


Molecular Characterization of New Plant Types (NPTs) of Rice Developed at JNKVV, Jabalpur (M.P) using SSR Markers

Abstract:
Rice (Oryza  sativa L.) is  one  of  the  three major  food  crops  of  the world and considered to be the staple diet of more than half of the population worldwide. It is the most widely consumed staple food across Asia and it accounts. Improving rice yield potential  to  meet  the  food  demand  of  the  growing  population  has  been  the main  breeding  objective  in  many  countries.  To  achieve  this,  the  New  Plant Type (NPT) approach has been used in breeding programs, which includes reduced tillering,  large  panicles,  high  grain  density,  high  fertile  spikelets  per  panicle, longer grain filling period, increased harvest index etc.Simple sequence repeat (SSR) markers are highly effective co-dominant markers that target specific loci within the genome and are commonly employed in molecular studies. These markers are widely utilized in various applications, including genotypic analysis, molecular mapping, cultivar identification, hybridity assessment, and the evaluation of gene pool diversity. SSR markers are particularly valuable in the identification of traits with economic significance due to their high reproducibility and species-specific nature. In this study, 15 SSR markers were utilized to perform PCR-based molecular analysis of 128 New Plant Types (NPTs) of rice developed by JNKVV, Jabalpur (M.P.) The polymorphism of markers was scored as 0 and 1 depicting absence and presence of band, the binary data was processed and rooted Phylogeny tree (dendrogram) were prepared  using “DARwin 6.0”  software. The Phylogenic Tree based on SSR Markers clearly showed that 128 NPT lines were broadly distributed in three major groups A, B and C having 7, 49 and 72 NPT lines respectively. The group A is further divided in to A1 and A2 sub groups comprising of 3 and 4 NPT lines respectively . The group B is further divided in to B1 and B2 sub groups comprising of 10 and 39 NPT lines respectively (Fig 1). Group C was further subdivided into C1 and C2 having 23 and 49 NPT lines respectively. 
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Introduction: 
Rice (Oryza sativa L.) is the most important food crop globally, often referred to as the “grain of life” and a primary food source for many Asians. Over 90% of the world’s rice is produced and consumed in Asia, where it accounts for about 60% of the caloric intake for more than 4 billon people. According to the Food and Agriculture Organization (FAO) of the United Nation (UN), 80% of the world’s rice production comes from just seven countries. India is a noticeable rice-producing nation, representing about 20% of all world rice production (Kujur et al., 2023). India, the second most populous nation in the world, ranks first in terms of area and second in production, with China being the leader in both area and production. Other major rice-producing countries include Indonesia, Vietnam, Bangladesh, Thailand, Myanmar, and the Philippines. Cultivated varieties of Oryza sativa are classified into three main ecotypes: Indica (found in tropical and subtropical regions), Japonica (grown in East Asia, including Japan, Korea and northern China) and Javanica (grown in Indonesia). 
Increasing rice yields remains a primary goal for rice breeding programs in developing countries, driven by raising food demand due to population growth and decreasing land availability for rice cultivation. The International Rice Research Institute (IRRI) initiated the development of the New Plant Type (NPT) rice in 1989 through ideotype breeding strategies (Khush, 1995). The objective was to create NPT lines with a yield potential 20-25% higher than that of existing semi-dwarf rice varieties, particularly under tropical conditions during the dry season. The NPT design was based on simulation modeling, and the focus was primarily on morphological traits, as these are easier to select in breeding programs compared to physiological traits. The ideal NPT rice plant was envisioned with characteristics such as low tillering (3 to 4 tillers when direct-seeded), minimal unproductive tillers, 200 to 250 grains per panicle, a height of 90 to 100 cm, strong and thick stem, erect, dark green leaves, a vigorous root system, a growth period of 100 to 130 days, and an increased harvest index (Peng et al., 1994). However, the yield potential of NPT rice is constrained by poor grain filling and vulnerability to pest and diseases (Khush and Peng, 1996).
At Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), Jabalpur, the NPT lines have shown potential for developing drought-tolerant varieties suited for rainfed ecosystems. Additionally, the extra-early hybrid rice varieties JRH-5 (Jawahar Rice Hybrid-5) and JRH-8 have been developed at JNKVV using NPT lines. These hybrids have been successfully introduced to address the challenges of climate change and water scarcity in rainfed regions. At Jawaharlal Nehru Krishi Vishwa Vidyalaya , Jablpur NPT rice has been studied for Identification of superior NPT rice genotypes based on the result of Principal Component Analysis (Surjaye et al., 2021, Rahangdale et al., 2021) and  for DNA Fingerprinting (Koutu et al 2017). The breeding of such varieties aligns with the growing need for rice that can thrive in diverse environments, ensuring food security for growing population. The emphasis on morphological traits enables faster selection of NPT lines for the breeding program and helps improve the resilience and productivity of rice in changing environmental conditions.      
Materials and Methods:
Source of Biological Material: 
For the molecular analysis, eighty promising JNPT lines (table 01) were selected on the basis of morphological, quantitative and qualitative traits from Seed Breeding Farm, JNKVV, Jabalpur (M.P.).


