease at uniform blast nursery (UBN). 
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Table 4. Evaluation of native germplasm for leaf blast resistance. 
Sl. 
No. 

Accession No. Designation Disease Score Disease 
Reaction T Aman2018 Boro2018-19 Highest 

Score 
1 Acc. 3051 Patnai 4 4 4 S 
2 Acc. 3052 Patnai 5 5 5 S 
3 Acc. 3053 Patnai 2 4 4 S 
4 Acc. 3054 Patnai 5 5 5 S 
5 Acc. 3056 Patnai 4 4 4 S 
6 Acc. 3058 Patnai 2 2 2 MR 
7 Acc. 3059 Patnai 3 4 4 S 
8 Acc. 3060 Patnai 2 3 3 MR 
9 Acc. 3061 Patnai 5 5 5 S 

10 Acc. 3062 Patnai 5 5 5 S 
11 Acc. 3063 Patnai 5 5 5 S 
12 Acc. 3064 Patnai 5 5 5 S 
13 Acc. 3065 Patnai 5 5 5 S 
14 Acc. 3066 Patnai 4 4 4 S 
15 Acc. 3067 Patnai 5 5 5 S 
16 Acc. 3068 Patnai 3 3 3 MR 
17 Acc. 3069 Patnai 5 5 5 S 
18 Acc. 3070 Patnai 4 4 4 S 
19 Acc. 3071 Patnai 3 3 3 MR 
20 Acc. 3072 Patnai 5 5 5 S 
21 Acc. 3073 Patnai 2 2 2 MR 
22 Acc. 3075 Patnai 2 2 2 MR 
23 Acc. 3076 Patnai 2 1 2 MR 
24 Acc. 3077 Patnai 4 4 4 S 
25 Acc. 3079 Patnai 5 0 5 S 
26 Acc. 3080 Patnai 1 0 1 R 
27 Acc. 3081 Patnai 3 5 5 S 
28 Acc. 3082 Patnai 5 5 5 S 
29 Acc. 3083 Patnai 3 3 3 MR 
30 Acc. 3084 Patnai 5 5 5 S 
31 Acc. 3085 Patnai 2 2 2 MR 
32 Acc. 3086 Patnai 5 5 5 S 
33 Acc. 3087 Patnai 5 5 5 S 
34 Acc. 3089 Patnai 5 5 5 S 
35 Acc. 3090 Patnai 5 5 5 S 
36 Acc. 3091 Patnai 5 5 5 S 
37 Acc. 3093 Patnai 5 5 5 S 
38 Acc. 3094 Patnai 5 5 5 S 
39 Acc. 3095 Patnai 5 5 5 S 
40 Acc. 3096 Patnai 5 5 5 S 
41 Acc. 3097 Nizer Sail 4 4 4 S 
42 Acc. 3098 Nizer Sail 5 5 5 S 
43 Acc. 3099 Nizer Sail 5 5 5 S 
44 Acc. 3100 Nizer Sail 5 5 5 S 
45 - US2 

(Sus. Ck.) 
5 5 5 S 

LSI 4.0 4.0   
*R= Resistant, MR= Moderately Resistant and S= Susceptible  
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A. 

B. 

 
C. 

 
D. 
 

Figure 5a. Agarose gel picture of PCR product of 44 native germplasm. 
A. resistance gene Pit amplified with primer t311(287 bp). B. resistance gene Pib amplified with 
primer b28 (388 bp). C. resistance gene Piz amplified with primer Z56592 (292 bp). D. resistance 
gene Pi9 amplified with primer 195R-1 (2000 bp).  
M1 and M2 denotes for 1kb and 100bp DNA ladder respectively 
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E. 

F. 

G. 
 
 
 
 

H. 

Figure 5b. Agarose gel picture of PCR product of 44 native germplasm. 
E. resistance gene Pi40 amplified with primer MSM6 (256 bp). F. resistance gene Pi5 amplified 
with primer 40N23r (700/480 bp). G. resistance gene Pita-2 amplified with primer Pita3 (861 bp). 
H. resistance gene Pita/Pita-2 amplified with primer YL155/YL87 (1042 bp). 
M1 and M2 denotes for 1kb and 100bp DNA ladder respectively.
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Table 5. Details of screening of rice germplasm for different blast resistance 
genes using linked marker based on expected product size. 

Accession 
no. 

