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Figure S1. Sequence alignment and GUS reporter assay of the MdNAC18 promoter from the parental cultivars ‘Zisai Pearl’, ‘Golden Delicious’, ‘Red Fuji’, and ‘Jonathan’. 
(A) Relative expression levels of MdNAC18 and MdNAC72 at different fruit developmental time points in the parental cultivars ‘Zisai Pearl’ and ‘Golden Delicious’. Asterisks denote significant differences (*** P < 0.001, **** P < 0.0001) by Student’s t-test. (B) Multiple DNA sequence alignment of the MdNAC18 promoter in the parental cultivars ‘Zisai Pearl’, ‘Golden Delicious’, ‘Red Fuji’, and ‘Jonathan’ based on Sanger sequencing. (C and D) GUS reporter assay showing the promoter activity of MdNAC18 from each parental cultivar. Representative GUS staining assay of leaf discs from Nicotiana benthamiana leaves infiltrated with the indicated construct (C) and relative GUS expression (normalized to that of GFP) in the same leaves (D). The last letter at the end of the promoter construct indicates the parental cultivar. Different lowercase letters indicate significant differences according to one-way analysis of variance (ANOVA) with Duncan’s multiple range test (P < 0.05). ‘Zisai Pearl’, Z; ‘Golden Delicious’, G; ‘Red Fuji’, F; and ‘Jonathan’, J.
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Figure S2. Identification of gene co-expression modules from early-ripening (ER), middle-ripening (MR), and late-ripening (LR) apples collected from hybrid plants by weighted gene co-expression network analysis (WGCNA). 
(A) Hierarchical cluster tree (top) and associated co-expression modules (bottom). (B) Eigengene expression profiles of selected co-expression modules.
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Figure S3. Yeast one-hybrid (Y1H) assay showing that MdNAC18A-G binds to the promoters of 14 apple fruit ripening–related genes.
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Figure S4. Y1H assay showing that MdNAC18A-G binds to the P1 fragment of the MdACO1 promoter, but not to the MdACS1 promoter.
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Figure S5. Immunoblot analysis showing the purification of recombinant GST, GST-MdNAC18T-G, GST-MdNAC18T-A, and GST-MdNAC18A-G.
Eluates for the indicated recombinant proteins were separated by SDS-PAGE and probed by immunoblotting with an anti-GST antibody.
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Figure S6. The expression profiles and transcript abundance of MdNAC18 with different SNP517 and SNP958 alleles/genotypes during fruit development in Malus accessions and F1 hybrid plants derived from the ‘Zisai Pearl’ × ‘Golden Delicious’. 
(A and B) MdNAC18 expression, as determined by RNA-seq (A) or qRT-PCR (B), showing differences between SNP958 GG and SNP958 GA genotypes. (C) Relative expression of MdNAC18, as determined by qRT-PCR, showing differences between SNP517 AT and SNP517 TT genotypes. (D and E) Comparison of transcript abundance, as determined by RNA-seq, showing allele specific expression in individuals with MdNAC18 SNP517 AT and SNP958 GG genotype (D) or MdNAC18 SNP517 AT and SNP958 GA genotype (E). The number of individuals with the indicated genotype combination is given in parentheses. Asterisks denote significant differences (* P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001) by Student’s t-test.
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Figure S7. Multiple DNA sequence alignment of MdNAC18 in the parental cultivars ‘Zisai Pearl’, ‘Golden Delicious’ and ‘Red Fuji’ by using the haplotype-based apple reference genome.
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Figure S8. Relative expression of MdERF11, MdSWEET1, MdPAL1, and MdBEH4 in apples infiltrated with constructs overexpressing or knocking down MdNAC18. 
Apples were infiltrated with Agrobacterium cultures carrying the empty vector controls pRI101 or pTRV; the overexpression vectors pRI101-MdNAC18T-G, pRI101-MdNAC18T-A, or pRI101-MdNAC18A-G; or the VIGS construct pTRV2-MdNAC18. Asterisks denote significant differences (* P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001) by Student’s t-test.
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Figure S9. Multiple DNA sequence alignment of MdACO1 promoters in the parental cultivars, ‘Zisai Pearl’ (Z) and ‘Golden Delicious’ (G), based on Sanger’s sequencing.
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Figure S10. Boxplots showing the differences in apple fruit harvest date between individuals with different genotype combinations at SNP517, SNP958, SNP152, SNP769, and InDel162. 
(A) Differences between individuals with different genotypes for MdNAC18 SNP517 and SNP958 but with the same genotypes at MdACO1 SNP152, SNP769, and MdACS1 InDel162. (B) Differences between individuals with different genotypes for MdACO1 SNP152 and SNP769 but with the same genotypes at MdNAC18 SNP517, SNP958, and MdACS1 InDel162. (C) Differences between individuals with different genotypes for MdACS1 InDel162 but with the same genotypes at MdNAC18 SNP517, MdNAC18 SNP958, MdACO1 SNP152, and MdACO1 SNP769. The number of individuals with each genotype is indicated in parentheses. Asterisks denote significant differences (* P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001) by Student’s t-test.
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Figure S11. Genomics-assisted prediction (GAP) model using only the joint effects of SNP517, SNP958, SNP152, SNP769, and InDel162 genotype combinations for apple fruit harvest date.
OPV, observed phenotypic value; GPV, genotype-predicted value. DAFB, days after full bloom.
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Figure S12. Linear regression between observed phenotypic values (OPV) and genotype-predicted value (GPV) in five-fold cross-validation of the non-additive genomics-assisted prediction (GAP) model for apple fruit harvest date.
DAFB, days after full bloom.
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Figure S13. Changes in ethylene production rate, flesh firmness, and MdNAC18 expression in apples with or without exposure to the ethylene releaser ethephon or the ethylene biosynthesis inhibitor 1-methylcyclopropene (1-MCP). 
Asterisks denote significant differences (* P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001) by Student’s t-test.
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