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CANDIDATE GENE MARKERS BASED MOLECULAR CHARACTERIZATION FOR GRAIN ZINC CONCENTRATION IN RICE
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ABSTRACT
Genetic diversity in grain zinc content was assessed among thirty-five rice genotypes presumed to be biofortified utilizing candidate gene-based primers. The research also aimed to validate the effectiveness of these markers in determining the distribution of rice genotypes based on differential grain zinc accumulation. Notably, Zinco rice and R-RGY-MH-113 exhibited the highest zinc values. Fourteen candidate gene-based markers were employed for amplification, revealing a range of 1 (OsNRAM6K) to 6 (OsYSL14K) alleles per locus. The analysis resulted in a total of 54 allelic variants with certain primers such as OsZIP3K, OsZIP7K, OsYSL2K, OsNRAMP7K and OsNACK amplifying unique alleles. OsZIP5K produced two unique alleles averaging 4.15 alleles per locus. The polymorphic information content (PIC) values were calculated to assess primer informativeness, with OsZIP7K exhibiting the highest PIC (0.7918) followed by OsZIP3K (0.778) and OsNACK (0.7755). The amplification products were scored and the similarity matrix for all genotypes was obtained with Dice coefficient method using NTSYSpc-2.02j. program. The similarity coefficients ranged from 0 to 0.75. Based on these coefficient values, four main clusters were obtained consisting of fourteen, ten, five and six genotypes respectively. Cluster I & IV predominantly included superior genotypes, cluster II comprised mainly inferior genotypes and cluster III had a dominance of moderate genotypes in terms of the differential grain zinc accumulation
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1. INTRODUCTION 

Rice, a starchy grain cereal has played a vital role in sustaining a significant portion of the global population particularly in South and Southeast Asia. Throughout history, rice has emerged as a crucial staple food in various regions notably in Asia. However, micronutrient malnutrition characterized by a deficiency in essential vitamins or minerals remains a pressing issue affecting over 2 billion people today with a particular impact on infants, pre-schoolers and women. Among the essential micronutrients, zinc holds particular significance for all living beings. It plays a critical role in numerous biological processes including protein synthesis, genetic material stability, auxin metabolism, antioxidative defence and glucose metabolism (Broadly et al., 2007). Populations with predominantly plant-based diets and low levels of bio- available zinc often experience zinc deficiency (Sandstead, 1991; Solomons, 2001). Zinc deficiency can lead to a reduction in appetite, potentially progressing into anorexia (Suzuki et al., 2011). This highlights the need to tackle nutritional issues, particularly in areas where rice- based diets may lead to inadequate consumption of vital micronutrients such as zinc.
As previously stated, around two billion people worldwide depend on rice as a primary food source, with many experiencing deficiencies in iron (Fe) and zinc (Zn). Addressing these nutritional gaps through biofortification particularly by adding zinc proves to be a cost- effective, sustainable and impactful solution. Micronutrients comprising vitamins and minerals in trace amounts play a crucial role in ensuring the healthy growth, development and functioning of the human body. Insufficient intake can lead to various deficiencies making them essential throughout life with particular importance during childhood and adolescence due to rapid growth and development. Zinc deficiency especially during periods of swift growth and development can impact multiple organ systems including brain development and cognition. While food fortification and zinc supplementation are effective strategies to combat these issues, their implementation in underdeveloped and developing nations faces challenges due to higher costs (Howarth and Ross, 2010; Pfeiffer and McClafferty, 2007). This highlights the need for sustainable and cost-effective approaches like biofortification to address nutritional deficiencies especially in regions heavily dependent on rice as a staple.
Zinc accumulation in the rice grains is a polygenic trait, with various transporters playing a role in mineral cation adsorption from the soil and subsequent migration and accumulation in rice. Insufficient extraction from plant materials can result in inadequate levels of zinc in the grains (Ishimaru et al., 2007). Numerous zinc transporter genes, such as OsZIP1, OsZIP3, OsZIP4 and OsZIP5 have been identified as overexpressed in response to zinc deprivation (Ramesh et al., 2003; Ishimaru et al., 2007). Additionally, zinc transporters from different gene families involved in iron uptake and plant interior such as YSL, NAS, NRAMP, ZIP, ZRT (Zinc-regulated protein), IRT (Iron-regulated) like protein, AKR (aldo-keto reductase), NAC and VIT are known to participate in grain zinc accumulation. Thus, markers based on these candidate genes are used in evaluating genetic variation and divergence in relation to grain Zn concentration among rice genotypes and also validation of usefulness of candidate gene-based markers in distribution of rice genotypes in relation to differential grain Zn accumulation.


