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Assessment of KMR-3, MSN-36, and Tetep for Blast Disease of Rice (Oryza sativa L.)

ABSTRACT
Rice is one of the principal staple foods contributing significantly to global food security. Hybrid rice technology offers higher yields than inbred varieties of similar duration. In Karnataka, KMR-3 and MSN-36 are widely used as stable fertility restorers in hybrid rice production. Hybrids from these restorers show varying blast susceptibility due to the susceptibility of these restorers. Tetep is well known for its broad-spectrum resistance to diverse blast pathogen races prevalent in India. This study aims to evaluate the blast resistance of KMR-3, MSN-36, and Tetep through phenotyping and SSR marker analysis to identify resistance genes present in Tetep but absent in the restorers, which can be introgressed into KMR-3 and MSN-36 through marker-assisted backcross breeding. Phenotypic screening for blast disease revealed MSN-36 as highly susceptible, KMR-3 as moderately susceptible and Tetep as moderately resistance. The genotypes KMR-3, MSN-36, and Tetep were genotyped for major blast resistance genes using nine previously reported SSR markers linked to resistance loci to know the different resistance blast genes present and to decide which genes to be transferred to KMR-3 and MSN-36 from Tetep to make them resistance to blast disease. Genotyping with nine SSR markers linked to major blast resistance genes (Pi1, Pi54, Pi2, Pi9, Pi-km, Pi-tp(t), Pi-7(t), Pi40, and Pita/Pita2) showed that Pi1 and Pi9 were absent in all genotypes. Pi54 was detected only in Tetep; Pi2, Pi-7(t), and Pi40 were present in all; Pi-km was unique to KMR-3; and Pi-tp(t) and Pita/Pita2 were present in KMR-3 and Tetep but absent in MSN-36. Thus, Pi54, Pi-tp(t), and Pita/Pita2 from Tetep can be introgressed into MSN-36, while only Pi54 needs to be transferred into KMR-3 to enhance blast resistance through marker-assisted backcross breeding.
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1. INTRODUCTION
More than 50% of people worldwide rely on rice (Oryza sativa L.) as their primary source of food (Asma et al. 2023). Ensuring food security under conditions of limited arable land and increasing population pressure necessitates the breeding of high-yielding and disease-resistant cultivars. Among the major biotic stresses affecting rice productivity, blast caused by Magnaporthe oryzae (asexual phase Pyricularia oryzae) is considered highly destructive. Under high humidity and moderate temperature, the disease can cause yield losses ranging from 70% to 80% or even higher during severe epidemics (Musiime et al. 2005; Nasruddin & Amin, 2012; Miah et al. 2013).
Conventional management strategies, including fungicidal applications, are often costly, environmentally hazardous, and unsustainable in the long term. Therefore, use of host plant resistance continues to be the most reliable, economical, and eco-friendly method for managing blast disease in rice. Hybrid rice technology, developed to exploit heterosis, offers a yield advantage of 14–18% over comparable inbred varieties of similar duration (Mishra et al. 2003; Bueno & Lafarge, 2009). However, the performance of hybrid rice largely depends on the parental lines. In India, particularly in Karnataka, the male fertility restorers KMR-3 and MSN-36 are extensively used in hybrid seed production because of their stable fertility restoration ability, high combining ability, and desirable agronomic performance. Despite these advantages, the hybrids derived from these restorers have shown variable degree of susceptibility to blast disease under field conditions, attributed mainly to the susceptibility of the restorers themselves. This blast susceptibility in key restorer lines poses a significant threat to hybrid rice yield stability in blast-endemic regions, underscoring the need to enhance their resistance while maintaining their