



MOLECULAR DIVERSITY STUDIES IN SWEET CORN INBRED LINES USING SINGLE NUCLEOTIDE POLYMORPHIC MARKERS
Abstract
Sweet corn (Zea mays L. saccharata) is an important specialty maize, valued for its sweetness and nutritional quality with high consumer demand. The development of superior hybrids relies on genetically diverse inbred lines. Advances in genotyping technologies have transformed the way breeding programs manage their genetic resources. The identification of Single Nucleotide Polymorphisms (SNPs) can improve understanding of the molecular diversity of sweet corn inbred lines and their classification into heterotic groups, which is useful in determining certain crosses to obtain hybrids with higher yield performance. To evaluate molecular diversity, 23 sweet corn inbred lines were genotyped using 97 genome-wide single nucleotide polymorphism (SNP) markers through Kompetitive Allele-Specific PCR (KASP) during 2024-25 at the University of Agricultural Sciences, Raichur, Karnataka. After quality filtering, 56.04% of markers were polymorphic, with polymorphism information content (PIC) values ranging from 0 to 0.375 (mean = 0.39), indicating moderate genetic variability. Cluster analysis using the unweighted pair group method with arithmetic mean (UPGMA) grouped the lines into three major clusters, with most inbreds concentrated in Cluster I, while Clusters II and III contained divergent sweet corn inbred lines (SC-40, SC-9, SC-34 and SC-16), highlighting their potential as valuable sweet corn inbred lines. Principal component analysis (PCA) corroborated the clustering, identifying SC-34, SC-40 and SC-16 as distinct from the core group. The results demonstrate that SNP-based genotyping effectively reveals genetic structure and diversity in sweet corn, further providing a robust framework for heterotic grouping and informed parental selection in hybrid breeding programs.
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INTRODUCTION


Sweet corn (Zea may ssaccharata) is an important cereal crop valued for its sweetness, tenderness and nutritional quality. The expansion of consumer demand has increased the need for high-yielding and stable hybrids adapted to diverse environments. The development of such hybrids relies on genetically diverse inbred lines, as greater divergence among parents contributes to enhanced heterosis and hybrid performance (Souza Júnior 2011). Conventional approaches for assessing genetic diversity such as morphological evaluation and pedigree records, are constrained by environmental effects, labor intensity and incomplete documentation (Lee et al., 2007; Adu et al., 2019b). Molecular markers for diversity study have therefore become essential in modern breeding programs, as they offer reliable, cost-effective and environment-independent assessments of genetic variability (Govindaraj et al., 2015; Nadeem et al., 2018).


“Single nucleotide polymorphisms (SNPs) are the most abundant type of molecular marker in plant genomes and provide dense coverage, high polymorphism and reproducibility compared to other markers” (Rasheed et al., 2017; Guo et al., 2019). “SNP-based genotyping has been widely used in maize for genetic diversity studies, parental selection and classification of inbred lines into heterotic groups” (Andorf et al., 2019; Silva et al., 2020). The informativeness of these markers can be assessed through polymorphism information content (PIC), which reflects their usefulness in detecting genetic variation (Botstein et al., 1980).


“Cluster analysis methods such as the unweighted pair group method with arithmetic mean (UPGMA) enable the grouping of genotypes based on their molecular profiles, thereby supporting the identification of distinct genetic clusters and guiding the allocation of inbred lines for hybrid breeding” (Wu et al., 2016; Leng et al., 2019). Such clustering not only enhances the efficiency of breeding programs but also ensures the systematic utilization of genetic resources.


