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            Abstract
Structural variation (SV), involving deletions, duplications, inversions and translocations of DNA segments, is a major source of genetic variability in somatic cells and can dysregulate cancer-related pathways. However, discovering somatic SVs in single cells has been challenging, with copy-number-neutral and complex variants typically escaping detection. Here we describe single-cell tri-channel processing (scTRIP), a computational framework that integrates read depth, template strand and haplotype phase to comprehensively discover SVs in individual cells. We surveyed SV landscapes of 565 single cells, including transformed epithelial cells and patient-derived leukemic samples, to discover abundant SV classes, including inversions, translocations and complex DNA rearrangements. Analysis of the leukemic samples revealed four times more somatic SVs than cytogenetic karyotyping, submicroscopic copy-number alterations, oncogenic copy-neutral rearrangements and a subclonal chromothripsis event. Advancing current methods, single-cell tri-channel processing can directly measure SV mutational processes in individual cells, such as breakage–fusion–bridge cycles, facilitating studies of clonal evolution, genetic mosaicism and SV formation mechanisms, which could improve disease classification for precision medicine.
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                    Fig. 1: Haplotype-aware discovery of SVs in single cells by scTRIP.[image: ]


Fig. 2: Analysis pipeline for predicting somatic SVs in individual cells.[image: ]


Fig. 3: Unbiased translocation discovery based on correlated segregation.[image: ]


Fig. 4: Analysis of complex and ongoing DNA rearrangement processes.[image: ]


Fig. 5: Haplotype-resolved karyotypes and subclonal heterogeneity of T-ALL relapses.[image: ]


Fig. 6: Locating previously unrecognized SVs in a T-ALL relapse sample.[image: ]
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                Data availability

              
              Sequencing data from this study can be retrieved from the European Genome-phenome Archive (EGA) and the European Nucleotide Archive (accession codes: PRJEB30027, PRJEB30059, PRJEB8037, PRJEB33731, EGAS00001003248, EGAS00001003365). Access to human patient data is governed by the EGA Data Access Committee.

            

Code availability

              
              The computational code of our analytical framework is hosted on GitHub (see https://github.com/friendsofstrandseq/mosaicatcher-pipeline, https://github.com/friendsofstrandseq/TranslocatoR and https://github.com/friendsofstrandseq/mosaicatcher). All code is available freely for academic research.
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