agronomic superiority. The deployment of major blast resistance (R) genes through marker-assisted selection (MAS) provides a precise and efficient approach for improving such elite but susceptible lines. To date, over 100 blast resistance genes have been documented (Ramalingam et al. 2020; Ning et al. 2020). Among them, 31 genes have been cloned (Li et al. 2019; Ning et al. 2020; Sharma et al. 2021; Liu et al. 2021), and several have been successfully utilized for breeding blast-resistant cultivars and hybrids (Kumar et al. 2016; Kumar et al. 2019; Ning et al. 2020). Of these, Pi21 is the only recessive gene and the rest are dominant in nature. Hence, integrating durable blast resistance genes into elite genetic backgrounds through molecular breeding is of paramount importance. 
The traditional indica variety Tetep has been well documented for its broad-spectrum resistance to diverse blast pathogen races prevalent in India (Thakur et al. 2015a; Ning et al. 2020). This makes Tetep an excellent donor parent for transferring resistance genes into susceptible restorer lines such as KMR-3 and MSN-36. Recent research has highlighted the usefulness of molecular markers in identifying and introgressing functional blast resistance genes. Adhikary et al. (2025) screened forty-eight wild and native rice genotypes from Bangladesh employing gene-based SSR markers for key blast resistance genes, reporting genetic frequencies ranging from 18.7% to 87.5%. Fourteen genotypes possessed up to eight resistance genes, highlighting the utility of molecular screening in broadening the genetic base for resistance breeding. Simple Sequence Repeat (SSR) markers are widely used in rice breeding due to their co-dominant inheritance, high polymorphism, and reproducibility (McCouch et al. 2002). These markers have facilitated efficient genotyping and marker-assisted backcross breeding (MABB) for blast resistance. Naik et al. (2021) conducted an open-field evaluation under natural and artificial epiphytotic conditions during the rabi seasons of 2018 and 2019 to identify sources of resistance to leaf blast among rice accessions. A total of 97 genotypes were evaluated in a Uniform Blast Nursery (UBN) which also included Tetep as resistant check and NLR 34242 and BPT 5204 as susceptible checks, and 21.6% were found resistant. The resistant accessions with desirable agronomic traits were suggested as potential donor parents for breeding rice cultivars with leaf blast-resistant. Similarly, Liu et al. (2002) characterized multiple blast resistance genes in Chinese rice accessions using SSR and gene-specific markers. Khan et al. (2018) successfully pyramided Pi54, Pi1, and Pita genes into a susceptible aromatic rice variety through stepwise MABB. Zampieri et al. (2023) further demonstrated that pyramiding multiple R genes provides broader and more durable resistance compared to single-gene introgression.
The present study aims to phenotype the rice genotypes KMR-3, MSN-36, and Tetep to know the extent of resistance to blast disease and also genotype using SSR markers linked to mainly used blast resistance genes in molecular breeding to identify the presence or absence of these blast resistance genes in KMR-3, MSN-36, and Tetep, to determine which resistance genes from Tetep can be targeted for introgression into the susceptible restorer lines while planning marker-assisted backcross breeding (MABB) for developing blast-resistant versions of KMR-3 and MSN-36.
2. MATERIALS AND METHODS
The present investigation was undertaken at Zonal Agricultural Research Station (ZARS), V.C. Farm, Mandya. 
2.1 Plant material 
The experimental material comprised three genotypes: KMR-3, MSN-36, and Tetep, whose seeds were obtained from the Hybrid rice section, ZARS, V.C. Farm, Mandya. Details of genotypes are given in table 1.
Table 1. Salient features of the genotypes used in present study
	Sl. No.
	Genotypes
	Pedigree
	Salient features
	Reference