The objective of this study was undertaken to analyze the molecular diversity of sweet corn inbred lines using SNP markers and UPGMA clustering i.e. by combining marker-based polymorphism data with cluster analysis. The results of this study is useful to maize breeders interested in using molecular markers for classifying inbred lines into heterotic groups for planning crosses to accelerate genetic gains from selection.
MATERIAL AND METHOD 

Plant material consisted of 23 sweet corn inbred lines (Table 1) collected from breeding programs for genetic characterization. Young leaves were sampled at the three-week stage following the LGC Genomics protocol, placed in 96-well plates with desiccant and forwarded to CIMMYT-Asia, Patancheru, for DNA extraction. The DNA samples were subsequently sent to LGC Genomics, London, for SNP genotyping using the Kompetitive Allele-Specific PCR (KASP) assay. This system employs allele-specific primers with fluorescent labeling to detect nucleotide polymorphisms and has been widely applied in maize genotyping (Semagnet al., 2012; Semagnet al., 2014). Ninety-seven genome-wide SNP markers recommended by the CIMMYT Global Maize Program for quality control were employed, with an average marker density of one SNP per 24.5 Mb across ten chromosomes.


The raw genotyping dataset was filtered to retain high-quality SNPs. The informativeness of each marker was assessed by calculating the polymorphism information content (PIC) following the formula of Botstein et al. (1980), where higher PIC values indicate greater discriminatory ability of a marker within a population. PIC values were estimated in Microsoft Excel andthe final dataset was used for downstream diversity analyses.

Table 1: List of 23 sweet corn inbred lines used in the present study

	Sl. No.
	Genotypes
	Pedigree

	1
	SC-2
	48-2 (4027-40223-2)

	2
	SC-5
	48-5 (40224)

	3
	SC-6
	48-6 (4845)

	4
	SC-7
	48-7 (286)

	5
	SC-9
	48-9 (40223-1)

	6
	SC-10
	48-10 9(A00224-1)

	7
	SC-11
	48-11 (4845-84178)

	8
	SC-12
	48-12 (4022)

	9
	SC-13
	48-13 (2123229)

	10
	SC-14
	48-14 (2123233)

	11
	SC-15
	48-15 (2123238)

	12
	SC-16
	48-16 (2123239)

	13
	SC-19
	48-19 (2123210)

	14
	SC-20
	48-20 (2123221)

	15
	SC-22
	48-22 (2123226)

	16
	SC-23
	48-23 (2123137)

	17
	SC-25
	48-25 (2123143)

	18
	SC-27
	48-27 (2123149)

	19
	SC-30
	48-30 (IM106513)

	20
	SC-32
	48-32 (2123159)

	21
	SC-34
	48-34 (2123203)

	22
	SC-36
	48-36 (2123112)

	23
	SC-40
	48-40 (2123136)



Genotypic clustering was performed using the unweighted pair-group method with arithmetic mean (UPGMA) in DARwin software (Perrier and Jacquemoud-Collet, 2006). A dendrogram was constructed based on the SNP marker data to assess the genetic relationships among the inbred lines and the robustness of clustering was evaluated through cophenetic correlation analysis. In addition, principal component analysis (PCA) was carried out to visualize the genetic structure of the inbred lines in two-dimensional space, providing complementary insights into their diversity patterns.

RESULT AND DISCUSSION

Polymorphic Information Content (PIC) 

The Polymorphism Information Content (PIC) value is a measure of a DNA marker's informativeness, reflecting the allelic diversity and frequency among the tested genotypes. A higher PIC value indicates a more informative marker, meaning it is better suited for distinguishing between individuals and assessing genetic diversity. Generally, the PIC values range from 0 to 0.375. The PIC values can be categorized as highly informative (PIC > 0.5), moderately informative (0.25 < PIC ≤ 0.5) and slightly informative (PIC ≤ 0.25). 

Genetic diversity analysis of 23 sweet corn inbred lines was conducted using 97 KASP SNP markers. Of these, 56.04% were polymorphic, indicating a moderate level of variability within the germplasm. The polymorphism information content (PIC) values ranged from 0 to 0.375, with an overall mean of 0.39. Most SNPs were moderately informative (0.25 < PIC ≤ 0.5), while a few showed lower values, reflecting limited allelic variation. Based on different categories, the SNP markers in this study fall into the moderately and slightly informative ranges (Table 2). Several markers exhibited high PIC values, close to the maximum observed value of 0.375, some markers showed very low PIC values (including several with a PIC of 0) and remaining markers have intermediate PIC values, indicating moderate levels of polymorphism. The analysis of PIC values demonstrated the varying informativeness of the SNP markers used. The presence of a good number of moderately informative markers ensures the reliability of the genetic diversity and clustering analyses done in the study, while the identification of monomorphic markers provides insights into the genetic homogeneity of certain genomic regions within the sweet corn inbred lines.


