Genome-wide identification of meiotic non-crossovers in mice
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At leptotene/zygotene stage of meiosis I SPO11 induces approximately 250 DNA double-strand breaks (DSBs) per cell in mouse. All DSBs have to be repaired: either by crossover resolution (CO, ~10%) with a mutual exchange of chromatid arms, or non-crossover (NCO, ~90%) resolution with no exchange of chromatid arms. The nonreciprocal recombination begins at DSBs by digestion of single strand 5’end, leaving the 3’overhang strand to invade the homologous chromosome, which is used as a template to extend the 3’strand. This process, also known as gene conversion, is supposed to be essential for starting the homologous chromosomes synapsis. However little is known about localization and length of the sequence copied from the homologous chromosome during these events.

We used our mouse C57BL/6J-Chr #PWD chromosome substitution strains (abbreviated B6.PWD-Chr#) to directly identify and characterize products of the NCO resolution in a chromosome/genome-wide manner. We sequenced whole genomes of six chromosome substitution strains and compared them to the parental strains B6 and PWD. We detected ~80 instances of NCOs; a reprentative subset of them was validated by Sanger sequencing. 
We could detect NCOs as short as below 100bp and as long as above 200bp. The NCOs avoided promoters and overlapped previously published DMC1 (markers of double-strand breaks) and H3K4me3 (markers of PRDM9 binding sites) ChIP-seq peaks from B6, PWD, (B6xPWD)F1 and (PWDxB6)F1. The detected NCOs colocalized with DMC1 hotspots in 86% (PWDxB6, B6xPWD), 75% (B6) and 9% (PWD) of cases. This corresponds well to gradual inbreeding of both Prdm9 gene and the introgressed PWD chromosomes during the process of formation of consomic strains. It is consistent with an asymmetric behavior of PRDM9 protein when PRDM9B6 preferably binds to PWD chromatids and PRDM9PWD preferably binds to B6 chromatids in meiosis. The bases A/T were converted ~3 times (P<0.0001) more often to bases G/C than vice versa leading to a genome-wide GC bias.