Blast 
score# 

Genes* 

No. of 
Gene 

Pit Pib Piz Pi9 Pi40 Pi5 Pita-2 Pita/ 
Pita-2 

t311 b28 Z56592 195R-1 MSM6 40N23r Pita3 YL155/ 
YL87 

Acc. 3051 4 0 0 0 0 1 0 0 0 1 
Acc. 3052 5 1 1 1 1 0 0 1 1 6 
Acc. 3053 4 0 0 0 0 0 0 0 0 0 
Acc. 3054 5 1 1 0 0 1 1 0 0 4 
Acc. 3056 4 1 1 0 0 1 0 1 0 4 
Acc. 3058 2 1 1 0 1 1 0 1 1 6 
Acc. 3059 4 1 1 1 0 0 0 1 1 5 
Acc. 3060 3 1 1 0 1 1 0 1 1 6 
Acc. 3061 5 0 0 0 0 0 0 1 1 2 
Acc. 3062 5 0 0 0 0 1 0 0 0 1 
Acc. 3063 5 1 0 0 1 1 0 0 0 3 
Acc. 3064 5 0 0 0 0 0 0 0 0 0 
Acc. 3065 5 1 1 0 0 0 0 0 0 2 
Acc. 3066 4 1 0 0 0 0 0 0 0 1 
Acc. 3067 5 0 0 0 1 1 0 0 0 2 
Acc. 3068 3 1 1 0 1 1 0 1 1 6 
Acc. 3069 5 1 1 1 0 0 0 1 1 5 
Acc. 3070 4 1 0 1 0 0 0 1 1 4 
Acc. 3071 3 1 0 1 0 0 0 1 0 3 
Acc. 3072 5 1 1 0 1 1 0 0 0 4 
Acc. 3073 2 0 0 0 1 1 0 0 0 2 
Acc. 3075 2 1 1 0 1 1 0 1 1 6 
Acc. 3076 2 1 0 0 0 1 0 0 1 3 
Acc. 3077 4 1 1 0 1 1 0 0 1 5 
Acc. 3079 5 1 1 0 0 1 0 0 0 3 
Acc. 3080 1 0 0 0 0 0 0 1 0 1 
Acc. 3081 5 0 0 0 0 1 0 0 0 1 
Acc. 3082 5 0 0 0 0 1 0 1 1 3 
Acc. 3083 3 0 0 0 0 1 0 1 1 3 
Acc. 3084 5 1 1 0 0 1 0 0 0 3 
Acc. 3085 2 0 0 0 0 0 0 1 0 1 
Acc. 3086 5 1 0 0 0 0 0 0 0 1 
Acc. 3087 5 1 0 0 0 0 0 0 0 1 
Acc. 3089 5 0 0 0 0 0 0 0 0 0 
Acc. 3090 5 0 0 0 0 1 0 1 0 2 
Acc. 3091 5 0 0 0 0 0 0 0 0 0 
Acc. 3093 5 1 1 1 1 0 0 0 0 4 
Acc. 3094 5 0 0 0 0 0 0 0 0 0 
Acc. 3095 5 0 0 0 0 0 0 0 0 0 
Acc. 3096 5 1 1 1 0 0 0 0 0 3 
Acc. 3097 4 1 1 0 0 0 0 1 0 3 
Acc. 3098 5 1 1 0 0 1 0 0 0 3 
Acc. 3099 5 1 1 0 0 0 0 0 0 2 
Acc. 3100 5 0 0 0 0 0 0 0 0 0 
Total no. of gene 26 19 7 11 21 1 17 13  
Gene frequency (%) 59.09 43.18 15.91 25.00 47.73 2.27 38.64 29.55  

# highest disease score. *0: Absent, 1: Present 
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Among 34 susceptible germplasm, maximum six genes found in Acc. 3052, Acc. 

3058, Acc. 3060, Acc. 3068 and Acc. 3075. 

The presence of Pit gene was estimated by visualization of amplicons of 287bp 

fragment using SNP marker along with positive control IRBLt-k59. The gene 

frequency of Pit gene among the studied germplasm was found 59.09%, which is 

the highest among the studied genes. Pib gene was estimated by presence of 388 

bp amplicons using SNP marker b28. IRBLB-b was used as positive control for 

Pib gene detection and the gene frequency was found to be 43.18%. SNP primer 

Z56592 was used to detect Piz gene among the germplasm at 292 bp amplicon. 

Monogenic line IRBLz-Fu was used as positive control for Piz. Only seven 

germplam contain Piz gene and genetic frequency was 15.91%. Pi9 gene was 

estimated by using STS primer named 195R-1 with a positive control IRBL9-W. 

Eleven germplasm contained Pi9 gene and genetic frequency was 25.00% among 

the germplasm.  Twenty-one germplasm with 47.73% genetic frequency among 

the germplasm were detected with Pi40 gene. Primer MSM6 was used for 

estimate Pi40 gene with a positive control IR65482-4-136-2-2. Pi5 gene was 

found only one germplasm detected using 40N23r marker with a resistant check 

IRBLz5-M. genetic frequency of Pi5 gene among the studied germplasm found 

2.27%. Gene frequency was found 38.64% and 29.55% respectively for Pita3 and 

YL155/YL87 markers. Pita-2 and Pita/Pita-2 were detected by using Pita3 and 

YL155/YL87 markers respectively. All the genes ere amplified using US2 as a 

negative control.  

Resistant germplasm Acc. 3080 was contain only one gene Pita-2, which is 

indicate that Pita-2 was the most effective gene against blast disease among the 

studied genes. Khan et al. (2016) also found that IRBLta2-Re (monogenic line 

contains Pita-2 gene) was given a resistance reaction against most of the 

pathotypic races of Bangladesh. Yadav et al. (2019) also found some germplasm 

in his study that contain low number of genes but not showed resistance reaction 

against blast. Another fourteen germplasm also contained Pita-2 genes. Among 
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them seven germplasm were moderately resistant. Surprisingly another seven 

germplasm among fourteen were susceptible to blast though they were possessed 

Pita-2 gene. These germplasm may be possessed Pita-2 gene but that gene may 

not functional. Among the studied germplasm nineteen germplasm possessed Pib 

gene but this gene showed no effect of blast reaction. Khan et al. (2016) support 

that information. In their study, they found IRBLb-B (monogenic line contains 

Pib gene) gave susceptible reaction against most of the Bangladeshi blast isolates. 

Acc. 3058, Acc.3060, Acc 3068 and Acc.3075 contained the maximum number 

of genes (6) and showed moderately resistant reaction. Besides, some germplasm 

(Acc. 3052, Acc. 3069, Acc.3077) contained 5 to 6 different genes but showed 

susceptible reaction. Similar type of result has been reported by Ingole et al. 

(2014). This result might be explained by the allele type of resistance gene in 

these germplasm changed due to mutation or other complete set of functional 

gene may not present. 

The broad-spectrum Pita/Pita-2 gene present in 13 germplasm (29.55%). There 

was no work done in Bangladeshi accession but Singh et al. (2015), Imam et al. 

(2014) and Shikari et al. (2014) found presence of Pita/Pita-2 gene in 19.29%, 

6.25% and 27% respectively among their studied Indian landraces.  

