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ABSTRACT: Sheath blight (ShB) disease, caused by Rhizoctonia solani, is an economically important 
rice disease worldwide, especially in intensive production systems. Several studies have been conducted 
to identify sources for ShB resistance in different species of rice, including local accessions and landraces. 
It has been difficult to generate SB resistant rice varieties by relying on traditional breeding because 
resistance to rice SB is a typical quantitative trait. Pathogenesis related (PR) genes of rice are among the 
most important defense genes in the interaction of rice with pathogens. Rice diseases such as blast, 
bacterial blight and sheath blight are major obstacles for achieving optimal yields. To complement 
conventional breeding method, molecular or transgenic method represents an increasingly important 
approach for genetic improvement of disease resistance and reduction of pesticide usage. During the past 
two decades, a wide variety of genes and mechanisms involved in rice defense response have been 
identified and elucidated. However, most of the cloned genes confer high level of race specific resistance 
in a gene for gene manner, and the resistance is effective against one or a few related races or strains of 
the pathogens. The resistance is effective for only few years because the pathogen race or strain keeps 
changing for survival in nature. Therefore, there is an urgent need to broaden the rice gene pool from 
diverse resources, of which the wild rice is an ideal option. 
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INTRODUCTION 
 

 Sheath blight (SB) is one of the most destructive rice diseases worldwide, and can lead to severe losses in rice 
productivity and grain quality by infecting and destroying rice sheath and leaves (Lee and Rush, 1983; Marchetti and 
Bollich, 1991). The causal agent of rice Sheat blight(SB) is Rhizoctonia solani Kühn, which is a necrotic fungus and 
has a broad host range (Srinivasachary, 2011). In addition to rice, R. solani can infect many more plant species, 
including major crops wheat, barley, and maize, and the model plant Medicago (Zhen, 2013). So far, no major 
resistance genes to rice SB have been identified (Jia, 2009; Zuo, 2010; Srinivasachary, 2011; Liu, 2013). marker-
assisted selection (MAS) has been considered a feasible approach to developing SB resistant variety as many SB 
resistance (SBR) QTLs have been identified (Jia ., 2009; Zuo ., 2010; Eizenga ., 2013; Liu ., 2013). However, most 
of the identified QTLs lack further evidence for their reliability against SB, which largely limits their utilization in 
breeding practice (Pinson, 2005; Zuo, 2010; Liu, 2013). In plant response against necrotrophic pathogens, other 
pathways, mainly, jasmonic acid (JA) and ethylene pathways, are engaged (Bouarab, 2009). the defense mechanism 
to the necrotrophic fungus R. solani, is a combination of diverse defense responses (Zhao, 2008). Nonexpresser of 
pathogenesis related genes 1 (NPR-1) also known as NIM1 (non-inducible immunity) and SAI1 (salicylic acid 
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insensitive), is essential for transduction of the SA signal and acts downstream of SA in this pathway to activate PR 
genes (Shah and Klessing.1999). Sun . (2001) revealed that the number of alleles in cultivated rice had been reduced 
by 50-60% compared to wild rice. Thus, it is necessary to broaden the gene pool in rice breeding from diverse 
sources, especially from wild rice. Also, various factors are influenced by canopy structure, such as microclimatic 
conditions (including sunlight, humidity and temperature), nitrogen status, contact frequency, light transmittance and 
shoot number,which may all contribute to the variation in disease expression and thus make evaluation of host 
resistance difficult (Savary, 1995; Castilla, 1996; Zhong, 2006; Tang, 2007; Srinivasachary, 2011). Little direct 
information is available regarding the effects of canopy structure on sheath blight epidemic development under field 
conditions. Manipulation of the canopy structure offers promising possibilities for keeping pathogens under control 
(Tivoli, 2013). Allelic Analysis Rice Sheath  Blight  resistance is believed to be controlled by multiple genes or 
quantitative trait loci (QTLs) (Pinson SRM , 2005). Since (Li , 1995) first identified ShB QTLs using restricted fragment 
length polymorphism (RFLP) markers under field conditions, over 30 resistant ShB QTLs have been reported using 
various mapping populations, such as F2s (Che KP, 2003; Zou JH, 2000), double haploid (DH) lines (Kunihiro Y, 
2002), recombinant inbred lines (RILs) [Pinson SRM ,  2005; Channamallikarjuna V, 2009; Liu G, Jia Y , 2009), near-
isogenic introgression lines (NIL) (Loan LC, 2004) and backcross populations (Sato H, 2004; Zuo S, Zhang L, 2008). 
(2013) To date, around 50 SB resistance quantitative trait loci (SBR QTLs) have been detected on all 12 rice 
chromosomes in cultivated varieties, deep-water varieties and wild species (Jia, 2009; Zuo, 2010; Wang, 2012; Xu, 
2011; Fu, 2011). Some of them were identified in multiple mapping populations and/or environments and not 
associated with either heading date (HD) or morphological traits, and they are believed to be real SBR QTLs (Han, 
2003; Jia, 2009; Zuo, 2010; Pinson, 2005; Wang, 2012). 
 
