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Association mapping and gene mining for vitamin C content in super-sweet
corn kernels

DENG Zhao, CUI Nini, YU Yulin, WEN Weiqi, CHENG Xinxin, YU Haibing
(College of Agriculture, Anhui Science and Technology University, Fengyang 233100, China)

Abstract: To uncover the regulatory mechanisms underlying the accumulation of nutrients in the kernels of super-sweet
corn, this study employed the BLINK model to identify the major loci regulating vitamin C content in super-sweet corn kernels
and predict the candidate genes. The results showed that the vitamin C content in super-sweet corn kernels ranged from 0.156
mg/g to 1.289 mg/g, with an average of 0.749 mg/g, exhibiting a normal distribution. A genome-wide association study
(GWAS) identified six single nucleotide polymorphism ( SNP) loci significantly associated with kernel vitamin C content,
with the phenotypic variation explained (PVE) ranging from 9.53% to 12.83%, among which the Affx-91328273 locus had the
highest PVE. A total of 153 candidate genes were identified within the 200 kb confidence interval upstream and downstream of
the significant SNP loci, of which 58 were annotated genes, accounting for 37.9%. Six genes including GRMZM2G093098,
GRMZM2G106061, GRMZM2G179308, GRMZM2G101274, GRMZM2G004222 and GRMZM2G133631 were identifed as key

genes regulating kernel vitamin C content in super-sweet corn. These genes were mainly involved in cell division, signal trans-

duction, energy metabolism and other pathways. These
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findings provide important support for an in-depth

understanding of the genetic mechanisms underlying kernel
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Fig.1 Frequency distribution of vitamin C content in kernels of

200 super-sweet corn inbred lines
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Table 1 Significantly associated single nucleotide polymorphism ( SNP) loci for vitamin C content in kernels of super-sweet corn

5 SNP i 15 Pt ik YIEALE (bp) P FAVE TR (%)
1 Affx-90874388 65 131 177 883 1.35x107* 11.54
2 Affx-90701214 65 130 597 309 8.10x107° 10.02
3 Affx-90797801 35 225 786 467 2.61x107° 12.48
4 Affx-90418677 9% 121 822 604 2.18x107° 10.50
5 Affx-90177187 5% 180 804 013 2.00x107° 9.53
6 Affx-91328273 35 225 786 426 1.06x1073 12.83
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Fig.2 Manhattan plot and QQ-plot of genome-wide association study for vitamin C content in kernels of super-sweet corn
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Fig.3 Linkage disequilibrium analysis and allelic variation effect analysis of significant single nucleotide polymorphism ( SNP) loci
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Fig.5 Functional annotation analysis of candidate genes
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Fig.6 KEGG enrichment analysis of candidate genes
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Table 2  Significant SNP candidate genes and functional annotation

SNP i s PRI YBALE (bp) fpe L BEH DI E R
Affc-91328273 35 225 920 685 GRMZM2G093098 T KEE FPFIBKIEEH
Affx-90177187 5% 180 683 064 GRMZM2G106061 RAB GTP [ [A]54) E1B
Affx-90177187 5% 180 787 355 GRMZM2G179308  FUS3 B4 2
Affe-90177187 5% 180 931 196 GRMZM2GI01274  WOLEE F4r Al K H 20.2
Affe-90874388 6% 131 213 208 GRMZM2G133631  (PYL8, RCAR3) liy5MR3Z 14 3 M4 43
Affx-90418677 945 121 860 632 GRMZM2G004222 1L NN 2
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Fig.7 Dynamic expression pattern analysis of candidate genes
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Fig.8 Protein-protein interaction network of six candidate genes
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