In this study there was no strong relationship found among the known resistance 

gene with blast disease reaction except Pita-2 gene. 

 

4.3 Genetic diversity of blast resistance genes 

The numbers of allele per locus for eight markers 2 in average whether allele 

frequency ranged from 0.5227 to 0.9773. For the measurement of the information 

content of a genetic marker, polymorphic information content (PIC) was used. 

The PIC value of eight markers ranged from 0.04 (40N23r) to 0.37 (MSM6 and 

b28) and the average PIC value was 0.2978.  Marker MSM6 (Pi40) and b28 (Pib) 
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were more informative to study the genetic diversity due to their highest PIC 

value (Table 6).   

In this study eight linked marker generate 2 alleles per locus indicates a low 

diversity level among the studied germplasm. Average PIC value was 0.2978 

which indicate low level of polymorphism among markers as only eight markers 

were used. This result supported by Anupam et al. (2017). They found low level 

of polymorphism in their study as they used only some selective markers.   

 

Table 6. Estimation of major allele frequency, genotype number, allele 
number, gene diversity and PIC in germplasms. 

Marker Major allele 
frequency 

Genotype 
number 

Allele 
Number 

Gene 
diversity 

PIC 

t311 0.5909 2 2 0.4835 0.3666 
b28 0.5682 2 2 0.4907 0.3703 
Z56592 0.8409 2 2 0.2676 0.2318 
195R1 0.7500 2 2 0.3750 0.3047 
MSM6 0.5227 2 2 0.4990 0.3745 
40N23r 0.9773 2 2 0.0444 0.0434 
Pita3 0.6136 2 2 0.4742 0.3618 
YL155/YL87 0.7045 2 2 0.4163 0.3297 
Mean 0.6960 2 2 0.3813 0.2978 

*PIC= polymorphic information content 

 

4.4. Cluster Analysis 

Cluster analysis grouped forty-four native rice germplasm into two main clusters 

(cluster I and II). The cluster I was a major cluster comprised of 37 germplasm.  

Cluster I subdivided into two sub cluster IA and IB and comprised of 25 and 12 

germplasm respectively. Further sub cluster IA divided into two subgroup sub 

cluster IA-1 and IA-2.  Sub cluster IA-1 comprise of 24 germplasm having 1 

resistance and 3 moderately resistant germplasm. Sub cluster IA-2 comprised of 

only 1 germplasm (Acc.3076) and that was moderately resistant.  



33 

Besides sub cluster IB grouped into two subgroup IB-1 and IB-2 and contained 

seven and five germplasm respectively. All of the germplasm in cluster IB-1 were 

susceptible except 1 moderately resistant. Cluster IB-2 comprised of three 

susceptible and two moderately resistant germplasm. 

Similarly, cluster II was divided into two subgroup IIA and IIB. Sub cluster IIA 

comprised of five germplasm among them two were moderately resistant and 

three were susceptible. Sub cluster IIB contained only two germplasm and both 

were susceptible to blast (Figure 6).   

In this study most of the resistant and susceptible population were not formed 

distinct cluster. This may be happened due to some germplasm may contain 

maximum number of genes but susceptible to blast disease. It is also observed in 

this study that some germplasm were resistant but contain only few or single 

gene. From the cluster analysis, Acc. 3076 formed a distinct cluster and 

moderately resistant to blast. Besides, disease score of this germplasm was 2, 

which indicates that this germplasm contains some functional resistance genes 

may have relation against blast.  

 

 

  



34 

 

Figure 6. Cluster analysis of forty-four native germplasm based on R genes. 

 

4.5. Genetic association of blast resistance genes 

Among eight markers, only one marker (Pita3) for one R gene (Pita-2) showed a 

significant association to the blast disease (Table 7). The phenotypic variance of 

Pita3 marker was found 18.5%. Other seven marker representing seven resistance 

genes did not exhibits any significant association among them. Genetic 

association is the key to detect novel genes for important traits and identify the 

potential donor for variety improvement (Choudhury et al., 2014). However, 

present study did not describe the complete association between blast disease and 

resistance gene markers. Several numbers of markers linked with resistance gene 

IA-1 

IA-2 

IB-1 

IB-2 

IIA 

IIB 
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should be tested against the germplasm set for understanding complete 

association between marker and disease reaction. From this study result, Pita3 

marker was established as associated marker with blast disease. This marker can 

be used for genotyping of rice blast resistance gene (Pita-2). This result is 

supported with the finding of Yadav et al. (2017). In their study they found Pita3 

marker have significant association with blast disease among Indian germplasm.      

 

Table 7. Genetic association of blast resistance genes with rice blast disease 
in 44 native germplasm. 

Sl. No. Blast R Gene Marker p-value Marker_R2 
1 Pit t311 0.16941 0.04529 
2 Pib b28 0.02017 0.12389 
3 Piz Z56592 0.04778 0.09160 
4 Pi9 195R1 0.37647 0.01902 
5 Pi40 MSM6 0.14315 0.05125 
6 Pi5 40N23r 0.53086 0.0096 
7 Pita-2 Pita3 0.00376* 0.18577 
8 Pita/Pita-2 YL155/YL87 0.16042 0.04721 

* significant at 5% level on the basis of Bonferroni adjustment. 

 

4.6. Population structure analysis 

All 44 native germplasm were evaluated for estimation of population structure 

for blast disease based on eight markers corresponding to eight blast resistance 

genes. The peak plateau of adhoc measure ΔK was found to be K=2 (Figure 7). 

That indicated the entire germplasm population were distributed into two 

subgroups (G1 and G2). Based on the ancestry threshold >60%, all germplasm 

were classified into two subgroup with one admixture (Figure 7, Table 8). Acc. 

