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Supplementary Figure 1. rAPOBEC1 homology model generated by SWISSMODEL
using hAPOBEC3C structure (PDB ID 3VM8). ssDNA from hAPOBECS3A structure
(PDB ID 5SWW) is manually docked. a, mutations predicated to affect ssDNA binding.

b, mutations predicted to affect catalytical activity.




Supplementary Figure 2. /n cis and in trans editing activities of BE4 with rAPOBEC1

mutants shown in Supplementary Figure 1 at site 1, 4, and 6. Base editing efficiencies

were reported for the most edited base in the target sites. Values reflect the mean of

n=3 independent biological replicates. All data presented are provided as source data.
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Supplementary Figure 3. In cis/in trans editing activities of BE4-rAPOBEC1 with HiFi
mutations at site 1 to 10. Base editing efficiencies were reported for the most edited base

in the target sites. Values and error bars reflect the mean and s.d. of n=4 independent

biological replicates. All data presented are provided as source data.
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Supplementary Figure 4. In cis/in trans editing activities of CBEs tested in 15t round
screening at site 1, 4, and 6. Base editing efficiencies were reported for the most edited
base in the target sites. Values and error bars reflect the mean and s.d. of n=3

independent biological replicates. All data presented are provided as source data.
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Supplementary Figure 4 continued. /n cis/in trans editing activities of CBEs tested in
1t round screening at site 1, 4, 6. Base editing efficiencies were reported for the most
edited base in the target sites. Values and error bars reflect the mean and s.d. of n=3

independent biological replicates. All data presented are provided as source data.
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Supplementary Figure 5. Sequence alignment of CBEs tested in the 15! round screening.

The amino acid residues that align to HiFi mutations in rAPOBEC1 are highlighted.
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Supplementary Figure 6. In cis/in trans activities of BE4-PpAPOBEC1 and BE4-
PpAPOBEC with HiFi mutations at site 1 to 10. Base editing efficiencies were reported
for the most edited base in the target sites. Values and error bars reflect the mean and
s.d. of n=4 independent biological replicates. All data presented are provided as source

data.
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Supplementary Figure 7. In cis/in trans editing activities of CBEs tested in 25t round
screening at site 1, 4, and 6. Base editing efficiencies were reported for the most edited
base in the target sites. Values and error bars reflect the mean and s.d. of n=3

independent biological replicates. All data presented are provided as source data.
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Supplementary Figure 7 continued. /n cis/in trans editing activities of CBEs tested in
2stround screening at site 1, 4, and 6. Base editing efficiencies were reported for the most
edited base in the target sites. Values and error bars reflect the mean and s.d. of n=3

independent biological replicates. All data presented are provided as source data.
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Supplementary Figure 8. In cis/in trans editing activities of next generation CBEs at site
1 to 10. Base editing efficiencies were reported for the most edited base in the target sites.
Values and error bars reflect the mean and s.d. of n=4 independent biological replicates.

All data presented are provided as source data.
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Supplementary Figure 9. Editing window of CBEs shown in Supplementary Figure 8 at
site 1 to 10. Values reflect the mean of n=4 independent biological replicates. In cis and
in trans editing are presented as blue and orange heatmaps respectively. All data

presented are provided as source data.
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BE4-RrA3F F130L 2.68% 137% 5.16% 0.78% 0.44% 0.09% 0.02% 0.01% 0.02% 0.08% 3.44% 0.18%
BE4-SSAPOBEC3B 6.82% 3.38% 3.19% 116% 0.84% 0.28% 0.03% 0.05% 0.04% 0.03% 5.10% 2.11%
BE4-SsAPOBEC3B R54Q 5.38% 1.92% 3.18% 0.46% 0.16% 0.08% 0.02% 0.02% 0.03% 0.04% 0.33% 0.14%
BE4-AMAPOBEC1 0.25% 0.67% 3.85% 1.25% 6.71% 3.89% 0.03% 0.02% 0.03% 0.08% 1.56% 0.20%
gc2¢ C3a acsa acot tCl4c cc15a gc2c C3a acsa acot tCldc cCl15a
BE4-rAPOBEC1 0.10% 0.90% 24.59% 0.04% 0.03% 0.03% 0.05% 0.03%
BE4-PPAPOBEC1 0.11% 0.30% 22.82% 0.03% 0.03% 0.02% 0.07% 0.01%
BE4-PPAPOBEC1-R33A 0.04% 0.10% 3.88% 0.02% 0.03% 0.02% 0.02% 0.03%
BE4-PPAPOBEC1-H122A 0.25% 0.29% 2.43% 0.02% 0.03% 0.01% 0.03% 0.02%
BEA4-RrA3F 1.31% 0.34% 7.04% 0.02% 0.03% 0.01% 0.03% 0.02% site 5
BE4-RrA3F F130L 5.29% 3.27% 6.52% 0.03% 0.04% 0.01% 0.03% 0.02%
BE4-SSAPOBEC3B 7.91% 5.02% 3.97% 0.02% 0.03% 0.02% 0.04% 0.01%
BE4-SSAPOBEC3B R54Q 5.41% 3.41% 3.01% 0.01% 0.04% 0.03% 0.02% 0.02%
BE4-AMAPOBECL 0.29% 0.39% 2.11% 0.02% 0.02% 0.03% 0.03% 0.03%
gC2c cC3a aC5a aCl8a gC2c cC3a aC5a aCl8a
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Supplementary Figure 9 continued. Editing window of CBEs shown in Supplementary
Figure 8 at site 1 to 10. Values reflect the mean of n=4 independent biological replicates.
In cis and in trans editing are presented as blue and orange heatmaps respectively. All

data presented are provided as source data.