The polymorphism information content (PIC) values indicated moderate genetic variability among the sweet corn inbred lines, similar to earlier findings on genetic variation in sweet corn germplasm (Shankar et al., 2023). These results are comparable with earlier reports in maize using KASP markers (Lu et al., 2019) and are consistent with SSR-based diversity studies in sweet corn (Mahato et al., 2021), confirming the suitability of the selected SNP set for diversity assessment. 
Table 2: PIC values and informativeness of SNP markers in sweet corn inbred lines
	Sl.no
	SNP Markers
	PIC VALUES
	Informativeness

	1. 
	PZA02741_1
	0.151
	Slightly Informative

	2. 
	PZA01462_1
	0.151
	Slightly Informative

	3. 
	PZA00084_2
	0.375
	Moderately Informative

	4. 
	PZA03645_1
	0.201
	Slightly Informative

	5. 
	PHM5181_10
	0.375
	Moderately Informative

	6. 
	PZA01791_2
	0.339
	Moderately Informative

	7. 
	PZA01477_3
	0.104
	Slightly Informative

	8. 
	PZA02269_3
	0.345
	Moderately Informative

	9. 
	PZA00527_10
	0.355
	Moderately Informative

	10. 
	PZA01715_2
	0.371
	Moderately Informative

	11. 
	PZE0186065237
	0.318
	Moderately Informative

	12. 
	PZA03182_5
	0.331
	Moderately Informative

	13. 
	PZA02378_7
	0.207
	Slightly Informative

	14. 
	PZA00770_1
	0.324
	Moderately Informative

	15. 
	PZA02742_1
	0.157
	Slightly Informative

	16. 
	PZA03211_6
	0
	Slightly Informative

	17. 
	PZA02436_1
	0.372
	Moderately Informative

	18. 
	PZA01919_2
	0.375
	Moderately Informative

	19. 
	PHM4134_8
	0.289
	Moderately Informative

	20. 
	PZA01607_1
	0.207
	Slightly Informative

	21. 
	PHM10621_29
	0
	Slightly Informative

	22. 
	PZA03322_5
	0.285
	Moderately Informative

	23. 
	PZA00440_1
	0.372
	Moderately Informative

	24. 
	PZA00355_2
	0.222
	Slightly Informative

	25. 
	PHM11114_7
	0.086
	Slightly Informative

	26. 
	PZA00214_1
	0.324
	Moderately Informative

	27. 
	PHM4066_11
	0
	Slightly Informative

	28. 
	PHM3457_6
	0.163
	Slightly Informative

	29. 
	PZA00814_1
	0
	Slightly Informative

	30. 
	PZB01658_1
	0.079
	Slightly Informative

	31. 
	PZA02090_1
	0.339
	Moderately Informative

	32. 
	PHM4080_15
	0
	Slightly Informative

	33. 
	PZA02325_4
	0.375
	Moderately Informative

	34. 
	PHM3668_12
	0.304
	Moderately Informative

	35. 
	PHM4165_14
	0.163
	Slightly Informative

	36. 
	PZA00495_5
	0.345
	Moderately Informative

	37. 
	PZA02174_2
	0.355
	Moderately Informative

	38. 
	PZA00643_13
	0.355
	Moderately Informative

	39. 
	PZA00175_2
	0.207
	Slightly Informative

	40. 
	PZA01533_2
	0.324
	Moderately Informative

	41. 
	PZB01899_1
	0.214
	Slightly Informative

	42. 
	PZA01447_1
	0.374
	Moderately Informative

	43. 
	PZA00399_11
	0.339
	Moderately Informative

	44. 
	PZA00866_2
	0.289
	Moderately Informative

	45. 
	lac1_3
	0.362
	Moderately Informative

	46. 
	PHM229_15
	0.331
	Moderately Informative

	47. 
	PZA02164_16
	0.350
	Moderately Informative

	48. 
	PZA00352_23
	0.350
	Moderately Informative

	49. 
	PZA00664_3
	0.222
	Slightly Informative

	50. 
	PZA03605_1
	0.345
	Moderately Informative

	51. 
	PHM1752_36
	0.357
	Moderately Informative

	52. 
	PHM7916_4