	1
	KMR-3 
	Jaya/IR 29723-143-3-2-1
	Stable restorer line possessing medium-bold grain type and is the male parent of rice hybrid, KRH2
	Madhuri et al., 2019
Ranjitha et al., 2017

	2
	MSN-36 
	Selection from MRP 5180a
	Stable restorer line with medium slender grain type and is the male parent of rice hybrid KRH4
	

	3
	Tetep 
	Vietnamese indica cultivar (Landrace)
	Broad-spectrum resistance to blast disease
	Sharma et al., 2005b
Wang et al., 2019 
Biswas et al., 2023


2.2 Screening for blast disease 
Screening for leaf blast resistance was conducted following the Uniform Blast Nursery (UBN) pattern prescribed by IRRI (1996) at the ZARS, V. C. Farm, Mandya, during the Kharif season. Each entry was grown in one row of 50 cm length, keeping a 10 cm distance between adjacent rows. The susceptible check variety HR-12 and the resistant check variety Tetep were included. Two border rows of the susceptible check were planted around the nursery to ensure uniform disease pressure.
A spore suspension of Pyricularia oryzae was prepared at a concentration of 5 × 10⁴ spores per millilitre and mixed with 0.1% Teepol as a surfactant. The prepared suspension was uniformly sprayed on twelve-day-old rice seedlings with the help of a hand sprayer. Inoculation was repeated every three days, and infected leaves were used as mulch to promote disease development. Final observations were taken once the susceptible check variety exhibited a disease score of 9.
Each entry was evaluated for leaf blast severity using the 0–9 scale of the Standard Evaluation System (SES), IRRI (1996), as presented in Table 2.
Table 2. Scale for scoring of rice leaf blast disease (IRRI, 1996)
	Scale
	Disease severity
	Host response

	0
	No lesions observed
	Highly Resistant (Immune) 

	1
	Small brown specks of pinpoint size 
	Resistant (R) 

	2
	Small roundish to slightly elongated, necrotic grey spots, about 1-2 mm in diameter, with a distinct brown margin. Lesions are mostly found on the lower leaves 
	Moderately Resistant (MR) 

	3
	Lesions type is same as in scale 2, but a significant number of lesions on upper leaf area 
	Moderately Resistant (MR)

	4
	Typical susceptible blast lesions, 3 mm or longer infecting less than 4 % of leaf area 
	Moderately Susceptible (MS) 

	5
	Typical susceptible blast lesions of 3 mm or longer infecting 4-10% of the leaf area 
	Moderately Susceptible (MS) 

	6
	Typical susceptible blast lesions of 3 mm or longer infecting 11 – 25% of the leaf area 
	Susceptible (S)

	7
	Typical susceptible blast lesions of 3 mm or longer infecting 26 - 50% of the leaf area 
	Susceptible (S) 

	8
	Typical susceptible blast lesions of 3 mm or longer infecting 51-75% of the leaf area and many leaves are dead 
	Highly Susceptible (S)

	9
	Typical susceptible blast lesions of 3 mm or longer infecting more than 75% leaf area affected 
	Highly Susceptible (S) 



2.3 Genomic DNA isolation
· Genomic DNA was isolated from leaves obtained from 21-day-old rice seedlings using a modified CTAB method (Doyle, 1991). 
· Approximately one gram of young leaf tissue was finely chopped with sterile scissors and transferred into 2 ml centrifuge tubes with two 5 mm metal beads. 
· Then to each tube, 750 μl of preheated CTAB buffer (2% CTAB, 100 mM Tris-HCl, 20 mM EDTA, 1.4 M NaCl, 0.2% β-mercaptoethanol; pH 8.0) and a pinch of PVP were added.
· Homogenization of leaf samples was carried out using a Tissue Lyser (QIAGEN®) for 10 minutes at 30 frequencies per second, repeated the step by turning the plates other side for uniform grinding (In the absence of a tissue lyser, leaf sample can be homogenized manually using a pestle and mortar with or without liquid nitrogen). 
· The homogenate was kept in a water bath at 65°C for 30 minutes with intermittent mixing, then centrifuged at 12,000 rpm for 5 minutes. 
· The supernatant was collected into clean tubes and mixed in equal proportion with phenol:chloroform:isoamyl alcohol (25:24:1), and centrifuged at 12,000 rpm for 30 minutes. 
· The aqueous phase was carefully transferred to a new 1.5 ml sterile centrifuge tube and mixed with an equal volume of ice-cold isopropanol to precipitate DNA, followed by overnight incubation at −20°C. 
· The next day, DNA was pelleted by centrifugation at 12,000 rpm for 20 minutes, then retained the DNA pellet and washed twice with 100 μl of 70% ethanol by centrifuged at 12,000 rpm for 10 minutes each time. 
· After air drying the pellet, the DNA pellet was dissolved in 100 μl of 1X T10E1 buffer (0.1 mM Tris + 0.05 mM EDTA, pH 8.0) and stored at −20°C. 
· The concentration and purity of the extracted DNA were measured using a NanoDrop spectrophotometer.