BE4-TAPOBEC1 0.41% 7.44% 22.23% 14.79% 1.38% 0.02% 0.02% 0.02% 0.04% 8.22% 0.41%
BEA-PPAPOBEC1 039% 127% 5.25% 26.30% 28.97% 2.82% 0.03% 0.02% 0.03% 0.03% 332% 037%
BE4-PpAPOBEC1-R33A 0.19% 0.96% 2.00% 10.82% 15.28% 0.40% 0.02% 0.02% 0.05% 0.02% 0.55% 0.05%
BE4-PpAPOBEC1-H122A 2.52% 1.15% 1.10% 0.15% 0.02% 0.02% 0.02% 0.04% 0.14% 0.03% .
BE4-RrA3F 0.16% 0.27% 10.59% 0.09% 0.03% 0.02% 0.03% 0.69% 4.77% 0.07% Slte 6
BE4-RrA3F F130L 0.89% 3.65% 8.67% 0.24% 0.02% 0.01% 0.03% 0.48% 2.28% 0.02%
BE4-SsAPOBEC3B 16.64% 20.56% 18.02% 2.50% 0.04% 0.05% 0.06% 0.13% 0.27% 0.06%
BE4-SsAPOBEC3B R54Q 28.51% 4.61% 2.77% 0.03% 0.01% 0.02% 0.11% 0.07% 0.03%
BE4-AmMAPOBEC1 0.60% 2.22% 24.69% 6.76% 0.01% 0.15% 0.23% 0.12% 1.00% 0.04%
gC2c cC3c cCaa 9C7a tC12a aClat gC2c C3c cCda gC7a tC12a aCl4t
BE4-rAPOBEC1 CERISORNARERZN 0.08%  0.28% 5.63% 0.02%  0.05% 0.04%  0.04% 9.78% 0.04% 0.13% 4.39%
BE4-PpAPOBEC1 41.09% 38.31% ESEATEENIG 5.81% 0.03% 0.03% 0.02% 0.05% 6.66% 0.98% 0.03% 0.03% 9.35%
BEA-PPAPOBEC1-R33A ! ! 43.56% 006% 008% 111% 0.02% 0.02% 003% 003% 180% 0.07% 0.02% 003% 250%
BE4-PPAPOBEC1-H122A 40.80% 186% 0.09%  023% 0.03% 002% 003% 012% 0.15% 010% 020% 004% 0.19%
BEA-RrA3F g Y 50.53% 422% 016% 021% 0.18% 0.03% 0.03% 225% 221% 327% 681% 036% 033% Site 7
BE4-RrA3F F130L |3 3 45.47% SLPAUA 7.87%  0.08%  0.18% 010% 0.02% 002% 181% 114% 251% 655% 011% 013%
BE4-SSAPOBEC3B [ EL(I/) 10.09% 1.88%  1.05% 054% 0.08% 0.28% 0.73% 017% 046% 052% 003% 0.15%
BE4-SSAPOBEC3B R54Q  [JllUe/) ECICEDA 24.95% 13.94% 13.41% 6.94%  0.26% 018% 0.09% 0.12% 048% 011% 0.10% 0.22% 003% 0.06%
BE4-AMAPOBEC1 13.89% 3.49% 1140% 1931% 25.11% [32:26%) 0.78% 021%  024% 0.03% 003% 002% 003% 012% 116% 0.08% 003% 003%
gC2c cC3c cCda gC7t tC9c cCloa gCl3c cCl4t €16t gC2c C3c cCda gC7t tC9c cCl0a gCl13c cCl4t tC16t

BE4-rAPOBECL 46.61% 2.24% 0.02% 0.02% 0.04% 5.71% 0.07% 0.70%
BE4-PPAPOBECL 46.12% 5.95% 0.07% 0.07% 0.04% 257% 0.10% 1.89%
BE4-PPAPOBEC1-R33A 43.21% 0.46% 0.03% 0.03% 0.03% 0.34% 0.02% 0.07%
BE4-PPAPOBEC1-H122A 0.38% 0.09% 0.02% 0.04% 0.13% 0.23% 0.07%
BE4-RrA3F 0.56% 0.24% 0.07% 0.07% 1.12% 4.21% 0.27% site 8
BE4-RrA3F F130L 0.30% 0.17% 0.04% 0.08% 0.64% 2.08% 0.05%
BE4-SSAPOBEC3B 37.29% 2.23% 1.02% 0.10% 0.21% 0.17% 0.98% 0.07%
BE4-SSAPOBEC3B R54Q 3.88% 0.35% 0.03% 0.11% 0.08% 0.30% 0.07%
BE4-AMAPOBECL 12.35% 2.95% 9.30% 22.00% 19.82% 0.05% 0.03% 0.04% 0.10% 0.36% 0.06%
gC2c cC3c cCat tcot gCl2a aCl4at gC2c C3c cCat tcot gCl2a aCl4t
BE4-rAPOBECL 037% 2.09% 8.17% 7.78% 0.02% 0.04% 0.34% 0.51%
BE4-PPAPOBECL 0.30% 0.84% 7.55% 6.88% 0.03% 0.01% 0.24% 0.22%
BE4-PPAPOBEC1-R33A 0.08% 0.44% 6.55% 451% 0.02% 0.02% 0.04% 0.03%
BE4-PPAPOBEC1-H122A 1.07% 0.61% 2.66% 1.38% 0.01% 0.02% 0.02% 0.03%
BE4-RrA3F 3.43% 0.58% 8.43% 9.23% 0.03% 0.02% 0.03% 0.13% site 9
BE4-RrA3F F130L 3.50% 1.64% 4.20% 4.06% 0.03% 0.02% 0.03% 0.03%
BE4-SSAPOBEC3B 2.79% 2.23% 2.66% 2.08% 0.49% 0.15% 0.25% 0.06%
BE4-SSAPOBEC3B R54Q 2.47% 157% 2.37% 2.05% 0.14% 0.07% 0.09% 0.03%
BE4-AMAPOBECL 3.24% 0.56% 3.16% 6.20% 0.02% 0.03% 0.02% 0.02%
gC2c C3t tC5a tC10t gC2c cC3t tC5a tC1o0t
BE4-rAPOBEC1 121% 17.42% 29.56% 0.13% 0.05% 0.02% 0.03% 0.16% 0.08% 0.03%
BE4-PPAPOBECL 1.20% 6.42% 0.06% 0.03% 0.02% 0.05% 0.10% 0.42% 0.04%
BE4-PPAPOBEC1-R33A 0.34% 2.41% 19.80% 0.03% 0.03% 0.03% 0.02% 0.04% 0.28% 0.04%
BE4-PPAPOBEC1-H122A 5.32% 5.39% 0.03% 0.02% 0.03% 0.03% 0.43% 0.04% 0.03%
BE4-RrA3F 20.07% 0.05% 0.04% 0.03% 0.03% 0.83% 0.04% 0.04%
BE4-RrA3F F130L 0.06% 0.05% 0.03% 0.02% 0.62% 0.03% 0.04% .
BE4-SSAPOBEC3B 0.07% 0.07% 0.09% 0.04% 0.18% 0.03% 0.03% site 10
BE4-SSAPOBEC3B R54Q 0.04% 0.05% 0.05% 0.04% 0.57% 0.02% 0.04%
BE4-AMAPOBECL 1.59% 0.05% 0.03% 0.03% 0.02% 0.06% 0.04% 0.03%
gC2c 3t oC7a aCl7c cCl8a gc2c cC3t goC7a aCl7c cC18a
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Supplementary Figure 10. Indel rates of CBEs shown in Supplementary Figure 8 at site
1 to 10. Values used to generate the heatmap reflect the mean of n=4 independent

biological replicates. All data presented are provided as source data.