	












Table 01. Details of selected lines included for molecular analysis.
	S.  No.
	Genotype
	S. No.
	Genotype
	S. No.
	Genotype
	S. No.
	Genotype

	1
	NPT (F13-14) 4
	33
	NPT 89
	65
	NPT (F12-13) 35
	97
	NPT (F13-14) 49

	2
	NPT(F13-14) 20
	34
	NPT 90
	66
	NPT (F12-13) 38
	98
	NPT (F13-14) 50

	3
	NPT(F13-14) 22
	35
	NPT 91
	67
	NPT (F12-13) 41
	99
	NPT (F13-14) 51

	4
	NPT F13-14) 30
	36
	NPT 92
	68
	NPT (F12-13) 43
	100
	NPT (F13-14) 52

	5
	NPT(F13-14) 32
	37
	NPT 14-1
	69
	NPT (F12-13) 53
	101
	NPT (F13-14) 53

	6
	NPT F13-14) 35
	38
	NPT 14-2
	70
	NPT (F12-13) 54
	102
	NPT (F13-14)54 

	7
	NPT F13-14) 38
	39
	NPT 14-3
	71
	NPT (F12-13) 55
	103
	NPT (F13-14) 56

	8
	NPT(F13-14) 39
	40
	NPT 14-4
	72
	NPT (F12-13) 58
	104
	NPT (F13-14) 57

	9
	NPT F13-14) 43
	41
	NPT 14-6
	73
	NPT (F12-13) 59
	105
	NPT (F13-14) 58

	10
	NPT (F13-14) 45
	42
	NPT 14-9
	74
	NPT (F12-13) 60
	106
	NPT (F13-14) 74

	11
	NPT (F13-14) 47
	43
	NPT 14-11
	75
	NPT (F12-13) 61
	107
	NPT (F13-14) 80

	12
	NPT (F13-14) 48
	44
	NPT 26-1
	76
	NPT (F12-13) 62
	108
	NPT (F13-14) 83

	13
	NPT (F13-14) 67
	45
	NPT 87
	77
	NPT ( F12-13)  63
	109
	NPT (F13-14) 88

	14
	NPT (F13-14) 76
	46
	NPT  (F 13-14) 9
	78
	NPT (F13-14) 81
	110
	NPT (F13-14) 90

	15
	NPT F13-14) 77
	47
	NPT (F13-14) 11
	79
	NPT (F13-14) 95
	111
	NPT (F13-14) 91

	16
	NPT (F13-14) 79
	48
	NPT (F13-14) 24
	80
	NPT (F13-14) 103
	112
	NPT (F13-14) 93

	17
	NPT (F13-14) 82
	49
	NPT (F13-14) 65
	81
	NPT (F13-14) 72
	113
	NPT (F13-14) 96

	18
	 NPT (F13-14) 84
	50
	NPT (F13-14) 85
	82
	NPT (F13-14) 1
	114
	NPT (F13-14) 97

	19
	NPT (F13-14) 89
	51
	NPT (F13-14) 92
	83
	NPT (F13-14) 2
	115
	NPT (F13-14) 99

	20
	NPT (F13-14) 116
	52
	NPT (F13-14) 94
	84
	NPT (F13-14) 3
	116
	NPT (F13-14) 100

	21
	NPT ( F12-13) 8
	53
	NPT (F13-14) 98
	85
	NPT (F13-14) 10
	117
	NPT (F13-14) 101

	22
	NPT ( F12-13) 10
	54
	NPT (F13-14) 106
	86
	NPT (F13-14) 66
	118
	NPT (F13-14) 102

	23
	NPT ( F12-13) 30
	55
	NPT (F13-14) 117
	87
	NPT (F13-14) 87
	119
	NPT (F13-14)104

	24
	NPT ( F12-13) 34
	56
	NPT (F13-14)  119
	88
	NPT (F13-14) 12
	120
	NPT (F13-14) 105

	25
	NPT ( F12-13)  49
	57
	NPT (F12-13) 1
	89
	NPT (F13-14) 13
	121
	NPT (F13-14) 107

	26
	NPT 19
	58
	NPT (F12-13) 2
	90
	NPT (F13-14) 33
	122
	NPT (F13-14) 108

	27
	NPT 22
	59
	NPT (F12-13) 3
	91
	NPT (F13-14) 34
	123
	NPT (F13-14) 109

	28
	NPT 82
	60
	NPT (F12-13) 13
	92
	NPT (F13-14) 36
	124
	NPT (F13-14) 110

	29
	NPT 83
	61
	NPT (F12-13) 18
	93
	NPT (F13-14) 40
	125