3076 has inferred ancestry value of 58.5% and 41.5% for Q1 and Q2 and so it 

classified as admixture (AD). G1 was consisting 22 germplasm (50.0%) of which 

5 germplasm were moderately resistant. In contrast, in G2 subgroup 21 
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germplasm were present among them three germplasm were moderately resistant. 

The only one resistant germplasm (Acc. 3080) was in G2 subgroup.  

Acc. 3076 was moderately resistant to blast and also formed different group in 

cluster analysis.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Population structure of 44 native germplasm based on blast score 
and 8 markers (K=2) and graph of estimated membership fraction 
for K=2.  
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Table 8. Population structure group of 44 native germplasm based on 
inferred ancestry values. 

Sl. 
No. 

Accession 
Name 

Designation Inferred Ancestry Structure 
group 

Group based on 
blast Score* Q1 Q2 

1 Acc. 3051 Patnai 0.019 0.981 G2 S 
2 Acc. 3052 Patnai 0.989 0.011 G1 S 
3 Acc. 3053 Patnai 0.015 0.985 G2 S 
4 Acc. 3054 Patnai 0.964 0.036 G1 S 
5 Acc. 3056 Patnai 0.962 0.038 G1 S 
6 Acc. 3058 Patnai 0.987 0.013 G1 MR 
7 Acc. 3059 Patnai 0.984 0.016 G1 S 
8 Acc. 3060 Patnai 0.987 0.013 G1 MR 
9 Acc. 3061 Patnai 0.109 0.891 G2 S 
10 Acc. 3062 Patnai 0.018 0.982 G2 S 
11 Acc. 3063 Patnai 0.621 0.379 G1 S 
12 Acc. 3064 Patnai 0.015 0.9854 G2 S 
13 Acc. 3065 Patnai 0.892 0.108 G1 S 
14 Acc. 3066 Patnai 0.174 0.826 G2 S 
15 Acc. 3067 Patnai 0.112 0.888 G2 S 
16 Acc. 3068 Patnai 0.987 0.013 G1 MR 
17 Acc. 3069 Patnai 0.983 0.017 G1 S 
18 Acc. 3070 Patnai 0.881 0.119 G1 S 
19 Acc. 3071 Patnai 0.784 0.216 G1 MR 
20 Acc. 3072 Patnai 0.970 0.030 G1 S 
21 Acc. 3073 Patnai 0.114 0.886 G2 MR 
22 Acc. 3075 Patnai 0.987 0.013 G1 MR 
23 Acc. 3076 Patnai 0.585 0.415 AD MR 
24 Acc. 3077 Patnai 0.983 0.017 G1 S 
25 Acc. 3079 Patnai 0.936 0.064 G1 S 
26 Acc. 3080 Patnai 0.024 0.976 G2 R 
27 Acc. 3081 Patnai 0.019 0.981 G2 S 
28 Acc. 3082 Patnai 0.146 0.854 G2 S 
29 Acc. 3083 Patnai 0.145 0.855 G2 MR 
30 Acc. 3084 Patnai 0.934 0.066 G1 S 
31 Acc. 3085 Patnai 0.024 0.976 G2 MR 
32 Acc. 3086 Patnai 0.177 0.823 G2 S 
33 Acc. 3087 Patnai 0.178 0.822 G2 S 
34 Acc. 3089 Patnai 0.014 0.986 G2 S 
35 Acc. 3090 Patnai 0.033 0.967 G2 S 
36 Acc. 3091 Patnai 0.015 0.985 G2 S 
37 Acc. 3093 Patnai 0.977 0.023 G1 S 
38 Acc. 3094 Patnai 0.015 0.985 G2 S 
39 Acc. 3095 Patnai 0.014 0.986 G2 S 
40 Acc. 3096 Patnai 0.956 0.044 G1 S 
41 Acc. 3097 Nizer Sail 0.942 0.058 G1 S 
42 Acc. 3098 Nizer Sail 0.933 0.067 G1 S 
43 Acc. 3099 Nizer Sail 0.900 0.100 G1 S 
44 Acc. 3100 Nizer Sail 0.014 0.986 G2 S 

*R= Resistant, MR= Moderately Resistant, S= Susceptible, G1= Subgroup 1, G2= Subgroup 2, AD= Admixture. 
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CHAPTER 5 

SUMMARY AND CONCLUSION 

 

Phenotypic screening of forty-four native germplasm against rice blast disease 

and molecular identification of resistance genes help to identify the potential 

germplasm for blast resistance. The present study gives an overview of genetic 

diversity of blast resistance among the selected native germplasm of rice. These 

rice germplasm were collected from BRRI genebank and were screened against 

blast disease at UBN, BRRI, Gazipur during T. Aman 2018 and Boro 2018-19 

season. Molecular screening for blast resistance gene(s) was conducted at the 

molecular laboratory of plant pathology division, BRRI. From the study, Acc. 

3080 was detected as resistant to blast disease. Nine moderately resistant native 

germplasm viz. Acc. 3058, Acc. 3060, Acc. 3068, Acc. 3071, Acc. 3073, Acc. 

3975, Acc. 3076, Acc. 3083 and Acc.3085 were also identified. Furthermore, 

among the germplasm, 59.09%, 43.18%, 15.91%, 25.00%, 47.73%, 2.27%, 

38.64% and 29.55% germplasm possessed Pit, Pib, Piz, Pi9, Pi40, Pi5, Pita-2 

and Pita/Pita-2 gene, respectively. Pita3 marker was found significantly 

associated with blast disease (p=0.003, R2=0.19). This marker could be used for 

the selection of parent materials and development of resistance breeding lines for 

identification of Pita-2 gene. Population structure analysis showed two distinct 

subgroups among the studied germplasm. Acc. 3076 was admixture among the 

population and was formed different cluster from other susceptible and resistant 

group. Acc. 3058, Acc. 3075, Acc. 3076 and Acc. 3080 could be used for the 

development of durable blast resistant variety. However, further studies are 

needed for identification of more resistance gene possessed and validating these 

results.   

