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Abstract

Analyzing high-dimensional biological data poses significant challenges, particularly in the presence of
unwanted variation introduced by external factors that can obscure biological signals. In this work, we delve
into the application of Remove Unwanted Variation (RUV) methods to address these challenges, focusing
on pseudo-bulk gene expression data derived from single-cell RNA sequencing (scRNA-seq) experiments.

Initially, we review current RUV methodologies for bulk analysis, drawing insights from work by Risso
et al. (2014), Gagnon-Bartsch and Speed (2012), Gagnon-Bartsch et al. (2013), and Molania et al. (2019).
These references provide a solid foundation for understanding the principles and practical implementations
of RUV, ranging from microarray to modern RNA-seq and nanostring technologies.

Subsequently, we explore the application of RUV methods to pseudo-bulk data, where gene expression
profiles are aggregated from scRNA-seq data at a cell type-subject level. By leveraging insights from bulk
RNA-sequencing analyses, we compare three strategies for integrating RUV techniques into pseudo-bulk
differential expression analysis, thereby improving downstream analyses’ robustness and biological inter-
pretability.

Finally, an illustrative example utilizing single-cell RNA-seq data from Perez et al. (2022) study on lupus
provides a practical demonstration of the discussed methodologies. With this work, we intend to showcase
the utility of RUV methods in uncovering cell type-specific gene expression associations in complex diseases,
clarify the strengths and limitations of each method, and highlight scenarios where a particular approach
outperforms others.
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