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The raw sequencing data of screens generated from this study are available under NCBI Sequence Read Archive (SRA) (SRA code: PRJNA732904), which can be
accessed at https://www.ncbi.nlm.nih.gov/bioproject/PRJNA732904. The raw and processed read counts of the screens generated from this study are provided as
Supplementary Data files. Three datasets used in this study are available under NCBI SRA: GUIDE-seq (SRA code: SRP050338, https://www.ncbi.nlm.nih.gov/sra?
term=SRP050338), TTISS (SRA code: PRJNA602092, https://www.ncbi.nlm.nih.gov/bioproject/PRJNA602092/), and CHANGE-seq (SRA code: PRJNA625995, https://
www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA625995). Data for Avana, GeCKO-v2 and Sanger CRISPR screen are obtained from the Depmap portal at https://
depmap.org/portal/download. Source data are provided with this paper.

All the CRISPR/Cas9 screens (Lib T1, T2, T3, Allele, S1 and Lib sg1-sg6) have been conducted in 3 independent biological replicates. Detailed
statistics for included gRNA numbers and classes can be found in Supplementary Data 14. All the gRNA infection experiments for allele-specific
editing validation have been conducted in 2 independent biological replicates. All sample sizes were sufficient for the model training and for
the following statistical tests.

(1) Considering that the calculation of off-on ratios are associated with large variation with limited number of reads in the denominator, we
filtered out gRNA-target pairs with less than 100 total edited reads at on-target site. The criterion was established after deep sequencing,
depending on the read counts. The data from CRSIPR/Cas9 screens with Lib T1, T2, T3 and Allele were processed with this data exclusion
criterion. (2) Considering that the calculation of indel rate are associated with large variation with limited number of edited reads, we filtered
out gRNA-target pairs with less than 100 total edited reads. The criterion was established after deep sequencing, depending on the read
counts. The data from CRSIPR/Cas9 screens with Lib S1 and sg1-sg6 were processed with this data exclusion criterion.

All the CRISPR/Cas9 screens (Lib T1, T2, T3, Allele, S1 and Lib sg1-sg6) have been conducted in 3 independent biological replicates and all the
gRNA infection experiments for allele-specific editing validation have been conducted in 2 independent biological replicates. All attempts at
replication were successful.

We designed 7 off-target sequences for each randomly designed gRNA, including 3 random targets with 1 mismatch (1-MM), 3 with 2
mismatches (2-MM), and 1 with 3 mismatches (3-MM). The mismatches in the 2-MM and 3-MM sequences are the combinations of the
mismatches in 1-MM sequences. For fair comparison of the performances between dual-target and single-target system, the same sets of
gRNA-target pairs were included in library T1 and S1. For the allele-specific editing validations, 3 mismatched gRNAs were selected according
to the allele-editing screen results and were compared to the perfect and truncated gRNAs.

Cells used to conduct screens and allele-specific editing validation experiments were grown under identical conditions. Blinding was not used.