	NPT (F13-14) 111

	30
	NPT 84
	62
	NPT (F12-13) 20
	94
	NPT (F13-14) 41
	126
	NPT (F13-14)112

	31
	NPT 86
	63
	NPT (F12-13) 25
	95
	NPT (F13-14) 42
	127
	NPT (F13-14) 113

	32
	NPT 88
	64
	NPT (F12-13) 32
	96
	NPT (F13-14) 44
	128
	NPT (F13-14) 114



 DNA Extraction:
Genomic DNA was isolated using a modified version of the protocole developed by Saghai-Maroof et al., (1984). This method is based on the formation of a complex between nucleic acids and the detergent cetyltrimethylammonium bromide (CTAB) in a high salt environment. At a NaCl concentration of 0.4 M, the CTAB-DNA complex precipitates, enabling DNA recovery.
A two gram quantity of CTAB was added to 100 ml od DNA extraction buffer. CTAB helps in breaking down plant cell walls and removing cellular contaminants from the leaf samples. Trizma base (30.28 g, molecular weight 121.1 g/mol) was dissolved in 200 ml of distilled water. The pH was adjusted to 8.0 with concentrated HCl, and final volume was made to 250 ml. This solution was then autoclaved and stored at ambient temperature (25oC). Tris-HCl ensures that the extraction buffer maintains a stable pH throughout the process. Ethylene Diamine Tetraacetic Acid (EDTA) (46.53 g, molecular weight 372.2 g/mol) was dissolved in 150 ml of distilled water. The pH was adjusted to 8.0 with 1N NaOH, and the final volume was brought to 250 ml. The solution was autoclaved and stored at room temperature. EDTA functions as a chelating agent, binding to divalent metal ions like Mg2+ and Ca2+, which are necessary cofactors for DNases that could otherwise degrade the DNA. NaCl (73.05 g, molecular weight 58.44 g/mol) was dissolved in 200 ml of distilled water, and the final volume was adjusted to 250 ml and the solution was autoclaved. NaCl helps to precipitate CTAB-DNA complex. The solution of Chloroform:Isoamyl Alcohol (24:1) was used to separate proteins and cellular debris during phase separation, as it denatures proteins and aggregates them in the interphase. Equal volumes of isopropanol were used for precipitating the DNA. RNase (10 mg) was dissolved in 1 ml of strile distilled water and stored at -20oC. The RNase treatment was performed at 37oC for 40 minutes to degrade any RNA that might be co-isolated with the DNA. A solution of 70% ethanol with 30 ml of sterile distilled water. It was used to wash the DNA pellet and remove any residual salts after the precipitation step.
Table2: Composition of DNA Extraction buffer
	Reagents
	Concentration