2. MATERIALS AND METHODS
Experimental materials



Experimental materials comprised of 35 rice genotypes, including one check, Rajendra Nilam (Table.1). The test entries were borrowed from Harvest Plus programme, ICRISAT, Hyderabad. The local check was taken from Rice breeding section, Department of Genetics and Plant Breeding, RPCAU, Pusa, Bihar. The experiment took place at the RPCAU research farm in Pusa, Bihar. To conduct the analysis a Randomized Block Design (RBD) with three replications was employed for the 35 rice genotypes. The 24-day-old rice seedlings were transplanted into the field, spaced at intervals of 20x15 cm. 



Table.1 List of 35 genotypes utilised for the current study

	SL.N.
	Genotypes/designation
	Source

	1
	R-RGY-IS-110
	IGKV

	2
	R-RGY-MH-113
	IGKV

	3
	R-RHZ-MB-119
	IGKV

	4
	IET 25470,
	IGKV

	5
	RRHP-MI 30
	IGKV

	6
	R-RHZ-IB-80
	IGKV

	7
	CGZR-1
	IGKV

	8
	CR Dhan 310
	NRRI

	9
	R-RHZ-SM-14
	IGKV

	10
	MI 156
	IGKV

	11
	Samba Mahsuri
	ANGRAU

	12
	Zinco rice
	IGKV

	13
	DRR Dhan 45
	IIRR

	14
	MI 127
	IGKV

	15
	IR 64
	IRRI

	16
	CGZR-2
	IGKV

	17
	R-RHZ-IH-82
	IGKV

	18
	DRR Dhan 49
	IIRR

	19
	R-RH2-M1-93
	IGKV

	20
	CR Dhan 311
	NRRI

	21
	DRR Dhan 48
	IIRR

	22
	CR 2818-1-11-1-B-1-1-2-B-1
	NRRI

	23
	CR 2819-1-5-3-2B-12-1
	NRRI

	24
	R-RGY-RH-16
	IGKV

	25
	R-RHP-IK-120
	IGKV

	26
	MTU 1356
	MTU

	27
	MTU 1357
	MTU

	28
	CSR HZR 17-41
	Karnal (AVT-1- Biofort, 2020)

	29
	JDP 2520-2-4-1
	Jagdalpur IVT-Biofort, 2020

	30
	NVSR 522
	Navsari IVT-Biofort, 2020

	31
	CSR HZR 17-8
	Karnal IVT-Biofort, 2020

	32
	CSR HZR 17-42
	Karnal IVT-Biofort, 2020

	33
	BPT 3137
	Bapatla IVT-Biofort, 2020

	34
	BPT 3144
	Bapatla IVT-Biofort, 2020

	35
	Rajendra Nilam (Check)
	RPCAU



Quantification of zinc
The quantification of grain zinc content was conducted through wet-digestion method. In this process, one gram of the sample underwent chemical digestion with a mixture of nitric acid and perchloric acid (in a 1:3 ratio) using 10 ml of the mixture. The heating of this mixture took place in a cold-digestion block until it became colourless or displayed white precipitation. Subsequently, double-distilled deionized water was introduced to dissolve the crystals and the extract was then diluted to a volume of 50 ml. The resulting extract underwent filtration through Whatman No. 41/42 filter paper before being fed into an atomic absorption spectrophotometer for the quantification of mineral contents. This analysis was repeated three times for each sample collected from three separate replications during the cropping seasons. The mean values obtained were expressed in parts per million (ppm = μg/g).