BE4-rAPOBEC1  0.44% = 1.63%  2.09% 0.21% 0.39% | 221% 122% 157% 021% 1.02%
BE4-PPAPOBECT  0.26%  1.33% [ G4 0.20%  0.57% 1.14% 1.12% 0.75% 0.16%  0.66% e
BE4-PPAPOBECI-R33A  0.16%  0.29% 1.33% 0.07% 0.20% 0.44% 0.92% 0.56% 0.16% 0.27%

BE4-PPAPOBECI-H122A  0.16%  0.34% 0.79% 0.04% 0.15% 0.51% 0.77% 0.42% 0.09%  0.32% 3.00% 8

BE4-RrA3F  0.32% 0.59%  1.78% 0.04% 0.22% 1.06% 1.48% 0.96% 0.16% 0.65% %

BE4-RrA3F F130L  0.22% 0.67% 1.74% 0.06% 0.19% 0.78% 113% 1.07% 0.13%  0.60% - 2.00% 2
BE4-SSAPOBEC3B  0.29% |40 1.14% 0.11% 0.25% 179% 1.51% 134% 0.76%

BE4-SsAPOBEC3B R54Q  0.65% = 1.79% 1.43% 0.10% 0.24% | 2e04 1.75% 2.25% 1.74%  0.82% — 1.00%

BE4-AmAPOBEC1 0.30% 0.53% 1.72% 0.10% 0.31% 0.61% 1.80% 0.93% 0.19% 0.50%

1 2 3 4 5 6 7 8 9 10
Target Site
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Supplementary Figure 11. Percentage of max C-to-T editing efficiency of CBEs tested
in 3 round screening at site 1, or 24 (*). Data is from single experiment with no replication.
The percentage of max C-to-T for the control (BE4-rAPOBEC1) at site 1 was 40.1% and
*48.2% at site 24. Star symbol indicates editing efficiency was measured at site 24, while
no star indicates editing efficiency was measured at site 1. Uniprot IDs for the deaminases

in CBEs are listed.

Deaminase max C- | Deaminase max C- | Deaminase | maxC- | DeaminaseID | maxC-
ID to-T ID to-T ID to-T to-T
O Woa Al 0.173 AOAIIZEYS3 | 0.076 A0A2WOHSY3 | 0.094
AOA2DGEXD2 | #0031 | A0A081CH48 | (0.322 H8GQXS 0.143 A0A261BDB7 0.068
ALY *0.064 | AOA3DIHMUL | 0.216 | AgaossHzN3 | 0.071 AO0A2E1PHI6 0.06
AOASM6UNF1 | *0,049 | AOAINSWTI3 | 0.207 E3SF31 0.159 AO0A37SLUA7 0.091
A0A2G3K826 *0.053 X0SACS 0.048 FSAACS6 0.058 AOA139HQ78 0.752
KIZCJ4 0.06 A0A3BSICI0 | 0.05 AO0A2H4ZNK4 | 0.08 AOA2A9FXV0 0.089
AOA1G3PNQ8 | 0.042 A0A2N9P8B9 0.032 A0A239N5N1 | 0.039 AOATAS8AGY6 0.056
AOAIGOPGF4 | 0.089 KIKX30 0.077 A0A328VTR2 | 0.039 AOA3E2VNSS 0.042
AOAOPAWGYS | 0.047 R4XI84 0.141 A0A103YG48 | 0.292 AO0A2DSZRJ2 0.169
AOA3DSIG27 | 0.04 A0A239CVF7 | 0.127 WSMIMS 0.061 AOALBSWPS3 0.206
ADA351C8C4 0.103 A0A1Q3NMEL | 0.075 A0A3N5sYPZ2 | 0.097 AO0A1W5ZQK9 0.066
AOAIG6VZKT | 0.067 AOA2G6NANT | 0.054 A0A2A9NC86 | 0.036 AOA378VOW4 0.093
F2NPI1 0.018 AOAOGORBBS | 0.023 A0A2D6RD43 | 0.067 I3XF03 0.051
AOA3I6TX77 | 0.043 | AOA327L2Q5 | 0.133 | aoaoH3AVLe | 0.07 FSIEF3 0.074
DAL 0.03 SPLIESID 0.029 A0A242H531 | 0.117 AOA1G3M638 0.017
AOA3CIHZ18 | 0.029 AOA369QGF1 | 0.065 A0A2R6XZE2 | 0.131 AOA3DILFR2 0.083
LA ) G051 LANREIR | GIAE AO0A139SHT6 | 0.029 AOA3BIYGBS 0.156
A0A2U0T9B4 | 0.107 AOA238BW09 | 0.149 A0A261DBH2 | 0.077 AOA182F569 0.066
AL @0gE | AleUBEEA | G A0A2NOXZK6 | 0.641 A0A264Z0D4 0.051
F4PWM7 0.033 AOA3C2D945 | 0.005 AO0A1V5RO0F9 | 0.225 AOAILIQIR3 0.201
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Supplementary Figure 12. Homology models of selected four cytidine deaminases
based on existing crystal structures. a: homology model of PPAPOBEC1 is based on
based on a putative APOBEC3G structure (PDB ID 5K81); RrA3F is based on Vif-binding
Domain of hAPOBEC3F (PDB ID 3WUS); AmMAPOBECH1 is based on a hAPOBEC3B N-
terminal domain (PDB ID 5TKM); SSAPOBEC3B is based on Vif-binding Domain of
hAPOBEC3F (PDB ID 3WUS). b: sequence alignment of the selected four cytidine

deaminases with rAPOBEC1.

AmAPOBEC1 SsAPOBEC3B

b

33 52 90 120
rAPOBEC1 -LRKETCLLYEI...NGRHSIWRHTSQNT...SITWFLSWSPCGEC...YIARLYHHADP 59
PpAPOBEC1 -LRKETCLLYEI...KMSRKIWRSSGKNT...SITWFLSWSPCWEC...YVARLEFWHMDQ 59
SSAPOBEC3B SGRNRSYICCQV..EFFQGIFQONQVPPD. ..YVIWFISWSPCCEC...SAARLYYFWKS 60
AmAPOBEC1 -GTKEAHLLCEI...KKYGKPWLHWCQNQ. ..YVITWYLSWSPCADC...YVAQLYYHTEE 59
REfA3F YGRNETWLCFTV. . .E--KGVFRNQVDPE. . .QVIWYTSWSPCPEC. . .YTARLYYFWDT 58
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Supplementary Figure 13. Guided off-target editing of selected next generation CBEs.
a, editing efficiency of next generation CBEs on HEK2, HEK3, HEK4 sites and b, reported
guided off-target sites for HEK2 sgRNA, ¢, HEK3 sgRNA and d, HEK4 sgRNA. Base
editing efficiencies were reported for the most edited base in the target sites. Values and
error bars reflect the mean and s.d. of n=3 independent biological replicates. All data

presented are provided as source data.
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Supplementary Figure 14. Quantification of CBE protein concentration in HEK293T cells
transfected with plasmids encoding base editors. Protein concentration of base editors
was quantified by measuring the total Cas9 protein concentration and normalized to the
amount of total protein in cell lysate. BE protein concentration was normalized to that of
BE4-rAPOBEC1. Values and error bars reflect the mean and s.d. of n=2, 3, or 5
independent biological replicates, as can be determined for each sample by the number

of included data in the graph. All data presented are provided as source data.
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Supplementary Figure 15. WWhole genome sequencing experiments to evaluate guide-
independent cytidine deamination activity from base editors'. a, whole genome
sequencing of single cell expansions to detect guide-independent cytidine deamination in
HEK293T cells treated with base editor mRNA or plasmids. Editing efficiency from
plasmids (b) or mRNA (c) transfection by amplicon sequencing of the target site. B2M
guide sequence is ACTCACGCTGGATAGCCTCC. All data presented are provided as