SYMPTOMATOLOGY 
 Ou (1972) studied in detail the symptoms of sheath blight under field conditions. Initial symptoms of sheath blight 
appear in the form of circular, oblong or ellipsoid, greenish-grey water-soaked spots about 1cm long that occur on 
leaf sheath near the water level. These lesions enlarge and become oblong and irregular in outline, the center of 
which become grey white with brown margins. Lesions may coalesce to encompass the entire leaf sheath and stem 
(Rush and Lee, 1992). Singh . (2003) reported about the growth of mycelium on the affected parts of the plant under 
humid conditions and this aids in the spread of the disease to a considerable distance in the field through irrigation 
water. Lodging may occur in diseased plants, particularly in taller varieties (Rangaswamy and Mahadevan, 2005). 
 
Mode of Survival of Pathogen 
 The survival and inoculums potential of the R. solani is directly related with severity and incidence of disease. 
Sclerotia are the most important source of inoculums (Allison, 1951). Li Shi Dong (2004) reported that 60.9% sclerotia 
could survive after 265 days of being buried in natural sandy loam under field conditions in Beijing, while colonized 
rice straw debris (0.5-10 cm long) could not yield the fungus on medium plates after 88 days of being buried under 
same conditions. Singh and Singh (2008) reported that the infected leaf pieces incubated at 10 and 28°C also showed 
a steady reduction in fungus survival with an incubation period from an initial 100% to 53.3% and 63.3% respectively 
after a period of 5 months. At all observations time, except 150 days after incubation, 10 and 28°C recorded 
significantly more survival than at 0 and 40°C. 
 
Disease-resistance classification 
 When a plant detects pathogens, signal transduction pathways act together to form a complex network leading 
to defense responses (Panstruga, 2009). Disease resistance genes are divided into two classes: receptor genes, 
which comprise R genes and host pattern recognition receptor (HPRR) genes, and defense responsive or defense-
related genes. When pathogens attack, the latter genes respond by altering their expression levels or modifying their 
encoded proteins post-translationally (Eulgem, 2005). Disease resistance in rice is usually categorized into two main 
groups: qualitative resistance and quantitative resistance. Qualitative resistance is also called complete resistance, 
and is conferred by a single R gene whose encoded protein can interact directly or indirectly with a corresponding 
pathogen effector (Kou and Wang 2012). Thus, this type of resistance is pathogen race-specific. Although breeding 
and cultivation of resistant cultivars using R genes has been successfully applied for management of rice resistance 
against bacterial blight and blast diseases, the strong selection pressure against R genes and rapid pathogen 
evolution have meant that this resistance can be quickly overcome (Kou and Wang 2012). 
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Host Range 
 Kozaka (1961) from Japan recorded 188 species of plants from 32 families that can be infected by this 
fungus.Two virulent isolates of Thanatephorus cucumeris could infect and survive on several weed hosts which are 
commonly found in rice fields namely Echinocloa crusgalli, E. colonum, Fimbristylis littoralis, Cyperus rotandus. 
Kozaka (1965), Tsai (1974) observed that rice fungus infected 20 species which are from 11 families and observed 
that the sclerotia from diseased tissue of weed hosts produced typical symptoms of sheath blight on paddy plants. 
Singh and Saksena (1980) found that aerial strain causing banded blight disease in bajra infected 22 plants species 
of both crop and wild plants belonging to 6 different families. Kannaiyan and Prasad (1980) have listed 30 monocot 
weed species as host of Thanatephorus cucumeries (Rhizoctnia solani).Goswami . (2010) reported that isolate SYL-
13 possessed narrow host range and low avirulent while DIN-8 and GAZ-18 had wide host range and considered as 
virulent isolate of Rhizoctonia solani. The isolate GAZ-9 had highly virulent and wide host range of 35 different crops. 
 