DNA isolation and genotyping
To isolate genomic DNA, fresh leaf tissue was collected from 3–4-week-old plants grown in small aluminium foils. The DNA extraction was performed using a modified CTAB method (Murray and Thompson, 1980). In this research, fourteen trait-specific candidate gene-based primers were employed (Table.2). Molecular profiling identified various candidate genes aiding in primer design with annealing temperatures estimated through gradient analysis. The resulting amplicons were separated on a 2% agarose gel through electrophoresis. Gel documentation was carried out using the ALPHA IMAGER gel documentation system and DNA fragments were visualized under a UV-transilluminator, recorded for future scoring and maintained as permanent records. The amplified fragments were categorized as either present (represented by 1) or absent (represented by 0). A data matrix was prepared for subsequent analyses. A pair-wise similarity matrix was generated using the software NTSYSpc-2.02j (NTSYS-Numerical Taxonomy and Multivariate Analysis; Rohlf, 1998), employing the Dice similarity coefficient (Sokal et al., 1958). Subsequently, a dendrogram was constructed based on the similarity matrix data using the UPGMA (Unweighted Pair-Group Method using Arithmetic Averages) cluster analysis of NTSYSpc-2.02j.

Table.2: List of candidate gene-based markers with their sequences used in the study

	Sl.no
	Primer
	Forward (5’-3’)
	Reverse (3’-5’)
	Ta(˚c)

	1.
	OsZIP1K
	TCCAAGTCTCTGGGACAAAA
	CTCGCTGCAATTCATCTCATA
	54

	2.
	OsZIP3K
	TTGTTCAGGTATGTCCAAGT
	ATAATGACGGTTGCCCTTAC
	58.9

	2.
	OsZIP4K
	AAACTATAGCTGTGCGCTT
	TGGAAAGTAGCTTATGGTGG
	53.8

	3.
	OsZIP5K
	AGGTGATTTACCCACACATT
	TTTCCTTCATGCACAAATCTC
	53.8

	4.
	OsZIP7K
	TTAATTGATGCTTAACCGTGG
	CTTCTTACGGTTGCTATGGA
	56.7

	5.
	OsZIP8K
	AGATATAGCCTTGTTGGCTC
	TATAGCTCCCTTTTCCCTCT
	56.7

	6.
	OsYSL2K
	CTAGGATGCACAAAGCAAAC
	CAGAAGTTCCACTCAGAACC
	52

	7.
	OsYSL6K
	AACTGCTCTACACTTCTTGG
	ATTGCCTTACCATCATGAAC
	52

	8.
	OsYSL14K
	GTGTTGACTATGATGTCCGT
	AGCTTCATAAAGGGGAATCAG
	55.3

	9.
	OsNRAMP6K
	TAGTCATTTTGGACACGATCA
	ATTCCTTTCCATGAGTGCTT
	61.1

	10.
	OsNRAMP7K
	GAGGGTTTTTCCCTATCCTC
	TTATGGCTGGATTATGCTGT
	56.7

	11.
	OsVIT1K
	CTGGGAACAAGACAAGATCA
	GATTGACAAAGGGAGTAGCA
	56.7

	12.
	OsNACK
	ATTCGAGAAATCCCTCACAA
	AACTGCACAAACAATTCACA
	55

	13.
	OsNAAT1K
	AAGGAAGCTTGGGATATTGG
	CAAACAATGCTAGACACCAC
	



3. RESULTS
Out of the fourteen candidate gene-based markers used, all primers except OsYSL6K resulted in successful amplification. Among the thirteen primers that successfully amplified, six showed polymorphism. The number of alleles per locus varied from 1 (OsNRAM6K) to 6 (OsYSL14K). A total of 54 allelic variants were amplified using the mentioned primers, with OsZIP3K, OsZIP7K, OsYSL2K, OsNRAMP7K and OsNACK each producing a single unique allele and OsZIP5K generating two unique alleles resulting in an average of 4.15 alleles per locus. Notably, OsYSL14K and OsNAAT1K produced double bands while the rest of the primers generated single bands at each locus.
Table.3 Analysis of primer pairs used for the amplification of genomic DNA extracted from 35 rice genotypes