 

 



39 

CHAPTER 6 

REFERENCES 

 

Agrios, G.N. (2005). Plant pathology (5th ed). Elsevier Academic Press, London, 

UK. p. 922. 

Altshuler, D., Daly, M.J. and Lander, E.S. (2008). Genetic Mapping in Human 

Disease. Science, 322(5903): 881–888.  

Ansari, T.H., Kamal, M.M., Jahan, Q.S.A., Hossain, M., Mian, M.S., Akhter, S., 

Haque, A., Monsur, M.A., Bhuiyan, M.R., Ahmed, M., Ara, A. and Latif, 

M. A. (2015). Survey and monitoring of rice diseases in selected areas of 

Bangladesh. In: Annual Report of Bangladesh Rice Research Institute 

2014-2015. BRRI, Gazipur. p. 278. 

Anupam, A., Imam, J., Quatadah, S.M., Siddaiah, A., Das, S.P., Variar, M. and 

Mandal, N.P. (2017). Genetic Diversity Analysis of Rice Germplasm in 

Tripura State of Northeast India Using Drought and Blast Linked Markers. 

Rice Science, 24(1): 10–20. 

Baker, B., Zambryski, P., Staskawicz, B. and Dinesh-Kumar, S.P. (1997). 

Signaling in Plant-Microbe Interactions. Science, 276(5313): 726–733.  

BBS. (2018). Yearbook of Agricultural Statistics-2018. Bangladesh Bureau of 

Statistics (BBS), Statistics and Informatics Division (SID), Ministry of 

Planning, Government of the People’s Republic of Bangladesh. p. 577. 

Biswas, J.K. (2012). Dhan Gobeshonar Shata Barsher Kichu Katha. Technology 

Today, Dhaka, Bangladesh. p.163. 

Boddy, L. (2016). Chapter 8—Pathogens of Autotrophs. In: The Fungi (Third 

Edition). S.C. Watkinson, L. Boddy and N.P. Money (eds.). Elsevier 

Academic Press, London, UK. pp. 245–292. 



40 

Bonman, J.M. (1989). Leaf and Neck Blast Resistance in Tropical Lowland Rice 

Cultivars. Plant Disease, 73(5): 388-390.  

Bonman, J.M., Khush, G.S. and Nelson, R.J. (1992). Breeding Rice for 

Resistance to Pests. Annual Review of Phytopathology, 30(1): 507–528.  

Bourett, T.M. and Howard, R.J. (1990). In vitro development of penetration 

structures in the rice blast fungus Magnaporthe grisea. Canadian Journal 

of Botany, 68(2): 329–342.  

Bradbury, P.J., Zhang, Z., Kroon, D.E., Casstevens, T.M., Ramdoss, Y. and 

Buckler, E.S. (2007). TASSEL: Software for association mapping of 

complex traits in diverse samples. Bioinformatics, 23(19): 2633–2635.  

BRKB. (2019). Rice in Bangladesh. Retrieved November 25, 2019, from 

Bangladesh Rice Knowledge Bank-BRRI website: 

http://www.knowledgebank-brri.org/riceinban.php 

BRRI. (2019a). Genetic Resource & Seed Division (GRS). Retrieved November 

25, 2019, from Bangladesh Rice Research Institute website: 

http://www.brri.gov.bd/site/page/bd9bd45c-af5e-423d-b370-21ec38997e 

14/- 

BRRI. (2019b). Rice Disease Management. Retrieved October 12, 2019, from 

Bangladesh Rice Knowledge Bank (BRKB) website: 

http://www.knowledgebank-brri.org/disease_management.php 

CGIAR. (2019). Bangladesh. Retrieved June 22, 2019, from Ricepedia website: 

http://ricepedia.org/bangladesh 

Choudhury, D.R., Singh, N., Singh, A.K., Kumar, S., Srinivasan, K., Tyagi, R. 

K., Ahmad, A., Singh, N.K. and Singh, R. (2014). Analysis of Genetic 

Diversity and Population Structure of Rice Germplasm from North-Eastern 

Region of India and Development of a Core Germplasm Set. PLoS ONE, 

9(11), e113094.  



41 

Chowdhury, D. (2018). Boro hit by neck blast disease. The Daily Star, 13 April 

2018. Retrieved October 19, 2019, from https://www.thedailystar.net/ 

country/boro-hit-neck-blast-disease-1561975 

Couch, B.C. and Kohn, L.M. (2002). A Multilocus Gene Genealogy Concordant 

with Host Preference Indicates Segregation of a New Species, 

Magnaporthe oryzae, from M. grisea. Mycologia, 94(4): 683-693.  

Dean, R., Kan, J.A.L.V., Pretorius, Z.A., Hammond-Kosack, K.E., Pietro, A.D., 

Spanu, P.D., Rudd, J.J., Dickman, M., Kahmann, R., Ellis, J. and Foster, 

G.D. (2012). The Top 10 fungal pathogens in molecular plant pathology. 

Molecular Plant Pathology, 13(4): 414–430. 

Disthaporn, S. (1994). Current Rice Blast Epidemic and their Management in 

Thiland. In: Rice blast disease. R.S. Zeigler, S.A. Leong and P.S. Teng 

(eds.). CAB International, Wallingford, Oxon, U.K. pp. 333–342. 

Gavhane, D.B., Kulwal, P.L., Kumbhar, S.D., Jadhav, A.S. and Sarawate, C.D. 

(2019). Cataloguing of blast resistance genes in landraces and breeding 

lines of rice from India. Journal of Genetics, 98(5): 106.  

