Advances in Supervised Interpretation and Preprocessing of ATAC-seq

Single-cell assay for transposase-accessible chromatin with sequencing (scATAC-seq) has been
widely used to profile chromatin accessibility and explore the epigenomic properties in heterogeneous cell
populations. Furthermore, transcription factors (TFs) bind to accessible sites, and scATAC-seq analysis
could associate TF binding specificities, typically available as sequence motifs, with variance in

chromatin accessibility.

Here we present a new supervised TF motif regression method, MotifReg, for computational analysis and
interpretation of scATAC-seq data. MotifReg can efficiently analyze large-scale scATAC-seq datasets and
learn interpretable associations between TF motifs and accessible peaks. The resultant low-dimensional
cell representations in the TF activity space facilitate downstream cell type-specific analyses of
scATAC-seq data. The supervised formulation in MotifReg enables ranking TF motifs by significance of

their association with chromatin accessibility, implicating cell type-specific TFs.

Furthermore, by comparing MotifReg performance across data analysis settings, we develop guidelines
and best practices for ATAC-seq peak calling, data preprocessing and normalization. We leverage these
best practices to show that aggregation of biologically similar ATAC data allows for the discovery of
chromosomal regions enriched for chromatin interaction, known motif binding, or ATAC co-accessibility.
We provide an automated methodology to quickly and efficiently scrape, compile, and preprocess this
data from online sources and illustrate how construction of these high-quality atlases can complement

existing analyses.
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