source data.
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BE4-AmAPOBEC1 | 0.5 33.8 34.020.5 0.0 0.0 0.0 0.0
BE4-SsAPOBEC3B | 1.1 46.50¢1:t:0K¢] 7.0 0.7 0.2 0.3
BE4-SsAPOBEC3B | 3.7 24.7 15.939.7 1.1 0.0 0.1 0.0 40 40
BE4-SsAPOBEC3B R54Q |0.8 17.437.7pf#% 1.3 0.4 0.0 0.1
BE4-RrASF F1301 1 03 ESIEAd 12 01 00 00 BE4-RrA3F F130L 0.1 [ARREREEI 4.3 0.2 0.0 0.0
20 20
Cas9 |00 0.2 0.1 0.3 0.7 27 0.1 0.2 BE4-RrA3F | 0.1 26.3i{/Wa4¥! 2.0 0.2 0.1 0.0
NC [0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 NC [0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
0 0
A & & & & & & & LA & & & & & & &
LN A A &P PP

21



Supplementary Figure 16. C to U editing efficiency of selected CBEs on ssDNA
substrates in in vitro enzymatic assay. The editing efficiencies were measured at 43
cytosines cytidines in ssDNA oligo 2-5 after 24 h incubation, and group by difference base
prior to the target C. The sequences of these 4 substrates were listed in supplementary
Table 3. Individual data points represent the mean value from n=2 independent biological

replicates of Y=2 experiments. All data presented are provided as source data.
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Supplementary Table 1. Amino acid sequences of all deaminases tested in this study.

Gene /construct
name

Species/pfam ID

Amino acid sequences (5'-3")

rAPOBEC1

Rattus norvegicus

MSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINWGGRHSIWRHTSQNTNKHVEVNFIEKFTTERYFCP
NTRCSITWFLSWSPCGECSRAITEFLSRYPHVTLFIYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNFV
NYSPSNEAHWPRYPHLWVRLYVLELYCIILGLPPCLNILRRKQPQLTFFTIALQSCHYQRLPPHILWATGLK

mAPOBEC1

Mus musculus

MSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINWGGRHSVWRHTSQNTSNHVEVNFLEKFTTERYFRP
NTRCSITWFLSWSPCGECSRAITEFLSRHPYVTLFIYIARLYHHTDQRNRQGLRDLISSGVTIQIMTEQEYCYCWRNFV
NYPPSNEAYWPRYPHLWVKLYVLELYCIILGLPPCLKILRRKQPQLTFFTITLQTCHYQRIPPHLLWATGLK

MaAPOBEC1

Mesocricetus
auratus

MSSETGPVVVDPTLRRRIEPHEFDAFFDQGELRKETCLLYEIRWGGRHNIWRHTGQNTSRHVEINFIEKFTSERYFYP
STRCSIVWFLSWSPCGECSKAITEFLSGHPNVTLFIYAARLYHHTDQRNRQGLRDLISRGVTIRIMTEQEYCYCWRNF
VNYPPSNEVYWPRYPNLWMRLYALELYCIHLGLPPCLKIKRRHQYPLTFFRLNLQSCHYQRIPPHILWATGFI

hAPOBEC1

Homo sapiens

MTSEKGPSTGDPTLRRRIEPWEFDVFYDPRELRKEACLLYEIKWGMSRKIWRSSGKNTTNHVEVNFIKKFTSERDFHP
SMSCSITWFLSWSPCWECSQAIREFLSRHPGVTLVIYVARLFWHMDQQNRQGLRDLVNSGVTIQIMRASEYYHCW
RNFVNYPPGDEAHWPQYPPLWMMLYALELHCIILSLPPCLKISRRWQNHLTFFRLHLOQNCHYQTIPPHILLATGLIHP
SVAWR

PpAPOBEC1

Pongo pygmaeus

MTSEKGPSTGDPTLRRRIESWEFDVFYDPRELRKETCLLYEIKWGMSRKIWRSSGKNTTNHVEVNFIKKFTSERRFHS
SISCSITWFLSWSPCWECSQAIREFLSQHPGVTLVIYVARLFWHMDQRNRQGLRDLVNSGVTIQIMRASEYYHCWR
NFVNYPPGDEAHWPQYPPLWMMLYALELHCIILSLPPCLKISRRWQNHLAFFRLHLQNCHYQTIPPHILLATGLIHPS
VTWR

OcAPOBEC1

Oryctolagus
cuniculus

MASEKGPSNKDYTLRRRIEPWEFEVFFDPQELRKEACLLYEIKWGASSKTWRSSGKNTTNHVEVNFLEKLTSEGRLG
PSTCCSITWFLSWSPCWECSMAIREFLSQHPGVTLIIFVARLFQHMDRRNRQGLKDLVTSGVTVRVMSVSEYCYCW
ENFVNYPPGKAAQWPRYPPRWMLMYALELYCHLGLPPCLKISRRHQKQLTFFSLTPQYCHYKMIPPYILLATGLLQPS
VPWR

MdAPOBEC1

Monodelphis
domestica

MNSKTGPSVGDATLRRRIKPWEFVAFFNPQELRKETCLLYEIKWGNQNIWRHSNQNTSQHAEINFMEKFTAERHF
NSSVRCSITWFLSWSPCWECSKAIRKFLDHYPNVTLAIFISRLYWHMDQQHRQGLKELVHSGVTIQIMSYSEYHYCW
RNFVDYPQGEEDYWPKYPYLWIMLYVLELHCIILGLPPCLKISGSHSNQLALFSLDLQDCHYQKIPYNVLVATGLVQPF
VTWR

mAPOBEC2

Mus musculus

MAQKEEAAEAAAPASQNGDDLENLEDPEKLKELIDLPPFEIVTGVRLPVNFFKFQFRNVEYSSGRNKTFLCYVVEVQS
KGGQAQATQGYLEDEHAGAHAEEAFFNTILPAFDPALKYNVTWYVSSSPCAACADRILKTLSKTKNLRLLILVSRLFM
WEEPEVQAALKKLKEAGCKLRIMKPQDFEYIWQNFVEQEEGESKAFEPWEDIQENFLYYEEKLADILK

hAPOBEC2

Homo sapiens

MAQKEEAAVATEAASQNGEDLENLDDPEKLKELIELPPFEIVTGERLPANFFKFQFRNVEYSSGRNKTFLCYVVEAQG
KGGQVQASRGYLEDEHAAAHAEEAFFNTILPAFDPALRYNVTWYVSSSPCAACADRIIKTLSKTKNLRLLILVGRLFM
WEEPEIQAALKKLKEAGCKLRIMKPQDFEYVWQNFVEQEEGESKAFQPWEDIQENFLYYEEKLADILK