Improvement of rice resistance to sheath blight by pyramiding 
 It has been difficult to generate SB resistant rice varieties by relying on traditional breeding because resistance 
to rice SB is a typical quantitative trait ( Z.X. Chen ., 2014). In fact, there are no SBR QTLs that have been 
incorporated into commercial rice varieties via MAS, even though this technology has been widely utilized in breeding 
against other rice diseases (Luo and Yin, 2013; Akhtar ., 2010). Pinson . (2005) predicted that qSB-9TQ and qSB-3TQ 
could possibly reduce loss to SB by 15% when introduced into Lemont. Yin . (2008) and Wang . (2012) both found 
that pyramiding different SBR QTLs could achieve higher levels of resistance to SB. Unfortunately, japonica rice 
varieties are generally less resistant to SB infection than indica rice (Zuo ., 2008; Jia ., 2012). Most SBR QTLs 
identified to date are derived from indica rice and relatively few from japonica rice (Zuo ., 2010; Jia, 2012). 
 
DNA extraction and molecular marker analysis 
 Genomic DNA extraction was done following the method developed by Murray and Thompson (1980). Molecular 
markers were analyzed according to the protocol reported by Zuo . (2011). The markers located on the two sides 
and those within the interval for qSB-7TQ and qSB-9TQ are listed in in Table 1, which show polymorphism between 
TQ and all japonica varieties. 
 

Table 1. which show polymorphism between TQ and all japonica varieties tested in this study 
SBR QTL Marker name Distance between markers (kb) 

Forward primer sequence (5  - 3 ) Reverse primer sequence ( 5  - 3 ) 

Qsb-7 RM11 1787 TCTCCTCTTCCCCCGATC 
 

ATAGCGGGCGAGGCTTAG 

RM346 CGAGAGAGCCCATAACTACG ACAAGACGACGAGGAGGGAC 
QSB-9 Y74.7 1699 ACCCTGTACTTGTTCTCCTT CTTTGACCGTTCGTGTTATT 

Y83-2 1699 TCAATAACCCTCCTCTTCATCCT CCTGAGTTCCCTCTTAAACCAAA 
Y900.2 927 CGGGATTAAATAAATACGAGACAT TTTCTTAGGTCCCATTCTTC 
Y93.5 988 CTGTTCTTCTCCTGCGTTCT ATGTCCTCGTGCTTCTGC 

 

aTH Pheysical distance between markers is based on the refrence sequence of japonica variety nipponbar. 
b Marker names started by RM and Y indicate the simple sequence repeat markers downlowded from GRAMENE 
public marker database(www.gramene.org/markers) and insertion/deletion markerse developed in the present 
study.respectively. 