	
Sl.no
	
Primer
	No.	of unique alleles
	No.	of
shared alleles
	
Total no. of alleles
	Heterozygosity
	
PIC

	1
	OsZIP1K
	0
	2
	2
	0
	0.613

	2
	OsZIP3K
	1
	4
	5
	0
	0.778

	3
	OsZIP4K
	0
	4
	4
	0
	0.764

	4
	OsZIP5K
	2
	3
	5
	0
	0.754

	5
	OsZIP7K
	1
	4
	5
	0
	0.791

	6
	OsZIP8K
	0
	4
	4
	0
	0.695

	7
	OsYSL2K
	1
	4
	5
	0
	0.625

	8
	OsYSL14K
	0
	6
	6
	0.8
	0.728

	9
	OsNRAMP6K
	0
	1
	1
	0
	0.202

	10
	OsNRAMP7K
	1
	3
	4
	0
	0.661

	11
	OsVIT1K
	0
	4
	4
	0
	0.766

	12
	OsNACK
	1
	4
	5
	0
	0.775

	13
	OsNAAT1K
	0
	4
	4
	0.85
	0.652



The analysis of binary data similarity coefficients specifically the Dice similarity coefficient (Table.4) showed the highest similarity between CGZR-1 & CR Dhan 310 (0.75), followed by R-RHZ-IB-80 & CGZR-1 (0.72) and CR Dhan 310 & Zinco rice (0.72). The greatest genetic distance was observed between specific pairs of rice genotypes including R-RGY-IS-110 & CR Dhan 311, R-RHZ-MB-119 & CSR HZR 17-41, RRHP-MI 30 & R-RGY-RH-16, R-RHZ-IB- 80 & CR 2818-1-11-1-B-1-1-2-B-1 and CR Dhan 310 & R-RHP-IK-120. Additionally, R- RGY-MH-113 & DRR Dhan 49, R-RHZ-MB-119 & CR 2818-1-11-1-B-1-1-2-B-1, RRHP-MI
30 & CR 2818-1-11-1-B-1-1-2-B-1 exhibited the minimum similarity coefficient magnitude of zero (Table.4) Consequently, these genotypes are assumed to share a somewhat similar genetic background and additional markers will be necessary to effectively distinguish them.


Table 4. Dice similarity coefficient for thirty-five genotypes using twelve primer pairs amplification profile


	
	G1
	G2
	G3
	G4
	G5
	G6
	G7
	G8
	G9
	G10
	G11
	G12
	G13
	G14
	G15
	G16
	G17
	G18
	G19
	G20
	G21
	G22
	G23
	G24
	G25
	G26
	G27
	G28
	G29
	G30
	G31
	G32
	G33
	G34
	G35

