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Methods
RNA-Seq Data Processing
The RNA-Seq raw data (FASTQ) were processed according to the standard procedure below unless otherwise stated. Cutadapt (v1.14) (1) was used to remove adapters and low-quality sequences from all raw data. The obtained clean reads were aligned to the reference genome using HISAT2 (v2.1.0) (2) with default parameters. Samtools (v1.7) (3) rmdup was used to remove the redundant sequences after alignment and Stringtie (v1.3.4d) (4) was used to calculate gene expression (reads count and FPKM). Human reference genome: GRCh38 (NCBI). Mouse reference genome: GRCm38 (Ensembl). Bovine reference genome: ARS-UCD1.2 (NCBI). Chicken reference genome: Gallus_gallus-5.0 (Ensembl).
In the correspondence of follicular developmental stages among species, we downloaded from public databases: (i) RNA-Seq raw data of GCs and TCs at the follicular development of bovine selection, differentiation, and preovulation (GSE34317) (5). (ii) scRNA-Seq gene expression (FPKM) data for human primordial, primary, secondary, antral, and preovulatory follicular developmental stages of GCs (GSE107746) (6). (iii) scRNA-Seq gene expression (reads count) data (GSE118127) for human pre-selected and selected follicular developmental stages of cumulus granulosa cells (CGCs), mural granulosa cells (MGCs), and theca cells (7). The data were converted into FPKM using an in-house script.
For the comparison of differential genes among stages of follicular development, to obtain the gene expression (reads count) of human preovulatory follicular GCs, we downloaded their scRNA-Seq raw data (GSE107746) and calculated the gene expression according to standard procedures.
The RNA-Seq data of small yellow follicles with high and low FSHR was download from GEO with access number GSE100673 (8).
Correspondence of follicular developmental stages among species
Using the gene expression data (FPKM) of GCs and TCs at each follicle development stage among species (human, bovine, chicken), the homologous gene expression matrix was constructed based on the NCBI HomoloGene database (https://ftp.ncbi.nih.gov/pub/HomoloGene/current/). Interspecies genes with the same name were also considered as homologous genes. Homologous genes expressed in at least one sample (FPKM ≥ 1) were retained. The Combat function of the sva (v3.30.1) R package (9) was used to remove the batch effect from different sample sources in the homologous gene expression matrix. The mean value of homologous gene expression for all samples at each follicular developmental stage was used to represent the homologous gene expression at that stage. Logarithmic scaling and z-score normalization of homologous gene expression by each stage of follicular development in each species. Finally, based on the normalized homologous gene expression data, hierarchical clustering (ward method) was performed for each stage of follicular development in each species.
The above method is also used to correspond to the stage of follicle development in human, rat, and chicken polycystic follicle syndrome.
To correspond more precisely to the developmental stages before and after follicular selection, we performed a dynamic time warping (DTW) analysis using the R package dtw (v1.20.1) (10) according to a previous study (11). The input distance matrix is based on the logarithmically scaled FPKM expression matrix computed with the dist function (method='dtw') of the R package proxy (v0.4.22). The parameters of the R package dtw are set to: keep = TRUE.
Identification of Differentially Expressed Genes and GO Analysis
In the comparison of follicle development-related genes across species, the gene differential expression was calculated based on reads count using DESeq2 (v1.22.2) (12). Genes with FPKM≥1, abs(logFC)≥1.5, and padj≤0.05 were defined as differentially expressed genes.
In the identification of genes related to follicular developmental stages in each species, genes differentially highly expressed at the respective follicular developmental stage compared to the selection stage were defined as related differentially expressed genes at the corresponding stage, and genes differentially highly expressed at the selection stage compared to the pre-ovulatory stage were defined as related differentially expressed genes at the selection stage (Table 1). Subsequently, Panther (http://pantherdb.org/) was used to enrich for the biological processes (GO biological process complete) and A-DaGO-Fun (v15.1) (13) was used to calculate GO semantic similarity. Finally, hierarchical clustering was done. In the hierarchical clustering tree structure, branches with distances less than 6 from each other were divided into clusters, resulting in a total of 42 clusters of semantically similar GO terms. After manual proofreading and labeling of the names, 35 clusters of biological processes were obtained.
ChIP-Seq Data Processing
ChIP-Seq raw data (FASTQ) was processed according to the following standard procedure unless otherwise stated. Cutadapt (v1.14) was used to remove adapters and low-quality sequences from raw data, and clean reads were aligned to the reference genome using Bowtie2 (v2.3.4.1) (14) with default parameters. Samtools (v1.7) rmdup was used to remove redundant sequences from the BAM files after alignment for subsequent analysis. We downloaded ChIP-Seq data of H3K27ac of mouse follicular granulosa cells (GSE115820) and human ovarian tissues (ENCFF052RXC, ENCFF282TNP) from public databases (15, 16). The human ovarian ChIP-Seq data are BAM files.
Identification of Super-enhancers and Analysis of Their Associated Regulatory Networks
MACS2 (v2.1.1.20160309) (17) was used for peak calling with parameters -B -p 1e-9, where chicken genome size is set to 1.2e9. Subsequently, the super-enhancers were identified using ROSE (v0.1) (18) with the default parameters, and the core transcriptional regulatory circuits (CRCs) were identified with CRCmapper (v1.0) (19). In the use of CRCmapper, genes with FPKM ≥ 1 were considered to be expressed genes and the chicken transcription factor database is derived from AnimalTFDB (v3.0) (20). All candidate CRCs were retained.
According to the previously described method (19), we constructed a transcriptional regulatory network based on super-enhancers. Super-enhancers, super-enhancer-associated genes, and their encoding proteins (transcription factors or non-transcription factors) were together considered to be a node in the transcriptional regulatory network. The node-to-node regulation depended on the prediction of transcription factor binding to super-enhancers. The closeness centrality (in), closeness centrality (out), and edge betweenness centrality of the transcriptional regulatory network were calculated using the closeness_centrality and edge_betweenness_centrality functions of networkx (v2.5), respectively. 
GSEA Analysis
We used the genes included in the biological processes related to follicle development or super-enhancer associated genes as gene sets, and the gene expression data of GCs and TCs of corresponding species and follicle development stages as expression matrices (FPKM). The gene enrichment analysis was performed on GSEA (v3.0) software (21).
[bookmark: _GoBack]Multiple Alignments Analysis
All multiple alignments results were download from UCSC genome browser. The genomic regions homologous to the chicken AR super-enhancer or chicken poGCs super-enhancers across 77 species were extracted by in house scripts. The binding sites of candidate TFs screened by the chicken poGCs super-enhancers were calculated by fimo (v5.0.3) software (22). The gaps distribution was calculated by deeptools (v3.0.2) software (23).
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