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Introduction: The goal of this project was to develop a computational method to 

uncover cell-type-specific signals from bulk RNA sequencing data, which measures 

mixed cell populations. We applied this pipeline to study how different variables predict 

immune cell composition in an Indigenous Malaysian population (the Orang Asli), who 

are experiencing a rapid transition from traditional rural to urban lifestyles, addressing a 

critical gap in research that has historically centered on European cohorts. 

 

Methods: We built a pipeline using the BSEQ-sc tool to deconvolve bulk RNA-seq data 

from 860 Orang Asli individuals by integrating it with a single-cell RNA-seq reference 

(23,505 cells from 4 donors). Methods included preprocessing datasets, identifying cell-

type-specific marker genes, cross-dataset gene matching, and estimating cell-type 

proportions. We then applied linear models to the estimated cell-type proportions to 

evaluate associations with demographic variables, including age, sex, and urbanicity. 

The pipeline's accuracy was validated against external single-cell data and complete 

blood count-derived abundances. 

 

Results: Validation confirmed the pipeline's accuracy in resolving immune subset 

proportions. Demographic analysis revealed that higher urbanicity was associated with 

increased monocyte proportions, while male sex was also associated with elevated 

monocyte levels. Age demonstrated contrasting effects, with older age associated with 

decreased B cell proportions but increased NK cell frequencies. 

 

Conclusions: This work establishes a framework for analyzing immune cell composition in 

underrepresented populations, revealing how lifestyle and demographic factors shape 

immune health. We successfully created and validated a cell prediction pipeline and 

identified key predictors of immune cell composition. By linking these immune profiles to 

the population's ongoing lifestyle transition and associated rise in cardiometabolic 

disease, our approach provides a window into the biological mechanisms underlying 

broader health phenotypes. A primary challenge was ensuring accurate deconvolution 

despite a limited single-cell reference dataset. 
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