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ABSTRACT
The marker-assisted breeding approach is viewed as one of the fastest methods for developing or improving well-adapted, high-yielding rice cultivars to make them tolerant to biotic stresses like rice blast. The Terai region of West Bengal is recognized for its extensive rice cultivation under rain fed conditions. Gontra Bidhan1 is a popular rice variety in this area, boasting a promising yield of 5 t/ha and a maturity period of 118 days. It is a dual-season variety with superior quality attributes. However, in addition to these quality points, it suffers significant yield losses due to rice blast disease in the region. To mitigate the losses from disease attacks, introgression of resistance gene through marker assisted breeding is an effective way. The Pi54 resistance (R) gene has been well-characterized for broad-spectrum blast resistance in northern India. By introgression of Pi54 gene into Gontra Bidhan1 through marker-assisted backcross breeding, durable resistance to blast disease can be achieved. During the cropping season Kharif 2022, crossing of Gontra Bidhan1 with Pusa Samba 1850, recipient and donor parent of Pi54 gene respectively, was done at the Agricultural Instruction Farm of Uttar Banga Krishi Viswavidyalaya, West Bengal. F1 plants were raised and validated using polymorphic SSR marker RM206 and functional marker Pi54 MAS. Three hybrid plants with heterozygous Pi54 gene were identified. Two heterozygotes were selected for further breeding programs by crossing with the recipient parent. Consequently, 23 BC1F1 out of total 55 BC1F1 were found to be heterozygous, and they were advanced for next generation. Where, out of 104 BC1F2 plants 23 individuals were found homozygous for the Pi54 gene by foreground analysis with the functional marker and they show the same molecular band as the donor parent Pusa Samba 1850 for targeted gene.
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Introduction
Rice is major staple food crop for more than half of the world's population. India leads the world in rice cultivation with an area of 45.7 million hectares and is second in production with 124.36 million tonnes during the year 2020–2021 (Indiastat, 2020–2021). It is estimated that 70% to 100% increase in the cereal food supply is required by 2050 to feed the predicted world population of 9.8 billion people (Godfray et al., 2010). it is essential to continue enhancing yield productivity and developing new varieties to satisfy the increasing global demand (De-Filippis, 2014). 
West Bengal holds the richest variety of rice biodiversity and is considered as foremost rice growing region of the nation (Adhikari et al., 2011). The diverse ecotypes of rice that have spontaneously evolved in this state are so varied that scientists once referred to them as Oryza sativa var. benghalensis (Chatterjee et al., 2008). The average yields for Aus, Aman, and Boro in West Bengal were 2009 kg ha-1, 2309 kg ha-1, and 3259 kg ha-1, respectively, with the overall state average rice yield being 2573 kg ha-1, highlighting the considerable role of Boro rice in total production (Samanta et al. 2004 & Anonymous, 2009). 
Despite ongoing advancements in rice breeding initiatives, considerable yield losses due to diseases continue to affect rice production. Rice blast stands out as one of the most harmful diseases hindering rice output, caused by the fungus Magnaporthe grisea (anamorph: Pyricularia grisea), which can result in total yield loss in areas experiencing severe outbreaks (Chauhan et al. 2021). This disease was initially documented as “rice fever” in China by Soong India, it was first identified in Tamil Nadu in 1913 (Padmanabhan;1965) and became increasingly prevalent and damaging, following the introduction of semi-dwarf and high-yielding varieties during the Green Revolution (Waller et al., 1987; Khush et al., 1978).
Gontra Bidhan1 (GB1) is a well-known rice variety in West Bengal, widely distributed across the Bankura, Coochbehar, and South Dinajpur districts, covering areas of 36,340 ha, 14,390 ha, and 20,000 ha respectively, as documented in the “PRODUCTION ORIENTED SURVEY 2017” by ‘AICRIP’ under ICAR-IIRR. It can be cultivated successfully in both Kharif and Rabi seasons. In comparison to other traditional varieties, it exhibits superior quality characteristics (Mitra et al., 2014). However, its yield potential is significantly harmed by its susceptibility to blast disease (Mondal et al., 2021). 
