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The purpose of this study is to compare the results of in silico analysis, cell-free analysis (in vitro cleavage), and cell
analysis (intracellular cleavage) with those of in vivo analysis (individual level) for off-target and on-target site mutations
by in vivo genome editing. Based on these results, we will establish a safety evaluation method for in vivo genome editing

and compile considerations for the safety assessment of gene therapy products using in vivo genome editing technology.

1.Evaluation of off-target sites

1) With a view to establishing a method for predicting and evaluating off-target candidate sites for in vivo genome editing,
we conducted a series of analyses, including in silico analysis, cell-free analysis, cell analysis, and analysis in individual mice,
using a model genome editing system.

2) in silico analysis : Using GGGenome (https://GGGenome.dbcls.jp/), which can accurately search short sequences without
missing sequences, we predicted off-target sites by searching for guide RNAs and partially complementary sequences to the
human genome sequence that are adjacent to the SaCas9 PAM sequences (NNGRRT, NNGRRN). Off-target sites were
predicted by searching for sites adjacent to SaCas9 PAM sequences (NNGRRT, NNGRRN) among sequences partially
complementary to the guide RNA for the genome sequence. To facilitate in silico analysis with the same accuracy,
CRISPRdirect (https://crispr.dbcls.jp/), a guide RNA design software, has been developed to search not only general-purpose
SpCas9, but also SaCas9, which is used in this study, and other arbitrary Cas PAM sequences. GGGenome and CRISPRdirect
are available on the web and widely available to the public.

3) Digenome-seq is a method to find off-target cleavage sites by whole genome analysis after cleaving genomes extracted
from cells using CRISPR-Cas system. Digenome-run software is used to find cleavage sites in whole genome data by
Digenome-seq. However, under the conditions described in the paper, false positives were frequently observed. Therefore,
we developed a new analysis software with an improved analysis flow to correctly detect the cleavage sites.

4) From the results of in silico analysis and cell-free analyses, we clarified the characteristics of sequences that should be
evaluated when predicting and evaluating off-target mutations in genome editing using SpCas9 and SaCas9.

5) We compared the data obtained by the three cell-free analysis methods and clarified the characteristics such as reliability

and sensitivity of the detection results by each method.

2 . Evaluation of on-target mutation
1) Large insertion

AAV with guide RNA and SaCas9 was infected to cultured human cells to evaluate “on-target risk”. As a result, it was
confirmed that unintended AAV vector fragments were frequently inserted into the on-target site with amplicon sequence
analysis using the next-generation sequencer. These results clearly demonstrate that in genome editing using AAV vector,
insertion of unintended AAV vector fragments occurs frequently at the on-target site.
2) Chromosome abnormality

Dual-color FISH prove has been developed and applied to analyze the chromosomal abnormality in genome-editing cells.
Furthermore, a new algorithm to automatically judge the chromosomal abnormality has been also developed, resulting this

rapid analysis enable to detect the on-target effect caused by genome editing.

Based on these results and information obtained from literature surveys and other sources, we have established a method for
predicting and evaluating off-target and on-target mutations in in vivo genome editing (some studies are still ongoing).
Based on the results of further research, we will compile considerations for the safety evaluation of gene therapeutic

products using in vivo genome editing technology.