 
transferring SBR QTLs of interest into japonica varieties  
 Most SBR QTLs identified to date are derived from indica rice and relatively few from japonica rice (Zuo, 2010; 
Jia, 2012). The qSB-7TQ and qSB-9TQ QTLs come from indica rice Teqing (TQ) and are localized on chromosomes 
7 and 9, respectively (Pan ., 2005; Pinson ., 2005). By using chromosomal introgression lines (ILs), Wang . (2012) 
have recently further confirmed that qSB-9TQ carries resistance to SB, reducing the SB disease rating by 1.0 (using 
qSB-9TQ rating scale), which coincides with the conclusion drawn by Yin . (2008). Zuo . (2008) investigated 9 varieties 
of japonica rice from different growing ecotypes in China and found that they all lacked qSB-9TQ. Thus, it is feasible 
to introduce qSB-9TQ into such japonica varieties to improve their resistance to SB. Z.X. Chen  2014  applied  the 
indica variety TQ as the donor of qSB-7TQ and qSB- 9TQ to cross and backcross with japonica varieties, and the 
japonica varieties were used as recurrent parents (Fig. 1). 

http://www.gramene.org/markers
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Figure 1. Diagram of the strategy for developing materials in sheath blight test.the multiply symbol indicates backcrossing and 

the circled multiply symbol indicates self-pollinating.SB test/2GBs means the  sheath blight(SB) test was performed in 2 genetic 
background (GBs);SB test/1GB and SB test/3GBs depict similar meanings.Two pyramided lines carrying both QTLs and the 

control variety were used in yield tests under different SB disease conditions 
 

Expression of the pathogenesis related proteins, in reaction to Rhizoctonia solani 
 Lipoxygenase (LOX) is the first enzyme in the production of jasmonic acid (JA), and catalyzes the formation of 
JA from linolenic acid. A drastic increase in the LOX activity has been observed in rice leaves after infection with M. 
grisea (Ohta, 1991). Previous studies have proved the role of LOX in enhanced resistance of rice plants inoculated 
with necrotrophic pathogens (Rance ., 1998). Pathogenesis related (PR) genes of rice are among the most important 
defense genes in the interaction of rice with pathogens. Mohammad Sayari  . (2014) study the role of NH-1, several 
PR genes, phenylalanine ammonia-lyase (PAL), and lipoxygenase in the defense responses of  Iranian cultivars of 
rice  against Rhizoctonia solani. Results showed that the expression rate of all genes in the resistant cultivar was 
higher than that of the susceptible genotype, post inoculation. The results of this study suggest that the investigated 
genes are involved in the resistance responses of rice against the sheath blight agent. For the first time, the induction 
of PR-5, PR-9, PR-10, PR-12, PR-13, and NH-1 was observed in this study in the resistant and  susceptible Iranian 
cultivars of rice following attacks by R. solani. 
 
sheath blight resistance genes and QTLs in wild rice 
 Sheath blight disease, caused by a soilborne necrotrophic fungus Rhizoctonia solani Kühn, is one of the most 
important diseases in cultivated rice. This disease was first reported in Japan in 1910 and subsequently discovered 
worldwide (Rush, 1992). At present, rice sheath blight widely occurs in most rice-growing areas, including temperate, 
tropical and subtropical regions in diverse rice production systems (Lee, 1983). Sheath blight disease causes 
approximately 50% yield reduction in test plots of susceptible cultivars (Savary ., 1996). To identify resistant 
germplasm to sheath blight disease, Prasad . (2008) reported seven Oryza spp. accessions as moderately resistant, 
three were O. nivara accessions (IRGC104705, IRGC100898, and IRGC104443), O. barthii (IRGC100223), O. 
meridionalis (IRGC105306), O. nivara/O. sativa (IRGC100943), and O. officinalis (IRGC105979). Greater effort 
should be paid to search sheath blight resistant germplasm from wild rice and to transfer the resistant genes into the 
cultivated rice in the future. Fantao Zhang and Jiankun Xie (2014) reveals that wild rice not only has many elite genes 
which have lost in cultivated rice, but also maintains a greater genetic diversity than cultivated rice. We should use 
the wild rice to broaden genetic diversity of cultivated rice, by which new cultivars could withstand biotic and abiotic 
stresses.  
 