2.4 Polymerase Chain Reaction (PCR) assay and Genotyping
 PCR was carried out to amplify the DNA fragments using gene-linked/ gene based SSR markers linked to the blast resistance genes. Blast resistance genes and their respective SSR markers are summarized in Table 3.
For PCR amplification, a 10 µl reaction mixture was prepared containing 2 µl of template DNA (40 ng/µl), 4 µl of Amplicon Taq 2X Master Mix, 0.5 µl each of forward and reverse primers (10 pmol concentration), and 3 µl of double-distilled water. The reactions were conducted in a thermal cycler (GeneAmp PCR System 9700, Applied Biosystems, USA) with the following program: initial denaturation at 95°C for 5 minutes; 35 cycles of denaturation (95°C for 1 minute), annealing (55°C for 30 seconds) and extension (72°C for 1 minute); followed by a final extension at 72°C for 10 minutes.
Then resolved the amplified PCR products by gel electrophoresis on a 3% agarose gel prepared in 1X TBE buffer stained with 0.5 μg/ml ethidium bromide.
 Electrophoresis was carried out at 100 V for 1.5 to 2 hours, and visualized DNA bands under a UV transilluminator using a gel documentation system (UVItec, Cambridge).
The sizes of the alleles were determined using a 100 bp DNA ladder as a reference. The data were analyzed by scoring the amplified fragment as resistant and susceptible allele based on the previous published reports for the gene as provided in table 3. 
Table 3. List of major blast resistance genes and SSR markers selected for study
	Gene
	SSR Marker
	Chr. 
No.
	Expected PCR 
product size (bp)
	Primer sequence (5´ to 3´)
	References

	
	
	
	‘R’ 
allele
	‘S’ 
allele
	
	

	Pi1
	RM 224
	11
	157
	170
	F - ATCGATCGATCTTCACGAGG
R - TGCTATAAAAGGCATTCGGG
	Feuntes et al., (2008)

	Pi54
	RM 206
	11
	145
	180
	F - CCCATGCGTTTAACTATTCT
R - CGTTCCATCGATCCGTATGG
	Sharma et al., (2005a)

	Pi2
	AP5659-5
	6
	288
	310
	F -  CTCCTTCAGCTGCTCCTC
R - TGATGACTTCCAAACGGTAG
	Fjellstrom et al., (2006)

	Pi9
	NMSM Pi-9-1
	6
	168
	260
	F -  CGAGAAGGACATCTGGTACG
R - GAGATGCTTGGATTTAGAAGAC
	Qu et al., (2006)

	Pi-km
	Ckm-2
	11
	290
	340
	F -  CAGTAGCTGTGTCTCAGAACTATG
R - AAGGTACCTCTTTTCGGCCAG
	Costanzo and Jia 2010

	Pi-tp(t)
	RM 246
	1
	116
	100
	F -  GAGCTCCATCAGCCATTCAG
R - CTGAGTGCTGCTGCGACT
	Barman et al., (2008)

	Pi-7(t)
	RM 229
	11
	116
	150
	F -  CACTCACACGAACGACTGAC
R - CGCAGGTTCTTGTGAAATGT
	Hasan et al. 2018

	Pi40
	MSM6
	6
	256
	270
	F -  TGCTGAGATAGCCGAGAAATC
R -  GCACCCTTTTCGCTAGAGG
	Devi et al. 2015

	Pita/Pita2
	RM 7102
	12
	168
	150
	F -  TAGGAGTGTTTAGAGTGCCA
R -  TCGGTTTGCTTATACATCAG
	Jia et al. 2004