Earl, D.A. and vonHoldt, B.M. (2012). STRUCTURE HARVESTER: A website 

and program for visualizing STRUCTURE output and implementing the 

Evanno method. Conservation Genetics Resources, 4(2): 359–361.  

Fang, N., Wang, R., He, W., Yin, C., Guan, C., Chen, H., Huang, J., Wang, J., 

Bao, Y. and Zhang, H. (2016). QTL mapping of panicle blast resistance in 

japonica landrace heikezijing and its application in rice breeding. 

Molecular Breeding, 36(12): 171. 

FAO. (2013). FAOSTAT Database. Retrieved June 30, 2019, from Food and 

Agricultural Organisation website: http://www.fao.org/faostat/en/#home 

FAO. (2018). Rice Market Monitor (RMM) (No. XXI(1); p. 35). Retrieved June 

30, 2019, from FAO website: http://www.fao.org/economic/est/ 

publications/rice-publications/rice-market-monitor-rmm/vn/ 



42 

Ferdous, J., Hanafi, M.M., Rafii, M.Y. and Muhammad, K. (2012). A quick DNA 

extraction protocol: Without liquid nitrogen in ambient temperature. 

African Journal of Biotechnology, 11(27): 6956-6964. 

Fukuta, Y., Xu, D., Kobayashi, N., Telebanco-Yanoria, M.J., Hairmansis, A. and 

Hayashi, N. (2009). Genetic characterization of universal differential 

varieties for blast resistance developed under the IRRI-Japan Collaborative 

Research Project using DNA markers in rice (Oryza sativa L.). In: 

Development and Characterization of Blast Resistance Using Differential 

Varieties in Rice (JIRCAS Working Report No.63). Y. Fukuta, C.M.V. 

Cruz, and N. Kobayashi (eds.). Japan International Research Center for 

Agricultural Sciences (JIRCAS), Tsukuba, Japan. pp. 35–68. 

GRiSP. (2013). Rice almanac (4th Edition). IRRI, Los Baños, Philippines. p. 283. 

Hamer, J.E., Howard, R.J., Chumley, F.G. and Valent, B. (1988). A mechanism 

for surface attachment in spores of a plant pathogenic fungus. Science, 

239(4837): 288–290. 

Hayashi, K., Hashimoto, N., Daigen, M. and Ashikawa, I. (2004). Development 

of PCR-based SNP markers for rice blast resistance genes at the Piz locus. 

Theoretical and Applied Genetics, 108(7): 1212–1220.  

Hayashi, K., Yoshida, H. and Ashikawa, I. (2006). Development of PCR-based 

allele-specific and InDel marker sets for nine rice blast resistance genes. 

Theoretical and Applied Genetics, 113(2): 251–260.  

Hayashi, N., Kobayashi, N., Cruz, C.M.V. and Fukuta, Y. (2009). Protocols for 

the sampling of diseased specimens and evaluation of blast disease in rice. 

In: Development and Characterization of Blast Resistance Using 

Differential Varieties in Rice (JIRCAS Working Report No. 63).  Y. 

Fukuta, C.M.V. Cruz and N. Kobayashi (eds.). Japan International 

Research Center for Agricultural Sciences (JIRCAS), Tsukuba, Japan. pp. 

17–33. 



43 

Hittalmani, S., Parco, A., Mew, T.V., Zeigler, R.S. and Huang, N. (2000). Fine 

mapping and DNA marker-assisted pyramiding of the three major genes 

for blast resistance in rice. Theoretical and Applied Genetics, 100(7): 

1121–1128.  

Huang, X., Wei, X., Sang, T., Zhao, Q., Feng, Q., Zhao, Y. and Han, B. (2010). 

Genome-wide association studies of 14 agronomic traits in rice landraces. 

Nature Genetics, 42(11): 961–967.  

Imam, J., Alam, S., Mandal, N.P., Variar, M. and Shukla, P. (2014). Molecular 

screening for identification of blast resistance genes in North East and 

Eastern Indian rice germplasm (Oryza sativa L.) with PCR based makers. 

Euphytica, 196(2): 199–211. 

Ingole, K.D., Prashanthi, S.K. and Krishnaraj, P.U. (2014). Mining for major 

blast resistance genes in rice landraces of Karnataka. Indian Journal of 

Genetics and Plant Breeding (The), 74(3): 378-383.  

IRRI. (2019). Pests and diseases. Retrieved June 22, 2019, from IRRI Rice 

Knowledge Bank website: http://www.knowledgebank.irri.org/step-by-

step-production/growth/pests-and-diseases 

Islam, Z. and Catling, D. (2012). Rice pests of Bangladesh: Their ecology and 

management. The University Press Limited, Dhaka. p. 422. 

Jeon, J., Choi, J., Lee, G.-W., Dean, R.A. and Lee, Y.-H. (2013). Experimental 

Evolution Reveals Genome-Wide Spectrum and Dynamics of Mutations in 

the Rice Blast Fungus, Magnaporthe oryzae. PLoS ONE, 8(5): e65416.  

Kabir, M.S., Salam, M.U., Chowdhury, A., Rahman, N.M.F., Iftekharuddaula, K. 

M., Rahman, M.S., Rashid, M.H., Dipti, S.S., Islam, A., Latif, M.A., Islam, 

A.K.M.S., Hossain, M.M., Nessa, B., Ansari, T.H., Ali, M.A. and Biswas, 

J.K. (2016). Rice Vision for Bangladesh: 2050 and Beyond. Bangladesh 

Rice Journal, 19(2): 1–18. 



44 

Kashem, M.A. and Faroque, M.A.A. (2013). A Country Scenarioes of Food 

Security and Governance in Bangladesh. Journal of Science Foundation, 

9(1–2): 41–50. 

Kato, H. (2001). Rice blast disease. Pesticide Outlook, 12(1): 23–25. 