The evolution and pathogenic mechanisms of the rice sheath blight pathogen  
 The soilborne Basidiomycete fungus Rhizoctonia solani (teleomorph: Thanatephorus cucumeris) is a complex 
with more than 100 species that attack all known crops, pastures and horticultural species. R. solani is divided into 
14 anastomosis groups (AG1 to AG13 and AGBI) ( Ogoshi , 1987). Among R. solani AG1 containing three main 
intraspecific groups (ISG), the subgroup AG1 IA is one of the most important plant pathogens, which causes diseases 
such as sheath blight, banded leaf, aerial blight and brown patch (Ogoshi , 1987; Akhtar , 2009) in many plants, 
including more than 27 families of monocots and dicots. As the agent of rice sheath blight, R. solani AG1 IA was 
thought to be mainly an asexual fungus on rice (Oryza sativa L.), although sexual structures from its teleomorph (T. 
cucumeris) have been occasionally observed in fields. In nature, R. solani AG1 IA exists primarily as vegetative 
mycelium and sclerotia. Each year, the blight causes up to a 50% decrease in the rice yield under favourable 
conditions around the world (Groth, 2008; Bernardes, 2009). R. solani AG1 IA is also considered to be the most 
destructive pathogen for other economically important crops, including corn (Zea mays) (Akhtar, 2009; Gonzalez-
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Vera ., 2010)  and soybean (Glycine max) ( Ciampi, 2008). For the molecular identification of the fungal strain, the 
609- or 611-bp internal transcribed spacer (ITS) regions wereamplified from the genomic DNA of six R. solani  strains 

using the primer pair ITS4 ( 5 -TCC TCC GCT TAT TGA TAT GC-3 ) and ITS5 ( 5 -GGA AGT AAA AGT CGT AAC 

AAG G- 3 ) (White, 1990). 
 
Phenotyping of Partial Physiological Resistance to Sheath Blight 
The pathogen has a very wide host range and major gene(s) which give complete resistance in rice against this 
disease have not been identified (Pinson, 2005; Srinivasacharya, 2011), but variation in quantitatively inherited 
resistance to R. solani in the field in the cultivated rice is known (Zou, 2000). To date, only partial resistance to rice 
sheath blight has been identified in the cultivars of O. sativa (Pinson, 2005; Srinivasacharya, 2011). In addition, some 
other Oryza species have been reported as source of resistance to this disease (Amante ., 1990;  Brar  and Khush 
2003; Lore, 2011). Resistance to sheath blight is associated with quantitative, complex, traits (Pinson, 2005; 
Srinivasachary, 2011). Resistance of rice to sheath blight may be hypothesized to include two main groups of 
mechanisms: physiological resistance and disease escape. Disease escape is strongly determined by plant 
architecture. Morphological traits resulting in a rice canopy being less conducive an environment for sheath blight 
intensification and spread may thus lead to disease escape (Robinson, 1976). Physiological resistance, in turn, 
corresponds to physiological processes of the plant, constitutive or induced that are associated with a decrease in 
efficiency of one or several of the infection stages of the pathogen. The measurement of components of resistance, 
expressed as relative resistance terms, allows identifying factors that will induce the strongest epidemic reduction. 
These components of resistance, in turn, can become targets to include in breeding programmes, through 
experimental (Savary and Zadoks 1989) or modelling approaches (Leonard and Mundt, 1984; Van Oijen, 1992). The 
components of resistance related to lesion size have been measured for another disease like Rhizoctonia blight of 
tall fescue caused by R. solani, (Green, 1999). 
 