	Tris HCl (pH 8.0)
	100 mM

	EDTA (pH 8.0)
	20 mM

	NaCl
	1.4 M

	CTAB
	2%

	β-mercaptoethanol
	0.1%



DNA Extraction buffer (Table2) was made without β-mercaptoethanol on a magnetic stirrer to avoid foaming. β-mercaptoethanol was added to the cooled solution at room temperature just before DNA extraction.
 The DNA extraction procedure was carried out to obtain high-quality genomic DNA from plant tissue. First, 2 g of leaf tissue was weighed and homogenized in liquid nitrogen using a pre-cilled pestle and mortar to create a fine powder. This powdered tissue was then transferred to 50 ml Oakridge tube, and 10 ml of DNA extraction buffer, preheated to 65oC, was added. The mixture was thoroughly mixed to ensure even dispersion of the tissue in the buffer. The sample was thoroughly mixed to ensure even dispersion of the tissue in the buffer. The sample was incubated in a water bath at 65oC for 1 hour, with gentle mixing every 10 minutes to ensure uniform extraction of the DNA. After incubation, the sample was allowed to cool to room temperature. The sample was centrifuged at 10,000 rpm for 15 minutes, and the supernatant was transferred to micro centrifuge tubes.
DNA purification:
 DNA purification was performed to eliminate impurities such as RNA, proteins, and polysaccharides, which can interfere with DNA amplification in PCR. To remove RNA contamination, 5 µl of RNase (10 mg/ml) was added to the sample. The mixture was thoroughly mixed and incubated at 37oC for 40 minutes to ensure effective RNA degradation. An equal volume of chloroform: isoamyl alcohol (24:1, v/v) was then added, and the solution was mixed gently for a minimum of 5 minutes to promote phase separation. The mixture was centrifuged at 10,000 rpm for 15 minutes at room temperature to separate the aqueous phase, which contained the DNA, from the organic phase. The aqueous phase was carefully transferred to a fresh tube, and an equal volume of ice-cold isopropanol was added. The solution was gently mixed by inverting the tube several times and allowed to stand undisturbed for 10 minutes to facilitate DNA precipitation. 
The precipitated DNA was carefully spooled using a 1 ml cut tip and transferred to a 1.5 ml micro centrifuge tube. The DNA was then pelleted by centrifugation at 10,000 rpm for 5 minutes, and the supernatant was discarded. The DNA pellet was washed with 70% ethanol to remove residual contaminants and allowed to air-dry at room temperature. Finally, the dried DNA pellet was dissolved in 200 µl of TE buffer and stored at -20oC for subsequent use. The concentration of purified DNA was determined using a 0.8% agarose gel. The DNA concentration in each sample was estimated by comparing the intensity of the bands. Based on this quantification, the DNA was diluted with sterile double-distilled water to a final concentration of 25 ng/µl, preparing it for PCR amplification. This method effectively yields high-quality genomics DNA suitable for downstream molecular applications. 
Molecular characterization using SSR markers:
Molecular markers are important tool for various aspects of rice research (Yogendra Singh, 2011 and Yogendra Singh 2013). Simple sequence repeat (SSR) markers are highly effective co-dominant markers that target specific loci within the genome and are commonly employed in molecular studies. These markers are widely utilized in various applications, including genotypic analysis, molecular mapping, cultivar identification, hybridity assessment, and the evaluation of gene pool diversity. SSR markers are particularly valuable in the identification of traits with economic significance due to their high reproducibility and species-specific nature. In this study, 15 SSR markers  (Table 03) were utilized to perform PCR-based molecular analysis of 128 New Plant Types (NPTs) of rice developed by JNKVV, Jabalpur (M.P.)
The PCR reaction mixture for SSR marker detection was prepared using specific components. A 2x concentration of PCR buffer was used, along with 1.5 mM magnesium chloride (MgCl2) and 100 µM of dNTPs. Primers were added at a concentration of 10 pmol each, and 1 unit of Taq polymerase was included in the reaction. The volume was adjusted with double-distilled with double-distilled water, and 25 ng of DNA was added as the template.
The PCR conditions for SSR amplification were optimized by adjusting various parameters such as denaturation, annealing and extension temperatures. The reaction started with an initial denaturation step at 94oC for 4 min. This was followed by 35 cycles of denaturation at 94oC for 30 sec, annealing at a temperature ranging from 55oC to 58oC for 30 sec and extension at 72oC for 30 sec. After the cycles, a final extension was carried out at 72oC for 5 min. The PCR products were then stored at 4oC. The SSR-PCR products were separated on 2% agarose gel to generate microsatellite profiles. Following electrophoresis, the gel was stained with ethidium bromide to visualize the DNA bands. The gel images were captured and documented using Syngene gel documentation system. 
Table 3: SSR Primers used in study (with sequence)	
	S.N
	Primer code
	 Forward Sequence
	Reverse Sequence