The resistance found in newly developed rice cultivars against blast caused by Magnaporthe oryzae may diminish due to the high instability of this fungus's genome or the regular breakdown of resistance under natural conditions (Bonman., 1992; Bonman et al., 1992; Zeigler et al., 1994).
The most effective way to prevent the disease is through genetic enhancement with resistant varieties (Khush et al., 1989). Harnessing resistance (R) genes and germplasm presents effective strategies to tackle these destructive diseases (Ni et al., 2015). It has been noted that the dominant blast resistance gene Pi54 (formerly known as Pi-kh) provides resistance to M. oryzae in India (Sharma et al., 2005; Ramkumar et al., 2011) and this gene has been successfully cloned and functionally validated (Sharma et al., 2005; Rai et al., 2011). In this study aimed to incorporate the blast resistance gene Pi54 into Gontra Bidhan1 and identify the blast-resistant recombinant by employing marker-assisted selection for developing lines contains the Pi54 gene in homozygous state. 
2. Materials and Methods  
Plant materials: The current research was carried out at the Agricultural Instruction Farm of Uttar Banga Krishi Viswavidyalaya in Pundibari, Cooch Behar district during the Kharif season of 2021. The study focused on developing rice lines resistant to blast through backcross breeding. Gontra Bidhan1 (GB1), a well-known rice variety that is susceptible to blast, served as the recurrent parent, while the donor parent was Pusa Samba 1850, a near-isogenic line with blast resistance developed by the Indian Institute of Agricultural Research (IARI), which contains blast resistance gene Pi54. This variety has a seed maturity period of 140-145 days and an average yield of 4.77 t/ha. Gontra Bidhan1 (GB1) (IET-17430) has been developed through selection from farmers' field and was officially recognized as a variety by Bidhan Chandra Krishi Viswavidyalaya in 2008. It has a growth duration of 118 days an average yield of 5t/ha (Dasgupta et al., 2020). 
Populations Development:
The parental genotypes were planted in staggered manner at two weeks’ interval to synchronize flowering (Jackson et al.,2019). Crossing was done with the aid of hand emasculation in late afternoon (3:00 pm-5:00 pm) on panicles that had already started flowering (Zewdu et al., 2018). Immature spikelets and any that had already undergone anthesis were cut off at the bottom of the panicle, leaving only the emasculated spikelets in the panicle. After emasculation, panicles were covered with a butter paper bag secured with paper clips to avoid any external pollen (Zewdu et al., 2018). The next day morning, flowering panicles of the male parent were cut and dusted onto the emasculated panicle, gently tapped onto the emasculated panicle, and then covered with the paper bag, followed by tagging mentioning the details of the crossing parents, date of crossing, and number of spikelets emasculated. (Zewdu et al., 2018). Mature seeds from successful crosses were harvested and kept separately. The harvested seeds were placed in an air-dry oven for 7 days at 50°C in order to break dormancy (Herrera et al., 1974). The F1 seeds were later surface sterilized by 0.1% Tween 20, followed by 70% ethanol and washed two times with distilled water. Sterilized seeds were placed in sterile Petri dishes on moistened tissue papers and incubated for 48 hours at 30°C at seed germinator. Pregerminated seeds were transferred to small tub where they were grown until they became strong enough for transplanting. (Zewdu et al., 2018).
Development of BC1F2 population: 
F1 seeds were produced by crossing Gontra Bidhan1 (GB1) with Pusa Samba 1850. To create BC1F1 seeds, true F1 plants were selected and then backcrossed with the recurrent parent. In the BC1F1 generation, plants underwent maker assisted selection to identify heterozygous plants for the targeted gene. The selected BC1F1 plants were then selfed to produce the BC1F2 populations. From the BC1F2 population molecular selection was done to identify the homozygous plants for the targeted gene. The entire breeding scheme was represented in Figure 1.
