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Supplementary Figure 1. Basis of deamination selectivity selection in PACE and
PANCE circuits. In Circuit 1, stop codon formation is only impeded if the base editor
deaminates both A7 and As. Circuit 1 is thus tolerant to modest levels of A deamination. In
Circuit 2, deamination of a single adenine As will prevent stop codon formation and impede
circuit activation and phage propagation. Circuit 2 is thus more stringent for selecting against
deoxyadenosine deamination.
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Supplementary Figure 2. PANCE titers and evolved TadA-CD genotypes. (a) Phage
titers during PANCE for Lagoons 1-7. Stringency was modulated by increasing the promoter
strength from ProD (strongest, least stringent) to ProA (weakest, most stringent), increasing
the dilution factor, and by switching from Circuit 1 to Circuit 2. Lagoons 1-6 were inoculated
with phage encoding TadA8e-NpuN, while Lagoon 7 was inoculated with phage encoding
TadA8e A48R-NpuN. (b) Genotypes from various PANCE lagoons (L1-L7) after PANCE.
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Supplementary Figure 3. PACE titers and evolved TadA-CD genotypes. (a) Phage titers
and lagoon flow rate during PACE. Lagoon 1 showed activity-independent propagation in
S2060 cells after t=43 h, signifying phage that evolved selection-independent replication, and
was not continued. (b) Genotypes of evolved TadA* variants from lagoon 1 at t=43 h, before
the appearance of selection-independent propagation. (¢) Genotypes of evolved TadA*
variants from lagoon 2 at various time points.
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Supplementary Figure 4. AlphaFold model of TadA-CDa. (a) The cryo-EM structure of
ABES8e (PDB ID 6VPC)' is shown bound to DNA containing the 8-azanebularine (8Az)
substrate mimic of adenosine. Val 28 (magenta) supports proper positioning of the adenine
substrate relative to the catalytic zinc. (b) 8Az was replaced with cytidine using the “Swapna”
function in the Chimera software?. In the resulting model, C4 of cytosine, which is targeted for
nucleophilic attack during deamination, is ~1 A away from the target carbon of 8Az, and thus
may require shifting of the DNA substrate for productive catalysis. Val 28 may impede this
shift of the DNA substrate deeper into the TadA-8e pocket. (c) AlphaFold® was used to
generate a model of evolved TadA-CDa. The ABE8e structure was superimposed to
generate a model with the DNA substrate R-loop from 6VPC. The evolved enzyme is not
predicted to adopt any apparent differences in secondary structure compared to TadAS8e.
Evolved replacement of Val 28 in TadA-8e to the smaller Ala or Gly residues found in TadA-
CDs may alleviate steric constraints that are predicted to impede productive positioning of the
target C4 in cytosine relative to the catalytic zinc ion.
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Supplementary Figure 5. Testing individual mutations in TadCBEs. Base editing in E.
coli of a protospacer matching the selection circuit target site. Cells are co-transformed with a
target plasmid and a base editor plasmid. Base editor expression is induced with arabinose.
After 16 hours, cells are harvested, and the target plasmid is analyzed by high-throughput
sequencing. (a) Addition of individual mutations identified through evolution to ABES8e is
insufficient for generating a CBE. (b) Analysis of mutations in TadCBEa-c and TadCBEe.
Mutations in the loop region of ABE8e imparts selectivity for cytidine deamination, while
auxiliary mutations boost activity. (c) Analysis of mutations in TadCBEd. C+G-to-TA edits are
shown in blue. A-T-to-G+C edits are shown in magenta. Dots represent individual biological
replicates and bars represent meanzs.d. from four independent biological replicates.
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Supplementary Figure 6. Reversion analysis of TadCBEs. Base editing in E. coli of a
protospacer matching the selection circuit target site. Cells are co-transformed with a target
plasmid and a base editor plasmid. Base editor expression is induced with arabinose. After
16 hours, cells are harvested, and the target plasmid is analyzed by high-throughput
sequencing. (a) Mutations shown are relative to TadCBEa (grey box). (b) Mutations shown
are relative to TadCBEe (grey box). C+G-to-T+A edits are shown in blue. A*T-to-G+C edits are
shown in magenta. Dots represent individual biological replicates and bars represent
meanzs.d. from four independent biological replicates.
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Supplementary Figure 7. Indels and C+*G-to-G+C editing by SpCas9 variants at nine
genomic target sites. The specified base editors using SpCas9 nickase domains in the
BE4max architecture or ABE8e with 2xUGI were transfected into HEK293T cells along with
each of nine guide RNAs targeting the protospacers shown in each graph. C+G-to-G+C base
editing is shown in shades of blue. Indels are shown in grey. Dots represent individual values
and bars represent meanzts.d. of three independent biological replicates. The corresponding
on-target editing data can be found in Figure 3.



Supplementary Figure 8. V106W proximity to TadA-CD mutations. Mutations generated
during the evolution of TadA-CDs are shown in blue. Residue V106 is shown in red. The
addition of V106W to TadA-7.10, TadA-8e, and TadA-8.17 reduces off-target editing activity*-
6. The addition of V106W to TadCBEa-e increases selectivity for deaminating deoxycytidine
over deoxyadenosine and also reduces off-target editing activity.
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Supplementary Figure 9. Base editing by V106W variants at six genomic target sites.
The specified base editors using SpCas9 nickase domains in the BE4max architecture or
ABES8e with 2xUGI were transfected into HEK293T cells along with each of six guide RNAs
targeting the protospacers shown in each graph. Target cytosines are blue, target adenines
are magenta, and PAM sequences are underlined. C+G-to-T+*A base editing is shown in
shades of blue. A*T-to-G+C base editing is shown in shades of magenta. Dots represent
individual values and bars represent meanzts.d. of three independent biological replicates.
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Supplementary Figure 10. Indels and C+G-to-G+C editing by V106W variants at six
genomic target sites. The specified base editors using SpCas9 nickase domains in the
BE4max architecture or ABE8e with 2xUGI were transfected into HEK293T cells along with
each of six guide RNAs targeting the protospacers shown in each graph. C+G-to-G+C base
editing is shown in shades of blue. Indels are shown in grey. Dots represent individual values

and bars represent meants.d. of three independent biological replicates.
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Supplementary Figure 11. Base editing, indel formation, and C*G-to-G+C editing by
V106W variants at three aditional genomic target sites. The specified base editors using
SpCas9 nickase domains in the BE4max architecture or ABE8e with 2xUGI were transfected
into HEK293T cells along with each of three guide RNAs targeting the protospacers shown in
each graph. (a) Target cytosines are blue, target adenines are magenta, and PAM
sequences are underlined. C+G-to-T+A base editing is shown in shades of blue. AsT-to-G+C
base editing is shown in shades of magenta. (b) C+G-to-G+C base editing is shown in shades
of blue. Indels are shown in grey. Dots represent individual values and bars represent
meanzs.d. of three independent biological replicates.
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Supplementary Figure 12. Base editing activity windows of CBEs across nine genomic
target sites. Mean editing at various cytosines or adenines across nine tested sites were
grouped by the position of the cytosine within the protospacer (counting the PAM as positions
21-23) and averaged. Dots represent meanzs.d. for editing across all nine sites containing
the specified base at the indicated position within the protospacer (n = 3 biological replicates
for each of the nine sites). Individual data points for the nine sites used for this analysis are in
Fig. 3 and Supplementary Figs. 9 and 11.
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Supplementary Figure 13. On-target editing of EMX1 in the Cas-independent R-loop
editing experiment. The specified base editors using SpCas9 nickase domains in the
BE4max architecture or ABE8e with 2xUGI were transfected into HEK293T cells along with a
SpCas9 guide RNA targeting EMX1 as well as the indicated SaCas9 sgRNA. The average
on-target C+G-to-T+A base editing across Cs and Cs in EMX1 is shown for the indicated base
editor. Dots represent individual values and bars represent meants.d. of three independent
biological replicates. The corresponding Cas-dependent off-target data are shown in Figure
4c and Supplementary Figs. 14—15.
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Supplementary Figure 14. Cas-independent off-target C-G-to-T*A editing at individual
sites within six orthogonal R-loops generated by SaCas9. The previously published
orthogonal R-loop assay was performed on CBE variants in the BE4max architecture’. Cells
were transfected with the base editor and one SpCas9 sgRNA targeting the EMX7 locus
along with orthogonal dead SaCas9 and one SaCas9 sgRNA corresponding to Sa sites 1-6.
Dots represent individual biological replicates and bars represent meants.d. from three
independent biological replicates. Corresponding on-target data are in Supplementary Fig.

13.
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Supplementary Figure 15. Cas-independent off-target C-G-to-T*A editing by TadCBEe
V106W at individual sites within six orthogonal R-loops generated by SaCas9. The
previously published orthogonal R-loop assay was performed on CBE variants in the BE4max
architecture’. Cells were transfected with the base editor and one SpCas9 sgRNA targeting
the EMX1 locus along with orthogonal dead SaCas9 and one SaCas9 sgRNA corresponding
to Sa sites 1-6. Dots represent individual biological replicates and bars represent meants.d.
from three independent biological replicates.
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Supplementary Figure 16. Cas-independent off-target DNA editing by TadCBEe V106W
at six genomic SaCas9 R-loops. The previously published orthogonal R-loop assay was
performed on CBE variants in the BE4max architecture’. Cells were transfected with the base
editor and one SpCas9 sgRNA targeting the EMX1 locus (on-target) along with orthogonal
dead SaCas9 and one SaCas9 sgRNA corresponding to Sa sites 1-6 (SaR1-SaR6). (a) On-
target editing at the EMX1 locus. (b) The average C+G-to-T+A base editing across all the
adenines within the indicated protospacer is depicted on the graph. (¢) The average A+T-to-
G-C base editing across all the adenines within the indicated protospacer is depicted on the
graph. Dots represent individual biological replicates and bars represent meants.d. from
three independent biological replicates.
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Supplementary Figure 17. Cas-independent off-target DNA editing at six genomic
SaCas9 R-loops. The previously published orthogonal R-loop assay was performed on CBE
variants in the BE4max architecture’. Cells were transfected with the base editor and one
SpCas9 sgRNA targeting the EMX1 locus (on-target) along with orthogonal dead SaCas9
and one SaCas9 sgRNA corresponding to Sa sites 1-6 (SaR1-SaR6). The average A+T-to-
G-C base editing across all the adenines within the indicated protospacer is depicted on the
graph. Dots represent individual biological replicates and bars represent meants.d. from
three independent biological replicates.
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Supplementary Figure 18. Cas-independent off-target RNA editing of all cytosines and
adenines examined across three transcripts for TadCBEe V106W. Total RNA was
harvested from HEK293T cells 48 hours after transfection with the indicated base editor.
Following cDNA synthesis, CTNNB1, IP90, and RSL1D1 were amplified and analyzed by
high-throughput sequencing. At the same time, genomic DNA was harvested from the other
plate that was transfected in parallel. The genomic DNA was analyzed for on-target editing of
EMX1 as a control for base editor activity. (a) On-target editing of EMX7 in samples
corresponding to the RNA editing analysis. (b) Average C-to-U (shades of blue) or A-to-I
(shades of magenta) editing across transcripts. Dots represent individual biological replicates
and bars represent meants.d. of three independent biological replicates.
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Supplementary Figure 19. On-target editing of EMX1 in the RNA off-target editing
experiment. The indicated base editor was transfected into HEK293T cells in two parallel
plates. In one plate, RNA was harvested from HEK293T cells 48 hours after transfection with
the indicated base editor and analyzed as described in Supplementary Fig. 18. At the same
time, genomic DNA was harvested from the other plate that was transfected in parallel. The
genomic DNA was analyzed for on-target editing of EMX1 as a control for base editor activity.
Dots represent individual biological replicates and bars represent meants.d. of three
independent biological replicates.
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Supplementary Figure 20. Cas-dependent editing of known off-target sites for HEK3.
The specified base editors using SpCas9 nickase domains in the BE4max architecture or
ABE8e with 2xUGI were transfected into HEK293T cells along with a guide RNA targeting
HEK293T site 3 (HEK3). 72 h after transfection, genomic DNA was harvested and known off-
target sites were amplified using the primers in Supplementary Table 4. C+G-to-T+A base
editing is shown in shades of blue. A*T-to-G+C base editing is shown in shades of magenta.
Dots represent individual values and bars represent meanzs.d. of three independent
biological replicates.
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Supplementary Figure 21. Cas-dependent editing of known off-target sites for HEK4.
The specified base editors using SpCas9 nickase domains in the BE4max architecture or
ABE8e with 2xUGI were transfected into HEK293T cells along with a guide RNA targeting
HEK293T site 4 (HEK4). 72 h after transfection, genomic DNA was harvested and known off-
target sites were amplified using the primers in Supplementary Table 4. C+G-to-T+A base
editing is shown in shades of blue. A*T-to-G+C base editing is shown in shades of magenta.
Dots represent individual values and bars represent meanzs.d. of three independent
biological replicates.
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Supplementary Figure 22. Cas-dependent editing of known off-target sites for EMX1.
The specified base editors using SpCas9 nickase domains in the BE4max architecture or
ABE8e with 2xUGI were transfected into HEK293T cells along with a guide RNA targeting
EMX1. 72 h after transfection, genomic DNA was harvested and known off-target sites were
amplified using the primers in Supplementary Table 4. C+G-to-T+A base editing is shown in
shades of blue. A*T-to-G+C base editing is shown in shades of magenta. Dots represent
individual values and bars represent meanzts.d. of three independent biological replicates.
The corresponding on-target data are in Supplementary Figure 23.
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Supplementary Figure 23. On-target editing of EMX1. The specified base editors using
SpCas9 nickase domains in the BE4max architecture or ABE8e with 2xUGI were transfected
into HEK293T cells along with a guide RNA targeting EMX1. 72 h after transfection, genomic
DNA was harvested and known off-target sites were amplified using the primers in
Supplementary Table 4. C+G-to-T+A base editing is shown in shades of blue. A*T-to-G+C
base editing is shown in shades of magenta. Dots represent individual values and bars
represent meants.d. of three independent biological replicates. The corresponding off-target
data are in Supplementary Figure 22.
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Supplementary Figure 24. On-target and off-target editing of EMX7 by TadCBE V106W.
The specified base editors using SpCas9 nickase domains in the BE4max architecture or
ABE8e with 2xUGI were transfected into HEK293T cells along with a guide RNA targeting
EMX1. 72 h after transfection, genomic DNA was harvested and known off-target sites were
amplified using the primers in Supplementary Table 4. C+G-to-T+A base editing is shown in
shades of blue. A*T-to-G+C base editing is shown in shades of magenta. Dots represent
individual values and bars represent meanzts.d. of three independent biological replicates.
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Supplementary Figure 25. Cas-dependent editing of known off-target sites for BCL11A.
The specified base editors using SpCas9 nickase domains in the BE4max architecture or
ABES8e with 2xUGI were transfected into primary human CD34-positive hematopoietic stem
and progenitor cells (n=3 donors) along with a guide RNA targeting BCL11A. 72 h after
transfection, genomic DNA was harvested and known off-target sites were amplified using
the primers in Supplementary Table 4. C-G-to-T+A base editing is shown in shades of blue.
A-T-to-G+C base editing is shown in shades of magenta. Dots represent individual values and
bars represent meanzs.d. of three independent biological replicates.
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Supplementary Figure 26. Schematic of mESC library experiment. Thousands of pairs of
sgRNAs and corresponding target sites are integrated into mESCs and treated with base
editors. Base editor-containing cells are enriched by antibiotic selection, and library cassettes
are amplified for high-throughput sequencing. Adapted from Arbab, Shen, et al. Cell 2020.



