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Abstract

Cytometry techniques are widely used to analyze cellular characteristics at single-cell resolution. This allows for
studying disease-specific mechanisms and potential drug targets, as well as pre-clinical therapy response in
diseases such as atherosclerosis and breast cancer [1]-[3].

Many data analysis methods for cytometry data focus solely on identifying subpopulations via clustering and
testing for differential cell abundance. However, besides abundance, it can be important to observe if specific
marker genes differ between sample groups. This is relevant for detecting if potential drug targets are uniformly
expressed across a cell population [4]. Only few tools offer differential expression analysis of markers between
conditions. These either reduce the data distribution to medians, discarding valuable information, or have
underlying assumptions that may not hold for all expression patterns.

We systematically evaluated existing and novel approaches for differential expression analysis on real and
simulated CyTOF data and found that methods using median marker expressions compute fast and reliable
results when the data are not strongly zero-inflated. However, as zero inflation of drug response genes is
expected after drug exposure, methods using all data to robustly detect changes in zero-inflated markers are
needed. To account for this, we developed the method CyEMD which uses earth mover’s distance to compare
expression distributions and can handle strong zero-inflation. CyEMD is available through CYANUS - CYtometry
ANalysis Using Shiny - a user-friendly R Shiny App, allowing the user to analyze cytometry data with
state-of-the-art tools, including well-performing methods from our comparison. A public web interface is available
at https://exbio.wzw.tum.de/cyanus/ [5].
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