PpAPOBEC2

Pongo pygmaeus

MAQKEEAAAATEAASQNGEDLENLDDPEKLKELIELPPFEIVTGERLPANFFKFQFRNVEYSSGRNKTFLCYVVEAQG
KGGQVQASRGYLEDEHAAAHAEEAFFNTILPAFDPALRYNVTWYVSSSPCAACADRIIKTLSKTKNLRLLILVGRLFM
WEELEIQDALKKLKEAGCKLRIMKPQDFEYVWQNFVEQEEGESKAFQPWEDIQENFLYYEEKLADILK

BtAPOBEC2

Bos taurus

MAQKEEAAAAAEPASQNGEEVENLEDPEKLKELIELPPFEIVTGERLPAHYFKFQFRNVEYSSGRNKTFLCYVVEAQS
KGGQVQASRGYLEDEHATNHAEEAFFNSIMPTFDPALRYMVTWYVSSSPCAACADRIVKTLNKTKNLRLLILVGRLF
MWEEPEIQAALRKLKEAGCRLRIMKPQDFEYIWQNFVEQEEGESKAFEPWEDIQENFLYYEEKLADILK

mAPOBEC3

Mus musculus

MQPQRLGPRAGMGPFCLGCSHRKCYSPIRNLISQETFKFHFKNLGYAKGRKDTFLCYEVTRKDCDSPVSLHHGVFKN
KDNIHAEICFLYWFHDKVLKVLSPREEFKITWYMSWSPCFECAEQIVRFLATHHNLSLDIFSSRLYNVQDPETQQNLC
RLVQEGAQVAAMDLYEFKKCWKKFVDNGGRRFRPWKRLLTNFRYQDSKLQEILRPCYISVPSSSSSTLSNICLTKGLP
ETRFWVEGRRMDPLSEEEFYSQFYNQRVKHLCYYHRMKPYLCYQLEQFNGQAPLKGCLLSEKGKQHAEILFLDKIRS

MELSQVTITCYLTWSPCPNCAWQLAAFKRDRPDLILHIYTSRLYFHWKRPFQKGLCSLWQSGILVDVMDLPQFTDC

WTNFVNPKRPFWPWKGLEIISRRTQRRLRRIKESWGLQDLVNDFGNLQLGPPMS

hAPOBEC3A

Homo sapiens

MEASPASGPRHLMDPHIFTSNFNNGIGRHKTYLCYEVERLDNGTSVKMDQHRGFLHNQAKNLLCGFYGRHAELRF
LDLVPSLQLDPAQIYRVTWFISWSPCFSWGCAGEVRAFLQENTHVRLRIFAARIYDYDPLYKEALQMLRDAGAQVSI
MTYDEFKHCWDTFVDHQGCPFQPWDGLDEHSQALSGRLRAILONQGN

hAPOBEC3B

Homo sapiens

MNPQIRNPMERMYRDTFYDNFENEPILYGRSYTWLCYEVKIKRGRSNLLWDTGVFRGQVYFKPQYHAEMCFLSWF
CGNQLPAYKCFQITWFVSWTPCPDCVAKLAEFLSEHPNVTLTISAARLYYYWERDYRRALCRLSQAGARVTIMDYEE
FAYCWENFVYNEGQQFMPWYKFDENYAFLHRTLKEILRYLMDPDTFTFNFNNDPLVLRRRQTYLCYEVERLDNGT
WVLMDQHMGFLCNEAKNLLCGFYGRHAELRFLDLVPSLQLDPAQIYRVTWFISWSPCFSWGCAGEVRAFLQENT
HVRLRIFAARIYDYDPLYKEALQMLRDAGAQVSIMTYDEFEYCWDTFVYRQGCPFQPWDGLEEHSQALSGRLRAIL
QNQGN

hAPOBEC3C

Homo sapiens

MNPQIRNPMKAMYPGTFYFQFKNLWEANDRNETWLCFTVEGIKRRSVVSWKTGVFRNQVDSETHCHAERCFLS
WEFCDDILSPNTKYQVTWYTSWSPCPDCAGEVAEFLARHSNVNLTIFTARLYYFQYPCYQEGLRSLSQEGVAVEIMDY
EDFKYCWENFVYNDNEPFKPWKGLKTNFRLLKRRLRESLQ

hAPOBEC3D

Homo sapiens

MNPQIRNPMERMYRDTFYDNFENEPILYGRSYTWLCYEVKIKRGRSNLLWDTGVFRGPVLPKRQSNHRQEVYFRFE
NHAEMCFLSWFCGNRLPANRRFQITWFVSWNPCLPCVVKVTKFLAEHPNVTLTISAARLYYYRDRDWRWVLLRLH

KAGARVKIMDYEDFAYCWENFVCNEGQPFMPWYKFDDNYASLHRTLKEILRNPMEAMYPHIFYFHFKNLLKACGR
NESWLCFTMEVTKHHSAVFRKRGVFRNQVDPETHCHAERCFLSWFCDDILSPNTNYEVTWYTSWSPCPECAGEVA
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EFLARHSNVNLTIFTARLCYFWDTDYQEGLCSLSQEGASVKIMGYKDFVSCWKNFVYSDDEPFKPWKGLQTNFRLLK
RRLREILQ

hAPOBEC3F

Homo sapiens

MKPHFRNTVERMYRDTFSYNFYNRPILSRRNTVWLCYEVKTKGPSRPRLDAKIFRGQVYSQPEHHAEMCFLSWFCG
NQLPAYKCFQITWFVSWTPCPDCVAKLAEFLAEHPNVTLTISAARLYYYWERDYRRALCRLSQAGARVKIMDDEEFA
YCWENFVYSEGQPFMPWYKFDDNYAFLHRTLKEILRNPMEAMYPHIFYFHFKNLRKAYGRNESWLCFTMEVVKHH
SPVSWKRGVFRNQVDPETHCHAERCFLSWFCDDILSPNTNYEVTWYTSWSPCPECAGEVAEFLARHSNVNLTIFTA
RLYYFWDTDYQEGLRSLSQEGASVEIMGYKDFKYCWENFVYNDDEPFKPWKGLKYNFLFLDSKLQEILE

hAPOBEC3G

Homo sapiens

MKPHFRNTVERMYRDTFSYNFYNRPILSRRNTVWLCYEVKTKGPSRPPLDAKIFRGQVYSELKYHPEMRFFHWFSK
WRKLHRDQEYEVTWYISWSPCTKCTRDMATFLAEDPKVTLTIFVARLYYFWDPDYQEALRSLCQKRDGPRATMKI
MNYDEFQHCWSKFVYSQRELFEPWNNLPKYYILLHIMLGEILRHSMDPPTFTFNFNNEPWVRGRHETYLCYEVER
MHNDTWVLLNQRRGFLCNQAPHKHGFLEGRHAELCFLDVIPFWKLDLDQDYRVTCFTSWSPCFSCAQEMAKFISK
NKHVSLCIFTARIYDDQGRCQEGLRTLAEAGAKISIMTYSEFKHCWDTFVDHQGCPFQPWDGLDEHSQDLSGRLRAI
LQNQEN