	1
	RM 1
	5’-GCGAAAACACAATGCAAAAA3’ 
	5’- GCGTTGGTTGGACCTGAC3’ 

	2
	RM 7
	5’- TTCGCCATGAAGTCTCTCG-3’
	5’-CCTCCCATCATTTCGTTGTT-3’

	3
	RM 11
	5’-TCTCCTCTTCCCCCGATC-3’
	5’-ATAGCGGGCGAGGCTTAG-3’

	4
	RM 16
	5’-CGCTAGGGCAGCATCTAAA-3’
	AACACAGCAGGTACGCGC-3’

	5
	RM 17
	5’-TGCCCTGTTATTTTCTTCTCTC-3’
	5’-GGTGATCCTTTCCCATTTCA-3’

	6
	RM 164
	5’-TCTTGCCCGTCACTGCAGATATCC3’ 
	5’- GCAGCCCTAATGCTACAATTCTTC 3’

	7
	RM 170
	5’- TCGCGCTTCTTCCTCGTCGACG3’ 
	5’- CCCGCTTGCAGAGGAAGCAGCC3’ 

	8
	RM 189
	5’-GGGAGTTGAAGTGGTCGGAGAAGG3’ 
	5’- CACGCGACTTCAGTTCGTCTTCC3’ 

	9
	RM 201
	5’-CTCGTTTATTACCTACAGTACC-3’
	5’-CTACCTCCTTTCTAGACCGATA-3’

	10
	RM 209
	5’- ATATGAGTTGCTGTCGTGCG 3’ 
	5’- CAACTTGCATCCTCCCCTCC3’ 

	11
	RM 219
	5’-CGTCGGATGATGTAAAGCCT-3’
	5’-CATATCGGCATTCGCCTG-3’

	12
	RM 228
	5’-CTGGCCATTAGTCCTTGG-3’
	5’-GCTTGCGGCTCTGCTTAC-3’

	13
	RM 237
	5’-CAAATCCCGACTGCTGTCC-3’
	5’-TGGGAAGAGAGCACTACAGC-3’

	14
	RM 256
	5’-GACAGGGAGTGATTGAAGGC-3’
	5’-GTTGATTTCGCCAAGGGC-3’

	15
	RM 261
	5’-CTACTTCTCCCCTTGTGTCG-3’
	5’-TGTACCATCGCCAAATCTCC-3’



Result and discussion:
The polymorphism of markers was scored as 0 and 1 depicting absence and presence of band, the binary data was processed and rooted Phylogeny tree (dendrogram) were prepared  using “DARwin 6.0”  software. The Phylogenic Tree based on SSR Markers are shown in Fig 1 (Rooted Phylogenic Tree).  The rooted tree clearly shows that 128 NPT lines are broadly distributed in three major groups A, B and C having 7, 49 and 72 NPT lines respectively. The group A is further divided in to A1 and A2 sub groups comprising of 3 and 4 NPT lines respectively (Fig 1). The group B is further divided in to B1 and B2 sub groups comprising of 10 and 39 NPT lines respectively (Fig 1). Group C was further subdivided into C1 and C2 having 23 and 49 NPT lines respectively. 
	While the yield potential of NPT rice is constrained by factors like poor grain filling and vulnerability to insect pest and diseases, these lines remain valuable genetic resources for rice breeding programs worldwide. NPT lines from JNKVV, Jabalpur, have shown promise in developing drought-tolerant varieties suited for rainfed ecosystems. Notably, JNKVV has successfully developed the extra-early hybrid rice varieties, JRH-5 and JRH-8, using these NPT lines.
	The concept of “genetic distance” is central to modern plant breeding, as it enables the evaluation of genetic variation within germplasm. Genetic diversity plays a crucial role in the utilization of germplasm, as populations with high levels of genetic variation serve as valuable resources for broadening the genetic base in breeding programs. This broader genetic base is critical for enhancing traits such as stress tolerance, disease resistance, and overall crop performance (Zhang et al., 2021; Choudhary et al., 2020).
	Molecular marker, particularly Simple Sequence Repeat (SSRs), have become essential tools in assessing genetic diversity within traditional varieties, races and exotic accessions. SSR markers are highly valued in breeding programs due to their high reproducibility, co-dominant inheritance and ability to detect polymorphisms with high accuracy (Gupta et al., 2020 and Kujur et at., 2024). SSR-based genetic diversity studies help predicts genetic variation in segregating progeny, which is vital for pure line cultivar development. These molecular techniques also offer valuable insight into potential heterosis or combining ability in progeny from specific parental combinations (Sharma et al., 2020; Xu et al., 2019).
	SSR markers have proven to be highly effective in evaluating genetic divergence in rice and they have been widely used in various studies to improve genetic understanding and facilitate the development of more resilient, high-yielding rice varieties (Jiang et al., 2020; Kumar et al., 2022).
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Fig 1: Rooted Phylogenic Tree of  NPT lines using SSR marker
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