Replicate consistency for TadCBEa

101 —— Pearson R=0.976

C-G-to-T-A activity (rep. 2)
o
b

o
1Y}

0.0 1

0.0 0.2 04 0.6 o8 1.0
C+G-to-T+A activity (rep. 1)

Replicate consistency for TadCBEd

101 —— Pearson R=0.979

C-G-to-T+A activity (rep. 2)

00 02 04 06 08 10
C+G-to-T+A activity (rep. 1)

Replicate consistency for TadCBEb_V106W
101 —— Pearson R = 0.962

C-G-1o-T-A activity (rep. 2)

00 02 04 06 08 10
C+G-to-TA activity (rep. 1)

Replicate consistency for BE4max

C+G-to-T+A activity (rep. 2)

C-G-1o-T-A activity (rep. 2)

C+G-to-T A activity (rep. 2)

Replicate consistency for TadCBEb

1.0 —— Pearson R =0.976
0.0 0.2 0.4 06 0.8 1.0
C+G-to-T+A activity (rep. 1)
Replicate consistency for TadCBEe
1.0 —— Pearson R =0.967
081
0.6
0.4 1
0.2 4
0.0
00 02 04 06 08 10
C+G-to-T*A activity (rep. 1)
Replicate consistency for TadCBEc_V106W
104 —— Pearson R = 0.956

00 02 04 06 08 10
C+G-to-T+A activity (rep. 1)

Replicate consistency for TadCBEc

101 —— Pearson R =0.974

C+G-to-T*A activity (rep. 2)

0.0 0.2 0.4 06 0.8 1.0
C+G-to-T+A activity (rep. 1)

Replicate consistency for TadCBEa_V106W

1.0 —— Pearson R =0.968

o
®
s

C+G-to-T*A activity (rep. 2)
14 o
- o

00 02 04 06 08 10
C+G-1o-T-A activity (rep. 1)

Replicate consistency for TadCBEd_V106W
1.0 —— Pearson R =0.957

o
®

C-G-1o-T*A activity (rep. 2)
o o
- o

00 02 04 06 08 10
C+GH1o-T+A activity (rep. 1)

Replicate consistency for TadDE

1.0 —— Pearson R =0.946 1.0 —— Pearson R=0.958

C+G-to-T-A activity (rep. 2)

o I
) @
L L

C+G-to-T*A activity (rep. 2)
o
'S

0.0 0.2

04
C+G-to-T+A activity (rep. 1)

0.6 08 1.0 0.0 0.2

0.4 06 0.8 1.0

C+G-to-T*A activity (rep. 1)

Supplementary Figure 27. Correlation between replicates in the mESC library
experiment. Uncorrected C+G-to-TA editing efficiency at each target site for each replicate.

The red dashed line is a total least-squares regression line.
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Supplementary Figure 28. Editing windows of TadCBE V106W variants in the mESC
library editing experiment. The editing window is defined as positions within the

protospacer where the average fraction of converted bases at that position is at least 30% of
the average editing at the maximally edited position. C+G-to-T*A base editing is shown in
blue. A-T-to-G+C base editing is shown in red.
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Supplementary Figure 29. Effect of V1I06W on peak editing in the mESC library
experiment. (a) C-G-to-T+A editing efficiency with TadCBEd (with and without V106W) for
each library member containing a cytosine at protospacer position 6. The red dashed line is a
total least-squares regression line. (b) A*T-to-G+C editing efficiency with TadCBEd (with and
without V106W) for each library member containing an adenine at protospacer position 6.
The red dashed line is a total least-squares regression line.
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Supplementary Figure 30. Sequence motifs for context preferences of TadCBEs.
Sequence motifs for base editing activities from performing regression on the editing
efficiencies. Logo opacity is proportional to the R on a held-out test set. See Methods. Plots
are provided for (a) C*G-to-T+A base editing and for (b) A-T-to-G+C base editing.
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Supplementary Figure 31. Characterization of evolved deaminases with evolved
eNme2-C Cas9 domains. The specified base editors using eNme2-C Cas9 nickase domains
(PAM=N4CN) in the BE4max architecture or ABE8e with 2xUGI were transfected into
HEK293T cells along with each of six guide RNAs targeting the protospacers shown in each
graph. Target cytosines are blue, target adenines are magenta, and PAM sequences are
underlined. C+G-to-T+A base editing is shown in shades of blue. A*T-to-G+C base editing is
shown in shades of magenta. Dots represent individual values and bars represent meanzs.d.
of three independent biological replicates.
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Supplementary Figure 32. Indels and C*G-to-G+C editing by eNme2-C Cas9 variants at
six genomic target sites. The specified base editors using eNme2-C Cas9 nickase domains
in the BE4max architecture or ABE8e with 2xUGI were transfected into HEK293T cells along
with each of six guide RNAs targeting the protospacers shown in each graph. C+G-to-G-C
base editing is shown in shades of blue. Indels are shown in grey. Dots represent individual
values and bars represent meanzts.d. of three independent biological replicates. The
corresponding on-target data are in Supplementary Figure 31.
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Supplementary Figure 33. Characterization of evolved deaminases with SaCas9
domains. The specified base editors using SaCas9 nickase domains (PAM=NNGRRT) in the
BE4max architecture or ABE8e with 2xUGI were transfected into HEK293-T cells along with
each of nine guide RNAs targeting the protospacers shown in each graph. Target cytosines
are blue, target adenines are magenta, and PAM sequences are underlined. C+G-to-T+A base
editing is shown in shades of blue. A*T-to-G+C base editing is shown in shades of magenta.
Dots represent individual values and bars represent meanzs.d. of three independent
biological replicates.
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Supplementary Figure 34. Indels and C*G-to-G+C editing by SaCas9 variants at nine
genomic target sites. The specified base editors using SaCas9 nickase domains in the



BE4max architecture or ABE8e with 2xUGI were transfected into HEK293T cells along with
each of six guide RNAs targeting the protospacers shown in each graph. C+G-to-G+C base
editing is shown in shades of blue. Indels are shown in grey. Dots represent individual values
and bars represent meanzts.d. of three independent biological replicates. The corresponding
on-target data are in Supplementary Figure 33.
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Supplementary Figure 35. Characterization of TadDE with SpCas9 in mammalian cells.
The specified base editors using SpCas9 nickase domains (PAM=NGG) in the BE4max
architecture or ABE8e with 2xUGI were transfected along with each of nine guide RNAs
targeting the protospacers shown in each graph. Target cytosines are blue, target adenines
are magenta, and PAM sequences are underlined. C+G-to-T+*A base editing is shown in
shades of blue. A*T-to-G+C base editing is shown in shades of magenta. Dots represent
individual values and bars represent meanzts.d. of three independent biological replicates.
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Supplementary Figure 36. Indels and C*G-to-G+C editing by SpCas9 variants at nine
genomic target sites. The specified base editors using SpCas9 nickase domains in the
BE4max architecture or ABE8e with 2xUGI were transfected into HEK293T cells along with
each of six guide RNAs targeting the protospacers shown in each graph. C+G-to-G+C base
editing is shown in shades of blue. Indels are shown in grey. Dots represent individual values
and bars represent meanzts.d. of three independent biological replicates. The corresponding
on-target data are in Supplementary Figure 35.
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Supplementary Figure 37. C°G-to-G+C editing and indels for T-cell experiments
targeting CXCR4 and CCRS5. mRNA encoding the indicated base editor or GFP as a
negative control was electroporated into primary human T cells (n=4 donors) along with two
synthetic guide RNAs targeting (a) CXCR4 or (b) CCRS at the specified protospacers. After 3
days, genomic DNA was harvested from T-cell lysates and analyzed by high-throughput
sequencing. C+G-to-G+C base editing is shown in shades of blue. Indels are shown in grey.
Dots represent individual values and bars represent meanzs.d. of three independent
biological replicates.
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Supplementary Figure 38. Cas-dependent off-target editing in T-cell experiments
targeting CXCR4 and CCRS5. mRNA encoding the indicated base editor or GFP as a
negative control was electroporated into primary human T cells (n=4 donors) along with two
synthetic guide RNAs targeting (a) CXCR4 or (b) CCRS at the specified protospacers. After 3
days, genomic DNA was harvested from T-cell lysates and known off-target sites were
amplified using the primers in Supplementary Table 4. C+G-to-T+A base editing is shown in
shades of blue. A*T-to-G+C base editing is shown in shades of magenta. Dots represent
individual values and bars represent meanzts.d. of three independent biological replicates.



d 8 100 SpCas9 protospacer: CA,GTTTC,A,GC, A, ,C,ATCATGGTGGGTGG
mm C1
@]
3 80 : . m A2
E E 604 mm C7
z O A8
S & 40 = C10
|<T( 20 - l AN
) [ C12
< ™ 2o 8 5 & b & b & Lo & =
= ¢ ¥ K K ¥ FE &
£ < F L FLH P LD
> & 2
° VT e A o K o X > X o
o} % "% % % %
= QD 2 QD QD 39
5 $ $ $ $ $
= <2 <2 <2 <2 <2
8
Q
%)
£
2
b é 100+ SpCas9 protospacer: CA,A,TGTGTC,A, A, ,CTCTTGACATGGGGG B C1
o A2
g 80 m A3
§ 'b‘:) 60 m C9
O
§ 8 404 mm A10
1 A11
% 201 i Cc12
= =
= 0ded.e . [ C14
0] S S\ SSIRR\N o > o Q
g & K & F O K Q6$ F & &K & &
) X O N @) N @) N O N O N
c Q,‘(/ O 3 O 3 S N\ O 3 O 3
o) R 2 A& o K o KD K e
o % 2 & "% N2
5 ¥ ¥ ¥ ¥ ¥
S O O O O
o K2 K2 KD K2 <2

Supplementary Figure 39. On-target editing of V106W variants for T-cell experiments
targeting CXCR4 and CCRS5. mRNA encoding the indicated base editor or GFP as a
negative control was electroporated into human T cells (n=4 donors) along with two synthetic
guide RNAs targeting (a) CXCR4 or (b) CCRS5 at the specified protospacers. Target cytosines
are blue, target adenines are magenta, and PAM sequences are underlined. After 3 days,
genomic DNA was harvested from T-cell lysates and analyzed by high-throughput
sequencing. The grey boxes indicate the desired location of stop codon installation in CXCR4
and CCRS. The targeted cytidine to yield TAG (CXCR4) and TAA (CCRYS) stop codons upon
cytosine base editing is underlined. Dots represent individual values and bars represent
meanzs.d. of three independent biological replicates.
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Supplementary Figure 40. C°G-to-G+C editing and indels for T-cell experiments
targeting CXCR4 and CCRS5 with TadCBEe V106W variants. mRNA encoding the
indicated base editor or GFP as a negative control was electroporated into primary human T
cells (n=4 donors) along with two synthetic guide RNAs targeting (a) CXCR4 or (b) CCRS5 at
the specified protospacers. After 3 days, genomic DNA was harvested from T-cell lysates and
analyzed by high-throughput sequencing. C+G-to-G+C base editing is shown in shades of
blue. Indels are shown in grey. Dots represent individual values and bars represent
meanzs.d. of three independent biological replicates.
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Supplementary Figure 41. Cas-dependent off-target editing in T-cell experiments
targeting CXCR4 and CCRS5 with TadCBEe V106W variants. mRNA encoding the

indicated base editor or GFP as a negative control was electroporated into primary human T
cells (n=4 donors) along with two synthetic guide RNAs targeting (a) CXCR4 or (b) CCRS5 at
the specified protospacers. After 3 days, genomic DNA was harvested from T-cell lysates and
known off-target sites were amplified using the primers in Supplementary Table 4. C+G-to-T-A
base editing is shown in shades of blue. A*T-to-G+C base editing is shown in shades of
magenta. Dots represent individual values and bars represent meants.d. of three
independent biological replicates.
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Supplementary Figure 42. C*G-to-G+C editing, indels, and Cas-dependent off-target

editing for editing of BCL11A in hematopoietic stem and progenitor cells. MRNA

encoding the indicated base editor or GFP as a negative control was electroporated into
CD34-positive human hematopoietic stem and progenitor cells (n=3 donors) along a synthetic
guide RNA targeting BCL11A at the specified protospacer. After 3 days, genomic DNA was

harvested from cell lysates and analyzed by high-throughput sequencing. (a) C+G-to-G+C
base editing is shown in shades of blue. Indels are shown in grey. b) Known Cas-dependent

off-target sites were amplified by the primers listed in Supplementary Table 4. C+G-to-G+C
base editing is shown in shades of blue. A*T-to-G+C base editing is shown in shades of

magenta. Dots represent individual values and bars represent meants.d. of three
independent biological replicates.
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Supplementary Table 1. Selectivity of TadCBEs and TadDE calculated from the mESC
library experiment. Selectivity is defined as the geometric mean of (the ratio of (average
CBE editing at each position) to (average ABE editing at each position)) for bases in the 30%
window. P(ABE|CBE) is the average probability of observing A-T-to-G+C editing in a read
given that C+G-to-G+C editing was observed.