	G1
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G2
	0.63
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G3
	0.40
	0.52
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G4
	0.43
	0.47
	0.66
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G5
	0.32
	0.26
	0.23
	0.25
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G6
	0.48
	0.34
	0.38
	0.58
	0.53
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G7
	0.41
	0.36
	0.40
	0.52
	0.48
	0.72
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G8
	0.33
	0.27
	0.32
	0.34
	0.56
	0.56
	0.75
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G9
	0.26
	0.28
	0.33
	0.27
	0.25
	0.25
	0.52
	0.60
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G10
	0.38
	0.42
	0.27
	0.30
	0.27
	0.45
	0.47
	0.57
	0.60
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G11
	0.26
	0.10
	0.16
	0.45
	0.33
	0.66
	0.60
	0.52
	0.36
	0.40
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G12
	0.24
	0.26
	0.23
	0.33
	0.53
	0.38
	0.56
	0.72
	0.50
	0.45
	0.33
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G13
	0.11
	0.12
	0.10
	0.11
	0.10
	0.10
	0.11
	0.22
	0.35
	0.26
	0.23
	0.21
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G14
	0.11
	0.12
	0.10
	0.11
	0.21
	0.10
	0.11
	0.22
	0.23
	0.40
	0.11
	0.42
	0.16
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G15
	0.22
	0.25
	0.10
	0.23
	0.10
	0.21
	0.22
	0.22
	0.23
	0.53
	0.23
	0.42
	0.16
	0.66
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G16
	0.20
	0.11
	0.09
	0.10
	0.38
	0.19
	0.20
	0.30
	0.21
	0.23
	0.21
	0.28
	0.00
	0.14
	0.14
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G17
	0.17
	0.38
	0.41
	0.27
	0.25
	0.16
	0.43
	0.43
	0.36
	0.20
	0.18
	0.41
	0.00
	0.23
	0.23
	0.31
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G18
	0.10
	0.00
	0.10
	0.11
	0.10
	0.00
	0.10
	0.10
	0.11
	0.00
	0.11
	0.30
	0.15
	0.15
	0.15
	0.40
	0.33
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G19
	0.09
	0.21
	0.27
	0.20
	0.09
	0.09
	0.38
	0.38
	0.40
	0.22
	0.20
	0.36
	0.13
	0.13
	0.13
	0.11
	0.70
	0.50
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G20
	0.08
	0.19
	0.25
	0.27
	0.16
	0.00
	0.17
	0.17
	0.18
	0.00
	0.09
	0.33
	0.11
	0.11
	0.11
	0.31
	0.45
	0.66
	0.60
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G21
	0.36
	0.20
	0.34
	0.19
	0.00
	0.17
	0.27
	0.18
	0.09
	0.10
	0.09
	0.00
	0.12
	0.00
	0.00
	0.11
	0.19
	0.35
	0.31
	0.47
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G22
	0.17
	0.09
	0.00
	0.09
	0.00
	0.08
	0.17
	0.17
	0.18
	0.00
	0.27
	0.16
	0.23
	0.00
	0.00
	0.21
	0.18
	0.44
	0.30
	0.36
	0.38
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	

	G23
	0.09
	0.20
	0.26
	0.38
	0.17
	0.17
	0.18
	0.18
	0.09
	0.10
	0.19
	0.17
	0.12
	0.12
	0.00
	0.33
	0.19
	0.47
	0.31
	0.66
	0.40
	0.28
	1.00
	
	
	
	
	
	
	
	
	
	
	
	

	G24
	0.33
	0.27
	0.24
	0.17
	0.08
	0.00
	0.16
	0.25
	0.17
	0.09
	0.08
	0.24
	0.11
	0.22
	0.11
	0.10
	0.34
	0.52
	0.47
	0.52
	0.54
	0.43
	0.36
	1.00
	
	
	
	
	
	
	
	
	
	
	

	G25
	0.26
	0.28
	0.25
	0.27
	0.00
	0.16
	0.17
	0.08
	0.09
	0.10
	0.27
	0.16
	0.23
	0.11
	0.23
	0.10
	0.27
	0.44
	0.40
	0.72
	0.57
	0.45
	0.47
	0.43
	1.00
	
	
	
	
	
	
	
	
	
	

	G26
	0.27
	0.20
	0.17
	0.28
	0.08
	0.26
	0.27
	0.18
	0.09
	0.10
	0.19
	0.26
	0.12
	0.12
	0.25
	0.11
	0.28
	0.35
	0.31
	0.47
	0.30
	0.28
	0.40
	0.18
	0.66
	1.00
	
	
	
	
	
	
	
	
	

	G27
	0.19
	0.31
	0.09
	0.20
	0.00
	0.09
	0.09
	0.00
	0.20
	0.11
	0.20
	0.09
	0.13
	0.13
	0.13
	0.12
	0.10
	0.12
	0.11
	0.20
	0.00
	0.30
	0.31
	0.19
	0.40
	0.52
	1.00
	
	
	
	
	
	
	
	

	G28
	0.27
	0.20
	0.08
	0.09
	0.17
	0.34
	0.27
	0.18
	0.09
	0.10
	0.19
	0.08
	0.25
	0.12
	0.12
	0.00
	0.19
	0.23
	0.21
	0.19
	0.30
	0.28
	0.20
	0.36
	0.38
	0.50
	0.42
	1.00
	
	
	
	
	
	
	