3. Results and Discussion
Rice blast is one of the most severe diseases affecting rice and significantly impacts global rice production. The present investigation aimed to characterize the blast resistance gene profiles of KMR-3, MSN-36, and Tetep to identify specific resistance genes from Tetep that could be targeted for introgression into MSN-36 and KMR-3 through marker-assisted backcross breeding (MABB). 
3.1 Phenotypic screening
Phenotypic screening for blast disease under a uniform blast nursery revealed that MSN-36 was highly susceptible (disease score 9), KMR-3 was moderately susceptible (score 5.2), while Tetep, a known broad-spectrum resistant donor, exhibited moderate resistance (score 2.5). The susceptible check HR-12 recorded a score of 9 (Table 4, Fig. 1). In contrast, Naik et al. (2021) and Aleena et al. (2023) reported Tetep as resistant with a score of 1 during phenotypic screening for blast disease. The variation in the resistance reaction of Tetep noted in this study could be due to differences in location, pathogen strain composition, and environmental conditions during the season. These results confirm that Tetep can serve as a reliable source of resistance for leaf blast disease in rice improvement programs. 

Table 4. Mean blast disease scores of genotypes
	Genotype
	Mean Disease Score (0–9)
	Resistance Reaction

	KMR-3
	5.2
	Moderately Susceptible

	MSN-36
	9.0
	Highly Susceptible

	Tetep
	2.5
	Moderately Resistant

	HR-12
	9.0
	Highly Susceptible
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Fig. 1. Blast disease reaction of HR-12, Tetep, KMR-3 and MSN-36 in Uniform Blast Nursery
3.2 Genotyping using gene based /linked markers
In this study, nine SSR markers associated with nine blast resistance (R) genes were used to verify the presence or absence of resistance-specific alleles in MSN-36, KMR-3, and Tetep based on PCR amplification (Table 3). The concentration and purity of genomic DNA extracted from MSN-36, KMR-3, and Tetep are presented in Table 5.
Table 5. DNA quality and quantity of selected genotypes
	Sl. No.
	Name of the genotype
	DNA quality (A260/A280)
	DNA quantity (ng µl-1)

