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Abstract: Genome Editing with Base Editing Systems from Bacteria to Plants
In place of nuclease activity of conventional genome editing, DNA base-modifying reactions allow
direct introduction of point mutations (base editing, BE). By tethering the DNA deaminase activity
to nuclease-deficient CRISPR/Cas9 system, we have developed a genome editing tool that
enables targeted point mutagenesis. An AID orthologue PmCDA1 was attached to nucleasedeficient mutant of Cas9 (D10A and H840A) to perform highly efficient and target-specific
nucleotide editing. This base editing system, termed Target-AID, induced cytosine point mutation
in 3-5 bases range at the distal site within target sequence. Use of nickase Cas9 (D10A), which
retains single-strand cleaving activity, greatly increase the efficiency.
The toxicity associated with Cas9 has been greatly diminished, enabling application of
this technique to wider range of organisms including yeast, bacteria, animals and plants. The
tools are now applicable to various organisms with modifications. In mammals and plants, use
of nickase Cas9 (D10A), which retains single-strand cleaving activity, greatly increased the
efficiency, although it also occasionally induced insertion/deletion (indel). Co-expression of
Uracil-DNA glycosylase inhibitor (UGI) further boosted the efficiency and reduced the indel
formation. In E.coli, dCas9 is preferred and the use of UGI allows multiplex editing of up to 41
loci of multicopy elements. Endogenous deaminases in human cells can also be recruited for
base editing and might provide better delivery and safer option. Several modifications and
improvements have been made available for highest efficiency and mitigating unwanted effects,
depending on the applications.

