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Supplementary Figure Fig S1. k-mer analyses of Illumina sequencing reads of six Acer genomes. A) A. henryi B) A. tegmentosum C) A. buergerianum D) A. pentaphyllum E) A. elegantulum.
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[bookmark: OLE_LINK16]Fig SSupplementary Figure 2. Hi-C interaction heatmap of six Acer genomes. A) A. henryi B) A. tegmentosum C) A. buergerianum D) A. pentaphyllum E) A. elegantulum.
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[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK17][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Fig SSupplementary Fig 3. Characteristics of six Aceraceae species. A) A. buergerianum B) A. elegantulum C) A. griseum D) A. henryi E) A. pentaphyllum F) A. tegmentosum (from outer to inner circles:A: Chromosome, B: Gene density, C: TE density D: density of duplicates from tandem duplications, D: GC%, E: repeat density) 
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Fig SSupplementary Figure 4. The karyotype analysis of A. truncatum (diploid)
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Fig SSupplementary Figure 5. The plot shows the syntenic and rearrangement regions each chromosome with A. truncatum reference genome.  
[image: 4dTv_AA_AB_panels-1]A

[image: 4dTv_AA_AB_panels-2]B

Fig SSupplementary Figure 6. 4dTv-based inference of duplication and speciation history in Acer.
(A) Distribution of 4dTv values for paralog pairs within each Acer species (A–A comparisons). A prominent peak at 4dTv ≈ 0.50–0.60 is shared across all taxa, indicating a common ancient whole-genome duplication (WGD). A minor peak near 4dTv ≈ 0.00–0.02 reflects ongoing recent duplications. (B) Cross-species 4dTv distributions for Atru versus other species (A–B comparisons). Four Acer species (Abue, Aele, Agri, Ayan) show very recent speciation peaks (4dTv ≈ 0.00–0.02), while Citsin exhibits a much older divergence peak (4dTv ≈ 0.23–0.26), consistent with its role as an early diverging outgroup. Atru (A. truncatum), Abue (A. buergerianum), Aele (A. elegantulum), Agri (A.griseum), Ayan (A.yangbiense), Ahen (A. henryi) B), Ateg (A. tegmentosum), Apen (A. pentaphyllum), Apse (A.pseudosieboldianum), Aneg (A.negundo),Citsin (Citrus sinensis).  
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Fig SSupplementary Fig. 7 The count of different K-mer in six Acer species.
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Fig SSupplementary Fig. 8 Unsupervised hierarchical clustering (the horizontal color bar at the top of the axis indicates to which genome the k-mer is specific; the vertical color bar on the left of the axis indicates the genomes to which the chromosome is assigned. The heat map indicates the Z-scaled relative abundance of k-mers).
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Fig SSupplementary Fig. 9 The estimated insertion time (y axis) of all the LTRs in the Acer genome along the each chromosomes (x axis). Each dot represents one LTR insertion event. The heatmap denotes the density of the LTRs. 
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Fig SSupplementary Fig. 10 Venn Diagram of 13 Acer species.
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Fig SSupplementary Fig. 11 Distribution characteristics of CNV, indel, SNP and SV in the region of the fatty acid synthesis gene in each genome. 
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Fig SSupplementary Fig. 12 The group structure analysis of 134 A. palmatum varieties.
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Fig SSupplementary Fig. 13 The Fst Plot of 134 A. palmatum varieties
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Fig SSupplementary Fig. 14 The seeds phenotypes of 70 A. palmatum varieties for GWAS analysis.
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Fig SSupplementary Fig. 15 The percent of Oleic acid (OA) and Linoleic acid (LA) in non-mutation individuals and mutation individuals.

























[image: Manhattan.oleic_acid]
[image: linoleic_acid17][image: linoleic_acid18][image: linoleic_acid19]NAC25
EF118
GATA2



Fig S
[bookmark: OLE_LINK54]Supplementary Fig. 16 Manhattan plot displaying the GWAS outcomes of the oleic acid trait, the gray dotted lines indicate the Bonferroni significance thresholds for SV-based GWAS, the candidate markers are highlighted with grey dashed lines.
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Fig SSupplementary Fig. 17 Manhattan plot displaying the GWAS outcomes of thelinolenic acidγ trait, the gray dotted lines indicate the Bonferroni significance thresholds for SV-based GWAS, the candidate markers are highlighted with grey dashed lines.
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Fig SSupplementary Fig. 18 Manhattan plot displaying the GWAS outcomes of the linolenic acidα trait, the grey dotted lines indicate the Bonferroni significance thresholds for SV-based GWAS, the candidate markers are highlighted with grey dashed lines. Association analysis shows the relationship between genetic variations and the linolenic acidαtrait within linkage disequilibrium block on chromosomes. 
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[bookmark: OLE_LINK62]Fig SSupplementary Fig. 19 Heterologous expression of ActKCS in Arabidopsis A) The transgenic Arabidopsis plants B) Comparison of NAs content in CK and OE in transgenic Arabidopsis C) Subcellular localisation of ActKCS in agroinfiltration transformed Nicotiana benthamiana leaves. CD3-959 (35S-ER-mCherry) is used as an ER marker.
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Fig SSupplementary Fig. 20 ActKCS was determined by RT-PCR, and AtACTIN2 was used as an internal control. 
























