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Gene annotation was performed for 24 Asteraceae species lacking gene annotation data using Braker3 (1). This tool integrates ab initio gene prediction, homology-based protein prediction using sequences from Arabidopsis thaliana (TAIR10) (https://www.arabidopsis.org/), sunflower (HanXRQr2.0-SUNRISE) (2), cultivated Chrysanthemum (Chrysanthemum_x_morifolium_Ramat_Zszgv0) (3), and lettuce (Lsat_Salinas_v11) (4), as well as RNA-seq data with a mapping rate exceeding 70% across diverse tissues and treatments (Supplementary Table S1) (5). The completeness of protein-coding annotations was evaluated using BUSCO v4.0.5 (6) , and results are detailed in Supplementary Table S2. For ease of access, a uniform gene identifier (AMID) was assigned to genes in General Feature Format (GFF) files across 68 collected and predicted genomes.
Functional annotation of protein-coding genes
To enhance genome annotation completeness, we conducted unified functional annotation for each genome. Homologous genes from Asteraceae species were identified using a sequence similarity-based approach previously described (7). Specifically, protein sequences from genes in Arabidopsis and sunflower (2) were used as queries. BLASTP (2.10.0+) searches were performed against protein sequences of each Asteraceae species under the conditions of E-value < 1e-5 and identity > 50% (7). Subsequently, all protein sequences from Asteraceae species were reciprocally searched against protein sequences from Arabidopsis and sunflower. For protein sequences matching those from Arabidopsis and sunflower, only the best alignment sequence was kept. Based on the results from these searches, homologous genes in Asteraceae species were extracted.
[bookmark: OLE_LINK14][bookmark: OLE_LINK12] Transcription factor (TF) in 68 Asteraceae genomes were predicted using PlantTFDB v5.0 (8) and iTAK (9). Amino acid sequences were uploaded to PlantTFDB and iTAK database for analysis. Gene families in the Asteraceae genomes were identified based on corresponding gene family members in Arabidopsis (https://www.arabidopsis.org). To identify conserved motifs, protein sequences from Asteraceae species were subjected against HMMER models using HMMER v3.2.1 hmmsearch (10) with an E-value threshold of 1e-5. Protein sequences from each pair of genomes were compared using Diamond v.0.9.14.115 (11). Subsequently, gene collinearity was detected using the McScan (Python version) (12). Visualization of collinearity results for specific species and regions were achieved using ShinySyn (13) to facilitate user access.
Ortholog groups among the Asteraceae genomes
The 74 species were used to construct a distance-based phylogenetic tree using JolyTree with default parameters (14). The generated tree was saved in Newick format by default and then visualized using the ggtree R package (15). We selected genomes from 43 Asteraceae species to establish a robust pan-genome based on two criteria: i) BUSCO completeness scores greater than 80% (16), and ii) the use of RNA-seq data for predicting gene structures. Drawing from pan-genome construction approaches in Bambusoideae (17), rice (5), wild grape (18), and poplar (19), we developed a gene-based pan-genome for the Asteraceae (18). Protein sequences from genes in 43 Asteraceae genomes were collected and analyzed using OrthoFinder v2.5.4 (20) with default parameters to identify ortholog groups, which are clusters of genes. These ortholog groups includes three categories: core, dispensable, and species-specific gene clusters. Core gene cluster are genes present in at least 39 genomes (>90% genomes) (21), species-specific gene cluster occur only in one species, and the remaining gene cluster found in 2 to 38 species are classified as dispensable gene cluster.
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