DNA extraction and PCR amplification: Genomic DNA was extracted and quantified from both parental and population samples on each generation, using 100mg of leaf tissue that was ground to a fine powder in liquid nitrogen with a pre-chilled mortar and pestle, employing Cetyl trimethyl ammonium bromide (CTAB) (Sambrook and Russell, 2001). Tissues underwent homogenization using a pestle in a CTAB buffer (2% CTAB; 0.1 M Tris, pH 8; 0.02 M EDTA, pH 8; 1.4 M NaCl) and were incubated at 60°C for 45 minutes, with gentle swirling for mixing at intervals. The DNA was separated from the lysis mixture by adding an equal volume of a chloroform: isoamyl: alcohol mixture, followed by gentle mixing and centrifugation at 10,000 rpm for 10 minutes to collect the supernatant. This was then mixed with 600µl of isopropanol and left at -20°C for 1 hour. 
After centrifugation at 10,000 rpm for 4 minutes, the pellet was washed with 70% ethanol, air-dried, and re-suspended in 1X TE (10 mM Tris Base and 1 mM EDTA) buffer. To this DNA solution, 20µl of DNase-free RNase was added, and it was incubated at 37°C for 1 hour. The resulting DNA samples were stored at -20°C until PCR amplification was carried out. 
The quality and purity of the DNA, after RNase treatment, were evaluated using 0.8% agarose 1X TAE (40 mM Tris-acetate and 1 mM EDTA) gel. The DNA quality was assessed via 0.8% agarose gel electrophoresis at 90 V for 30-45 minutes, and quantified using a spectrophotometer (MULTISKAN Sky; Thermo Scientific), then diluted with sterilized milli-Q water to a final concentration of 25 ng/μl. 
PCR was carried out using a thermal cycler (Veriti; Applied Biosystems). Each 20 µl PCR reaction mixture consisted of 1µl of genomic DNA, 2µl of 10X PCR Buffer, 0.8µl of dNTPs, 0.8µl of each primer pair (Barcode Biosciences), 0.4µl of MgCl2, and 0.3µl of Taq DNA polymerase and makeup with nuclease free water. The PCR process involved one cycle of denaturation at 94°C for 5 minutes, followed by 34 cycles at 94°C for 30 seconds, 52°C for 30 seconds, and 72°C for 45 seconds, concluding with a final extension at 72°C for 10 minutes and cooling at 4°C indefinitely. 
Gel electrophoresis and documentation: The PCR products were separated on a 1.5% agarose gel prepared by dissolving 1.5g of agarose in 100 ml of 1X TAE buffer. After boiling the agarose and allowing it to melt for 5 to 10 minutes, ethidium bromide was added (0.5μg/ml) and mixed thoroughly. A DNA sample (5μl) and 2μl of 6X loading dye were pipetted into the wells. A 100bp molecular weight DNA ladder (SRL) was loaded into one of the wells for standard marker purposes, enabling easy detection of the PCR product's molecular weight, and the image was captured with the Gel Documentation system (iBright 750; Invitrogen) after the gel electrophoresis was completed. 
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Figure 1- Development of BC1F2 population from cross Gontra Bidhan1×Pusa Samba 1850
3. Results
In the beginning parental polymorphism was studied to validate the markers for presence or absence of the targeted gene (Figure 2) by using linked and functional markers (Table 1). The first filial generation (F1) was developed through controlled mating between GB1 and the donor parent (Pusa Samba 1850) during Kharif 2022 (Figure 3). In Rabi 2022-2023, individual F1s were spaced and planted in separate blocks alongside their parents. The 'true' F1s were identified by their amplification pattern using linked and functional markers. A total of 3 F1 plants were confirmed for their heterozygosity (Figure 4) and subsequently used as female parents in a backcross with the recurrent parent GB1 as male to generate BC1F1 plants. 
During Kharif 2023, 55 BC1F1 plants were space planted in separate blocks with their respective parents. Due to the segregation of the desired dominant gene and the potential for obtaining individuals in an equal 1:1 ratio, foreground selection was conducted using functional markers. A total of 23 authentic BC1F1 plants, which are exhibit the targeted gene in a heterozygous state, were selected. 
In Kharif 2024, seeds from the selected true BC1F1 individuals were separately sown in blocks, with each block representing the progeny of a specific BC1F1 individual. Phenotypic and genotypic screenings were performed, and out of 104 BC1F2 plants, 23 were identified as homozygous for the targeted gene Pi54, sharing the same molecular band as the donor parent Pusa Samba 1850, following foreground analysis with the functional marker (Pi54 MAS).

