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Extended Data Fig. 3 | Knockout of Sh2 and Su1 by CRISPR-Cas9. Two sgRNAs 
designed for gene editing on Sh2 (a) and Su1(b), respectively, shown in red. 
Mutations and deletions are indicated. c, Phenotypes of maize ears from su1 
and sh2 CRISPR-knockout line. Scale bars, 1 cm. d, Metabolites identified with 
significant changes and differentially expressed genes (DEGs) in Sh2 and Su1 
mutants compared to wild types. e, DEGs between sh2 and WT in kernel tissues 
at 20 DAP. f, Metabolomic comparison of sh2 and WT in kernel tissues at 20 DAP; 
fold change calculated using mean values (WT, n = 12; Mutant, n = 12). g, DEGs 

between su1 and WT in kernel tissues at 20 DAP. h, Comparison of metabolome 
of su1 and WT in kernel tissues at 20 DAP (WT, n = 12; Mutant, n = 12). i, Pericarp 
thickness comparisons between Su1 and Sh2 CRISPR-knockout lines and wild 
type kernels. Box plots are defined by the median (centre line), the 5th and 95th 
percentiles (box limits), and the whiskers extend to the minimum and maximum 
values. Individual data points are overlaid. P values (i) were calculated by one-way 
ANOVA followed by Tukey’s multiple comparisons test.
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Extended Data Fig. 4 | Distribution of eGWAS signals in sweet and field 
corn populations. Scatter plots show the genomic positions of genes and 
corresponding eQTL signals in sweet (a) and field (b) corn populations  
(upper panels). Distribution of eGWAS signal counts per 500 kb window across 

the genome in sweet (a) and field (b) corn populations (lower panels).  
The horizontal dashed line indicates the threshold for signal hotspots 
(permutation test P < 0.05).
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Extended Data Fig. 5 | Mapping results for flavor ratings and metabolites. 
a, Distribution of mQTL and flavor rating-related QTL across the maize genome. 
The arrow shows loci where mQTL and flavor rating-related QTL are colocalized. 
b, Flowchart illustrating the rationale and statistical framework used in the 

present study. c, Correlation analysis of sweet corn flavor ratings between two 
biological replicates in 2019. d, Correlation analysis of sweet corn flavor ratings 
between experiments conducted in 2017 and 2019.
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Extended Data Fig. 6 | Functional analysis of su1 alleles. Significant 
differences between Su1-RC and Su1-B73 alleles across the sweet corn population 
in sucrose (a), maltose (b), glucose (c), and fructose (d), respectively. 
e, Significant differences in expression levels among four su1 alleles. 
f, Significant differences in flavor values among four alleles of su1. g, Correlation 

analysis between pericarp thickness from taste rating experiments and su1 
expression levels. h, Sweetness from taste rating experiments, showing no 
difference between Su1-B73 and Su1-RC types. Differences between groups were 
assessed using a two-tailed unpaired t-test.
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Extended Data Fig. 7 | Functional identification of candidate genes. a, Gene 
model of ZmAPS1. CRISPR-Cas9 generated mutants in ZmAPS1 are shown, with 
sgRNAs in red and deletions shown as dashes. Violin plots showing differences 
of adenosine (b) and methyl-phosphate (c) content between genotypes at the 

InDel 3 (-/AAC). Knockout of Zm0001eb405310 (d) and Zm0001eb214960 (e) by 
CRISPR-Cas9. Violin plots of relative erythrose (f) and DL-2aminooctanoic acid 
(g) content between wild-type and knockout lines. Group comparisons were 
performed using two-tailed unpaired t-tests.

http://www.nature.com/naturegenetics
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Extended Data Fig. 8 | Functional identification of ZmSK1. a, Correlation 
analysis between ZmSK1 expression and quinic acid content. b, Correlation 
analysis between quinic acid content and hundred-kernel weight. c, Correlation 
analysis between pericarp thickness and hundred-kernel weight. d, Knockout of 

ZmSK1 by CRISPR-Cas9. Mutants of ZmSK1 are shown. e, Violin plots of hundred-
kernel weight between wild type and ZmSK1 knockout lines in 2022. Differences 
between groups were assessed using a two-tailed unpaired t-test.

http://www.nature.com/naturegenetics
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Extended Data Fig. 9 | Functional identification of ZmCRR5. a, Knockout 
of ZmCRR5 by CRISPR-Cas9. Representative images of maize roots (b) and 
statistical comparison of root numbers (c) between wild type and KO-ZmCRR5 
lines. d, Correlation between root numbers at seedling stage and normalized 
fructofuranose content. e, Hormones levels in immature kernel of ZmCRR5 
knockouts and wild types. P-values were analyzed using two-tailed unpaired 
t-test (n = 12/12). f, Inferred phylogenetic analysis of six CRR genes across maize 

genome. g, Expression of six CRR genes in short apical meristem tissues of 
ZmCRR5 knockout and wild types. h, Expression of six CRR genes in immature 
kernel (20 DAP) of ZmCRR5 knockouts and wild types. Data points (g and h) show 
individual measurements; bar heights represent mean values and error bars 
represent the mean values ± s.d. Differences between groups were assessed using 
two-tailed unpaired t-test.
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Extended Data Fig. 10 | Haplotype analysis of ZmCRR5. a, Identification of 
haplotype-specific (minimum allele frequency < 15% in one haplotype and 
corresponding allele frequency > 85% in other two haplotype groups) SNPs 
in ZmCRR5, shown as vertical lines in gray (introns), red (coding regions), and 
black (untranslated regions). were presented with gray, red and black vertical 
lines located in introns, coding regions and untranslated regions, respectively 

(upper). Below, details of 16 SNPs in coding regions, with allele frequencies for 
each haplotype group. Haplotype-specific SNPs are highlighted in bold. Violin 
plots displaying hundred-kernel weight (b) and pericarp thickness (c) across the 
three haplotype groups. P-values were determined by one-way ANOVA followed 
by Tukey’s multiple comparisons test.

http://www.nature.com/naturegenetics
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and 280 (sweet corn). 295 sweet corn lines were used for kernel flavor quality estimation.  For eGWAS, the sample sizes were 368 for field 
corn and 280 for sweet corn that had been sequenced by RNA-seq.  
These sample sizes were the largest possible we could collect to ensure the GWAS had high power, and no other particular statistical methods 
were used to predetermine the sample sizes. 
For CRISPR-based validation of each gene, at least 10 individuals were used to ensure reliable and consistent phenotypic effects.

Data exclusions Raw reads and genotype with low quality were excluded as described in the methods.

Replication The phenotype of the flavor quality estimation used in this study were validated by at least two years field experiments. The phenotype of the 
knock out mutants used in this study were validated by at least nine biological replication.

Randomization The sweet corns were planted in a random order. The sample of sweet corn for whole genome re-sequencing and RNA-seq were randomly 
collected in one line comprising 12 individuals. Five ears of sweet corn were randomly collected for kernel quality estimation. Population 
structure was integrated as covariates in all GWAS analyses. 
For CRISPR validations, all the knock-outs and their corresponding controls were planted, cultivated and analyzed in the same environment 
and the same batch of sequencing.
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