	1
	KMR-3
	1.75
	2470

	2
	MSN-36
	1.90
	1700

	3
	Tetep
	1.86
	2580



3.2.1 Allelic status of blast resistance genes in MSN-36, KMR-3 and Tetep
The Pi1 gene is mapped near the telomeric region of the long arm of chromosome 11, and the SSR marker RM224 was reported to be tightly linked to this gene (Fuentes et al. 2008). In India, this gene has been reported to be more effective when present in combination with Pi2 and Pita (Hittalmani et al. 2000; Srinivasachary et al. 2002; Fuentes et al. 2008; Tacconi et al. 2010; Shikari et al. 2014). Genotypes amplifying a 157 bp allele with RM224 are expected to possess Pi1 specific resistance and are thus classified as carrying the Pi1 gene (Shikari et al. 2014; Kumar et al. 2017b; Yasmin et al. 2021; Pramanik et al. 2022; Aleena et al. 2023). In the present study, the Pi1 gene was found to be absent in KMR-3 and MSN-36, and no clear amplification band was observed in Tetep (Fig. 2, Table 6). However, various studies conducted earlier have showed the presence of the Pi1 gene in Tetep (Pramanik et al. 2022; Chaithra and Prashanthi, 2020). The absence of amplification in this study may be due to differences in PCR conditions. The Pi1 gene has also been successfully introgressed into rice varieties using RM224 as a foreground marker through marker-assisted selection programs (Usatov et al. 2016; Chaithra and Prashanthi, 2020).
The Pi54 gene was cloned from Tetep and is mapped to the long arm of chromosome 11. It confers broad-spectrum resistance against the major blast races prevalent in India. The SSR marker RM206 was reported to be tightly linked to the Pi-kh locus at a distance of 0.7 cM (Sharma et al. 2005a, 2005b; Sharma et al. 2010; Thakur et al. 2015b). The presence of the resistant allele for the Pi54 gene in a genotype is confirmed by amplification of a 147 bp allele using the RM206 marker (Yasmin et al. 2021; Pramanik et al. 2022). In the current study, Tetep showed the resistant 147 bp allele for RM206, confirming the presence of Pi54, whereas MSN-36 and KMR-3 lack this allele (Fig. 2, Table 6). The presence of the Pi54 gene in Tetep has also been reported by Pramanik et al. (2022) and Gavhane et al. (2019). The Pi54 gene has been successfully introgressed from Tetep and other donors into elite rice varieties and hybrid parents to enhance blast resistance using RM206 (Hasan et al. 2015; Shankar et al. 2018; Kiran et al. 2020). Hence, Tetep can be effectively used as a donor parent for transferring the Pi54 gene into MSN-36 and KMR-3 through MAS.
The Pi2, Pi9 and Pi40 genes provide broad-spectrum resistance to rice blast (Chen et al. 1996; Qu et al. 2006; Suh et al. 2009; Wang et al. 2013) and are mapped to the short arm close to the centromere of chromosome 6 (Liu et al. 2002; Shikari et al. 2014; Ning et al. 2020). Genotypes amplifying 288 bp, 168 bp, and 256 bp alleles using the markers AP56595, NMSM Pi-9-1, and MSM6 are reported to possess Pi2, Pi9, and Pi40 specific resistance, respectively (Kumar et al. 2017b; Gavhane et al. 2019). In this study, Pi2 and Pi40 were detected in all three genotypes (MSN-36, KMR-3, and Tetep) as indicated by the markers AP56595 and MSM6, respectively, while Pi9 was absent in all genotypes according to the NMSM Pi-9-1 marker (Fig. 2, Table 6). Gavhane et al. (2019) also reported the absence of the 168 bp resistance allele for Pi9 and the presence of the 256 bp allele for Pi40 in Tetep. Similarly, Shikari et al. (2014) and Manojkumar et al. (2020) documented the absence of Pi9 in Tetep. The consistent presence of Pi2 and Pi40 in both donor and recipient parents indicates that these genes are already part of the genetic background of KMR-3 and MSN-36. And Pi9 being absent in both Tetep and recipients is not a suitable target for MABB. Soujanya et al. (2023) successfully introgressed the Pi9 gene into parental line RP5933-1-19-2R of the rice hybrid using the NMSM Pi-9-1 marker, while Kumar et al. (2017a) utilized the AP56595 marker for the introgression of the Pi2 gene into rice varieties IR-64, KMP-175, and KCP-1. Therefore, the markers used in the were appropriate.
The Pi-7(t) gene was found to be present in all the three genotypes viz., MSN-36, KMR-3 and Tetep based on amplification with the marker RM 229 which produced 116 bp allele across all the genotypes (Fig.2, Table 6). Manojkumar et al. (2020) also reported presence of Pi-7(t) in all the genotypes they evaluated, including Tetep using the same marker. Since, this gene is already present in MSN-36 and KMR-3, further introgression for blast resistance improvement is not required.
Genotypes amplifying a 290 bp alleles with the marker Ckm-2 are known to possess Pi-km specific resistance (Shikari et al. 2014). In this study, only KMR-3 showed amplification of the 290 bp resistance-specific allele, indicating the presence of Pi-km, whereas Tetep and MSN-36 displayed a susceptible banding pattern (Fig. 2, Table 6). Similar findings were reported by Manojkumar et al. (2020), who also observed the absence of Pi-km in Tetep. These results indicate that KMR-3 already carries the Pi-km gene, and hence, introgression of this gene is unnecessary. However, its presence in KMR-3 may contribute partially to its moderate level of blast resistance observed in phenotypic screening.
The Pi-tp(t) gene has been mapped to chromosome 1, and the SSR marker RM246 has been found to be closely linked to this gene (Barman et al. 2008). In the present study, amplification with RM246 produced a 116 bp resistance-specific fragment in KMR-3 and Tetep, while MSN-36 lacked this band (Fig. 2, Table 6). This indicates the presence of the Pi-tp(t) gene in KMR-3 and Tetep, and its absence in MSN-36. Similar amplification of the 116 bp resistant allele in genotypes carrying Pi-tp(t) has been reported by Yasmin et al. (2021), Manojkumar et al. (2020), and Adhikary et al. (2025). Barman et al. (2008) also confirmed the presence of this gene in Tetep. The results of the current study suggest that Pi-tp(t) can be introgressed from Tetep into MSN-36 through marker-assisted backcross breeding to enhance its resistance to blast disease.