Variant Selectivity | P (ABE|CBE) rep1 P (ABE|CBE) rep2
BE4max >100 0.01 0.00
TadCBEa 18.19 0.10 0.1
TadCBEDb 10.98 0.17 0.18
TadCBEc 13.84 0.12 0.14
TadCBEd 26.87 0.09 0.09
TadCBEe 15.72 0.12 0.13
TadCBEa V106W 31.62 0.06 0.05
TadCBEb V106W 19.91 0.08 0.09
TadCBEc V106W 28.80 0.06 0.06
TadCBEd V106W 47.80 0.04 0.05
TadDE 1.00 0.62 0.63




Supplementary Table 2. Plasmids and selection phage (SP) used in this work

Name Usage (resistance) Origin ORF1 ORF2
pBT44c Circuits 1 and 2 (KmR) p15a proC.SD8.intC.dCas9.UGI
pMN404 Circuit 1 (CbR) SC101-E93K | proT7.sd8.glllIuxAB ng’r';?ﬁ?RNA
oMN405 Circuit 1 (SpR) ColET proA.SynRBS 0.4k T7-RNAP-degron
oMN406 Circuit 1 (SpR) ColET proB.SynRBS 0.4k T7-RNAP-degron
oMN407 Circuit 1 (SpR) ColET proC.SynRBS 0.4k T7-RNAP-degron
pMN408 Circuit 1 (SpR) ColET proD.SynRBS 0.4k T7-RNAP-degron
pBT120b Circuit 2 (CbR) SC101-E93K | proT7.sd8.glllIuxAB prol.ac.sgRNA
[Circuit 2]
pBT2dR3- Circuit 2 (SpR) ColE1 proA.SynRBS 0.4k T7-RNAP-degron
’;?Jédm' Circuit 2 (SpR) ColE1 proB.SynRBS 0.4k T7-RNAP-degron
pBT2dRS- Circuit 2 (SpR) ColE1 proC.SynRBS 0.4k T7-RNAP-degron
pBT2dR3- Circuit 2 (SpR) ColE1 proD.SynRBS 0.4k T7-RNAP-degron
C pBAD.SD8.EvoAPOBEC1-8e.dSpCas9-UGI- proLac.sgRNA
oMN618 E. coli editing (CbR) SC101 o e
pMN619 E. coli editing (CbR) sC101 pBAD.SD8.TadA-8¢.dSpCas9-UGI-UGI Fé‘i’rtiﬁ;?RNA
pMN620 E. coli editing (CbR) SC101 pBAD.SD8.TadA-CDa.dSpCas9-UGI-UGI ng’r';?‘ﬁ;?RNA
pMNB21 E. coli editing (CbR) SC101 pBAD.SD8.TadA-CDb.dSpCas9-UGI-UGI ng’r';?‘ﬁ;?RNA
pMN622 E. coli editing (CbR) sC101 pBAD.SD8.TadA-CDc.dSpCas9-UGI-UGI ng’r';?‘ﬁ;?RNA
... Target ACTTCGCGTTCGCCTGGACC,
pMN415 E. coli editing target (KmR) RSF1030 PAM=AGG
pMN573 BE4max IVT template pucC proT7 (mutated).BE4max
pMN574 EvoFERNY IVT template pucC proT7 (mutated).EvoOFERNY
pMN575 EvoAPOBEC IVT template pucC proT7 (mutated).EvoA
pMN576 TadCBEa IVT template pucC proT7 (mutated).TadCBEa
pMN577 TadCBEDb IVT template pucC proT7 (mutated).TadCBEb
pMN578 TadCBEc IVT template pucC proT7 (mutated).TadCBEc
pMN579 TadCBEd IVT template pucC proT7 (mutated).TadCBEd
pMN580 TadCBEe IVT template pucC proT7 (mutated).TadCBEe
pMN582 YE1 IVT template pucC proT7 (mutated).YE1
pMN731 tTearg;St'Za VI0BW IVT pUC proT7 (mutated). TadCBEa
pMN732 tTean‘j;St'Zb VI0BW IVT pUC proT7 (mutated). TadCBEb
pMN733 tTean‘j;St'ZC VI0BW IVT pUC proT7 (mutated). TadCBEc
pMN734 Eﬁ;gtid V106W IVT pucC proT7 (mutated).TadCBEd
pMN735 TadCBEe V106W IVT pUC proT7 (mutated). TadCBEe
template
Mammalian expression,
pMN446 SoCaso pUC pCMV.TadCBEa
Mammalian expression,
oMN447 SaCano pUC pCMV.TadCBEb
Mammalian expression,
pMN448 SaCase pUC pCMV.TadCBEC
Mammalian expression,
PMN450 Secace pUC pCMV.TadCBEd
Mammalian expression,
PpMN584 SoCaso pUC pCMV.TadCBEe
Mammalian expression,
PMN554 SaCaso pUC pCMV.ABE8e V106W-UGI-UGI
Mammalian expression,
PMN556 SaCase pUC pCMV.TadCBEa V106W
pMN557 Mammalian expression, pUC pCMV.TadCBEb V106W

SpCas9




Mammalian expression,

PMN558 SoCaso pUC pCMV.TadCBEC V106W

pMN560 g";g“;;g”a” expression, pUC pCMV.TadCBEd V106W

pMN585 g";g";;g"a” expression, puUC pCMV.TadCBEe V106W

pMN597 g":g“a”;g'”a” expression, pUC pCMV.TadDE

pMN599 Mammatian expression, pUC pCMV.ABE8e-UGI-UGI

pMNB07 Mammatian expression, pUC pCMV.BE4max (eNme2-C S6P)
pMN608 gﬂﬁgg?gag:;pressmn' puUC pCMV.EvoFERNY (eNme2-C S6P)
pMNB09 gﬂﬁgg?gaggépresgon' pUC PCMV.EvoA (eNme2-C S6P)
pMNBO1 Mammatian expression, pUC pCMV.TadCBEa (eNme2-C S6P)
pMNB02 Mammatian expression, pUC pCMV.TadCBEb (eNme2-C S6P)
pMN603 gﬂﬁgg?gag:;pressmn' puUC pCMV.TadCBEc (eNme2-C S6P)
pMNBO5 gﬂﬁgg?gaggépresgon' pUC pCMV.TadCBEd (eNme2-C S6P)
pMNB06 Mammatian expression, pUC pCMV.TadCBEe (eNme2-C S6P)
pMN709 Mammatian expression, pUC pCMV.TadDE (eNme2-C S6P)
pMN745 g":g";;g"a” expression, puUC pCMV.BE4max (SaCas9)

pMN746 Mammalian expression, pUC PCMV.evoA (SaCas9)

pMN747 Mammalian expression, pUC pCMV.evoFERNY (SaCas9)
pMN748 Mammalian expression, pUC pCMV.ABE8e-UGI-UGI (SaCas9)
pMN749 g":g";;g"a” expression, puUC pCMV.TadCBEa (SaCas9)
pMN750 Mammalian expression, pUC pCMV.TadCBEb (SaCas9)
pMN751 Mammalian expression, pUC pCMV.TadCBEc (SaCas9)
pMN752 Mammalian expression, pUC pCMV.TadCBEd (SaCas9)
pMN753 g":g";;g"a” expression, puUC pCMV.TadCBEe (SaCas9)
pMN754 Mammalian expression, pUC pCMV.TadDE (SaCas9)

pMN589 g";g“;;g”a” expression, pUC pCMV.ABE8e E59A-UGI-UGI
pMN739 g";g"a”;g':ﬁ:;aer’;p;ﬁ;"}g‘s pUC p2T-CMV.BE4max.BlastR
pMN717 g";g"a”;g':ﬁ;;’;p;ifg‘s pUC p2T-CMV.TadCBEa BlastR
pMN718 g";g"a”;g':ﬁ;aer’;p;ﬁ;"}"‘;rs pUC p2T-CMV.TadCBEb BlastR
pMN719 g";g"a”;g':ﬁ;aer’;p;ﬁ;"}"‘;rs pUC p2T-CMV.TadCBEG.BlastR
pMN720 g";g"a”;g':ﬁ;aer’;p;ﬁ;"}"‘;rs pUC p2T-CMV.TadCBEd BlastR
pMN721 g";g"a”;g':ﬁ;aer’;p;ﬁ:’}"‘;rs pUC p2T-CMV.TadCBEe.BlastR
pMN723 g";g"a”;g':ﬁ;aer’;p;ﬁ;"}"‘;rs pUC p2T-CMV.TadCBEa V106W. BlastR
pMN724 g";g"a”;g':ﬁ;aer’;p;ﬁ;"}"‘;rs pUC p2T-CMV.TadCBEb V106W. BlastR
pMN725 g";g"a”;g':ﬁ;aer’;p;ﬁ;"}"‘;rs pUC p2T-CMV.TadCBEc V106W.BlastR
pMN726 Mammalian expression, pUC p2T-CMV.TadCBEd V106W.BlastR

SpCas9 library analysis
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Supplementary Table 3. Promoter and RBS sequences used in this study.

Name Promoter/RBS Description Sequence
SP Pglll Promoter for AATTCACCTCGAAAGCAAGTTGATAAACTGATACAAT
TadA*-NpuN on TAAAGGCTCCT
phage
SP RBS RBS for AAGGAGGAAAA
expression of
TadA*-NpuN on
phage
P1 ProC Promoter for CACAGCTAACACCACGTCGTCCCTATCTGCTGCCCT
NpuC-dCas9-ugi | AGGTCTATGAGTGGTTGCTGGATAACTTTACGGGCA
TGCATAAGGCTCGTATGATATATTCAGGGAGACCAC
AACGGTTTCCCTCTACAAATAATTTTGTTTAACTTTTA
CTAGAGTGGGACCCTACCTGCAGGTGCAGT
P1 SD8 RBS for AAGGAGGAAAAAAAA
expression of
NpuC-dCas9-ugi
P2 pLac Promoter for GGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTG
sgRNA TGG
P2 proT7 T7 promoter TAATACGACTCACTATAGGGAGA
controls glll
transcription
P2 sd8 RBS for AAGGAAAAAAAAA
expression of glll
P3 ProA Promoter for CACAGCTAACACCACGTCGTCCCTATCTGCTGCCCT
T7RNAP. Varies | AGGTCTATGAGTGGTTGCTGGATAACTTTACGGGCA
by stringency (A | TGCATAAGGCTCGTAGGCTATATTCAGGGAGACCAC
is weakest, most | AACGGTTTCCCTCTACAAATAATTTTGTTTAACTTTTA
stringent) CTAGAGTGGGACCCTACCTGCAGGTGCAGT
P3 ProB Promoter for CACAGCTAACACCACGTCGTCCCTATCTGCTGCCCT
T7RNAP. Varies | AGGTCTATGAGTGGTTGCTGGATAACTTTACGGGCA
by stringency. TGCATAAGGCTCGTAATATATATTCAGGGAGACCAC
AACGGTTTCCCTCTACAAATAATTTTGTTTAACTTTTA
CTAGAGTGGGACCCTACCTGCAGGTGCAGT
P3 ProC Promoter for CACAGCTAACACCACGTCGTCCCTATCTGCTGCCCT
T7RNAP. Varies | AGGTCTATGAGTGGTTGCTGGATAACTTTACGGGCA
by stringency. TGCATAAGGCTCGTATGATATATTCAGGGAGACCAC
AACGGTTTCCCTCTACAAATAATTTTGTTTAACTTTTA
CTAGAGTGGGACCCTACCTGCAGGTGCAGT
P3 ProD Promoter for CACAGCTAACACCACGTCGTCCCTATCTGCTGCCCT
T7RNAP. Varies | AGGTCTATGAGTGGTTGCTGGATAACTTTACGGGCA
by stringency (D | TGCATAAGGCTCGTATAATATATTCAGGGAGACCAC
is strongest, AACGGTTTCCCTCTACAAATAATTTTGTTTAACTTTTA
least stringent) CTAGAGTGGGACCCTACCTGCAGGTGCAGT
P3 RBSr3 RBS for ACTACATCATCAGGC

expression of T7
RNAP




Supplementary Table 4. Target protospacers and amplicons used in this study with
corresponding primers used for genomic DNA amplification.