hAPOBEC4

Homo sapiens

MEPIYEEYLANHGTIVKPYYWLSFSLDCSNCPYHIRTGEEARVSLTEFCQIFGFPYGTTFPQTKHLTFYELKTSSGSLVQ
KGHASSCTGNYIHPESMLFEMNGYLDSAIYNNDSIRHIILYSNNSPCNEANHCCISKMYNFLITYPGITLSIYFSQLYHTE
MDFPASAWNREALRSLASLWPRVVLSPISGGIWHSVLHSFISGVSGSHVFQPILTGRALADRHNAYEINAITGVKPYF
TDVLLQTKRNPNTKAQEALESYPLNNAFPGQFFQMPSGQLQPNLPPDLRAPVVFVLVPLRDLPPMHMGQNPNKP
RNIVRHLNMPQMSFQETKDLGRLPTGRSVEIVEITEQFASSKEADEKKKKKGKK

mAPOBEC4

Mus musculus

MDSLLMKQKKFLYHFKNVRWAKGRHETYLCYVVKRRDSATSCSLDFGHLRNKSGCHVELLFLRYISDWDLDPGRCY
RVTWFTSWSPCYDCARHVAEFLRWNPNLSLRIFTARLYFCEDRKAEPEGLRRLHRAGVQIGIMTFKDYFYCWNTFVE
NRERTFKAWEGLHENSVRLTRQLRRILLPLYEVDDLRDAFRMLGF

rAPOBEC4

Rattus norvegicus

MEPLYEEYLTHSGTIVKPYYWLSVSLNCTNCPYHIRTGEEARVPYTEFHQTFGFPWSTYPQTKHLTFYELRSSSGNLIQ
KGLASNCTGSHTHPESMLFERDGYLDSLIFHDSNIRHIILYSNNSPCDEANHCCISKMYNFLMNYPEVTLSVFFSQLYH
TENQFPTSAWNREALRGLASLWPQVTLSAISGGIWQSILETFVSGISEGLTAVRPFTAGRTLTDRYNAYEINCITEVKP
YFTDALHSWQKENQDQKVWAASENQPLHNTTPAQWQPDMSQDCRTPAVFMLVPYRDLPPIHVNPSPQKPRTV

VRHLNTLQLSASKVKALRKSPSGRPVKKEEARKGSTRSQEANETNKSKWKKQTLFIKSNICHLLEREQKKIGILSSWSV

MfAPOBEC4

Macaca
fascicularis

MEPTYEEYLANHGTIVKPYYWLSFSLDCSNCPYHIRTGEEARVSLTEFCQIFGFPYGTTYPQTKHLTFYELKTSSGSLVQ
KGHASSCTGNYIHPESMLFEMNGYLDSAIYNNDSIRHIILYCNNSPCNEANHCCISKVYNFLITYPGITLSIYFSQLYHTE
MDFPASAWNREALRSLASLWPRVVLSPISGGIWHSVLHSFVSGVSGSHVFQPILTGRALTDRYNAYEINAITGVKPFF
TDVLLHTKRNPNTKAQMALESYPLNNAFPGQSFQMTSGIPPDLRAPVVFVLLPLRDLPPMHMGQDPNKPRNIIRHL
NMPQMSFQETKDLERLPTRRSVETVEITERFASSKQAEEKTKKKKGKK

hAID

Homo sapiens

MDSLLMNRRKFLYQFKNVRWAKGRRETYLCYVVKRRDSATSFSLDFGYLRNKNGCHVELLFLRYISDWDLDPGRCY
RVTWFTSWSPCYDCARHVADFLRGNPNLSLRIFTARLYFCEDRKAEPEGLRRLHRAGVQIAIMTFKDYFYCWNTFVE
NHERTFKAWEGLHENSVRLSRQLRRILLPLYEVDDLRDAFRTLGL

BtAID

Bos taurus

MDSLLKKQRQFLYQFKNVRWAKGRHETYLCYVVKRRDSPTSFSLDFGHLRNKAGCHVELLFLRYISDWDLDPGRCY
RVTWFTSWSPCYDCARHVADFLRGYPNLSLRIFTARLYFCDKERKAEPEGLRRLHRAGVQIAIMTFKDYFYCWNTFV
ENHERTFKAWEGLHENSVRLSRQLRRILLPLYEVDDLRDAFRTLGL

mAID

Mus musculus

MDSLLMNRRKFLYQFKNVRWAKGRRETYLCYVVKRRDSATSFSLDFGYLRNKNGCHVELLFLRYISDWDLDPGRCY
RVTWFTSWSPCYDCARHVADFLRGNPNLSLRIFTARLYFCEDRKAEPEGLRRLHRAGVQIAIMTFKDYFYCWNTFVE
NHERTFKAWEGLHENSVRLSRQLRRILLPLYEVDDLRDAFRTLGL

PmCDA1

Petromyzon
marinus

MAGYECVRVSEKLDFDTFEFQFENLHYATERHRTYVIFDVKPQSAGGRSRRLWGYIINNPNVCHAELILMSMIDRHL
ESNPGVYAMTWYMSWSPCANCSSKLNPWLKNLLEEQGHTLTMHFSRIYDRDREGDHRGLRGLKHVSNSFRMGV
VGRAEVKECLAEYVEASRRTLTWLDTTESMAAKMRRKLFCILVRCAGMRESGIPLHLFTLQTPLLSGRVVWWRV

PmCDA2

Petromyzon
marinus

MELREVVDCALASCVRHEPLSRVAFLRCFAAPSQKPRGTVILFYVEGAGRGVTGGHAVNYNKQGTSIHAEVLLLSAV
RAALLRRRRCEDGEEATRGCTLHCYSTYSPCRDCVEYIQEFGASTGVRVVIHCCRLYELDVNRRRSEAEGVLRSLSRLG
RDFRLMGPRDAIALLLGGRLANTADGESGASGNAWVTETNVVEPLVDMTGFGDEDLHAQVQRNKQIREAYANYA
SAVSLMLGELHVDPDKFPFLAEFLAQTSVEPSGTPRETRGRPRGASSRGPEIGRQRPADFERALGAYGLFLHPRIVSRE
ADREEIKRDLIVVMRKHNYQGP

PmCDA5S

Petromyzon
marinus

MAGDENVRVSEKLDFDTFEFQFENLHYATERHRTYVIFDVKPQSAGGRSRRLWGYIINNPNVCHAELILMSMIDRHL
ESNPGVYAMTWYMSWSPCANCSSKLNPWLKNLLEEQGHTLMMHFSRIYDRDREGDHRGLRGLKHVSNSFRMGV
VGRAEVKECLAEYVEASRRTLTWLDTTESMAAKMRRKLFCILVRCAGMRESGMPLHLFT

yCD

Saccharomyces
cerevisiae

MVTGGMASKWDQKGMDIAYEEAALGYKEGGVPIGGCLINNKDGSVLGRGHNMRFQKGSATLHGEISTLENCGRL
EGKVYKDTTLYTTLSPCDMCTGAIIMYGIPRCVVGENVNFKSKGEKYLQTRGHEVVVVDDERCKKIMKQFIDERPQD
WEFEDIGE