ACCGTCAACAATAAGTATCAGGACGAAGAATATGGACCACAGATTATGGAGAAGTTTATACACTTTGAGTCAAAGTATGTAAATCTAGTGGTCCACATTCTTCGTCCTGATATATTTATTGTCAGGGACGAACTGATAATAGAAAATTTATATATACATGCCACGGTTATGGATGTAGTG
                        Motif 1           
GCTTCTAGGGTAAGCGGCAGTTATATGCAGTTGGCTAGATGTGAAAATTTACCATCCCAAACTCAAAAAATTTGTCAACAAGTGTCAACTTCATATATATTTATATGCAGGTGGCTAGATGTGAAAATTGACCGACGTCCCAAACTCAATAAATTAGTCTATATTTAATATATTGAAGTGTAAAGTCCATCAATATGTCAGGTTCGAGGCTTCGAGCTAGTTAATGCATGTCATTGCAAAATGGTATATATATATATATATATATATATATTAAAAAAAATGTAGAGTTCATTGATATATGTTTCTTTAATTTTCTTACTTTTATATTTTCAATATGAATTTCTGTTTTTCAAATTTTTATTAATGGATGGGATCTATAACATTGTACGTTCCTCATATATGAGTTCAGATCAACTTTGAGTTACTATTTGAGAGAGTTCAATTCATAGTCTTAAGAGTTAAGACTAAAATATTAGCATTTTAT

       Motif 2 

ATTTTTGGTTGTGGTTTGGTGGGGTAGCAAGTTGCTCCTTGATTGCCTCCTTCCCCTTCTCATTGTGTCTATAAATTCTCATATATAAAACTCGTTCTATCTTCCAACGCATTATAGTCACACTTTCCTTTCTTTTCTTTTTTTTTTCACCTTAGTTTGAAATTCCCATGAAACTCTAATCGTCTTTCAACTCATGGATCATACTCACACTTTCTTTCTTTCACCTTTTCTTTTTTCTTTTTCTGTCAAGCTATGGATCATACTCGCACTTTCCTTCTTTTCACTTTAATTTATTTTGTTTTATCCGACAAAGAGGCTCTGATTTAATCTTATTTTATTTTATTTTCTCCATAAAACCGACTCTTGATACCATGTTAACCTTAATTTTTTTTTTCCTTACATTTGTAGGTTTTGTTTTATTTGTTACATTTATAGCTTTTGATATCATGTTAATTTACATATTTTAAATATATTTTTTCCTTATATTTATTATAAGTGAAATATAAAAATAACCTTACAATCAAAAGACTATTCTATCTTTTTTATCTCACTTTCCATATTTTCAAAAAATCCATCTCTTTTTTTTTTTTTTTTTTTAGTTTCACGTGAGATTCTTTTAACATTCGTAGTTTACAAAAGTGGTGTAGAAGTACAACTAATACAAATTTTTCCTTTGACATATGTCTCCATGCATGTCTCAAACTATATATATAGAGAGAGAGAGAGATGTGTAAGCATTATATTGCCATTACAAGACATGTATATACATAAGATTGCTAGGTGTGTGTCAAATAGATGTATAACAGTGCAAGCTTTGCCATTACAAGACATGTATATACTCAAAGTTGGCCAAGTGTGGGAAGCCATTACAGCTGTTTACAACAATAACTTGTTTTTTAAGGCACAAAAAACACTACCACCTCAAATCAACTATTTTAATATTTCTCCTACTCTTCAAACGTTGAGCTAGCAGAGTGTAGTGTAGTGGCTGTGATCAATATATTACAGAGTGTTTTTGCTCTATAATAATG
Fig SSupplementary Fig. 21 Nucleotide sequences of the ActKCS promoter region. Potential MYB binding sequences are underlined and highlighted with red color (initiation codon is marked with colored blue).
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Fig SSupplementary Fig. 22 Construction of the yeast cDNA library from A. truncatum. A The total RNA. B mRNA. C Bacterial colony of yeast cDNA library. D Selected monoclonal colony PCR.
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