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Supplementary Note
In order to verify the efficiency of scMetR, we downloaded another pancreatic ductal adenocarcinoma (PDAC) single-cell RNA sequencing (scRNA-seq) dataset from Gene Expression Omnibus (GEO) database (GSE156405 [1]). The patients who had not been treated with any drugs were used for further analysis, which contained 4 primary patients and 1 metastatic patient. The number of cells obtained from each patient ranged from 1465 to 7479 for primary samples. The dataset included 14,124 cells of primary samples and 10,927 cells of metastatic sample. Genes expressed in fewer than 3 cells were removed. Cells with more than 40% mitochondrial gene counts, more than 6000 detected genes, and more than 75,000 unique molecular identifier (UMI) were filtered. Following quality control, we clustered 10,788 cells from primary samples and 9888 cells from metastatic sample based on gene expression profiles, and assigned cell types based on marker genes expression. Main cell types were assigned using the following marker genes: EPCAM, KRT19, and KRT7 for tumor cell; COL1A1 and ACTA2 for cancer associated fibroblast (CAF); CD3D and CD3E for T cell; CD68, CD14, and AIF1 for macrophage; VWF, CLDN5, and EMCN for endothelial cell; MS4A1, CD79A, and CD79B for B cell; and CD1C and FCER1A for dendritic cell [2-4]. Finally, the cells were annotated as B cell, CAF, dendritic cell, endothelial cell, macrophage, T cell, and tumor cell (Figure S4A). 
To identify tumor sub-populations with different metastatic risk, we re-clustered the tumor cells, and observed that tumor cells were separated into six sub-clusters at the resolution of 0.1 (Figure S4B). The scMetR scores of the sub-clusters 0, 1, 2, 4, and 5 were significantly different from others (Wilcoxon test: P < 0.01). Thus, we defined sub-clusters 0, 2, and 5 as metastasis-featuring tumor cells (MFTC); sub-cluster 3 as transitional metastatic tumor cells (TransMTC); sub-clusters 1 and 4 as conventional tumor cells (ConvTC). We compared the scMetR scores among tumor sub-populations, and found that the scMetR score was also significantly enhanced in MFTC compared to TransMTC, and in TransMTC compared to ConvTC (Figure S4C). 
To verify the metastatic risk of MFTC, we performed further analysis. We applied functional enrichment analysis on the up-regulated metastatic signature genes (MSGs), and found that the up-regulated MSGs were also enriched in the functions related to metastasis, such as neutrophil degranulation [5] and neutrophil mediated immunity [6]. The results of survival analysis displayed that the patients with high expression of the up-regulated MSGs had worse prognosis as well (Figure S4D-E). In addition, the up-regulated MSGs contained some genes which were verified to promote PDAC metastasis, such as HMGA1 [7]. Spatial transcriptomics (ST) analysis revealed that HMGA1 was highly expressed in duct epithelium region and cancer region (Figure S4F). After mapping cell types in PDAC slides, we observed that MFTC was preferentially located in duct epithelium region and cancer region (Figure S4G). Further, cell-cell interactions were inferred by CellChat. The total number and the strength of interactions were the highest in MFTC and second highest in TransMTC (Figure S4H). These results were consistent with the discoveries of Lin et al data [3], which suggested that scMetR was reproducible in the independent dataset.
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Supplementary Figure S4. The analysis of single-cell RNA sequencing (scRNA-seq) validation dataset. A. t-distributed stochastic neighbor embedding (t-SNE) plot of 7 major cell types identified in primary and metastatic pancreatic ductal adenocarcinoma (PDAC). B. t-SNE plot of tumor sub-clusters at the resolution of 0.1. C. Violin plots of the scMetR scores for tumor sub-populations. D-E. Kaplan-Meier survival curves for patients in The Cancer Genome Atlas (TCGA) (D) as well as the AU and CA cohorts of International Cancer Genome Consortium (ICGC) (E). F. Spatially resolved heatmaps of expression patterns of HMGA1. G. Spatially resolved heatmaps of the proportion of metastasis-featuring tumor cells (MFTC). The proportion is encoded by the colors. H. Total number (top) and strength (bottom) of the cell-cell interactions of the tumor sub-populations.
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