	G29
	0.10
	0.11
	0.20
	0.11
	0.20
	0.20
	0.21
	0.21
	0.11
	0.00
	0.11
	0.20
	0.15
	0.00
	0.00
	0.00
	0.11
	0.00
	0.00
	0.00
	0.00
	0.11
	0.00
	0.10
	0.00
	0.23
	0.37
	0.35
	1.00
	
	
	
	
	
	

	G30
	0.09
	0.10
	0.09
	0.20
	0.27
	0.36
	0.28
	0.38
	0.10
	0.00
	0.40
	0.27
	0.26
	0.00
	0.00
	0.00
	0.10
	0.00
	0.00
	0.00
	0.10
	0.30
	0.00
	0.19
	0.20
	0.21
	0.33
	0.42
	0.62
	1.00
	
	
	
	
	

	G31
	0.31
	0.00
	0.20
	0.11
	0.10
	0.20
	0.21
	0.21
	0.11
	0.00
	0.11
	0.10
	0.00
	0.00
	0.00
	0.13
	0.11
	0.14
	0.00
	0.11
	0.35
	0.22
	0.11
	0.10
	0.22
	0.47
	0.12
	0.23
	0.42
	0.25
	1.00
	
	
	
	

	G32
	0.21
	0.11
	0.00
	0.00
	0.10
	0.10
	0.10
	0.10
	0.00
	0.00
	0.00
	0.10
	0.00
	0.00
	0.00
	0.26
	0.22
	0.14
	0.00
	0.00
	0.23
	0.22
	0.00
	0.21
	0.00
	0.23
	0.25
	0.23
	0.42
	0.25
	0.42
	1.00
	
	
	

	G33
	0.21
	0.00
	0.20
	0.11
	0.00
	0.00
	0.00
	0.00
	0.11
	0.12
	0.00
	0.10
	0.00
	0.15
	0.15
	0.13
	0.11
	0.14
	0.12
	0.11
	0.23
	0.22
	0.11
	0.10
	0.11
	0.23
	0.12
	0.00
	0.28
	0.00
	0.71
	0.28
	1.0000
	
	

	G34
	0.3
	0.11
	0.19
	0.1000
	0.19
	0.2800
	0.3000
	0.3000
	0.3100
	0.3500
	0.2100
	0.3800
	0.0000
	0.2800
	0.2800
	0.2500
	0.3100
	0.1300
	0.2300
	0.0000
	0.1100
	0.2100
	0.0000
	0.1000
	0.0000
	0.2200
	0.1100
	0.1100
	0.4000
	0.1100
	0.5300
	0.4000
	0.6600
	1.0000
	

	G35
	0.31
	0.1100
	0.2
	0.0000
	0.3
	0.2000
	0.2100
	0.2100
	0.1100
	0.1200
	0.1100
	0.2000
	0.0000
	0.1500
	0.1500
	0.5300
	0.3300
	0.2800
	0.0000
	0.2200
	0.2300
	0.1100
	0.2300
	0.1000
	0.1100
	0.3500
	0.1200
	0.1200
	0.2800
	0.1200
	0.5700
	0.5700
	0.4200
	0.5300
	1.0000





Table.5 Different clusters formed in the dendrogram with thirty-five rice genotypes

	Clusters
	No: of genotypes
	Name of the genotypes

	
I
	
14
	R-RGY-IS-110, R-RGY-MH-113, R-RHZ-MB-119, R- 56, RRHP-MI 30, CGZR-1, CR Dhan 310, R-RHZ-IB -80,
Zinco rice, Samba Mahsuri, R-RHZ-SM-14, MI 156, MI 127, IR 64

	
II
	
10
	R-RHZ-IH-82, DRR Dhan 49, R-RH2-MI-93, CR Dhan 311, R-RHP-IK-120, MTU 1356, CR 2819-1-5-3-2B-12-
1, DRR Dhan 48, R-RGY-RH-16, CR 2818-1-11-1-B-1-1-
2-B-1

