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Abstract: Single-cell RNA-seq (scRNA-seq) quantifies gene expression at the cell resolution. State-of-
the-art methods for scRNA-seq Differential Expression Analysis (DEA) often rely on strong distribu-
tional assumptions that are difficult to verify in practice. Furthermore, while the increasing complexity
of clinical and biological single-cell studies calls for greater tool versatility, the majority of existing
methods only tackles the comparison between two conditions. We propose a novel, distribution-free,
and flexible approach to DEA for single-cell RNA-seq data. This new method, called ccdf, tests the
association of each gene expression with one or many variables of interest (that can be either continu-
ous or discrete), while potentially adjusting on additional covariates. To test such complex hypotheses,
ccdf uses a conditional independence test relying on the conditional cumulative distribution function,
estimated through multiple regressions. ccdf includes an asymptotic test as well as a permutation
test (when the number of observed cell is not sufficiently large). ccdf exhibits good statistical per-
formance in various simulation scenarios considering complex experimental designs (i.e. beyond the
two condition comparison), while retaining competitive performance with the state-of-the-art in a two
condition benchmark.
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