SpCas9 genomic loci:

Site Name Protospacer PAM | Amplicon HTS-F HTS-R

FANCF GGAATCCCTTCTGCAGCACC TGG | CATTGCAGAGAGGCGTATCATTTCGCGG | ACACTCTTT | TGGAGTT
ATGTTCCAATCAGTACGCAGAGAGTCGC CCCTACAC | CAGACGT
CGTCTCCAAGGTGAAAGCGGAAGTAGGG | GACGCTCT | GTGCTCT
CCTTCGCGCACCTCATGGAATCCCTTCT TCCGATCT | TCCGATC
GCAGCACCTGGATCGCTTTTCCGAGCTT | NNNNCATT | TGGGGT
CTGGCGGTCTCAAGCACTACCTACGTCA | GCAGAGAG | CCCAGGT
GCACCTGGGACCCC GCGTATCA | GCTGAC

EMX1 GAGTCCGAGCAGAAGAAGAA GGG | CAGCTCAGCCTGAGTGTTGAGGCCCCAG | ACACTCTTT | TGGAGTT
TGGCTGCTCTGGGGGCCTCCTGAGTTTC | CCCTACAC | CAGACGT
TCATCTGTGCCCCTCCCTCCCTGGCCCA | GACGCTCT | GTGCTCT
GGTGAAGGTGTGGTTCCAGAACCGGAG TCCGATCT | TCCGATC
GACAAAGTACAAACGGCAGAAGCTGGAG | NNNNCAGC | TCTCGTG
GAGGAAGGGCCTGAGTCCGAGCAGAAG | TCAGCCTG | GGTTTGT
AAGAAGGGCTCCCATCACATCAACCGGT | AGTGTTGA | GGTTGC
GGCGCATTGCCACGAAGCAGGCCAATG
GGGAGGACATCGATGTCACCTCCAATGA
CTAGGGTGGGCAACCACAAACCCACGAG

BCL11A TTTATCACAGGCTCCAGGAA GGG | GCCAGAAAAGAGATATGGCATCTACTCTT | ACACTCTTT | TGGAGTT
AGACATAACACACCAGGGTCAATACAACT | CCCTACAC | CAGACGT
TTGAAGCTAGTCTAGTGCAAGCTAACAGT | GACGCTCT | GTGCTCT
TGCTTTTATCACAGGCTCCAGGAAGGGT | TCCGATCT | TCCGATC
TTGGCCTCTGATTAGGGTGGGGGCGTGG | NNNNGCCA | TAGAGAG
GTGGGGTAGAAGAGGACTGGCAGACCT GAAAAGAG | CCTTCCG
CTCCATCGGTGGCCGTTTGCCCAGGGG ATATGGCA | AAAGAGG
GGCCTCTTTCGGAAGGCTCTCT TC

HEK3 GGCCCAGACTGAGCACGTGA TGG | ATGTGGGCTGCCTAGAAAGGCATGGATG | ACACTCTTT | TGGAGTT
AGAGAAGCCTGGAGACAGGGATCCCAG CCCTACAC | CAGACGT
GGAAACGCCCATGCAATTAGTCTATTTCT | GACGCTCT | GTGCTCT
GCTGCAAGTAAGCATGCATTTGTAGGCTT | TCCGATCT | TCCGATC
GATGCTTTTTTTCTGCTTCTCCAGCCCTG | NNNNATGT | TCCCAGC
GCCTGGGTCAATCCTTGGGGCCCAGACT | GGGCTGCC | CAAACTT
GAGCACGTGATGGCAGAGGAAAGGAAG TAGAAAGG | GTCAACC
CCCTGCTTCCTCCAGAGGGCGTCGCAGG
ACAGCTTTTCCTAGACAGGGGCTAGTAT
GTGCAGCTCCTGCACCGGGATACTGGTT
GACAAGTTTGGCTGGG

B2M ACTCACGCTGGATAGCCTCC AGG | GGCGGGCATTCCTGAAGCTGACAGCATT | ACACTCTTT | TGGAGTT
CGGGCCGAGATGTCTCGCTCCGTGGCCT | CCCTACAC | CAGACGT
TAGCTGTGCTCGCGCTACTCTCTCTTTCT | GACGCTCT | GTGCTCT
GGCCTGGAGGCTATCCAGCGTGAGTCTC | TCCGATCT | TCCGATC
TCCTACCCTCCCGCTCTGGTCCTTCCTCT | NNNNGGCG | TACTTGG
CCCGCTCTGCACCCTCTGTGGCCCTCGC | GGCATTCC | AGAAGG
TGTGCTCTCTCGCTCCGTGACTTCCCTTC | TGAAGCTG | GAAGTCA
TCCAAGT A CGGA

RNF2 GTCATCTTAGTCATTACCTG AGG | ACGTCTCATATGCCCCTTGGCAGTCATCT | ACACTCTTT | TGGAGTT
TAGTCATTACCTGAGGTGTTCGTTGTAAC | CCCTACAC | CAGACGT
TCATATAAACTGAGTTCCCATGTTTTGCT GACGCTCT | GTGCTCT
TAATGGTTGAGTTCCGTTTGTCTGCACAG | TCCGATCT | TCCGATC
CCTGAGACATTGCTGGAAATAAAGAAGA NNNNACGT | TACGTAG
GAGAAAAACAATTTTAGTATTTGGAAGGG | CTCATATG GAATTTT
AAGTGCTATGGTCTGAATGTATGTGTCCC | CCCCTTGG | GGTGGG
ACCAAAATTCCTACGT ACA

HEK4 GGCACTGCGGCTGGAGGTGG | GGG | GAACCCAGGTAGCCAGAGACCCGCTGGT | ACACTCTTT | TGGAGTT
CTTCTTTCCCCTCCCCTGCCCTCCCCTCC | CCCTACAC | CAGACGT
CTTCAAGATGGCTGACAAAGGCCGGGCT | GACGCTCT | GTGCTCT
GGGTGGAAGGAAGGGAGGAAGGGCGAG | TCCGATCT | TCCGATC
GCAGAGGGTCCAAAGCAGGATGACAGG NNNNGAAC | TTCCTTT
CAGGGGCACCGCGGCGCCCCGGTGGCA | CCAGGTAG | CAACCCG
CTGCGGCTGGAGGTGGGGGTTAAAGCG CCAGAGAC | AACGGA
GAGACTCTGGTGCTGTGTGACTACAGTG G

GGGGCCCTGCCCTCTCTGAGCCCCCGC
CTCCAGGCCTGTGTGTGTGTCTCCGTTC
GGGTTGAAAGGA




PDCD1 CACCTACCTAAGAACCATCC TGG | GACCTGCCAGGGACTGAGGGTGGAAGG | ACACTCTTT | TGGAGTT
TCCCTCCAGACCCCTGGCTCTGGGACAC | CCCTACAC | CAGACGT
CTGACCGCCGACCCCACCTACCTAAGAA | GACGCTCT | GTGCTCT
CCATCCTGGCCGCCAGCCCAGTTGTAGC | TCCGATCT | TCCGATC
ACCGCCCAGACGACTGGCCAGGGCGCC | NNNNGACC | TGAGAAG
TGTGGGATCTGCATGCCTGGAGCAGCCC | TGCCAGGG | GCGGCA
CACCAGAGTGCCGCCTTCTC ACTGAGGG | CTCTGGT

G

TRAC TTCGTATCTGTAAAACCAAG AGG | TCTGCCTTGGGGAAAACCGTGGGTGTGT | ACACTCTTT | TGGAGTT
CCTGCAGGCCATGCAGGCCTGGGACAT CCCTACAC | CAGACGT
GCAAGCCCATAACCGCTGTGGCCTCTTG | GACGCTCT | GTGCTCT
GTTTTACAGATACGAACCTAAACTTTCAA | TCCGATCT | TCCGATC
AACCTGTCAGTGATTGGGTTCCGAATCCT | NNNNTCTG | TCGCAGC
CCTCCTGAAAGTGGCCGGGTTTAATCTG CCTTGGGG | GTCATGA
CTCATGACGCTGCG AAAACCGT | GCAGATT

R5-7 CAATGTGTCAACTCTTGACA GGG | GCTGGTCATCCTCATCCTGATAAACTGCA | ACACTCTTT | TGGAGTT
AAAGGCTGAAGAGCATGACTGACATCTA CCCTACAC | CAGACGT
CCTGCTCAACCTGGCCATCTCTGACCTG GACGCTCT | GTGCTCT
TTTTTCCTTCTTACTGTCCCCTTCTGGGC | TCCGATCT | TCCGATC
TCACTATGCTGCCGCCCAGTGGGACTTT | NNNNGCTG | TTTCCTG
GGAAATACAATGTGTCAACTCTTGACAGG | GTCATCCT | GGAGAG
GCTCTATTTTATAGGCTTCTTCTCTGGAA | CATCCTG ACGCAAA
TCTTCTTCATCATCCTCCTGACAATCGAT C
AGGTACCTGGCTGTCGTCCATGCTGTGT
TTGCTTTAAAAGCCAGGACGGTCACCTTT
GGGGTGGTGACAAGTGTGATCACTTGGG
TGGTGGCTGTGTTTGCGTCTCTCCCAGG
AA

X4-2 CAGTTTCAGCACATCATGGT TGG | AAGCCAGGATGAGGATGACTGTGGTCTT | ACACTCTTT | TGGAGTT
GAGGGCCTTGCGCTTCTGGTGGCCCTTG | CCCTACAC | CAGACGT
GAGTGTGACAGCTTGGAGATGATAATGC | GACGCTCT | GTGCTCT
AATAGCAGGACAGGATGACAATACCAGG | TCCGATCT | TCCGATC
CAGGATAAGGCCAACCATGATGTGCTGA | NNNNAAGC | TCCTGCC
AACTGGAACACAACCACCCACAAGTCATT | CAGGATGA | CTCCTGC
GGGGTAGAAGCGGTCACAGATATATCTG | GGATGACT | TGACTAT
TCATCTGCCTCACTGACGTTGGCAAAGAT | G
GAAGTCGGGAATAGTCAGCAGGAGGGC
AGG

Circuit 2 GGTCCAGGCGAACGCGAAGT CGG | GCGCTCGACACCGATATCATAAACATTCT | ACACTCTTT | TGGAGTT
GTTTGCCTAAATATTTACGCGTGGCAATT | CCCTACAC | CAGACGT
TTGATTGAGCCACCTTCTGCCCTGGTCC GACGCTCT | GTGCTCT
AGGCGAACGCGAAGTCGGATCCTCCGG TCCGATCT | TCCGATC
AATTCGGGAGATTATCCACGCGCATCAG NNNNGAAG | TGCGCTC
GTCTAATTCGCGTTCAAAAATCTCATCAA | TGTTCGAA | GACACC
TGGGGAGCATCTGACCATCTACAGTCAT | TATTGTCT GATATC
AAATTTGTGATCCTTTGTGGCACGGATTA | GGAAGA

AAGATCCGTCTTCCAGACAATATTCGAAC
ACTTC




eNme2-C genomic loci:

CCTCTCTGAGCCCCCGCCTCCAGGCC
TGTGTGTGTGTCTCCGTTCGGGTTGAA
AGGA

Site Name | Protospacer PAM Amplicon HTS-F HTS-R
TS90 GCAAGAGCACA | AGACCC GCTCAGAAAAAGGGCCCTGACAACTC | ACACTCT | TGGAGTT
AGAGGAAGAGA TTTTCATCTTCTAGGTATGACAACGAAT | TTCCCTA | CAGACGT
G TTGGCTACAGCAACAGGGTGGTGGAC | CACGACG | GTGCTCT
CTCATGGCCCACATGGCCTCCAAGGA | CTCTTCC | TCCGATC
GTAAGACCCCTGGACCACCAGCCCCA | GATCTNN | TGAGATT
GCAAGAGCACAAGAGGAAGAGAGAGA | NNGCTCA | CAGTGTG
CCCTCACTGCTGGGGAGTCCCTGCCA | GAAAAAG | GTGGGG
CACTCAGTCCCCCACCACACTGAATCT | GGCCCTG | G
Cc A
eNme2-C GGCTACAGCAA | ACCTCA GCTCAGAAAAAGGGCCCTGACAACTC | ACACTCT | TGGAGTT
site 5 CAGGGTGGTGG TTTTCATCTTCTAGGTATGACAACGAAT | TTCCCTA | CAGACGT
TTGGCTACAGCAACAGGGTGGTGGAC | CACGACG | GTGCTCT
CTCATGGCCCACATGGCCTCCAAGGA | CTCTTCC | TCCGATC
GTAAGACCCCTGGACCACCAGCCCCA | GATCTNN | TGAGATT
GCAAGAGCACAAGAGGAAGAGAGAGA | NNGCTCA | CAGTGTG
CCCTCACTGCTGGGGAGTCCCTGCCA | GAAAAAG | GTGGGG
CACTCAGTCCCCCACCACACTGAATCT | GGCCCTG | G
Cc A
eNme2-C GGTGTGCAGAC | GGGGCG | CATTCCCTCTTTAGCCAGAGCCGGGG | ACACTCT | TGGAGTT
site 66 GGCAGTCACTA TGTGCAGACGGCAGTCACTAGGGGGC | TTCCCTA | CAGACGT
G GCTCGGCCACCACAGGGAAGCTGGGT | CACGACG | GTGCTCT
GAATGGAGCGAGCAGCGTCTTCGAGA | CTCTTCC | TCCGATC
GTGAGGACGTGTGTGTCTGTGTGGGT | GATCTNN | TCAGATC
GAGTGAGTGTGTGCGTGTGGGGTTGA | NNCATTC | TATTGGA
GGGCGTTGGAGCGGGGAGAAGGCCA | CCTCTTTA | ATCCTGG
GGGGTCACTCCAGGATTCCAATAGAT | GCCAGAG | AGTGACC
CTG CCGG
eNme2-C GTCTCCGCTTTA | CAGCCG GGCGAGGCAGAGGGTCCAAAGCAGG | ACACTCT | TGGAGTT
site 50 ACCCCCACCTC ATGACAGGCAGGGGCACCGCGGCGC | TTCCCTA | CAGACGT
CCCGGTGGCACTGCGGCTGGAGGTG | CACGACG | GTGCTCT
GGGGTTAAAGCGGAGACTCTGGTGCT | CTCTTCC | TCCGATC
GTGTGACTACAGTGGGGGCCCTGCCC | GATCTNN | TCTCCTT
TCTCTGAGCCCCCGCCTCCAGGCCTG | NNGGCGA | CTGGGG
TGTGTGTGTCTCCGTTCGGGTTGAAAG | GGCAGAG | CCTTTTT
GAGCCCGGGAAAAAGGCCCCAGAAG GGTCCAA | CCC
GAG A
eNme2-C CCTCTTGCCTCC | GCGGCT CTACCTGCGCCACATCCATCGGCGCT | ACACTCT | TGGAGTT
site 39 ACTGGTTGTGC TTGGTCGGCATGGCCCCATTCGCACG | TTCCCTA | CAGACGT
GCTCTGGAGCGGCGGCTGCACAACCA | CACGACG | GTGCTCT
GTGGAGGCAAGAGGGCGGCTTTGGG | CTCTTCC | TCCGATC
CGGGGTCCAGTTCCGGGATTAGCGAA | GATCTNN | TCTACCT
CTTCCAGGCCCTCGGTCACTGTGACG | NNAAAGA | GCGCCA
TCCTGCTCTCTCTGCGCCTGCTGGAG | GTTGCTG | CATCCAT
AACCGGGCCCTCGGGGATGCAGCTCG | CACCAGG | C
TTACCACCTGGTGCAGCAACTCTTT T
eNme2-C GGTCCAAAGCA | GGGGCA GAACCCAGGTAGCCAGAGACCCGCTG | ACACTCT | TGGAGTT
site 11 GGATGACAGGC GTCTTCTTTCCCCTCCCCTGCCCTCCC | TTCCCTA | CAGACGT
A CTCCCTTCAAGATGGCTGACAAAGGC | CACGACG | GTGCTCT
CGGGCTGGGTGGAAGGAAGGGAGGA | CTCTTCC | TCCGATC
AGGGCGAGGCAGAGGGTCCAAAGCA | GATCTNN | TTCCTTT
GGATGACAGGCAGGGGCACCGCGGC | NNGAACC | CAAccC
GCCCCGGTGGCACTGCGGCTGGAGG | CAGGTAG | GAACGG
TGGGGGTTAAAGCGGAGACTCTGGTG | CCAGAGA | AG
CTGTGTGACTACAGTGGGGGCCCTGC | C




SaCas9 genomic loci:

Site Name | Protospacer | PAM Amplicon HTS-F HTS-R
Sa1 GTGGTAGA | AAGGGT | TGGTGGAGTGCTCTGTGTTTGTCTTTATAAA | ACACTCTT | TGGAGT
CAGCATGT CCCAGATGAGAGGATGAAGGCAACAAGCTT | TCCCTACA | TCAGAC
GTCCTA CTGTACCAACATACATGCCCCTTTGCCTCAA | CGACGCTC | GTGTGC
GTCTGGTTATTTTAGGGGGATGCTAGGTTG | TTCCGATC | TCTTCC
CTTTGGGTCTACCTTACTGAGAAAATGGCC | TNNNNTGC | GATTGG
CCAGGTCATTGTCATGTCCAGTTGTGGTAG | AGTCTCCT | TGGAGT
ACAGCATGTGTCCTAAAGGGTATATTCACAT | GCTTCTCT | GCTCTG
GCATGTGCAAAAATACAGGGGTCCTTCTAA | G TGTTTG
CCCTATCACAGAGAAGCAGGAGACTGC
Sa2 ATTTACAGC | TCGGGT | GCTACAGAAAGGTCAGCAGCTATATTTAAC | ACACTCTT | TGGAGT
CTGGCCTTT CTCAGACCAGGGTGCGGTGGGAGATCTGG | TCCCTACA | TCAGAC
GGGG TTTCCGGAAGACGGAATGGGGAGAAGGGC | CGACGCTC | GTGTGC
AGGTTCCCCGAGGCGCCCAGACACCCAAT | TTCCGATC | TCTTCC
CCTCCCGGTGACATTTACAGCCTGGCCTTT | TNNNNGGA | GATGCT
GGGGTCGGGTCAACGCTAGGCTGGCAGGG | CATTTCCA | ACAGAA
GAAGGGCGGGGCCGTGAGGTGAGCCGGC | CCGCAAAA | AGGTCA
GCTGCAGGAAGGGGCCACCACCAGAGGGG | TG GCAGC
CCATTTTGCGGTGGAAATGTCC
Sa3 GTGTCAGG | GAGAGT | AAGTGTTCAGCTGCTTTTCTTTCATTTATTCC | ACACTCTT | TGGAGT
TAATGTGCT ACATATAATTACTATAATTGCTAAACATTTAT | TCCCTACA | TCAGAC
AAACA TTAGTGTCAGGTAATGTGCTAAACAGAGAG | CGACGCTC | GTGTGC
TTACTGCTCAGACATGTAATAATAATAAATA | TTCCGATC | TCTTCC
ACACATCAAATAACCATACCATTTTAAGCTG | TNNNNCTG | GATCTG
TAGTATTATGAAGGGAAATCTGGAGCAAAG | CACCTAGC | CTGTGG
AGAATAGACTGTAGGGAAACCAGTTAAGAA | CTCCATGT | CATCCA
ATAGGACATGGAGGCTAGGTGCAG C GAGACA
T
Sa4 TCTGCTTCT | CTGGGT | ATGTGGGCTGCCTAGAAAGGCATGGATGAG | ACACTCTT | TGGAGT
CCAGCCCT AGAAGCCTGGAGACAGGGATCCCAGGGAA | TCCCTACA | TCAGAC
GGC ACGCCCATGCAATTAGTCTATTTCTGCTGCA | CGACGCTC | GTGTGC
AGTAAGCATGCATTTGTAGGCTTGATGCTTT | TTCCGATC | TCTTCC
TTTTCTGCTTCTCCAGCCCTGGCCTGGGTC | TNNNNATG | GATCTC
AATCCTTGGGGCCCAGACTGAGCACGTGAT | TGGGCTGC | CCAGCC
GGCAGAGGAAAGGAAGCCCTGCTTCCTCCA | CTAGAAAG | AAACTT
GAGGGCGTCGCAGGACAGCTTTTCCTAGAC | G GTCAAC
AGGGGCTAGTATGTGCAGCTCCTGCACCG C
GGATACTGGTTGACAAGTTTGGCTGGG
Sa5 GATGTTCCA | GAGAGT | CATTGCAGAGAGGCGTATCATTTCGCGGAT | ACACTCTT | TGGAGT
ATCAGTACG GTTCCAATCAGTACGCAGAGAGTCGCCGTC | TCCCTACA | TCAGAC
CA TCCAAGGTGAAAGCGGAAGTAGGGCCTTCG | CGACGCTC | GTGTGC
CGCACCTCATGGAATCCCTTCTGCAGCACC | TTCCGATC | TCTTCC
TGGATCGCTTTTCCGAGCTTCTGGCGGTCT | TNNNNCAT | GATCTG
CAAGCACTACCTACGTCAGCACCTGGGACC | TGCAGAGA | GGGTCC
cC GGCGTATC | CAGGTG
A CTGAC
Sa6 GCAAGGCC | CGGGGT | GATCGCTTTTCCGAGCTTCTGGCGGTCTCA | ACACTCTT | TGGAGT
CGGCGCAC AGCACTACCTACGTCAGCACCTGGGACCCC | TCCCTACA | TCAGAC
GGTGG GCCACCGTGCGCCGGGCCTTGCAGTGGGC | CGACGCTC | GTGTGC
GCGCTACCTGCGCCACATCCATCGGCGCTT | TTCCGATC | TCTTCC
TGGTCGGCATGGCCCCATTCGCACGGCTCT | TNNNNGAT | GATCTG
GGAGCGGCGGCTGCACAACCAGTGGAGGC | CGCTTTTC | CACCAG
AAGAGGGCGGCTTTGGGCGGGGTCCAGTT | CGAGCTTC | GTGGTA
CCGGGATTAGCGAACTTCCAGGCCCTCGGT | TGGC ACGAGC
CACTGTGACGTCCTGCTCTCTCTGCGCCTG TGCATC
CTGGAGAACCGGGCCCTCGGGGATGCAGC
TCGTTACCACCTGGTGC
Sa7 ACGTGCTCA | AAGGAT | ATGTGGGCTGCCTAGAAAGGCATGGATGAG | ACACTCTT | TGGAGT
GTCTGGGC AGAAGCCTGGAGACAGGGATCCCAGGGAA | TCCCTACA | TCAGAC
CcC ACGCCCATGCAATTAGTCTATTTCTGCTGCA | CGACGCTC | GTGTGC




AGTAAGCATGCATTTGTAGGCTTGATGCTTT | TTCCGATC | TCTTCC
TTTTCTGCTTCTCCAGCCCTGGCCTGGGTC | TNNNNATG | GATCTC
AATCCTTGGGGCCCAGACTGAGCACGTGAT | TGGGCTGC | CCAGCC
GGCAGAGGAAAGGAAGCCCTGCTTCCTCCA | CTAGAAAG | AAACTT
GAGGGCGTCGCAGGACAGCTTTTCCTAGAC | G GTCAAC
AGGGGCTAGTATGTGCAGCTCCTGCACCG Cc
GGATACTGGTTGACAAGTTTGGCTGGG
Sa8 GCGAGGCA | CAGGAT | GAACCCAGGTAGCCAGAGACCCGCTGGTC | ACACTCTT | TGGAGT

GAGGGTCC TTCTTTCCCCTCCCCTGCCCTCCCCTCCCTT | TCCCTACA | TCAGAC

AAAG CAAGATGGCTGACAAAGGCCGGGCTGGGT | CGACGCTC | GTGTGC
GGAAGGAAGGGAGGAAGGGCGAGGCAGA | TTCCGATC | TCTTCC
GGGTCCAAAGCAGGATGACAGGCAGGGGC | TNNNNGAA | GATCTT
ACCGCGGCGCCCCGGTGGCACTGCGGCTG | CCCAGGTA | CCTTTC
GAGGTGGGGGTTAAAGCGGAGACTCTGGT | GCCAGAGA | AACCCG
GCTGTGTGACTACAGTGGGGGCCCTGCCC | C AACGGA
TCTCTGAGCCCCCGCCTCCAGGCCTGTGTG G
TGTGTCTCCGTTCGGGTTGAAAGGA

Sa9 CCACTGTAG | CAGAGT | GAACCCAGGTAGCCAGAGACCCGCTGGTC | ACACTCTT | TGGAGT

TCACACAGC TTCTTTCCCCTCCCCTGCCCTCCCCTCCCTT | TCCCTACA | TCAGAC

AC CAAGATGGCTGACAAAGGCCGGGCTGGGT | CGACGCTC | GTGTGC
GGAAGGAAGGGAGGAAGGGCGAGGCAGA | TTCCGATC | TCTTCC
GGGTCCAAAGCAGGATGACAGGCAGGGGC | TNNNNGAA | GATCTT
ACCGCGGCGCCCCGGTGGCACTGCGGCTG | CCCAGGTA | CCTTTC
GAGGTGGGGGTTAAAGCGGAGACTCTGGT | GCCAGAGA | AACCCG
GCTGTGTGACTACAGTGGGGGCCCTGCCC | C AACGGA
TCTCTGAGCCCCCGCCTCCAGGCCTGTGTG G

TGTGTCTCCGTTCGGGTTGAAAGGA




SpCas9 Cas-dependent off-target sites:

Site Name Protospacer PAM Amplicon HTS-F HTS-R
HEK30T1 CACCCAGACTGAGCACGTGC TGG TCCCCTGTTGACCTGGAG | ACACTCTTT | TGGAG
AAGCATGAACCAGTCAAA | CCCTACAC TTCAG
AAGTTTAAAGACAAGAGC | GACGCTCTT | ACGTG
ATTAACTGCACCAGTGGG | CCGATCTNN | TGCTC
CAGCTCAGCTCAGACACC | NNTCCCCT | TTCCG
AGTAGCGTGGGCACCCA | GTTGACCTG | ATCTC
GACTGAGCACGTGCTGG | GAGAA ACTGT
AGCCCAAGAAATGCAGAG ACTTG
ACCTGTGCACCTCTGGTC CCCTG
AGGGCAAGTACAGTG ACCA
HEK30T2 GACACAGACTGGGCACGTGA GGG TTGGTGTTGACAGGGAGC | ACACTCTTT | TGGAG
AACTTCACAGTCCCAGGC | CCCTACAC TTCAG
ATCAGGACACAGACTGGG | GACGCTCTT | ACGTG
CACGTGAGGGAAGCCCA | CCGATCTNN | TGCTC
AGGGAGAGGACTGGTGT | NNTTGGTGT | TTCCG
AATCGAGGCTGACTCCAC | TGACAGGG | ATCTCT
TTTTAATGTTTGACTGATG | AGCAA GAGAT
ATAGGTTTCAAGTCTCAC GTGGG
TAAGTCTCCTTCCCCTTCT CAGAA
GCCCACATCTCAG GGG
HEK30T3 AGCTCAGACTGAGCAAGTGA GGG TGAGAGGGAACAGAAGG | ACACTCTTT | TGGAG
GCTAAGACTAAAAGGAAC | CCCTACAC TTCAG
AGAGGAGTTCATAGTGAG | GACGCTCTT | ACGTG
CGGTAAAGAGCTCAGACT | CCGATCTNN | TGCTC
GAGCAAGTGAGGGGCTC | NNTGAGAG | TTCCG
AGCCTCCCATGGAGGACA | GGAACAGA | ATCTG
GGGGGCTGGGGCCCCTG | AGGGCT TCCAA
GCTGATGTCTGGACTGAA AGGCC
GCCCCCACGCCCAGAGG CAAGA
TTCTTGGGCCTTTGGAC ACCT
HEK30T4 AGACCAGACTGAGCAAGAGA GGG CCTAGCACTTTGGAAGGT | ACACTCTTT | TGGAG
CGAAGCGGCAGGATGGC | CCCTACAC TTCAG
TTCAACCCAGGAGTTCGA | GACGCTCTT | ACGTG
GACCAGACTGAGCAAGA | CCGATCTN TGCTC
GAGGGAGAGTGTCTGTAT | NNNTCCTAG | TTCCG
TAACAACAAACAAACAAA | CACTTTG ATCTG
CAAAAAACTAAACTAAAA | GAAGGTCG | CTCAT
GAAACTGTGGTGTATAAT CTTAAT
ATAAAATTCTGGCTGAGC CTGCT
AGATTAAGATGAGC CAGCC
HEK30T5 GAGCCAGAATGAGCACGTGA GGG AAAGGAGCAGCTCTTCCT | ACACTCTTT | TGGAG
GGTGGAAATTGCGAGCA | CCCTACAC TTCAG
GAGGCTGCGTGAGTTCC | GACGCTCTT | ACGTG
GTAACTCGCACACAGCCT | CCGATCTN TGCTC
CCATTTGGAGCCAGAATG | NNNAAAGG | TTCCG
AGCACGTGAGGGACCCC | AGCAGCTC | ATCTG
GGGCAGAGGGGCCAGTG | TTCCTGG T
CTGACATTATGCTCCATG CTGCA
CAACCTCCCATCCTGTTG CCATC
TGGGAGATGGTGCAGAC TCCCA
CAA
HEK40T1 TGCACTGCGGCCGGAGGAGG | TGG GGCATGGCTTCTGAGACT | ACACTCTTT | TGGAG
CATAGCTGGGGCTGAAGA | CCCTACAC TTCAG
TCCCTAGGGGGGCTCTG | GACGCTCTT | ACGTG
CTGGGCTCACTGCTCTCC | CCGATCTN TGCTC
AGAGTGGTCCAGCCCGG | NNNGGCAT | TTCCG
CTGCAGGGTGCTGCTTCC | GGCTTCTG | ATCTG
AGCTTGGTGCACTGCGG | AGACTCA T
CCGGAGGAGGTGGAGGA CTCCC
TGGAAAGTAAGATTCAAA TTGCA
GACAGGGAGTGCAAGGG CTCCC




TGTCTT
T

HEK40T2 GGCTCTGCGGCTGGAGGGGG | TGG TTTGGCAATGGAGGCATT | ACACTCTTT | TGGAG
GGGCAGGGGAAGCCTGT | CCCTACAC TTCAG
CTTCAGGGCACATGCACG | GACGCTCTT | ACGTG
TGCGCAGGGCTCTGCGG | CCGATCTN TGCTC
CTGGAGGGGGTGGGGTT | NNNTTTGGC | TTCCG
GCTGTTAGTGACAGGGG | AATGGAG ATCTG
CCCCAGCCAGGCAGGTTT | GCATTGG A
CAGGATTGGGGAGCACTT AGAGG
GCTTCGGCTCCCTTGCTC CTGCC
TCATGGGCAGCCTCTTC CATGA

GAG

HEK40T3 GGCACGACGGCTGGAGGTGG | GGG GGTCTGAGGCTCGAATCC | ACACTCTTT | TGGAG
TGGCAGCAGGTCCTTCAT | CCCTACAC TTCAG
GGCAAGGCGGGAAAAGA | GACGCTCTT | ACGTG
GAAAAGCCAACGGGTTCT | CCGATCTN TGCTC
CATGCTGGGAAAAGATGC | NNNGGTCT | TTCCG
CGGGCACGACGGCTGGA | GAGGCTCG | ATCTCT
GGTGGGGGGTTGGGAGT | AATCCTG GTGGC
GGGTGGGATGCTTGCGT CTCCA
GCCCTGCATGAGGTGCA TATCC
GGGATATGGAGGCCACA CTG
G

HEK40T4 GGCATCACGGCTGGAGGTGG AGG TTCCACCAGAACTCAGCC | ACACTCTTT | TGGAG
CAGGCTGCTGTGGGATG | CCCTACAC TTCAG
GAATCACCTGCACCCGGA | GACGCTCTT | ACGTG
TGTTCTTTCTGGGCTGGT | CCGATCTN TGCTC
ACATACAGGCAAGGCATC | NNNTTTCCA | TTCCG
ACGGCTGGAGGTGGAGG | CCAGAACT | ATCTC
GGGCCTAACCCGGGGTT | CAGCCC c
GCCCAGGAAGGGGTTTG TCGGT
CACATGGATTCGGTGTGT TCCTC
TGTGGAGGAACCGAGG CACAA

CAC

HEK40T5 GGCGCTGCGGCGGGAGGTGG | AGG CACGGGAAGGACAGGAG | ACACTCTTT | TGGAG
AAGGTGCTGGACCGCCT | CCCTACAC TTCAG
GGACTTTGTGCTGACCAG | GACGCTCTT | ACGTG
CCTTGTGGCGCTGCGGC | CCGATCTN TGCTC
GGGAGGTGGAGGAGCTG | NNNCACGG | TTCCG
AGAAGCAGCCTGCGAGG | GAAGGACA | ATCTG
GCTTGCGGGGGAGATTG | GGAGAAG CAGGG
TTGGGGAGGTCCGGTGA GAGGG
GTAATGCGGCTTCTTCTC ATAAA
CTGCTTTATCCCTCCCCT GCAG
GC

EMX10T1 GAGTTAGAGCAGAAGAAGAA AGG TGCCCAATCATTGATGCT | ACACTCTTT | TGGAG
TTTATACCATCTTGGGGTT | CCCTACAC TTCAG
ACAGAAAGAATAGGGGCT | GACGCTCTT | ACGTG
TATGGCATGGCAAGACAG | CCGATCTN TGCTC
ATTGTCAGAGTTAGAGCA | NNNTGCCC | TTCCG
GAAGAAGAAAGGCATGGA | AATCATTGA | ATCTA
GTAAAGGCAATCTTGTGC | TGCTTTT G
AGATGTACAGGTAGCAGC AAACA
CCTCAGAAAAAATAGGTG TTTACC
ATAGTCTATGGTAAATGTT ATAGA
TCT CTATC

ACCT

EMX10T2 GAGTCTAAGCAGAAGAAGAA GAG GTAGCCTCTTTCTCAATG | ACACTCTTT | TGGAG
TGCTTCAACCCATCACGG | CCCTACAC TTCAG
CCTTTGCAAATAGAGCCC | GACGCTCTT | ACGTG
TTTATTCATAGTAGACAAG | CCGATCTN TGCTC
AGTCTAAGCAGAAGAAGA | NNNAGTAG | TTCCG
AGAGAGCCACTACCCAAC | CCTCTTTCT | ATCTG
CATCTACTCTTCTAATGGT | CAATGTGC CTTTCA




GTTTTCCTACAAAGGCCA CAAGG
AGTCATGAGACTGCATCC ATGC
TTGTGAAAGC AGTCT
EMX10T3 GAGGCCGAGCAGAAGAAAGA CGG GAGCTAGACTCCGAGGG | ACACTCTTT | TGGAG
GAGGCTGCGAGCCGCAA | CCCTACAC TTCAG
GCGCAGGAGCCGGGTGG | GACGCTCTT | ACGTG
GAGAGAGACCCCTTCTTC | CCGATCTN TGCTC
TGCAAATGAGGAGGCCG | NNNGAGCT | TTCCG
AGCAGAAGAAAGACGGC | AGACTCCG | ATCTTC
GACAGATGTTGGGGGGA | AGGGGA CTCGT
GGGGACGGTTTGTGAGG CCTGC
GATAGGGAGAGAAAGTCT TCTCA
AAGTGAGAGCAGGACGA CTT
GGA
EMX10T4 GAGTCCTAGCAGGAGAAGAA GAG AGAGGCTGAAGAGGAAG | ACACTCTTT | TGGAG
ACCAGACTCAGTAAAGCC | CCCTACAC TTCAG
TGGAGGCTGCCAGGTAG | GACGCTCTT | ACGTG
GGCTGGGGCCAGCATGA | CCGATCTN TGCTC
CCTGAGTCCTAGCAGGAG | NNNAGAGG | TTCCG
AAGAAGAGGCAGCCTAGA | CTGAAGAG | ATCTG
GTCTTCTGTGAAGTGCAC | GAAGACCA | GCCCA
ATAGAAGAGAGACTGGG GCTGT
GCCAAGCCACAAAAGATA GCATT
GAATGCACAGCTGGGCC CTAT
EMX10T5 AAGTCTGAGCACAAGAAGAA TGG GTAGTTCTGACATTCCTC | ACACTCTTT | TGGAG
CTGAGGGAAAATAAATAA | CCCTACAC TTCAG
ATTAATTAAAAATATATAT | GACGCTCTT | ACGTG
ATATATGTATAATGATAAA | CCGATCTN TGCTC
CATGCTAACAAAGTCTGA | NNNGTAGTT | TTCCG
GCACAAGAAGAATGGTGA | CTGACATT ATCTT
GAAGGAATACATTTTATCT | CCTCCTGA G
AATAAATATGTAAGCCATT | G GTCAA
AATAAAATGTAAACCATTA TATCT
AAACAACAAATAAACCTTT GAAAG
CAGATATTGACCA G
TTTATT
TGT
EMX10T6 GAGTCCGGGAAGGAGAAGAA AGG CCAAGAGGGCCAAGTCCT | ACACTCTTT | TGGAG
GGCTGTCTGCCTCTGACG | CCCTACAC TTCAG
ACGAGCAAGGTGGAGGC | GACGCTCTT | ACGTG
CCTTGGTTAGCAGGATGG | CCGATCTN TGCTC
GTGGTGAGGAGTCCGGG | NNNCCAAG | TTCCG
AAGGAGAAGAAAGGCTCA | AGGGCCAA | ATCTC
GCGCGGCTTGCCTGAGC | GTCCTG A
CTCCCTCCTCCCAGCTCC GCGAG
CGGCCCCTGCTGCCGGC GAGTG
GGCTGTCACTCCTCGCTG ACAG
CcC
EMX10T7 GAGCCGGAGCAGAAGAAGGA GGG CACTCCACCTGATCTCGG | ACACTCTTT | TGGAG
GGCGCTGTGCGCTGAGG | CCCTACAC TTCAG
AAGGCGCGGGCGAGCCG | GACGCTCTT | ACGTG
GAGCAGAAGAAGGAGGG | CCGATCTN TGCTC
AGGGAGCCAGCCGCTGC | NNNCACTC | TTCCG
AGCCACCACCGCCACCAT | CACCTGAT ATCTC
GTCCTACCAAGGCAAGAA | CTCGGGG GAGGA
GAACATCCCGCGGATCAC GGGAG
GGTGAGTCCGGGCGCCG GGAG
CTGCTCCCTCCCTCCTCG CAG
EMX10T8 AAGTCCGAGGAGAGGAAGAA AGG ACCACAAATGCCCAAGAG | ACACTCTTT | TGGAG
ACATCACCACTTGGAGAG | CCCTACAC TTCAG
TCAGAGGTCACAAAAGAG | GACGCTCTT | ACGTG
GGGCCCAACTCCTGTAGA | CCGATCTN TGCTC
AGTCCGAGGAGAGGAAG | NNNACCAC | TTCCG
AAAGGGTTCTGGAGCTCT | AAATGCCC ATCTG
CAGGCGTCAGGGCCAGG | AAGAGAC A




