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After removing adapter sequences and low-quality reads using fastp (v.0.23.0) (1), clean reads were aligned to the reference genome of each species using Hisat2 (v.2.1.2) (2) with default parameters. Expression quantification was performed using StringTie (v.1.3.5) (3) with default settings, and gene expression levels were normalized using transcripts per kilobase million reads (TPM). Raw gene expression counts were generated using featureCounts (v1.6.4) (4). Differential gene expression analysis was conducted using the Bioconductor package DESeq2 (5) in R (v4.3.1). Genes with a log2-tranformed fold change ≥ 1 or ≤ −1 and a False Discovery Rate (FDR) ≤ 0.05 were considered differential expressed genes (DEGs). Tissue-specific gene expression was assessed using transcriptomes from various developmental. Batch effects were removed using the ComBat (6) package in R (v4.3.1). To measure tissue specificity, expression specificity metric (Tau) (7) and specificity measure (SPM) (8) were calculated. A co-expression network was constructed by calculating the Pearson correlation coefficient (PCC) of pairwise gene expression levels with gene pairs having a PCC > 0.8 retained to form the network. Furthermore, transcription factor regulatory networks for 50 species were predicted using the regulatory prediction function in PlantRegMap (9) , based on the regulatory network of Arabidopsis.
Genome variation calling
Due to the complexity and large size of Asteraceae genomes, population-level resequencing studies are limited (10,11). Nonetheless, transcriptome-based variant identification has emerged as a cost-effective alternative and has been successful applied in several species, such as lettuce, maize, and rice (12-14). In this study, we adopted a workflow previously used for variant identification using RNA-seq data (12-14). Initially, high quality clean reads were aligned to the reference genome using STAR with default parameters (15). The alignment outputs were subsequently converted and sorted using Samtools (v1.13) (16). The mapped reads were further processed for sorting, read group addition, and duplicate marking with Sambamba (v0.8.2) (17). After that, GATK’s SplitNCigarReads was utilized to split “N” cigar reads (18). GATK HaplotypeCaller was then employed to generate GVCF files for each sample. These individual GVCF files were combined using CombineGVCFs and GenotypeGVCFs to produce a unified VCF file. The resulting raw VCF file was filtered using GATK’s VariantFiltration to filtered out low mapping quality SNPs with parameters “QUAL < 30.0 || MQ < 50.0 || QD < 2”. All SNPs and InDels with minor allele frequencies (MAF) < 0.01 or missing rate > 0.1 were discarded by VCFtools (v.0.1.16) (19). Finally, the genetic variant annotation and effect prediction was carried out using SnpEff (5.0d) (20).
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