Khan, M.A.I., Ali, M.A., Monsur, M.A., Kawasaki-Tanaka, A., Hayashi, N., 

Yanagihara, S., Obara, M., Mia, M.A.T., Latif, M.A. and Fukuta, Y. 

(2016). Diversity and Distribution of Rice Blast (Pyricularia oryzae 

Cavara) Races in Bangladesh. Plant Disease, 100(10): 2025–2033.  

Leung, H., and Shi, Z. (1994). Genetic Regulation of Sporulation in the Rice Blast 

Fungus. In: Rice blast disease. R.S. Zeigler, S.A. Leong, and P.S. Teng 

(eds.). CAB International, Wallingford, Oxon, U.K. pp. 35–50. 

Li, C., Wang, D., Peng, S., Chen, Y., Su, P., Chen, J., Zheng, L., Tan, X., Liu, J., 

Xiao, Y., Kang, H., Zhang D., Wang, G.-L. and Liu, Y. (2019). Genome-

wide association mapping of resistance against rice blast strains in South 

China and identification of a new Pik allele. Rice, 12(1): 47.  

Ling, K.C. and Ou, S.H. (1969). Standardization of the international race numbers 

of Pyricularia oryzae. Phytopathology, 59: 339–342. 

Liu, K. and Muse, S.V. (2005). PowerMarker: An integrated analysis 

environment for genetic marker analysis. Bioinformatics, 21(9): 2128–

2129.  

Liu, X., Huang, M., Fan, B., Buckler, E.S. and Zhang, Z. (2016). Iterative Usage 

of Fixed and Random Effect Models for Powerful and Efficient Genome-

Wide Association Studies. PLOS Genetics, 12(2): e1005767.  

Mondal, D., Ghosh, A., Roy, D., Kumar, A., Bera, S., Ghosh, R. and Majumder, 

A. (2017). Yield loss assessment of rice (Oryza Sativa L.) due to different 

biotic stresses under system of rice intensification (SRI). Journal of 

Entomology and Zoology Studies, 5(4): 1974–1980. 



45 

Monsur, M.A., Ahmed, M., Haque, A., Jahan, Q.S.A., Ansari, T.H., Latif, M.A., 

Borma, N.C.D., Ali, M.A., Kabir, M.S. and Banik, B.R. (2016). Cross 

Infection between Rice and Wheat Blast Pathogen Pyricularia oryzae. 

Bangladesh Rice Journal, 20(2): 21–29. 

Muthayya, S., Sugimoto, J.D., Montgomery, S. and Maberly, G.F. (2014). An 

overview of global rice production, supply, trade, and consumption: Global 

rice production, consumption, and trade. Annals of the New York Academy 

of Sciences, 1324(1): 7–14. 

Oerke, E.-C. and Dehne, H.-W. (2004). Safeguarding production-Losses in major 

crops and the role of crop protection. Crop Protection, 23(4): 275–285. 

Ou, S.H. (1980). A Look at Worldwide Rice Blast Disease Control. Plant 

Disease, 64(5): 439. 

Ou, S.H. (1985). Rice Diseases (2nd ed.). Commonwealth Mycological Institute, 

Kew, England. p. 380. 

Pritchard, J.K., Stephens, M. and Donnelly, P. (2000). Inference of population 

structure using multilocus genotype data. Genetics, 155(2): 945–959. 

QinZhong, Y., Fei, L., ShuJie, F., Ling, W. and QingHua, P. (2009). Recent 

progress on molecular mapping and cloning of blast resistance genes in 

rice (Oryza sativa L.). Scientia Agricultura Sinica, 42(5): 1601–1615. 

Qiu, Z., Jiang, L., Wang, C., Hill, D.V. and Wu, Y. (2019). New evidence for rice 

cultivation from the Early Neolithic Hehuashan site. Archaeological and 

Anthropological Sciences, 11(4): 1259–1272.  

Qu, S., Liu, G., Zhou, B., Bellizzi, M., Zeng, L., Dai, L. and Wang, G.-L. (2006). 

The Broad-Spectrum Blast Resistance Gene Pi9 Encodes a Nucleotide-

Binding Site–Leucine-Rich Repeat Protein and Is a Member of a Multigene 

Family in Rice. Genetics, 172(3): 1901–1914. 



46 

Saleh, D., Milazzo, J., Adreit, H., Fournier, E. and Tharreau, D. (2014). South-

East Asia is the center of origin, diversity and dispersion of the rice blast 

fungus, Magnaporthe oryzae. New Phytologist, 201(4): 1440–1456.  

Seebold, K.W., Datnoff, L.E., Correa-Victoria, F.J., Kucharek, T.A. and Snyder, 

G.H. (2004). Effects of Silicon and Fungicides on the Control of Leaf and 

Neck Blast in Upland Rice. Plant Disease, 88(3): 253–258.  

Shahjahan, A.K.M. (1994). Practical Approaches to Rice Blast Management in 

Tropical Monsoon Ecosystems, with Special Reference to Bangladesh. In: 

Rice blast disease. R.S. Zeigler, S.A. Leong and P.S. Teng (eds.). CAB 

International, Wallingford, Oxon, U.K. pp. 465–488. 

Shahjahan, A.K.M., Ahmed, H.U., Hossain, M.A., Mia, M.A.T. and Mia, S.A. 

(1987). Evaluation of fungicides for rice blast control. Bangladesh Journal 

of Plant Pathology, 3(1 & 2): 55–60. 

Shikari, A.B., Rajashekara, H., Khanna, A., Krishnan, S.G., Rathour, R., Singh, 

U.D., Sharma, T.R., Prabhu K.V. and Singh, A.K. (2014). Identification 

and validation of rice blast resistance genes in Indian rice germplasm. 

Indian Journal of Genetics and Plant Breeding (The), 74(3): 286-299.  