	Marker
	Primer sequence
	AT (oC)
	Size (bp)
	Reference

	RM 206
	F - ATCGATCCGTATGGGTTCTAGC
	49
	147
	Sharma et al.,  2005

	
	R - GTCCATGTAGCCAATCTTATGTGG
	
	
	

	Pi54 MAS
	F - CAATCTCCAAAGTTTTCAGG
	52
	216
	Ramkumar et.al., 2011

	
	R -GCTTCAATCACTGCTAGACC
	
	
	


Table 1 - List of foreground selection molecular markers and their sequence information.
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Figure 2- parental polymorphism study with gene linked & functional markers. Gel Lanes M: 100bp molecular weight ladder; G-Recurrent parent ‘Gontra Bidhan1’, P- Donor parent ‘Pusa Samba 1850’.
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Figure 4 - validation of first filial generation with gene linked & functional markers. Gel Lanes M: 100bp molecular weight ladder; G-Recurrent parent ‘Gontra Bidhan1’, P- Donor parent ‘Pusa Samba 1850’, Number 1 to 3 – F1s.




4. Discussion
Farmers and consumers are eager for rice blast management through resistant cultivars, as this can lead to a reduction in fungicide use, lower agrochemical pollution in rice fields, and decreased production costs. Genetic resistance has been a key method of controlling blast disease and is expected to remain so in the future. Analysing DNA markers offers several notable benefits in contrast to examining morphological and histological traits. For instance, whether a DNA marker is present or absent is independent of environmental conditions or the developmental stage of the tissue being analysed (Ali et al., 2014). DNA markers remain unaffected by selection pressure. Additionally, they are spread throughout the genome and typically exhibit high levels of polymorphism (Singh et al., 2015). Almost any gene, locus, or specific allele could potentially be marked, indicating that numerous specific markers may exist (Platten et al. 2013). The current need for innovative technologies that can expedite the selection process and enhance the reliability of breeding material analysis is significant for crop breeding (Jiang et al. 2015). One such method is the utilization of molecular markers (Usatov et al. 2014). The dominant, broad-spectrum blast resistance gene Pi54 is well known to be very effective against the majority of isolates across India (Abhilash Kumar et al., 2016; Thakur et al., 2015). Several rice breeders have utilized the Pi54 gene and successfully introduced into rice varieties and hybrid rice parental lines with the help of markers (Ellur et al., 2016; Hari et al., 2013). Transfer of Pi2 gene into an elite maintainer line DRR 9B performed (Singh et al., 2023), while enhancement of blast resistance of restorer line RPHR-1005 also done (Abhilash Kumar et al., 2016), whereas incorporation Piz-5 and Pi54 into PRR78, a restorer line of aromatic rice hybrid Pusa RH10 also performed (Singh et al., 2012). Our target was to introduce broad-spectrum blast resistance gene Pi54 into the restorer to intensify the spectrum and durability of blast resistance. Marker-assisted breeding has become a favoured approach due to the availability of robust linked/genic markers for most of the Pi loci. Pi54 MAS marker specific and RM 206 linked to Pi54 (Ramkumar et al., 2011., Sharma et al., 2005) were deployed for foreground selection. The breeding generation is advanced to the BC1F2 generation where 23 lines show presence of targeted gene in homozygous combination. The promising identified lines in the study will be subjected to screening for blast disease and evaluated against other agronomical parameters before nominating for multi-location testing in India for releasing it for commercial cultivation.
5. Conclusion
The research performed for the improvement of Gotra Bidhan1 rice variety, which is a popular rice cultivar in west Bengal, against rice blast disease through marker assisted breeding approach. The Blast resistant gene Pi54 has been successfully introgressed from donor parent Pusa samba 1850 through Back cross breeding along with molecular validation. As it is in the initial stage of the whole breeding process further research and improvements are still going on. The developed lines will be utilized as breeding materials for the development of Blast resistant varieties. 
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