The detailed procedure involved the following steps:
Initially, we performed batch calculations to determine normalized values for bulk RNA-seq data and transcripts per million for scRNA-seq data. Considering a normalized expression matrix denoted as C, the mean expression level of gene i across N cells is represented as Ei.
The average expression, denoted Ei, was computed using a random sampling approach. All genes were then categorized into 50 expression bins, and the occurrences of lactate phenotype genes (LPGs) within each bin were enumerated and labeled BLPGs. A corresponding number of randomly selected genes from each bin was chosen based on the frequency of the BLPGs. Specifically, the total count of these randomly selected genes, designated as K, matched the number of LPGs. This randomization procedure was iterated 1,000 times to ensure robustness.
Finally, a centralized gene expression matrix was constructed to represent data purged from excessive migration signals. To ascertain the prevalence of LPGs, we derived a random score, Srandom, from the centralized expression data of each sample or cell. This score was calculated as the mean of k × 1,000 randomly sampled features obtained earlier. Simultaneously, the LPG score, SLPGs, was determined by averaging the expression of K LPGs. Assuming a normal or mixed normal distribution, the final LPG score was computed as the difference between Srandom and the SLPGs: LPG score = Srandom - SLPGs.

