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Figure S1. The UMAP plots of integrated human testicular cells data, cells were colored based on the five different used datasets in this study from A to E.
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Figure S2. Expression of spermatogonia markers. (A) Gene expression patterns of spermatogonia markers in the UMAP space and their expression levels in each cluster. (B) Dot-plot presentation of markers expression. 
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Figure S3. Expression of spermatocyte markers. (A) Gene expression patterns of spermatocyte markers in the UMAP space and their expression levels in each cluster. (B) Dot-plot presentation of markers expression.
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Figure S4. Expression of spermatid markers. (A) Gene expression patterns of spermatid markers in the UMAP space and their expression levels in each cluster. (B) Dot-plot presentation of markers expression.
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Figure S5. Expression of somatic cells markers. (A) Gene expression patterns of somatic cell markers in the UMAP space and their expression levels in each cluster. (B) Dot-plot presentation of markers expression.
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[bookmark: _Hlk61883063]Figure S6. Betweenness centrality analysis of spermatogonia and spermatocyte modules in the weighted gene co-expression network (WGCN). (A) The presentation of spermatogonia and spermatocyte modules in the spermatogenesis WGCN, (B) The spermatogonia and spermatocyte modules are colored based on the BCs from yellow to purple. The top ten genes with the highest BCs between spermatogonia and spermatocyte modules are highlighted. The expressions of the top BCs genes between the spermatogonia and spermatocyte along (C) the pseudotime and (D) the cell-types clusters.
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Figure S7. Betweenness centrality analysis of spermatocyte and spermatid modules in the weighted gene co-expression network (WGCN). (A) The presentation of spermatocyte and spermatid modules in the spermatogenesis WGCN, (B) The spermatocyte and spermatid modules are colored based on the BCs from yellow to purple. The top ten genes with the highest BCs between spermatocyte and spermatid modules are highlighted. (C) The expressions of top BCs genes between the spermatocyte and spermatid modules along (C) the pseudotime and (D) the cell-types clusters.
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