Transgenic rice lines of sheath blight resistance 
 Plant pathogenesis-related (PR) proteins are defence proteins which prevent or limit pathogen invasion and 
spread  reviewed in Ferreira .( 2007). Genetic engineering strategies aimed at constitutive high level expression of 
combinations of two PR-proteins with differing modes of action provided high levels of fungal resistance in many 
plants (reviewed in Ferreira, 2007). Transgenic rice plants co-expressing rice chitinase and modified maize ribosome-
inactivating protein b-32 genes (Kim ., 2003) and transgenic tobacco plants expressing a combination of barley 
ribosome-inactivating protein, barley chitinase, and barley β-1,3-glucanase genes (Jach, 1995) were resistant to 
Rhizoctonia solani. Combined expression of chitinase and β-1,3- glucanase genes proved to be very effective in 
transgenic tobacco against Cercospora nicotianae (Zhu, 1994), in transgenic tomato against Fusarium oxysporum 
(Jongedijk, 1995), and in transgenic potato (Chye, 2004) and transgenic rice (Sridevi ., 2008) against R. solani. 
Pepper basic PR-1 protein and ascorbate peroxidase-like 1 genes, when simultaneously expressed in tomato, 
enhanced the resistance against. 
 Phytophthora capsici (Sarowar ., 2006). Combined expression of the rice TLP gene (tlp-D34) and the rice 
chitinase gene (chi11) resulted in increased resistance against R. solani in transgenic rice (Kalpana, 
2006;Maruthasalam ., 2007). Shah . (2013) reported infection with Rhizoctonia solani, the disease index reduced 
from 100 % in control plants to 65 % in a T3 homozygous transgenic line T4 expressing the tlp-D34 gene alone. In a 
T2 homozygous transgenic line CT22 co-expressing tlp-D34 and chi11 genes, the disease index reduced to 39 %. 
 
Identification of rice sheath blight quantitative trait loci by backcross populations 
 Sheath blight resistant sources have been identified in O. minuta J.S. Presl. ex C.B. Presl. (IRGC101089) and 
O. rufipogon Griff. (IRGC100907) accessions (Amante, 1990). Lakshmanan (1991) reported the use of O. officinalis 
Wall ex Watt in the transfer of sheath blight resistance genes into cultivated rice through backcross breeding. Sheath 
blight quantitative trait loci (QTL) have been identified in several recombinant inbred line or F2 populations involving 
two O. sativa cultivars having one parent as moderately resistant and the other as susceptible (summarized in Jia, 
2009; Channamallikarjuna, 2010; Fu, 2011; Xu, 2011; Nelson, 2012). A major sheath blight QTL was identified on 
the bottom of chromosome 9 in several of these populations. Subsequently, this was validated using the single 
nucleotide polymorphism (SNP) variants identified for chromosome 9 from the whole genome sequence of 13 rice 
cultivars, including four resistant cultivars subjected to a principal component analysis with a biplot display (Silva ., 
2012). Most studies identifying sheath blight QTLs attributed resistance to the effect of multiple genes, and the 
resistance as a polygenic quantitative trait. Venu . (2007) identified at least 23 rice host genes involved in different 
biochemical pathways using DNA microarray and serial analysis of gene expression. The advanced backcross 
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method of QTL analysis (AB-QTL) was proposed as an effective molecular breeding technique for incorporating 
valuable genes from exotic sources into an adapted background (Tanksley and Nelson 1996). The value of the AB-
QTL method for isolating yield and yield-enhancing alleles from O. rufipogon (IRGC105491) was demonstrated in 
rice with five different adapted cultivars being used as the recurrent parents in developing the populations (McCouch 
., 2007). Subsequently this method was used to develop populations with other O. rufipogon accessions (Jing ., 2010; 
Tan ., 2008; Wickneswari ., 2012) and an O. glumaepatula accession (Brondani, 2002). 
 
