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Precise gene editing aims to generate targeted genetic modifications at
single-nucleotide resolution in order to correct or recreate human pathogenetic
variants associated with disease. However, precision editing with nucleases such as
CRIPSR-Cas9 has seen limited success due to poor efficiency and limited practicality.
The main reasons include low frequency of homology-directed repair (HDR) and
predominant on-target mutagenesis by mutagenic end joining (MutEdJ), leading to
unreliable editing.

Here, a fluorescent DNA repair assay was established in human induced
pluripotent stem GPS) cells to visualize and quantify the frequency of DNA repair
outcomes during monoallelic and biallelic targeting. Modulating both DNA repair and
cell cycle phase via defined culture conditions and small molecules was found to
synergistically enhance the frequency of homology-directed repair (HDR). Targeting
in homozygous reporter cells resulted in high levels of editing with a vast majority of
biallelic HDR outcomes. However, nearly no heterozygous outcomes were obtained
because both alleles were systematically targeted and edited. Therefore, high HDR
efficiency was leveraged with mixed ssODN repair templates to generate compound
heterozygous mutants containing a mutant and a protected allele.

Finally, synergistic gene editing was shown to increase HDR frequency at
endogenous loci, confirming the broad applicability of this strategy to generating
precise genetic modifications in the human genome.
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