The Pita/Pita2 genes are located close to the centromere of chromosome 12, at 1.2 cM from marker RM7102 (Rybka et al. 1997, Wang et al. 2002, Bryan 2000). These genes confer resistance to several predominant blast races occurring in various parts of the world, including India (Jia et al. 2004, Hittalmani et al. 2000). In the present study, KMR-3 and Tetep amplified a 168 bp resistant-specific allele with RM7102, indicating the presence of the Pita/Pita2 gene, whereas MSN-36 lacked this allele (Fig. 2, Table 6). The presence of Pita in Tetep was also reported by Biswas et al. (2023). The results suggest that Tetep and KMR-3 possess the Pita/Pita2 gene, and that MSN-36 can be improved for blast resistance through introgression of this gene from Tetep via marker-assisted backcross breeding.

Out of the nine blast resistance genes analyzed, KMR-3 and Tetep were found to possess six genes each, while MSN-36 carried only three genes. The lower number of resistance genes in MSN-36 may explain its high susceptibility observed during phenotypic screening for blast. In comparison to Tetep, KMR-3 lacks the Pi54 gene, and relative to MSN-36, KMR-3 possesses additional genes such as Pi-km, Pi-tp(t), and Pita/Pita2, which likely contribute to its moderate susceptibility to blast.
To date, no reports were available on the phenotypic and genotypic characterization of blast resistance in KMR-3 and MSN-36. Therefore, the present study provides the first comprehensive assessment of their resistance gene profiles. The information generated will be valuable for identifying suitable target genes for introgression into KMR-3 and MSN-36 from Tetep through MAS or MABB to develop improved restorer lines with enhanced blast resistance.

Table 6. Allelic status of blast resistance genes in KMR-3, MSN-36, and Tetep
	Gene
	MSN-36
	KMR-3
	Tetep

	Pi1
	-
	-
	NA

	Pi54
	-
	-
	+

	Pi2
	+
	+
	+

	Pi9
	-
	-
	-

	Pikm
	-
	+
	-

	Pi-tp(t)
	-
	+
	+

	Pi-7(t)
	+
	+
	+

	Pi40
	+
	+
	+

	Pita/Pita2
	-
	+
	+


(+) And (-) represents presence and absence of allele of desired size, respectively. NA: Not amplified
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Fig. 2. Gel electrophoresis profile of nine SSR markers in MSN-36, KMR-3 and Tetep
4. Conclusion
Rice blast ranks among the primary factors limiting rice production in India, causing significant yield losses under favorable conditions. The present study successfully characterized the blast resistance gene profiles of KMR-3, MSN-36, and Tetep using SSR markers linked to known R genes. The analysis revealed that the Pi54 gene, which confers broad-spectrum resistance, was absent in KMR-3 and MSN-36, indicating the need for its introgression from the resistant donor Tetep using the tightly linked marker RM206. Similarly, the Pi54, Pi-tp(t) and Pita/Pita2 genes, detected in Tetep but absent in MSN-36, can be transferred through MABB using the markers RM246 and RM7102, respectively. The information generated from this study provides valuable insights on blast genes in restorer lines which will be helpful to improve KMR-3 and MSN-36 blast resistance.
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