F7B644

tr|F7B644|F7B644
_HORSE

MPRGRARERQRRNPMEKLDAEAFSFHFLNMEFVYDRNCSYLCYQVEGRLSGSPVLSEQGVFPNEVCGKTRRHAEL
CFLDWFRGRLSPDEYYCVTWFISWSPCSNCAREVAEFLKRHRNVELSIFAARLYYCRDHEQGLQSLCNRGAQLAVM
LRKDFTYCWDNFVHNSGREFSPWENIDANSDLLARKLEDLLKNPMEKLHRKTFSFHFRNLKFAKGRKCSYLCYRVEG
RLSGSPGLSEQGVFLNEVCDENCRHAELCFLHWFRGRLSPHADYRVTWFISWSPCSNCAREVAEFLKQHRNVELHIS
AARLYYWQRNKPGLRNLRSSGAQLAIMFFWDFRDCWDNFVHNSGRHFIPWKKINVNSRLLATKLEDLLKNPLEKLH
PNTFSFHFCNLEFAYDRKYSYLCYQVEGRLSGSPGLSEQGVFLNEVCGKTRCHAELCFLDWFRVRLSPDEYYRVTWEFI
SWSPCFYCAREVADFLKQYRNVKLSIFAARLYYCRDHAQGLRSLCSSGAQLAIMFFWDFRYCWDNFVHNSGREFRP
WKKINVNSRLLATKLEDILK

D1LZA1

tr|D1LZA1| D1LZA
1_PANTI

MEPWRPSPRNPMDRIDPKTFRFQFPNLRYASGRKLCYLCFQVERDYFYYNDSDWGVFRNEVHPWAPCHAEQCFL
SWFRDQYPYRDEDYNVTWFLSWSPCPTCAEEVVEFLEEYRNLTLSIFTSRLYYFWHPNYQEGLCKLWDAGVQLDIM
SCDEFEYCWDNFVYHKGMRFQRRNLLKDYDFLAAKLQEILSPGQQRKRDWPFPPRPGAQVDPRSWVQEVTEPGI

24




NTRRHPLHLLVSFLLPRPTMNPLQEDIFYRQFGNQHRVPKPYYYRRKTYLCYQLKLPEGTLIDKDCLRNKKKRHAEICFI
DKIKSLTRDTSQRFENCYITWSPCPFCAEELVAFVKDNPHLSLRIFASRLYVHWRWKYQQGLRHLHASGIPVAVMSLP
EFEDCWRNFVDHQDRLFQPWRNLDQYSESIKRRLGKILTPLNDLRNDFRNLKLE

AOA3QODM17

tr| AOA3QODM17 |
AOA3QODM17_TA
RSY

MPMKRMYSNIYFDHFNNQRLLSGQNAPWLCFKVERVENCMLVPLETGVFGNQVSGCCGKTERPVEPTSLTRSVLV
SPNPGTELRAQQPSRKGHLGKLGCVEYPSPGLALVMLGYGASTYCPDSSMYCPETCHHPEMCFLYWFEKTLSHEEQ
YQITWYVSWSPCVNCAEEVAEFLSVHPKVNLTIYAARLYCYQKLNHRQGLRRLCKEGACVKIMNYEEFDHCWENFV
YNNYKSFKPWVKLQDNYELLATELDKILRIPMERMPQKKFRFHFQNLIAKDRNTTWLCFEVKNVRKKHPPDLLERGI
FQNQVTPRINCHAEMCFLSWFLENMLLHGKRYQVTWYISWSPCSICAEEVAEFLSAHPKVSLTIYAARLYYFWVPGY
RQGLRRLVEEGARVEIMNYEEFDYCWENFVSINNEPFQPWEGLHEKYGYLVTKLNNILG

AOA3QODNJ5

tr| AOA3QODNJ5|A
0A3QODNJ5_TARS
Y

MEDNPEPRPRQQMDQDTFIFNFNNDPSVRGRHQTFLCYEVEHLDDDTWVPQDKYLGFLHNQPQSRSNAYCAYH
AELCFLELVSSWQLDPAQRYRVTCFISWSPCSSCAQEVAAFLKKNRHVTLRILAARIYDYYQGYEDGLRTLQGVGVDI
TVMTSAEFGHCWNTFVDHQGSPFQPWEGLDQHSQVIWQRMAQDILQVIPAKYLMEKVKYTVTVDILFKGRVPGPR
YLMDQNTFTRNFINNLSVSGRRQTLLCYEVERLGGDIWVPLDQLRGFLLSQARDVLNYYQGRHAEPCFLDLVSSWQ
LDPAQHYRVTWFISWSPCTSCAQAVAAFLRENRHVTLRILAARIYDYHQGYEEGLRTLQRTGAHIDIMTFKEFGHCW
NTFVNHKGSPFKSWTGLDQHSQALRKRLODILHTMASSLWDQSEPKKPIPSQEVTLPESIPPSHGNRFRLVKRPS

G5AYUS

tr| G5AYUS | G5AY
U5_HETGA

FCFLSCVHRKPIERIYKKAFRFYFRNLRCAYGRNKTFLCYEVKRERDNKVLHKGVVLNQVEPYMPLHAELRFLSWFHD

TLLCPLGSYQVTLYVSWSPCSECAEELTTFLAGHRNVTMTIYVAQLYYCNWKSPNREGLKILIAEDARLRVMFYDEFLY
CWRNFVKNDYNNFDPWSLLDENSRYHNRILQNILKGWGRPHRVGPEGEQTATPGGSGGHCISVFSLLRRREMTLK

EETFRVQFNNAYKAPKPYRRRVTYLCYQLQEANGDPLTKGCLRTKKGYHAESRFIKRICSMDLGQDQSYQVTCFLTW
SPCPHCAQELVSFKRAHPHLRLQIFTARLFFHWKRSYQEGLQRLCRAQVPVAVMGHPEFAYCWDNFVDHQPGPFE
PPWAKLEYYSSCLKRRLQQILRSWGVDDLTNDFRNLQLGP

AOA2Y9QMV5

tr|AOA2YSQMV5 |
ADA2Y9QMVS5_TRI
MA

MLSSPQTPGTRKPMKTLAPDEFSFNFENLRLAHGRNTTFLCFQVETKAPPSLNSPDSGIFQNQDHCPSHHHAEMVF
LTWFQKRLSPAQHYEVTWYMSWSPCSRCAVQVAKFLKSNSTVNLSIFVARLYYPRELETKDGLHSLWQAGAQVQI
MFFQDFKYCWENFVNNEGKPFQPWKNLDENSKDWDTELKDIHRNTTDLLTEEMFYSQFYNREKKSSIPRKTYLCYQ
LNEPQPVKRCLHYKKGYHAVTRFIDGIVSMNLDPARSYDITCYFTWSPCNRYARKLVSFIEDYPNLRLKVYTSRLYFH
WCWTNMQGLQHLOQNSRVTVAVMTFRDFEYCWKNFVDNQGKPFEPWEKLDLYSQSTERRLRRILKPLTPDVLNED
FGNLHL

