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            Abstract
Single-cell combinatorial indexing (sci) with transposase-based library construction increases the throughput of single-cell genomics assays but produces sparse coverage in terms of usable reads per cell. We develop symmetrical strand sci (‘s3’), a uracil-based adapter switching approach that improves the rate of conversion of source DNA into viable sequencing library fragments following tagmentation. We apply this chemistry to assay chromatin accessibility (s3-assay for transposase-accessible chromatin, s3-ATAC) in human cortical and mouse whole-brain tissues, with mouse datasets demonstrating a six- to 13-fold improvement in usable reads per cell compared with other available methods. Application of s3 to single-cell whole-genome sequencing (s3-WGS) and to whole-genome plus chromatin conformation (s3-GCC) yields 148- and 14.8-fold improvements, respectively, in usable reads per cell compared with sci-DNA-sequencing and sci-HiC. We show that s3-WGS and s3-GCC resolve subclonal genomic alterations in patient-derived pancreatic cancer cell lines. We expect that the s3 platform will be compatible with other transposase-based techniques, including sci-MET or CUT&Tag.
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                    Fig. 1: Symmetrical strand single-cell combinatorial indexing ATAC-seq (s3-ATAC) improves molecular capture rate.[image: ]


Fig. 2: s3-ATAC on human cortex and mouse whole brain.[image: ]


Fig. 3: s3-ATAC on human cortex inhibitory neurons.[image: ]


Fig. 4: s3-WGS and s3-GCC.[image: ]


Fig. 5: s3-WGS for copy number calling and s3-GCC for genome conformation changes.[image: ]
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                Data availability

              
              The data discussed in this publication have been deposited in the National Center for Biotechnology Information’s (NCBI’s) Gene Expression Omnibus (GEO) and are accessible through GEO Series accession number GSE174226. External single-cell ATAC datasets were downloaded from GEO sample accession number GSM2668124 for snATAC, and external sites for dscATAC (https://github.com/buenrostrolab/dscATAC_analysis_code/blob/master/mousebrain/data/mousebrain-master_dataframe.rds) and 10X Genomics scATAC (https://cf.10xgenomics.com/samples/cell-atac/1.1.0/atac_v1_adult_brain_fresh_5k). The external single-cell WGS dataset was downloaded from NCBI BioProject PRJNA326698 (https://www.ncbi.nlm.nih.gov/sra/SRX2005587). Single-cell HiC datasets were downloaded from the 4D Nucleosome project (https://data.4dnucleome.org/publications/048d4558-2cac-41d2-ac6e-ff2ac3f007c4/#expsets-table). External bulk HiC datasets have been downloaded from the ENCODE consortium’s data portal, https://www.encodeproject.org/ via accession codes ENCSR194SRI, ENCSR346DCU, ENCSR444WCZ and ENCSR079VIJ. Source data are provided with this paper.

            

Code availability

              
              Code and custom scripts used in this study are available at https://github.com/adeylab/scitools and https://mulqueenr.github.io/.
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