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            Abstract
Programmable C•G-to-G•C base editors (CGBEs) have broad scientific and therapeutic potential, but their editing outcomes have proved difficult to predict and their editing efficiency and product purity are often low. We describe a suite of engineered CGBEs paired with machine learning models to enable efficient, high-purity C•G-to-G•C base editing. We performed a CRISPR interference (CRISPRi) screen targeting DNA repair genes to identify factors that affect C•G-to-G•C editing outcomes and used these insights to develop CGBEs with diverse editing profiles. We characterized ten promising CGBEs on a library of 10,638 genomically integrated target sites in mammalian cells and trained machine learning models that accurately predict the purity and yield of editing outcomes (R = 0.90) using these data. These CGBEs enable correction to the wild-type coding sequence of 546 disease-related transversion single-nucleotide variants (SNVs) with >90% precision (mean 96%) and up to 70% efficiency (mean 14%). Computational prediction of optimal CGBE–single-guide RNA pairs enables high-purity transversion base editing at over fourfold more target sites than achieved using any single CGBE variant.
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                    Fig. 1: Development of prototype CGBEs.[image: ]


Fig. 2: CRISPRi knockdown screen across 476 genes enriched for those with roles in DNA repair identifies candidate regulators of C•G-to-G•C editing.[image: ]


Fig. 3: Effect of varying the cytidine deaminase and Cas9 components of CGBEs on C•G-to-G•C editing outcomes in HEK293T cells.[image: ]


Fig. 4: New engineered CGBEs with various DNA repair proteins, deaminases, Cas proteins and architectures offer diverse editing performance on different target sites.[image: ]


Fig. 5: Target library characterization and machine learning modeling of ten CGBE variants.[image: ]


Fig. 6: Target library characterization and machine learning modeling of CGBE variants.[image: ]
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              The target library sequencing data generated during this study are available at the NCBI Sequence Read Archive database under PRJNA631290. Data from the Repair-seq screens are available under PRJNA721212. Processed target library data used for training machine learning models have been deposited under the following DOIs: https://doi.org/10.6084/m9.figshare.12275645 and https://doi.org/10.6084/m9.figshare.12275654.
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