Mapping quantitative trait loci for sheath blight resistance in rice using double haploid population 
 Different cultivars exhibit different levels of resistance (Groth, 1992; Khush, 1977), and there are associations 
between resistance and several morphological characters, such as plant height and heading date (Han, 2003; Li, 
1995). It is generally reported that ShB resistance is a typical quantitative trait controlled by several minor genes 
(Sha and Zhu 1989). However, some researchers proposed that ShB resistance was controlled by a few major genes 
in some varieties. (Pan, 1999; Che, 2003). Qun XU (2010) to identify QTL controlling rice ShB using a double haploid 
(DH) population from the cross of _Baiyeqiu_, a ShB resistant indica landrace from China, and _Maybelle_, a ShB 
susceptible japonica variety from the United States, grown for 2 years, they detected a total of four QTL located on 
four different chromosomes (qShB1, qShB2, qShB3 and qShB5). The qShB1 QTL explained 8.9% of the phenotypic 
variation in 2007 and 13.2% in 2008. 
 
Induction of systemic resistance in rice against sheath blight disease by Pseudomonas fluorescens 
 The pathogen is both soil and water borne. Moreover, it produces a phytotoxin (RS toxin) that could reproduce 
most of the symptoms of the disease (Vidhyasekaran, 1997a). Induced defense mechanisms in plants against various 
pathogens by biotic and abiotic inducers has been reported for many crops (Baker, 1997). The classical inducers 
include pathogens (Dalisay and Kuc 1995), chemicals (Lawton, 1994), plant growth promoting rhizobacteria (PGPR) 
(Leeman, 1995; Liu, 1995a,b) and plant products (Singh, 1990). Early and increased expression of these genes can 
result in induced systemic resistance (ISR) in plants against several pathogens (Ward, 1991). For the induction of 
ISR, strains of Pseudomonas fluorescens appear to be promising. Investigations on mechanisms of biological control 
by fluorescent pseudomonads have revealed that different strains protect the plants from various plant pathogens in 
several crops by inducing systemic resistance. ISR against different pathogens by PGPR strains have been achieved 
in tobacco (Maurhofer, 1994), cucumber (Liu, 1995a,b), tomato (Raupach, 1996), radish (Leeman, 1995) and 
sugarcane (Samiyappan, 1999). R. Nandakumar . (2000) applied Two Pseudomonas fluorescens strains viz., PF1 
and FP7 which inhibited the mycelial growth of sheath blight fungus Rhizoctonia solani and increased the seedling 
vigour of rice plants in vitro were selected for assessing induced systemic resistance (ISR) against R. solani in rice. 
The Pseudomonas application as a bacterial suspension or a talc-based formulation through seed, root, soil and 
foliar application either alone or in combination (seed + root + soil + foliar) effectively reduced sheath blight disease 
incidence, promoted plant growth and ultimately increased yields under glasshouse or field conditions 
 
Mutant resources 
 The International Rice Functional Genomics Consortium together with many other laboratories have generated 
a large number of rice mutants, either by insertional mutagenesis using T-DNA and Ac/Ds elements or by chemical 
or physical mutagenic agents (Krysan, 1999). This population may represent the largest mutant crop plant collection 
in the world, and many of these have been catalogued. About 500,000 insertional mutants have been generated by 
the international rice research community. Around 60,000 mutants from IR64 have been generated using fast-
neutrons and gamma-rays (Wu, 2005). High-throughput technologies and suitable phenotyping methods will likely 
enable researchers to explore these resources in the search for new sources of ShB resistance. 
 
Conclusion 
 Nowadays, QTL studies for mining favorable genes from wild rice species are receiving more and more attentions 
in global rice community. our objectives are to breed rice varieties with enhanced stress and disease resistance, 
improved yield potential, and superior grain quality using genomic and molecular information, and, in the near future, 
to shatter the rice yield plateau. Recent developments in the biotechnological fields of gene cloning, protein 
expression, transcriptomics, and genomics have broadened opportunities for rice scientists to use a multipronged 
approach to defend against the ever-increasing threat of devastating rice diseases. 
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