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            Abstract
Several Streptococcus pyogenes Cas9 (SpCas9) variants have been developed to improve an enzymeâ€™s specificity or to alter or broaden its protospacer-adjacent motif (PAM) compatibility, but selecting the optimal variant for a given target sequence and application remains difficult. To build computational models to predict the sequence-specific activity of 13 SpCas9 variants, we first assessed their cleavage efficiency at 26,891 target sequences. We found that, of the 256 possible four-nucleotide NNNN sequences, 156 can be used as a PAM by at least one of the SpCas9 variants. For the high-fidelity variants, overall activity could be ranked as SpCas9â€‰â‰¥â€‰Sniper-Cas9â€‰>â€‰eSpCas9(1.1) > SpCas9-HF1â€‰>â€‰HypaCas9â€‰â‰ˆâ€‰xCas9 >> evoCas9, whereas their overall specificities could be ranked as evoCas9 >> HypaCas9â€‰â‰¥â€‰SpCas9-HF1â€‰â‰ˆâ€‰eSpCas9(1.1) > xCas9â€‰>â€‰Sniper-Cas9â€‰>â€‰SpCas9. Using these data, we developed 16 deep-learning-based computational models that accurately predict the activity of these variants at any target sequence.
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                    Fig. 1: High-throughput evaluation of the activities of SpCas9 variants using a lentiviral library of sgRNA-target sequence pairs.[image: ]


Fig. 2: PAM compatibilities and general activities of SpCas9 variants.[image: ]


Fig. 3: Specificity of SpCas9 variants when there are mismatches between the sgRNA guide sequence and the target sequence.[image: ]


Fig. 4: Development and evaluation of DeepSpCas9variants, computational models predicting the activities of SpCas9 variants.[image: ]
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                Data availability


We have submitted the deep sequencing data from this study to the NCBI Sequence Read Archive under accession number SRR10215483. We have provided the data sets used in this study as Supplementary Tables 1â€“3.



Code availability


We have made the source code for DeepSpCas9variants and the custom Python scripts used for the indel frequency calculations available on Github at https://github.com/NahyeKim/DeepSpCas9variants and https://github.com/CRISPRJWCHOI/CRISPR_toolkit/tree/master/Indel_searcher_2.
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