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            Abstract
Base editors (BEs) have been used to create C-to-T substitutions in various organisms. However, editing with rat APOBEC1-based BE3 is limited to a 5-nt sequence editing window and is inefficient in GC contexts. Here, we show that a base editor fusion protein composed of Cas9 nickase and human APOBEC3A (A3A-PBE) converts cytidine to thymidine efficiently in wheat, rice and potato with a 17-nucleotide editing window at all examined sites, independent of sequence context.
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                    Figure 1: Comparison of C-to-T base editing by A3A-PBE and PBE.[image: ]


Figure 2: A3A-PBE is widely useful for C-to-T base editing.[image: ]
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Supplementary Figure 1 Product purity of cytosine base editing for the wheat genomic loci tested.
Product distributions and indels frequencies at four representative wheat genomic DNA sites in wheat protoplasts treated with PBE, A3A-PBE and A3A-Gam are shown. A total of 19,000-140,000 sequencing reads were used at every position.


Supplementary Figure 2 Product purity of cytosine base editing for the rice genomic loci tested.
Product distributions and indels frequencies at six representative rice genomic DNA sites in rice protoplasts treated with PBE, A3A-PBE and A3A-Gam are shown. A total of 25,000-131,000 sequencing reads were used at every position.


Supplementary Figure 3 Frequencies of indels in the ten target sites on the wheat and rice genomes.
Indel frequencies induced by PBE, A3A-PBE, A3A-Gam and Cas9 were measured. Frequencies (mean Â± s.e.m.) were calculated using the data from three biologically independent experiments (n=3).


Supplementary Figure 4 Comparison of C-to-T base editing efficiency between A3A-PBE and PBE base editors in potato protoplasts.
(a) Schematic representation of two cytosine base editors and one sgRNA vectors. (b) Sequence of the sgRNA targeting StALS and StGBSS. The C bases in the deamination window are highlighted in blue. The PAM sequences are shown in red. (c) Frequencies of indels in the ten target sites of potato. Indels frequencies induced by PBE, A3A-PBE and Cas9 with relative sgRNA. Frequencies (mean Â± s.e.m.) were calculated using the data from three biologically independent experiments (n=3).


Supplementary Figure 5 Identification and analysis of the wheat plantlets with targeted C-to-T conversions by A3A-PBE.
(a) Sequence of the sgRNA targeting a conserved region of the exon of TaALS homoeologues. The C bases in the deamination window are highlighted in red. The protospacer-adjacent motif (PAM) sequence is highlighted in red bold and the EcoO109I restriction site is underlined. (b) PCR-RE analyses of 10 representative taals mutants. Lanes T0-1 to T0-10 show PCR fragments amplified from independent wheat plants that digested with EcoO109I. Lanes labelled WT/D and WT/U are PCR fragments amplified from WT plants with and without EcoO109I digestion, respectively. The bands marked by red arrowheads indicate positive base editing.


Supplementary Figure 6 Constructs used for base editing of TaALS and Ta MTL and detection of transgene integration in the resultant T0 mutants.
(a) Diagram of the A3A-PBE and pTaU6-sgRNA vectors used for base editing of TaALS and TaMTL. The positions of the five primer sets (F1/R1, F2/R2, F3/R3, F4/R4 and F5/R5) used for detecting transgene integration are shown. (b) Outcome of the tests for transgene integration using five primer sets for ten represented taals mutant plants and ten tamtl mutants. None of the five primer sets yielded the expected PCR amplicon in four mutants for TaALS (T0-3, T0-5, T0-6 and T0-7) and six mutants for TaMTL (T0-1, T0-2, T0-3, T0-5, T0-6 and T0-9), indicating that they were transgene free. The negative control for the tests was performed using the genomic DNA extracted from wild type wheat plants (cv Kenong 199). The positive control for the tests was conducted with the plasmid DNA of A3A-PBE or pTaU6-sgRNA. Data were from three biologically independent experiments (n=3).


Supplementary Figure 7 Purified A3A-PBE- Î”UGI protein analyzed by SDSâ€“PAGE.
Three Î¼g purified protein was separated on 10% SDS-PAGE, and was then visualized by Coomassie Blue staining.
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