	0.368
	Moderately Informative

	53. 
	PHM3466_69
	0.375
	Moderately Informative

	54. 
	PHM4752_14
	0.364
	Moderately Informative

	55. 
	sh1_12
	0.214
	Slightly Informative

	56. 
	PZB01109_1
	0.364
	Moderately Informative

	57. 
	PHM3078_12
	0.357
	Moderately Informative

	58. 
	PHM2749_10
	0.368
	Moderately Informative

	59. 
	PZA03536_1
	0.318
	Moderately Informative

	60. 
	PHM5572_19
	0.157
	Slightly Informative

	61. 
	PHM12706_14
	0.355
	Moderately Informative

	62. 
	PHM3922_32
	0.222
	Slightly Informative

	63. 
	PZA01933_3
	0.163
	Slightly Informative

	64. 
	ae1_7
	0.318
	Moderately Informative

	65. 
	PHM15964_16
	0.282
	Slightly Informative

	66. 
	PZE-101093951
	0.324
	Moderately Informative

	67. 
	PHM1968_22
	0.324
	Moderately Informative

	68. 
	PZB01062_3
	0.362
	Moderately Informative

	69. 
	PHM6111_5
	0.146
	Slightly Informative

	70. 
	PHM3626_3
	0.364
	Moderately Informative

	71. 
	PHM13440_13
	0.355
	Moderately Informative

	72. 
	PHM13360_13
	0.375
	Moderately Informative

	73. 
	PZA00667_2
	0.339
	Moderately Informative

	74. 
	PHM5502_31
	0.324
	Moderately Informative

	75. 
	PZA02779_1
	0.374
	Moderately Informative

	76. 
	PZA02358_1
	0.157
	Slightly Informative

	77. 
	PZA00218_1
	0.369
	Moderately Informative

	78. 
	PZA00981_3
	0.370
	Moderately Informative

	79. 
	PZA02480_1
	0.151
	Slightly Informative

	80. 
	PZA03409_1
	0.170
	Slightly Informative

	81. 
	PZA01427_1
	0.355
	Moderately Informative

	82. 
	PZA02462_1
	0.355
	Moderately Informative

	83. 
	PZA01062_1
	0.345
	Moderately Informative

	84. 
	PZB01403_1
	0.260
	Moderately Informative

	85. 
	PZA00413_20
	0.360
	Moderately Informative

	86. 
	PHM5805_19
	0.368
	Moderately Informative

	87. 
	PZA02187_1
	0.374
	Moderately Informative

	88. 
	PHM2350_17
	0.296
	Moderately Informative

	89. 
	PHM2770_19
	0.201
	Slightly Informative

	90. 
	PZA00793_2
	0.362
	Moderately Informative

	91. 
	PZA03120_1
	0.079
	Slightly Informative

	92. 
	PZD00022_5
	0.333
	Moderately Informative

	93. 
	PHM17210_5
	0.214
	Slightly Informative

	94. 
	PZA00726_10
	0.260
	Moderately Informative

	95. 
	PHM662_27
	0.157
	Slightly Informative

	96. 
	PZA00498_5
	0.312
	Moderately Informative

	97. 
	PHM2343_25
	0.351
	Moderately Informative


Clustering Analysis 

Hierarchical clustering using the unweighted pair group method with arithmetic mean (UPGMA) grouped the sweet corn inbred lines into three major clusters. SNP-based hierarchical clustering grouped the 23 sweet corn inbred lines into three major clusters at ~0.05 dissimilarity (Fig 1 and Table 3). Cluster I (red branch) was the largest, comprising 19 sweet corn inbred lines. Cluster II (blue branch) included three moderately divergent sweet corn inbred lines, while Cluster III (green branch) consisted of a single distinct sweet corninbred lines (SC-16). The predominance of Cluster I reflects a narrow molecular base, whereas the divergence of Cluster II and III highlights their potential as sources of genetic novelty for heterotic breeding.
Table 3: Hierarchical clustering of 23 sweet corn inbred lines based on SNP Markers

