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Genome editing technologies, including CRISPR-Cas9 system, are expected to become state-of-the-art

technologies for gene therapy. However, there are new safety issues to be discussed before clinical

researches. One of the most important safety issues is off-target genome editing. The aim of this study is to

evaluate the off-target effects of genome editing technologies including sequence-specific off-target effects

and a novel off-target effects “unintentional insertion”, to develop efficient nucleotide sequence search

software for safety assessment of genome editing technologies, and based on these studies, to develop a

guidance document focusing on safety assessment of genome editing technologies for human gene therapy.

The following results were obtained in FY2016.

1.

To analyze genome-wide off-target editing induced by CRISPR-Cas9, we performed next-generation
sequencing (NGS) of genome-edited human iPS cell lines. Although whole exome sequencing (WES) was
expected as a cost-effective approach, WES could not be used for detecting off-target mutations in
regulatory regions or unidentified exons. Therefore, it is recommended to perform whole genome
sequencing (WGS) for detecting off-target mutations in those regions.

WGS of genome-edited iPS cell lines showed that off-target mutations were almost absent in an individual
iPS clone. We thus designed guide RNA (gRNA) sequences with large number of potential off-target sites
in order to dissect genome-wide off-target editing, and obtained genome -edited human iPS cells with
these gRNAs. In addition, genome-editing of 293T cells with the same gRNAs were also performed for
comparison with iPS cells. We are planning to perform WGS of obtained genome-edited iPS and 293T cell
lines in FY2017.

We also updated our nucleotide sequence search software to enhance the sensitivity of detecting gRNA
sequence-specific off-target mutations. The updated software exhaustively lists low-similarity sequence
hits. The software was partially implemented in GGGenome (http://GGGenome.dbcls.jp/) and
CRISPRdirect (http://crispr.dbcls.jp/). These web servers are freely available to all users.

We have previously reported that DNA sequences derived from retrotransposons and vector DNA
fragments are captured in the target loci when genome editing are carried out in mouse zygotes (Ono R., et
al., Scientific Reports 2015). In this study, we evaluate a novel off target effects, “unintentional insertion”,

in genome-edited human iPS cell lines.
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