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分析方法：AUCell
To evaluate the 基因集名称 gene set activities in different cell clusters or sample types, we employed the 分析方法 scoring algorithm from the R package irGSEA (version 3.2.4)[1], AUCell[2] evaluates whether a set of genes shows a significant enrichment at the top of a ranked gene list by calculating the Area Under the Curve (AUC) for each cell, assessing the proportion of genes in the gene set that are highly expressed in each cell.

分析方法：UCell
To evaluate the 基因集名称 gene set activities in different cell clusters or sample types, we employed the 分析方法 scoring algorithm from the R package irGSEA (version 3.2.4)[1], Ucell[3] uses a Mann-Whitney U statistic to calculate enrichment scores for gene signatures in single-cell data, providing a rank-based, annotation-free method that is fast and requires minimal preprocessing.

分析方法：singscore
To evaluate the 基因集名称 gene set activities in different cell clusters or sample types, we employed the 分析方法 scoring algorithm from the R package irGSEA (version 3.2.4)[1], singscore[4][5] scores individual samples independently without training or fitting parameters to the data, making it particularly suitable for small sample numbers and heterogeneous data.

分析方法：AddModuleScore
To evaluate the 基因集名称 gene set activities in different cell clusters or sample types, we employed the 分析方法 scoring algorithm from the R package irGSEA (version 3.2.4)[1], AddModuleScore[6] calculates the average expression of a gene set in each cell, subtracted by the background expression level, providing a normalized enrichment score that accounts for gene expression variability.
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