CCTGCACCCTTCTGTGCC CACAG
CCTCCATGAATGGCTGGC TCAAG
CGGCCCTTGACTGTGTC GGCCG
G

EMX10T9 GAATCCAAGCAGGAGAAGAA GGA CCCACCTTTGAGGAGGCA | ACACTCTTT | TGGAG
AAAGGGAATAAACTTGTG | CCCTACAC TTCAG
CTTATTTGTTGGAAGAGC | GACGCTCTT | ACGTG
AAATATGTTTTTTTGAAAC | CCGATCTN TGCTC
CGAATTATGGATGGGGAT | NNNCCCAC | TTCCG
GTGGGGGTGGGAACTAG | CTTTGAGG ATCTTT
GCAAGGGTCTCAGGGGA | AGGCAAA CCATC
ATCCAAGCAGGAGAAGAA TGAGA
GGAGGGAAAAACCACTCT AGAGA
CTTCTCAGATGGAA GTGGT

EMX10T10 ACGTCTGAGCAGAAGAAGAA TGG GTCATACCTTGGCCCTTC | ACACTCTTT | TGGAG
CTCTGTACTCTATACAGA | CCCTACAC TTCAG
GTCCAGCTCTGGCCTGG GACGCTCTT | ACGTG
GAAAATACTTTCAGACAA | CCGATCTN TGCTC
AACGTCTGAGCAGAAGAA | NNNGTCATA | TTCCG
GAATGGACAGAACTCTGA | CCTTGGC ATCTTC
GGACATTCTTGAGGCACT | CCTTCCT CCTAG
GGCAGAACCTCTGCAGG GCCCA
AAGACGAGAGCATTGCTG CACCA
GTGTGGGCCTAGGGA G

BCL11AOT1 CCTATCACTGGCTCCAGGAA GGG ACCTGTGGGCATCCTGAG | ACACTCTTT | TGGAG
TTGCTTCTGATGTCCCAC | CCCTACAC TTCAG
CCATCACCTTGACCTGCT | GACGCTCTT | ACGTG
CAGAGCAGAGCATTGTTC | CCGATCTNN | TGCTC
TGAAATCTGAGGCATTGT | NNACCTGT TTCCG
CCTGCCCACTGGCCTATC | GGGCATCC | ATCTTC
ACTGGCTCCAGGAAGGG | TGAGTTGC ACGGC
CCTAGTGTCTCTGACCAG CCCAC
CTCTAGATCACCTCCTCC TCCTC
TCCTCCTGAGCCCTGTAC TCA
GTTGCCAGGCTGATGAGA
GGAGTGGGGCCGTGA

BCL11AOT2 | CTTATCATAGGCCCCAGGAA AGG CTTGGCGCAGTTCCTGTG | ACACTCTTT | TGGAG
TATGGATATTCTTACAGAA | CCCTACAC TTCAG
TCGCTACTCTCCCTCTCC | GACGCTCTT | ACGTG
TTTGAGCTGGCCTAGCTT | CCGATCTNN | TGCTC
TGGCTTATCATAGGCCCC | NNCTTGGC | TTCCG
AGGAAAGGCCAGGGGAC | GCAGTTCCT | ATCTTA
TGGGGTACCGGTTAGAG GTGTATG CATGC
GGATATAAAAGTTCATTCT TGTGA
GCCTTGTACGTATGTTTA GAAAA
ATTGATTAGAACACTTCAT TGAAG
TTTCTCACAGCATGTA TGT

CCR50T1 TAGGGTGTCAACTCTTGACA CAG GACTTCTGGTTATCAGTA | ACACTCTTT | TGGAG
GGCTGTTAGTAGTTAAGT | CCCTACAC TTCAG
TTTGGGGGAGTCAAAAGT | GACGCTCTT | ACGTG
TATACCTGCATTTGACTGT | CCGATCTNN | TGCTC
GTCAAGAGTTGACACCCT | NNGACTTCT | TTCCG
AACCTCCACGTTGTTTAA | GGTTATCAG | ATCTC
GAGTTAACTGTAGTTTGA | TAGGCTGTT | AAAAT
ACTACACTAGTTTGTACT GGATC
GGTTTGCAGTTATTTATTA ATGGC
TACTATATTCATCATTACT TCAA
TTTATGTTTCAATGAACCA
TTGTTGAGCCATGATCCA
TTTTG

CCR50T3 TTATCTGTCAACTCTTGACA AAT TGAGGACTTGGTGAATCG | ACACTCTTT | TGGAG
TGGTATCATTTGTCAAGA | CCCTACAC TTCAG
GTTGACAGATAAGAGGAA | GACGCTCTT | ACGTG
GGGAGTAGGTTTGTCAGG | CCGATCTNN | TGCTC
GAAAGGGTTAATTTTTTTT | NNTGAGGA | TTCCG




TTTTGGAGACTTGTTGCC | CTTGGTGAA | ATCTAA
CAGGCTGGAGTACAATGG | TCGTGG TTAGC
CATGATCTTGGCTCACCA TGGGT
CAACTTCCGCCTCCTGGG GTGGT
TTCAAGTGATTTTGCTGC GGC
CTCAGCCTCCCGAGTAGC
TGGGATTACAGGCATGTG
CCACCACACCCAGCTAAT
T

CCR50T8 ATACCTGCCAACTCTTGACA TGG CAATTACAGAAAGTGGAT | ACACTCTTT | TGGAG
TGGTTGTGGAATGTACAG | CCCTACAC TTCAG
ATTAACAATGGAGAGCAC | GACGCTCTT | ACGTG
ATAACCCTCAGTCTGGCA | CCGATCTNN | TGCTC
CACCAGTGGAGGCTAAAG | NNCAATTAC | TTCCG
AAACTGAAAGGTGTTCTG | AGAAAGTG | ATCTTT
CCCAGGGTGCAGGGACT | GATTGGTTG | GTCTT
CCATGTCAAGAGTTGGCA GAGAT
GGTATGGAAAGCAAGAG TTTCCT
GGTTGGGACAGAAACCA AATGA
GGGTAATTAATTAAGTGA TTT
CTATTTTTAGGACTAACTT
CAAGGGTTACATGAGCTC
CCTCCCCTCCAAAAACAA
ATCATTAGGAAAATCTCA

CXCR40T8 TGTTCTCAGCACATCATGGT TGT TTGCTGAAAGTGACGACA | ACACTCTTT | TGGAG
CAGCCAGTGAAGCTGGG | CCCTACAC TTCAG
ACTGGAATGTCAGTTTCC | GACGCTCTT | ACGTG
ATAACTCCAGCCCCCTTT | CCGATCTNN | TGCTC
TTTAACCGTTAGGAAACA | NNTTGCTGA | TTCCG
TCCTTTCACCTCAGGTCC | AAGTGACG | ATCTT
CCTCAGTCTCTAGTCCAC | ACACAG GCTCA
ACCATGATGTGCTGAGAA GGAAA
CAGGAGGCATACTATCAG AGTCT
CATTTTAAAAGGACCTCTT TTGGA
CCTTGTTTCTCCTGTTCTC
TGGCCCCAGAGAGCTCTT
CTGAGACCCTGGGGTCC
AGAAGGGAGCCCTGGAG
AACTTAGCTCCAAAGACT

TTTCCTGAGCA




SaCas9 orthogonal R-loop sites:

Site Name Protospacer PAM Amplicon HTS-F HTS-R

SaR1 GTGGTAGACAGCATGTGTCCTA AAGGGT TGGTGGAGTGCTCTGTGTTTGTCTTT | ACACTC | TGGAG
ATAAACCCAGATGAGAGGATGAAGG | TTTCCC | TTCAG
CAACAAGCTTCTGTACCAACATACAT | TACACG | ACGTG
GCCCCTTTGCCTCAAGTCTGGTTAT ACGCTC | TGCTC
TTTAGGGGGATGCTAGGTTGCTTTG | TTCCGA | TTCCG
GGTCTACCTTACTGAGAAAATGGCC | TCTNNN | ATTGG
CCAGGTCATTGTCATGTCCAGTTGT NTGCA TGGAG
GGTAGACAGCATGTGTCCTAAAGGG | GTCTCC | TGCTC
TATATTCACATGCATGTGCAAAAATA | TGCTTC | TGTGT
CAGGGGTCCTTCTAACCCTATCACA | TCTG TTG
GAGAAGCAGGAGACTGC

SaR2 ATTTACAGCCTGGCCTTTGGGG TCGGGT GCTACAGAAAGGTCAGCAGCTATAT | ACACTC | TGGAG
TTAACCTCAGACCAGGGTGCGGTGG | TTTCCC | TTCAG
GAGATCTGGTTTCCGGAAGACGGAA | TACACG | ACGTG
TGGGGAGAAGGGCAGGTTCCCCGA | ACGCTC | TGCTC
GGCGCCCAGACACCCAATCCTCCC TTCCGA | TTCCG
GGTGACATTTACAGCCTGGCCTTTG | TCTNNN | ATGCT
GGGTCGGGTCAACGCTAGGCTGGC | NGGAC ACAGA
AGGGGAAGGGCGGGGCCGTGAGGT | ATTTCC | AAGGT
GAGCCGGCGCTGCAGGAAGGGGCC | ACCGC CAGCA
ACCACCAGAGGGGCCATTTTGCGGT | AAAATG | GC
GGAAATGTCC

SaR3 GTGTCAGGTAATGTGCTAAACA GAGAGT AAGTGTTCAGCTGCTTTTCTTTCATT | ACACTC | TGGAG
TATTCCACATATAATTACTATAATTG TTTCCC | TTCAG
CTAAACATTTATTTAGTGTCAGGTAA | TACACG | ACGTG
TGTGCTAAACAGAGAGTTACTGCTC ACGCTC | TGCTC
AGACATGTAATAATAATAAATAACAC | TTCCGA | TTCCG
ATCAAATAACCATACCATTTTAAGCT | TCTNNN | ATCTG
GTAGTATTATGAAGGGAAATCTGGA NCTGCA | CTGTG
GCAAAGAGAATAGACTGTAGGGAAA | CCTAGC | GCATC
CCAGTTAAGAAATAGGACATGGAGG | CTCCAT | CAGAG
CTAGGTGCAG GTC ACAT

SaR4 GGTGGAGGAGGGTGCATGGGGT CAGAAT TTTGCTTATCCAGAAAAGGGAGTGA | ACACTC | TGGAG
TTGCTTCCAGGGGCCTCAGGGGAAT | TTTCCC | TTCAG
AAATCATAGAATCCTGGACAAGGTTT | TACACG | ACGTG
GAAGGACAGGTAGGATTTGGGTGG ACGCTC | TGCTC
GTGGAGGAGGGTGCATGGGGTCAG | TTCCGA | TTCCG
AATTGTAACCGAAAACTCATTCCAG TCTNNN | ATCTT
GTGGATAGAGAAAATTTCTAGTGTT NGGAG CCTGA
GTTGTTTTTAAACTATTTGGGGGACT | GTGGA GGTCT
GGCACAGACCCTTTTTGAATACCTG GAGAG AGGAA
ATGGGCTCACATTTCTGTCGAATCC GATGT CCCG
CAG

SaR5 TCTGCTTCTCCAGCCCTGGC CTGGGT ATGTGGGCTGCCTAGAAAGGCATGG | ACACTC | TGGAG
ATGAGAGAAGCCTGGAGACAGGGA TTTCCC | TTCAG
TCCCAGGGAAACGCCCATGCAATTA | TACACG | ACGTG
GTCTATTTCTGCTGCAAGTAAGCAT ACGCTC | TGCTC
GCATTTGTAGGCTTGATGCTTTTTTT | TTCCGA | TTCCG
CTGCTTCTCCAGCCCTGGCCTGGGT | TCTNNN | ATCTC
CAATCCTTGGGGCCCAGACTGAGCA | NATGTG | CCAGC
CGTGATGGCAGAGGAAAGGAAGCC GGCTG CAAAC
CTGCTTCCTCCAGAGGGCGTCGCA CCTAGA | TTGTC
GGACAGCTTTTCCTAGACAGGGGCT | AAGG AACC
AGTATGTGCAGCTCCTGCACCGGGA
TACTGGTTGACAAGTTTGGCTGGG

SaR6 GATGTTCCAATCAGTACGCA GAGAGT CATTGCAGAGAGGCGTATCATTTCG | ACACTC | TGGAG
CGGATGTTCCAATCAGTACGCAGAG | TTTCCC | TTCAG
AGTCGCCGTCTCCAAGGTGAAAGCG | TACACG | ACGTG
GAAGTAGGGCCTTCGCGCACCTCAT | ACGCTC | TGCTC
GGAATCCCTTCTGCAGCACCTGGAT | TTCCGA | TTCCG
CGCTTTTCCGAGCTTCTGGCGGTCT | TCTNNN | ATCTG
CAAGCACTACCTACGTCAGCACCTG | NCATTG | GGGTC
GGACCCC CAGAG CCAGG

AGGCG TGCTG
TATCA AC




Supplementary Table 5. Primers for generating base editor amplicons for IVT.

Name | Sequence (5'-3')

IVT-F | TCGAGCTCGGTACCTAATACGACTCACTATAAGG

IVT-R | TTTTTTTTTTTTTTITTI T I T I T T I T I T T I I T I T I T T T I T I T I T I T T T I T I T T I T T T TTITTITTITTITTITITITTTTI
[TTTTTTTTTTTTITTITITITTITITTITTITITTTITITITTITTITTTTITTTTTTTITCTTCCTACTCAGGCTTTATTCAAA
GACCA




Supplementary Table 6. Chemically synthesized guide RNAs used for T cell and HSC

experiments.

