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Background: Aging is typically associated with a progressive decline in functional integrity and
homeostasis. Understanding the genetic mechanisms that underlie aging is critical for countering aging.
In the field of genetics, considerable effort has been directed toward searching for aging-related genes,
and recent omics studies have been conducted to comprehensively identify genes associated with aging in
different tissues. While several methods have been developed for detecting the genes whose expression
values monotonically change during aging using bulk data, such computational method for aging single
cell genomics has been limited. Novel methodological considerations are needed to extend data-driven
detection of aging changes in transcriptome data to the entire single-cell expression profile. Here, it
proposed a new workflow for detecting the potential age-related gene screening methods based on
information theory
Methods: In this study, it introduces a novel workflow that can detect arbitrary monotonic changes in
single-cell expression. The input data are single-cell RNA-seq datasets from different donors. The
single-cell expression data of a gene can be expressed as a probability distribution. The dissimilarity of a
single-cell expression profile between samples can be calculated using Hellinger distance metric. And a
dissimilarity matrix based on the absolute value of the differences between the donor ages of the sample
is also calculated. Spearman correlation coefficient between the elements of the upper triangular
matrices of the two distance matrices serves as an indicator of the association between single cell
expression profile and age for each gene. it uses both simulation and real single cell-RNA data to
demonstrate that.
Result: Simulation analysis showed that this workflow can detect monotonic distribution changes which
could not be detected by conventional bulk data analysis. Next, it applies the method to the large-scale
single-cell RNA-seq dataset. It uses public single cell RNA dataset contains 20,138 genes in 245,389 cells
derived from various organs of multiple mouse donors of different ages. It focuses the analysis on four
organs (kidney, limb muscle, lung, and marrow) which more than 10 mice were measured in this dataset.
It applies the proposed workflow to this preprocessed dataset and detects the genes with the age-related
change of the single-cell expression profile. The visualization of the single cell expression distribution
change during aging for the detected genes has shown that the specific patterns of change are diverse
even among those genes that are strongly associated with age and single-cell expression profile.
Conclusion: In this study, it develops a novel workflow to detect changes in the  distribution of
arbitrary monotonic age-related changes in single-cell expression profiles. Since single-cell expression
profiles can be analyzed as probability  distributions of gene expression, it proposes a method that
combines the quantification of differences between distributions using information theory, and
association analysis based on distance matrices. This technique is potentially useful as a simple

screening method for identifying aging-related cellular features.
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