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            Abstract
It is not clear how spontaneous DNA double-strand breaks (DSBs) form and are processed in normal cells, and whether they predispose to cancer-associated translocations. We show that DSBs in normal mammary cells form upon release of paused RNA polymerase II (Pol II) at promoters, 5′ splice sites and active enhancers, and are processed by end-joining in the absence of a canonical DNA-damage response. Logistic and causal-association models showed that Pol II pausing at long genes is the main predictor and determinant of DSBs. Damaged introns with paused Pol II-pS5, TOP2B and XRCC4 are enriched in translocation breakpoints, and map at topologically associating domain boundary-flanking regions showing high interaction frequencies with distal loci. Thus, in unperturbed growth conditions, release of paused Pol II at specific loci and chromatin territories favors DSB formation, leading to chromosomal translocations.
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                    Fig. 1: Genome-wide mapping of digested AsiSI sites and endogenous DSBs in diploid mammary epithelial cells.[image: ]


Fig. 2: Pol II-pS5 accumulates at fragile promoters.[image: ]


Fig. 3: Effect of etoposide (Eto) treatment on TOP2B ChIP-seq signals, and ChIP-seq signals of Pol II-pS5 and DNA-repair factors around the TSSs of fragile and control promoters.[image: ]


Fig. 4: Pol II-pS5, topoisomerases and DNA-repair factors at fragile and control promoters from different transcription classes, and effect of etoposide treatment on gene expression.[image: ]


Fig. 5: In situ localization of TOP2B-XRCC4 interaction sites, and length of genes with fragile or control promoters.[image: ]


Fig. 6: Mechanisms of endogenous DSB formation/processing, and effect of DRB administration and washout on Pol II-pS5 and XRCC4 ChIP-seq signals at fragile and control promoters.[image: ]


Fig. 7: Characterization of fragile and control enhancers.[image: ]


Fig. 8: Characterization of the damaged introns associated with translocation breakpoints.[image: ]
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              Raw and processed data are available under accession number GSE93040. Previously published data used in this work are: GRO-seq: E-MTAB-742; γH2AX ChIP-seq data of 4-OHT-treated cells (t = 2 h, replicate no. 1 in Supplementary Fig. 2a) are available under accession number GSE71447.
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