ﬁ)iie/GUide Protospacer sequence (5'-3") | sgRNA scaffold (5'-3")

CCR5 CAATGTGTCAACTCTTGACA SpCas9 sgRNA EZ Kit scaffold from Synthego (with 2’-O-
Methyl and 3’ phosphorothioate bond modifications)

CXCR4 CAGTTTCAGCACATCATGGT SpCas9 sgRNA EZ Kit scaffold from Synthego (with 2’-O-
Methyl and 3’ phosphorothioate bond modifications)

BCL11A TTTATCACAGGCTCCAGGAA SpCas9 sgRNA EZ Kit scaffold from Synthego (with 2’-O-

Methyl and 3’ phosphorothioate bond modifications)

*See Supplementary Table 4 for the list of target sites




Supplementary Table 7. cDNA amplicon sequences and primers for RNA off-target

analysis.

Name Amplicon HTS-F HTS-R

RSL1D1 TTGGCTTTCCAAATCAGTGGGTCTGACTTGAGGTCTGTGATGTG | ACACTCTTTCCCTAC | TGGAGTTCAGACG
ACCCTTTTCCTCACCTGCTCAACCATTATTCACATGGACTCCATC | ACGACGCTCTTCCG TGTGCTCTTCCGA
ATATTCATTTGTAGTCATTCCCAGAGTGGCCCAGTGAGGGTCTC | ATCTNNNNTGGCTTT | TCTCTCATAAGCTT
GCTGTATGAGAGTCGGCTACGGAATTTAGGAGAAACAGAAGTTT | CCAAATCAGTGGGT AGACCAACAAGC
CTTGGCTTTCATGCTGAGCTTGTTGGTCTAAGCTTATGAG C

CTNNB1 TTTGATGGAGTTGGACATGGCCATGGAACCAGACAGAAAAGCG | ACACTCTTTCCCTAC | TGGAGTTCAGACG
GCTGTTAGTCACTGGCAGCAACAGTCTTACCTGGACTCTGGAAT | ACGACGCTCTTCCG TGTGCTCTCCAGC
CCATTCTGGTGCCACTACCACAGCTCCTTCTCTGAGTGGTAAAG | ATCTNNNNATTTGAT | TACTTGTTCTTGAG
GCAATCCTGAGGAAGAGGATGTGGATACCTCCCAAGTCCTGTAT | GGAGTTGGACATGG | TGAAGG
GAGTGGGAACAGGGATTTTCTCAGTCCTTCACTCAAGAACAAGT | CC
AGCTGG

IP90 CTGGTTGACCAATCTGTGGTGAATAGTGGAAATCTGCTCAATGA | ACACTCTTTCCCTAC | TGGAGTTCAGACG
CATGACTCCTCCTGTAAATCCTTCACGTGAAATTGAGGACCCAG | ACGACGCTCTTCCG TGTGCTCTCTGCG
AAGACCGGAAGCCCGAGGATTGGGATGAAAGACCAAAAATCCC | ATCTNNNNCTGGTTG | TCTGGATCAGGTA
AGATCCAGAAGCTGTCAAGCCAGATGACTGGGATGAAGATGCC | ACCAATCTGTGGTG CG

CCTGCTAAGATTCCAGATGAAGAGGCCACAAAACCCGAAGGCT
GGTTAGATGATGAGCCTGAGTACGTAC




Supplementary Table 8. Primers for PCR1 and PCR2 in mESc 12kChar library analysis
of base editors. Samples for the library analysis (11 samples with two biological replicates
for 22 samples total) were amplified and barcoded for analysis. We performed 4 NextSeq
runs with up to 7 samples on each. Primers were assigned to be unique among samples on
each run. Run 1 contained 7 samples, barcoded with FWD PCR1A and REV PCR2-1 through
PCR2-7. Run 2 contained 7 samples, barcoded with FWD PCR1B and REV PCR2-1 through
PCR2-7. Run 3 contained 7 samples, barcoded with FWD PCR1C and REV PCR2-1 through
PCR2-7. Run 4 contained 1 sample, barcoded with FWD PCR1D and REV PCR2-1.

Name Purpose Sequence
Fwd PCR1A Library Fwd PCR1 | AATGATACGGCGACCACCGAGATCTACACATTACTCGACACTCTTTCCCTAC
Fwd PCR1B Library Fwd PCR1 ﬁggégTACGGCGACCACCGAGATCTACACTCCGGAGAACACTCTTTCCCTA
Fwd PCR1C Library Fwd PCR1 ,E-\:,ﬁ'(l':g'AA\EACGGCGACCACCGAGATCTACACCGCTCATTACACTCTTTCCCTAC
Fwd PCR1D Library Fwd PCR1 ﬁg'fégTACGGCGACCACCGAGATCTACACGAGATTCCACACTCTTTCCCTAC
Rev PCR1 Lib Library Rev PCR1 g?'gﬁgTGGAGTTCAGACGTGTGCTCTTC
CGATCTGTGGAAAGGACGAAACACCG
Fwd PCR2 Lib Library Fwd PCR2 | AATGATACGGCGACCACCGAGATCTACAC
Rev PCR2-1 Library Rev PCR2 | CAAGCAGAAGACGGCATACGAGATATCGTGATGTGACTGGAGTTCAGACGT
Rev PCR2-2 Library Rev PCR2 SZS(CB:ZZAGAAGACGGCATACGAGATATACATCGGTGACTGGAGTTCAGACGT
Rev PCR2-3 Library Rev PCR2 SZS(CB:ZZAGAAGACGGCATACGAGATATGCCTAAGTGACTGGAGTTCAGACGT
Rev PCR2-4 Library Rev PCR2 SZS(CB:I)AGAAGACGGCATACGAGATATTGGTCAGTGACTGGAGTTCAGACGT
Rev PCR2-5 Library Rev PCR2 SZSCCB:ZIAGAAGACGGCATACGAGATATCACTGTGTGACTGGAGTTCAGACGT
Rev PCR2-6 Library Rev PCR2 SZS(CB:ZZAGAAGACGGCATACGAGATATATTGGCGTGACTGGAGTTCAGACGT
Rev PCR2-7 Library Rev PCR2 g%g%::)AGAAGACGGCATACGAGATATGATCTGGTGACTGGAGTTCAGACGT




Supplementary Note 1. Evolved TadA-CD amino acid sequences.
TadA-CDa:

MSEVEFSHEYWMRHALTLAKRARDEGAGPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAEIM
ALRQGGLVMQNYRLFDATLYVTFEPCVMCAGAMINSRIGRVVFGVRNSKRGAAGSLMNVLN
YPGMNHRVEITEGILADECAALLCDFYRMPRQVFNSQKKAQSSIN

TadA-CDb:

MSEVEFSHEYWMRHALTLAKRARDEGAGPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAEIM
ALRQGGLVMQNYRLFDATLYVTFEPCVMCAGAMINSRIGRVVFGVRNSKRGAAGSLMNVLN
YPGMNHRVEITEGILADECAALLCDFYRMPRRVFNSQKKAQSSIN

TadA-CDc:

MSEVEFSHEYWMRHALTLAKRARDEGAGPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAEIM
ALRQGGLVMQNYRLFDATLYVTFEPCVMCAGAMINSRIGRVVFGVRNSKRGAAGSLMNVLN
YPGMNHRVEITEGILADECAALLCDFYRIPRQVFNSQKKAQSSIN

TadA-CDd:

MSEVEFSHEYWMRHALTLAKRARDERKAPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAEIIA
LRQGGLVMQNYRLIDATLYVTFEPCVMCAGAMINSRIGRVVFGVRNSKRGAAGSLMNVLNY
PGMNHRVEITEGILADECAALLCDFYRMPRQVFNAQKKAQSSIN

TadA-CDe:

MSEVEFSHEYWMRHALTLAKRARDERAGPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAEIM
ALRQGGLVMQNHRLIDATLYVTFEPCVMCAGAMINSRIGRVVFGVRNSKRGAAGSLMNVLN
YPGMNHRVEITEGILADECAALLCDFYRMPRHVFNSQKKAQSSIN

TadA-Dual:

MSEVEFSHEYWMRHALTLAKRARDEGEAPVGAVLVLNNRVIGEGWNRRIGLHDPTAHAEIM
ALRQGGLVMQNSRLIDATLYVTFEPCVMCAGAMINSRIGRVVFGVRNSKRGAAGSLMNVLN
YPGMNHRVEITEGILADECAALLCDFYRMPRQVFNAQKKAQSSIN

Supplementary Note 2. Sequence of the Cas9 components of the base editors in this
study.
SpCas9 D10A:

DKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLK
RTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAY
HEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNF
DLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSAS
MIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKM
DGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRI
PYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLP
KHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKI
ECFDSVEISGVEDRFNASLGTYHDLLKIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLK



TYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIE
MARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMY
VDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWR
QLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDEND
KLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYG
DYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWD
KGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSP
TVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY'S
LFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHK
HYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDT
TIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD

eNme2-C Cas9 (S6P mutation relative to reported eNmeZ2-C sequence):

AAFKPNPINYILGLAIGIASVGWAMVEIDEEENPIRLIDLGVRVFERAEVPKTGDSLAMARRLA
RSVRRLTRRRAHRLLRARRLLKREGVLQAADFDENGLIKSLPNTPWQLRAAALDRKLTPLE
WSAVLLHLIKHRGYLSQRKNEGETADKELGALLKGVANNAHALQTGDFRTPAELALNKFEKE
SGHIRNQRGDYSHTFSRKDLQAELILLFEKQKEFGNPHVSGGLKEGIETLLMTQRPALSGDA
VQKMLGHCTFEPAEPKAAKNTYTAERFIWLTKLNNLRILEQGSERPLTDTERATLMDEPYRK
SKLTYAQARKLLGLEDTAFFKGLRYGKDNAEASTLMEMKAYHAISRALEKEGLKDKKSPLNL
SSELQDEIGTAFSLFKTDEDITGRLKDRVQPEILEALLKHISFDKFVQISLKALRRIVPLMEQGK
RYDEACAEIYGDHYGKKNTEEKIYLPPIPADEIRNPVVLRALSQARKVINGVVRRYGSPARIHI
ETAREVGKSFKDRKEIEKRQEENRKDREKAAAKFREYFPNFVGEPKSKDILKLRLYEQQHGK
CLYSGKEINLVRLNEKGYVEIDAALPFSRTWDDSFNNKVLVLGSENQNKGNQTPYEYFNGK
DNSREWQEFKARVETSRFPRSKKQRILLQKFDEDGFKECNLNDTRYVNRFLCQFVADHILLT
GKGKRRVFASNGQITNLLRGFWGLRKVRAENDRHHALDAVVVACSTVAMQQKITRFVRYKE
MNAFDGKTIDKETGKVLHQKTHFPQPWEFFAQEVMIRVFGKPDGKPEFEEADTPEKLRTLLA
EKLSSRPEAVHEYVTPLFVSRAPNRKMSGAHKDTLRSAKRFVKHNEKISVKRVWLTEIKLAD
LENMVNYKNGREIELYEALKARLEAYGGNAKQAFDPKDNPFYKKGGQLVKAVRVEKTQESG
VLLNKKNAYTIADNGDMVRVDVFCKVDKKGKNQYFIVPIYAWQVAENILPDIDCKGYRIDDSY
TFCFSLHKYDLIAFQKDEKSKVEFAYYINCDSSNGRFYLAWHDKGSKEQQFRISTQNLVLIQK
YQVNELGKEIRPCRLKKRPPV

SaCas9 D10A:

GKRNYILGLAIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGARRLKRRRRHRI
QRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVHNVNEVEE
DTGNELSTKEQISRNSKALEEKYVAELQLERLKKDGEVRGSINRFKTSDYVKEAKQLLKVQK
AYHQLDQSFIDTYIDLLETRRTYYEGPGEGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKY
AYNADLYNALNDLNNLVITRDENEKLEYYEKFQIIEENVFKQKKKPTLKQIAKEILVNEEDIKGYR
VTSTGKPEFTNLKVYHDIKDITARKEIIEENAELLDQIAKILTIYQSSEDIQEELTNLNSELTQEEIE
QISNLKGYTGTHNLSLKAINLILDELWHTNDNQIAIFNRLKLVPKKVDLSQQKEIPTTLVDDFILS
PVVKRSFIQSIKVINAIIKKY GLPNDIIIELAREKNSKDAQKMINEMQKRNRQTNERIEEIIRTTGK
ENAKYLIEKIKLHDMQEGKCLYSLEAIPLEDLLNNPFNYEVDHIIPRSVSFDNSFNNKVLVKQE
ENSKKGNRTPFQYLSSSDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERDINRFSVQKDFI
NRNLVDTRYATRGLMNLLRSYFRVNNLDVKVKSINGGFTSFLRRKWKFKKERNKGYKHHAE
DALIIANADFIFKEWKKLDKAKKVMENQMFEEKQAESMPEIETEQEYKEIFITPHQIKHIKDFKD
YKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIVNNLNGLYDKDNDKLKKLINKSPEKLLMYH



HDPQTYQKLKLIMEQYGDEKNPLYKYYEETGNYLTKYSKKDNGPVIKKIKYYGNKLNAHLDIT
DDYPNSRNKVVKLSLKPYRFDVYLDNGVYKFVTVKNLDVIKKENYYEVNSKCYEEAKKLKKI
SNQAEFIASFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPRIIKTIAS
KTQSIKKYSTDILGNLYEVKSKKHPQIIKKG
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