Singh, A.K., Singh, P.K., Arya, M., Singh, N.K. and Singh, U.S. (2015). 

Molecular Screening of Blast Resistance Genes in Rice using SSR 

Markers. The Plant Pathology Journal, 31(1): 12–24.  

Skamnioti, P. and Gurr, S.J. (2009). Against the grain: Safeguarding rice from 

rice blast disease. Trends in Biotechnology, 27(3): 141–150. 

Sneath, P.H.A. and Sokal, R.R. (1975). Review of Numerical Taxonomy. The 

Principles and Practice of Numerical Classification. Systematic Zoology, 

24(2): 263–268. 

Sparks, A., Nelson, A. and Castilla, N. (2012). Where rice pests and diseases do 

the most damage. Rice Today, 11: 26–27. 



47 

Sridhar, R. and Singh, U.D. (2001). Genetic and pathogenic diversity of the rice 

blast pathogen. In: Major Fungal Diseases of Rice. S. Sreenivasaprasad 

and R. Johnson (eds.). Springer, Dordrecht, Netherlands. pp. 1–8. 

Suprapta, D.N. (2012). Potential of microbial antagonists as biocontrol agents 

against plant fungal pathogens. Journal of the International Society for 

Southeast Asian Agricultural Sciences, 18: 1–8. 

Talbot, N.J. (2003). On the Trail of a Cereal Killer: Exploring the Biology of 

Magnaporthe grisea. Annual Review of Microbiology, 57(1): 177–202.  

TeBeest, D.O., Guerber, C. and Ditmor, M. (2007). Rice Blast. The Plant Health 

Instructor. Retrieved June 22, 2019, from The American 

Phytopathological Society (APS) website: https://www.apsnet.org/ 

edcenter/disandpath/fungalasco/pdlessons/Pages/RiceBlast.aspx 

UN. (2019). World Population Prospects 2019 [Database]. Retrieved June 22, 

2019, from United Nations Department of Economic and Social Affairs 

website: https://population.un.org/wpp/Download/Standard/Population/ 

UNFPA. (2019). Bangladesh | Population trends. Retrieved June 22, 2019, from 

United Nations Population Fund website: https://bangladesh.unfpa.org/en/ 

node/24314 

USDA-NRCS. (2019). Plant Profile: Oryza L. [Database]. Retrieved June 21, 

2019, from Plants Database website: https://plants.usda.gov/java/ 

ClassificationServlet?source=display&classid=ORYZA 

Valent, B. (1997). The Rice Blast Fungus, Magnaporthe grisea. In: Plant 

Relationships. The Mycota (A Comprehensive Treatise on Fungi as 

Experimental Systems for Basic and Applied Research), vol 5B. G.C. 

Carroll and P. Tudzynski (eds.). Springer, Berlin, Germany. pp. 37–54. 

Valent, B. and Chumley, F.G. (1991). Molecular Genetic Analysis of the Rice 

Blast Fungus, Magnaporthe Grisea. Annual Review of Phytopathology, 

29(1): 443–467.  



48 

Villari, C., Mahaffee, W.F., Mitchell, T.K., Pedley, K.F., Pieck, M.L. and Hand, 

F.P. (2017). Early Detection of Airborne Inoculum of Magnaporthe oryzae 

in Turfgrass Fields Using a Quantitative LAMP Assay. Plant Disease, 

101(1): 170–177.  

Wang, X., Lee, S., Wang, J., Ma, J., Bianco, T. and Ji, Y. (2014). Current 

Advances on Genetic Resistance to Rice Blast Disease. In: Rice-

Germplasm, Genetics and Improvement. W. Yan (ed.). IntechOpen 

Limited, London, UK. pp. 195-215. 

Webster, J. and Weber, R. (2007). Introduction to fungi (3rd ed). Cambridge 

University Press, Cambridge, UK. p. 841. 

Wheeler, B.E.J. (1969). An introduction to plant diseases. J. Wiley, UK. p. 374. 

Yadav, M.K., Aravindan, S., Ngangkham, U., Raghu, S., Prabhukarthikeyan, S. 

R., Keerthana, U., Marndi, B.C., Adak, T., Munda, S., Deshmukh, R., 

Pramesh, D., Samantaray, S. and Rath, P.C. (2019). Blast resistance in 

Indian rice landraces: Genetic dissection by gene specific markers. PLOS 

ONE, 14(1): e0211061.  

Yadav, M.K., Aravindan, S., Ngangkham, U., Shubudhi, H.N., Bag, M.K., Adak, 

T., Munda, S., Samantaray, S., Jena, M. (2017). Use of molecular markers 

in identification and characterization of resistance to rice blast in India. 

PLOS ONE, 12(4): e0176236.  

Yaduraju, N.T. and Rao, A.N. (2013). Implications of weeds and weed 

management on food security and safety in the Asia-Pacific region. 

Presented at the Proceedings of the 24th Asian-Pacific Weed Science 

Society Conference on 22-25 October, 2013. Bandung, Indonesia. p. 13–

30 

Zaman, A.M.U. (2017). Blast hits boro production. Daily Sun, April 24, 2017. 

Retrieved October 19, 2019, from https://www.daily-sun.com/ 

post/221762/Blast-hits-boro-production 



49 

Zhao, H., Wang, X., Jia, Y., Minkenberg, B., Wheatley, M., Fan, J., Jia, M.H., 

Famoso, A., Edwards, J.D., Wamishe, Y., Valent, B., Wang, G.-L. and 

Yang, Y. (2018). The rice blast resistance gene Ptr encodes an atypical 

protein required for broad-spectrum disease resistance. Nature 

Communications, 9(1): 1–12.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



50 

CHAPTER 7 

APPENDIX 

 

Appendix I. Sample layout of nursery bed in uniform blast nursery (UBN). 
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