	Clusters
	No of genotypes
	Genotypes

	Cluster I
	19
	SC-36, SC-32, SC-30, SC-27, SC-13, SC-12, SC-11, SC-7, SC-6, SC-2, SC-25, SC-22, SC-19, SC-15, SC-14, SC-10, SC-5, SC-23 and SC-20

	Cluster II
	3
	SC-40, SC-9, SC-34

	Cluster III
	1
	SC-16
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Fig 1: Dendrogram based on Hierarchical Clustering method for 23 sweet corn inbred lines


Similar clustering patterns have been reported in previous SNP/GBS-based diversity and clustering studies in sweet corn and maize (Wu et al., 2024, Ayesiga et al., 2022). The grouping of genetically diverse inbred lines through clustering provides valuable insight for parent selection, consistent with the approach of identifying promising hybrid parents based on agronomic performance (Suyadi et al., 2024). The distinct grouping of SC-40, SC-9, SC-34 and SC-16 underscores their value as parental candidates for enhancing heterotic response in hybrid development.
Principal Component Analysis (PCA) 



Principal Component Analysis (PCA) is a powerful tool for summarizing molecular diversity by transforming high-dimensional SNP data into a few orthogonal principal components (Jolliffe, 2002). In sweet corn, PCA has been successfully employed to classify germplasm, understand population structure and identify genetically divergent parents for hybrid development (Lu et al., 2009; Yang et al., 2011).

PCA based on SNP genotyping revealed distinct clustering of sweet corn inbred lines (Figure 2). The first two principal components (PC1 = 18.7%, PC2 = 12.6%) jointly explained 31.3% of the molecular variance. Most sweet corn inbred lines (SC-9, SC-19, SC-23, SC-25, SC-28, SC-29, SC-31) grouped near the origin, indicating high similarity, whereas SC-16 was highly divergent along PC1. SC-34 and SC-40 were separated along PC2, while SC-20 and SC-14 formed a small subgroup. The distinct distribution of inbreds highlights the presence of both narrow and wide genetic variability, with divergent lines serving as potential parents for heterotic crosses. 

The PCA distribution was consistent with the hierarchical dendrogram, reinforcing the presence of both closely related clusters and genetically divergent lines. Such congruence between methods strengthens the reliability of the observed diversity patterns. Similar reports were reported in sweet corn using SNP and GBS-based markers (Ayesiga et al., 2022; Wu et al., 2024).
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Fig 2: Biplot dispersion graph of 23 sweet corn inbred lines
Conclusion

The combined analysis of SNP-based markers through PIC estimation, hierarchical clustering and principal component analysis provided clear insights into the molecular diversity of sweet corn inbred lines. The moderate mean PIC value (0.39) demonstrated that the SNP set used was sufficiently informative for diversity assessment, with a substantial proportion of markers falling into the moderately polymorphic range. Hierarchical clustering grouped the sweet inbreds into three main clusters, where the majority of lines were concentrated in a single large cluster, reflecting a relatively narrow genetic base. In contrast, the separation of SC-40, SC-9, SC-34 and the distinctly divergent SC-16 emphasized the presence of unique allelic variation within the panel and provides a strong basis for selecting genetically diverse parents for hybridization. These findings were corroborated by PCA, where the first two principal components explained 31.3% of the total variance and revealed consistent clustering patterns, highlighting both redundancy and divergence within the germplasm. Together, these results underline the importance of maintaining and utilizing genetically diverse sweet corn inbreds, particularly the divergent sweet corn inbred lines as potential parents for broadening the genetic base and exploiting heterosis in sweet corn breeding programs. The findings emphasize the importance of SNP-based genotyping for efficient and accurate assessment of genetic diversity in sweet corn.
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