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Abstract. A major limitation in single-cell genomics is a lack of ability
to conduct cost-effective population-level studies. As a result, much of
the current research in single-cell genomics focuses on biological pro-
cesses that are broadly conserved across individuals, such as cellular
organization and tissue development. This limitation prevents us from
studying the etiology of experimental or clinical conditions that may
be inconsistent across individuals owing to molecular variation and a
wide range of effects in the population. In order to address this gap,
we developed “kernel of integrated single cells” (Keris), a novel model-
based framework to inform the analysis of single-cell gene expression
data with population-level effects of a condition of interest. By inferring
cell-type-specific moments and their variation across conditions using
large tissue-level bulk data representing a population, Keris allows us to
generate testable hypotheses at the single-cell level that would otherwise
require collecting single-cell data from a large number of donors. Within
the Keris framework, we show how the combination of low-resolution,
large bulk data with small but high-resolution single-cell data enables
the identification of changes in cell-subtype compositions and the char-
acterization of subpopulations of cells that are affected by a condition
of interest. Using Keris we estimate linear and non-linear age-associated
changes in cell-type expression in large bulk peripheral blood mononu-
clear cells (PBMC) data. Combining with three independent single-cell
PBMC datasets, we demonstrate that Keris can identify changes in cell-
subtype composition with age and capture cell-type-specific subpopu-
lations of senescent cells. This demonstrates the promise of enhancing
single-cell data with population-level information to study compositional
changes and to profile condition-affected subpopulations of cells, and pro-
vides a potential resource of targets for future clinical interventions.

A preprint of the full paper is available at https://www.biorxiv.org/content/
10.1101/2022.01.27.478115v1.
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