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Motivation:

Gene sets are collections of genes annotated by their functional implications, which are often used
for interpreting target genes via gene-set enrichment analysis (GSEA). However, the interpretation
usually does not involve contextual and relational attributes of gene sets, and the role of
enrichment may be exaggerated, potentially leading to a biased emphasis on less meaningful
terms. To find alternative ways of prioritizing gene sets, it is worth knowing more about the
diversity and interactions of gene sets in their communities.

Method:

By trial and error, simulation and comparison studies were designed to identify an optimal
measure applied to single-cell RNA-seq datasets to estimate inter-gene-set similarities. Then,
gene-set multiplex networks can be built based on the ideal similarity measure where each layer
represents a biological context, e.g., a cell population, and the structural attributes of gene sets in
the multiplex networks can be computed at different scales. Both high-level properties, e.g.,
relations between contexts, and low-level features, e.g., structural coefficients of gene sets, were
further studied; attention was paid to the distinction between the semantic (Jaccard) network and
the multiplex network. Moreover, the structural coefficients were used to guide the reorganization
and prioritization of enriched GO-BP terms in a relevant GSEA study.

Results:

A k-nearest neighbor-based measure outperformed other candidates by its fast running time and
flexibility of being both linear and nonlinear measures. The multiplex network of gene sets built on
this measure captured the hierarchical relations among biological contexts and successfully
preserved the dynamic patterns of proximity between families of GO-CC gene sets, which
contrasted the static view by the traditional Jaccard network. The heterogeneous structural
coefficients helped reorder the enriched terms in a relevant GSEA where the differentially
expressed genes of the CD4+ T cell population compared to other immune cells were the target.
Gene sets with a fine-tuned level of multiplex centrality and normalized enrichment scores
dominantly prioritized terms related to leukocyte differentiation and T cell activation.

Conclusion:

This gene-set multiplex initiative explored the altering patterns of gene sets’ connections across
different biological conditions. The findings of gene-set contextual relations are valuable for
strengthening the current framework of prioritizing gene sets in GSEA.
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