	III
	5
	DRR Dhan 45, MTU 1357, CSR HZR 17-41, JDP 2520-2-
4-1, NVSR 522

	IV
	6
	CGZR-2, CSR HZR 17-8, BPT 3137, BPT 3144, CSR
HZR 17-42, Rajendra Nilam



The similarity coefficient derived from the molecular data was then employed for clustering using the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) method with the Sequential Agglomerative Hierarchical Nesting (SAHN) module of clustering. The hierarchical clustering based on the molecular data revealed the formation of four broad clusters labelled as Cluster I, II, III and IV consisting of fourteen, ten, five and six genotypes respectively when the truncation point is considered at 0.18 (Table 5).
In Cluster I, 50% of the genotypes were classified as superior with 21.4% and 28% representing moderate and inferior genotypes respectively showcasing the dominance of superior genotypes. On the other hand, Cluster II included 60% inferior genotypes along with 20% each of moderate and inferior genotypes, indicating the prevalence of inferior genotypes in this category. Cluster III comprised 60% moderate genotypes and 40% inferior genotypes with no superior genotypes present in this particular category (Fig.2)
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Fig:2 Differential grain zinc accumulation in the four broad clusters formed from the28%
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Fig:3 Primer OsYSL14k directed amplification of targeted region of Rice genomic DNA isolated from seedling stage leaves in thirty-five rice genotypes
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Fig:4 Primer OsYSL14k directed amplification of targeted region of Rice genomic DNA isolated from seedling stage leaves in thirty-five rice genotypes


DISCUSSION
The assessment of Polymorphic Information Content (PIC) values identified OsZIP7K as the most informative primer, with a PIC of 0.791 surpassing other primers including OsZIP3K (0.787) and OsNACK (0.7755).
The Dice similarity coefficient measures genetic similarity, with a greater genetic distance indicating high dissimilarity and significant divergence, and a smaller genetic distance indicating high similarity and close relatedness. Understanding these distances helps breeders select diverse parent lines for genetic diversity or similar varieties for uniform crops. R-RGY- MH-113 & DRR Dhan 49, R-RHZ-MB-119 & CR 2818-1-11-1-B-1-1-2-B-1, RRHP-MI 30 &
CR 2818-1-11-1-B-1-1-2-B-1 exhibited the minimum similarity coefficient magnitude of zero (Table.4) Consequently, these genotypes are assumed to share a somewhat similar genetic background and additional markers will be necessary to effectively distinguish them. The information about genetic similarity will be helpful to avoid the chance of using genetically similar landrace/genotypes and will also be helpful in future breeding programme to select genetically diverse parents for basmati breeding programme (Tehrim et al, 2012)
The clustering analysis provides insights into the distribution and dominance of different genotype categories within each cluster based on their molecular data. The clustering analysis based on the molecular data revealed the formation of four broad clusters.
Cluster I showcased a dominance of superior genotypes while Cluster II was characterized by the prevalence of inferior genotypes. Cluster III showed a dominance of moderate genotypes and Cluster IV had a dominance of superior genotypes. This suggests that the employed thirteen primer panel is effective in differentiating genotypes into categories of low, moderate and high grain zinc concentration. A similar approach was undertaken by C. Syam et al.2020 in their work on mustard crops where genotypes with low and high erucic acid content were

successfully distinguished. This emphasizes the utility and effectiveness of the candidate gene- based markers used in this study for characterizing and categorizing the rice genotypes into the low, moderate and high category of grain Zinc concentration

4. CONCLUSION 
The assessment of Polymorphic Information Content (PIC) values identified OsZIP7K as the most informative primer, with a PIC of 0.791 surpassing other primers including OsZIP3K (0.787) and OsNACK (0.7755). The clustering analysis based on the molecular data revealed the formation of four broad clusters. Cluster I showcased a dominance of superior genotypes while Cluster II was characterized by the prevalence of inferior genotypes. Cluster III showed a dominance of moderate genotypes and Cluster IV had a dominance of superior genotypes. This suggests that the employed thirteen primer panel is effective in differentiating genotypes into categories of low, moderate and high grain zinc concentration. A similar approach was undertaken by C. Syam et al. in their work on mustard crops where genotypes with low and high erucic acid content were successfully distinguished. This emphasizes the utility and effectiveness of the candidate gene-based markers used in this study for characterizing and categorizing the rice genotypes into the low, moderate and high category of grain Zinc concentration. 
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