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                To the Editor:
Schaefer et al.1 recently stated that CRISPR–Cas9 nuclease can induce off-target alterations at genomic loci that do not resemble the intended on-target site. This new proposed CRISPR–Cas9 off-target activity runs contrary to previously published work (performed mostly in cells, but also in mice)2,3,4,5,6 and, if the authors are correct, could have profound implications for research and therapeutic applications. However, we here demonstrate that the simplest interpretation of data in Schaefer et al.1 is that the two CRISPR–Cas9-treated mice are genetically more closely related to each other than to the control mouse. This strongly suggests that the so-called 'unexpected mutations' simply represent shared single-nucleotide polymorphisms (SNPs) and indels that existed before nuclease treatment.
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                    Figure 1: Measures of genetic relatedness in the F03, F05, and FVB mice.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Reproduction of reported variant calls.
Variants were called using the intersection of three somatic cancer mutation calling software frameworks for each mouse using FVB as a “normal” tissue. We were able to reproduce 91.1% and 93.5% of the previously reported variants (green; left) though our analysis framework differed slightly as we employed GATK best practices. The number of mutations called and concordant with the previously reported variants was similar for an identical iteration of the pipeline run on downsampled data for the F03 and F05 mice (right), indicating that the differential coverage reported by the authors did not have a substantial impact on the analysis.


Supplementary Figure 2 Measures of genetic relatedness between the three mice.
Panel E shows the computed genetic distance between the three mice under each of the two models (Panels A, C) and observed variants (Panels B, D).


Supplementary Figure 3 Distance distributions of Schaefer et al.-reported SNVs to closest Cas-OFFinder predictions.
Log10 minimum distances were plotted for all Schaefer et al.-reported SNVs to the closest Cas-OFFinder in-silico off-target prediction (mismatch up to 6bp, DNA/RNA bulges up to 2bp). Three independent randomly sampled common dbSNPs were also plotted to assess the background of the analysis.


Supplementary Figure 4 Motif enrichment at variants identified through the Schaefer et al. pipeline.
Motif sequences were inferred using HOMER. Motifs were inferred using sequences of 100bp centered at the SNPs obtained with the pipeline proposed by Schaefer et al. (mm10 reference genome) for the groups F03 vs FVB and F05 vs FVB as target sets. No enriched motifs were present for both SNP sets, leaving no clear mechanism for potential shared DNA sequence recognition by Cas9.


Supplementary Figure 5 Empirical evaluation of indel concordance in F03 and F05 mice.
We sought to quantify the empirical probability that 118 indels shared between F03 and F05 mice would all be the same length (left). From empirical indel distributions described in van Overbeek et al., we simulated paired indel occurrences (right) to highlight the heterogeneity of the indel outcome process. With the least heterogeneous indel size distribution, we use the binomial test to assess the significance of observing 118 paired indel size matches (p = 1.5 e-42).


Supplementary Figure 6 SNP substitution comparison between F03 and F05.
Heatmaps showing the overlap of the nucleotide observed at a SNV in F03, and the nucleotide observed in F05 at the same location. In each heatmap, only SNVs that are homozygous reference, and then show a variant in both F03 and F05 are shown. Notably, the density along the diagonal shows that a vast majority (> 99%) of variant loci shared in F03 and F05 also share the same nucleotide base.


Supplementary Figure 7 Characterization of mutations called from variant calling pipelines.
Left: Pie chart showing the fraction of dbSNP variants called by the GATK pipeline that have the same genotype in F03 and F05 (but not in FVB). Right: Variants called by the Schaefer et al. pipeline were mapped to the closest dbSNP variant. This pie chart shows the fraction of these dbSNP variants that had the same genotype in F03 and F05. The variants that are closest to calls from the Schaefer et al. pipeline are significantly enriched for variants whose genotype is shared between F03 and F05.
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