
[bookmark: _GoBack]Supplementary Figure 1 Volcano plots of MR results. A, Volcano plots show risk and protective factors using cis-eQTL in the discovery cohort (ieu_b_4953 dataset). B, Volcano plots show risk and protective factors using cis-eQTL in the replication cohort (finngen_R10_c3_HEPATOCELLU-CARC-EXALLC dataset). C, Volcano plots show risk and protective factors based on cis-pQTL in the training cohort (ieu_b_4953 dataset). D, Volcano plots show risk and protective factors based on cis-pQTL in the validation cohort (finngen_R10_c3_HEPATOCELLU-CARC-EXALLC dataset). 
Supplementary Figure 2 Phenotype-wide MR analysis results of CPA4 (A) and DNMT1 gene (B). Circles represent risk factors, while triangles represent protective factors.
Supplementary Figure 3 Functional enrichment analysis results of 8 genes. A, Enrichment results of biological processes of 8 genes. B, Cell composition enrichment results of 8 genes. C, Molecular functional enrichment results of eight genes. D, KEGG enrichment results of eight genes.
Supplementary Figure 4 The scRNA-seq data quality control. A The number of genes, the total Coun, and the percentage of mitochondrial gene in each cell of each sample before quality control. B, After quality control, the number of gene, the total Coun, and the percentage of chondriogene in each cell in each sample. C, The number of genesis positively correlated with sequencing depth. D, Scatter plots of the first 2000 highly variable genes. E, Classify cells using PCA and the top 20 PCs.