HOXHIO

tr| HOXHIO | HOXHIO
_OTOGA

LSCAFRDPMNRMYPKTFCQNFEKEPCPSNQNSSWLCFEVETKNSAVFFHRGVFRNQPAPPPRAPTSVLLSQGPVKT
PCHAEECFLTWIQGVLPPDHHYHVTWYVSRGPCANCANLIVHFLAMHRRVTLTIFAAHLNFFWESDFQQGLLRMD
QEGVQLHIMGYEEFEYCWDNFVYNQRKQFVPWNGLNENYEFMVSTLEDILRSPLDRIRQKDFSIHFRNSLWLDDKS
TWLCFEVKRTKSPVPLYRGVFRNQSPPKTPCHAEVRFFTWLQDLPPDFCCQFTWYLSWSPCADCADLVANFLAKHR
NVSLTIFVARLYYYRDPEMHRGLRRMYQEGANVDIMSVIEFEYCWDNFVYNQGKQFVPWNGLNENYEFLVPRLQE
ILE

AOA3MOK4Y7

tr] AOA3MOKAY7 | A
0A3MOKA4Y7_HIRR
U

MYISKKALRRHFDPRVYPRETYLLCELQWEGSRRVWIHWIRNVPDHHAEEYFLEEVFEPRNYGFCNITLYLSWSPCCT
CCSKIRDFLKRNPNVKIDIRVARLIYPDYAETRSSLRELNGLQRVSIQVMEAAGLSCIESKNHRISQVERDPKGSSSPTLF
TLQDHLKLSNMTESVIQDSVSIQICYQMRILGFQCHIRWKLQPEDFQRNYSPNQIGRVVYLLYEVRWRRGSIWRNW
CSNNPEQHAEVNFLENHFHHRPQTPCSITWFLSTSPCGKCSRRILEFLKSQPNVTLEIYAAKLFRHHDIRNRQGLRNL
MMNGVTIYIMNLEGNPASLCLSVD

AOA3P4LUZ8

tr| AOA3PALUZS | A
0A3P4LUZ8_GULG
U

MSFEDYEYCWETFVDHKGMYFQSWDLLRDNDLLAAELKNILRSTMNPLRQEIFYHQFGNQPRAPRPYHRRKTYLCY
QLQPHEGPITARVCLONKKKRHAEIRFIDNIRALRLDRSQTFEITCYLTWSPCPTCAKALAVFVQDHPHISLRLFASRLFI
HWCWKYQEGLRLLHRSRIPVAVMRLQEFEDCWRNFVDNQDEPFQPWNKLEQYSESITRRLRRILGHPQNNLENDF
RNLHI

G5BPM8

tr| G5BPMS| G5BP
M8_HETGA

RRRIEPWQFEASFDPRQLRRETCLLSEVRWGTSPRAWRGCSLNTARHAEVSFMDRLTSEGRLRGPVRCSITWFLSW
SPCGACAQAIGEFLRQHPNVSLVIYIARLFWHVDEQNRQGLRDLVTRGVRMQVMSDPEFAHCWRNFVNYSPGQE
ARWPQVPPVWTWLYSLELHCILLNLPPCLKISRRHHNQLTFFQLILQNCHYQAIPSPVLLASGLIHPFVTW

H2M862

tr|H2M862 |H2M8
62_ORYLA

MITKLDSVLLPKKKFIYHYKNMRWARGRHETYLCFVVKRRVGPESLSFDFGHLRNRNGCHVELLFLRHLSALCPGLW
GYGATGQGRVSYSITWFCSWSPCANCSFRLAQFLSQTPNLRLRIFVSRLYFCDLEDSREREGLRMLKKVGVHITVMSY
KDYFYCWQTFVARKQSKFKPWDGLHQNSVRLSRKLNRILQPCETEDFRDAFKLLGL

HOYOC6

tr|HOYOC6 | HOYOC
6_OTOGA

MYLKTFYRHFNNRPYLSRRNDTWLCFEVKTTSSNSPGSFYSGVFRNQGPRYCPWHTELCFLTWVRPIVSHHHFYQIT
WYMSWSPCANCAWQVATFLATHENVSLTNYTVRIYYFWRQDYRQGLLRMIEEGTQVYVMSSKEFQHCWENFVD
HWGTRWVTCWNRLKKNYEFLVTRLSEILSDPKERISPNTFYNQFNNTPVPRGRKDTWLCFEVKEKNSNSPGSFHRG
VFQNQVFSGTSSHARRCPPDHHYEVTWYTSWSPCAHCAWHVVNFLTSNPNVSLTIFAARLYYIYRPEIQQGLRRVF
QEGAKVHIMSLKEFKYCWAKLVYNSGMRFMPWYQFNFNFLFPNTTLKGDLH

A0A3Q275X6

tr| AOA3Q2Z5X6 | A
0A3Q2Z5X6_HIPC
M

MDVHFMNFIYHYKNMRWAKGRNETYLCFVVKRRVGPNSLTFDFGHLRNRNGCHVELLFLRYLGRRLSYSITWFCS
WSPCANCSAALSQFLSRMPNLRLRIFVARLYFCDMEDSHEREGLRLLOKAGVQVTVMSYKDYYYCWQTFVDRKKS
HFKAWEDLHQNSVRLSRKLNRILQPCEMDLRDAFKLLGL

AOA2K6NVA7
(RrA3F)

tr| AOA2K6NVAT7 |A
0A2K6NVA7_RHIR
0

MKPQIRDHRPNPMEAMYPHIFYFHFENLEKAYGRNETWLCFTVEIIKQYLPVPWKKGVFRNQVDPETHCHAEKCFL
SWFCNNTLSPKKNYQVTWYTSWSPCPECAGEVAEFLAEHSNVKLTIYTARLYYFWDTDYQEGLRSLSEEGASVEIMD
YEDFQYCWENFVYDDGEPFKRWKGLKYNFQSLTRRLREILQ

AOA2K6NY90

tr] AOA2K6NY90 | A
0A2K6NY90_RHIR
0

MNPHIRNPMEAMYPGTFYFHFKNLWEADNRNESWLCFAVEVIKHHSTVSWKRGVFRNQVDPETHCHAEKCFLS
WFCDNTLSPKKNYQVTWYTSWSPCPECAREVAKFLARHSNVMLTIYTARLYYSQYPNYQEGLRRLNEEGVPVEIMD
YEDFKYCWENFVYNGDELFKPWKGLKYNFLFLDSKLQEILE

Q6ICH2

tr] Q6ICH2 | Q6ICH
2_HUMAN

MNPQIRNPMERMYRDTFYDNFENEPILYGRSYTWLCYEVKIKRGRSNLLWDTGVFRGPVLPKRQSNHRQEVDPET
HCHAERCFLSWFCDDILSPNTNYEVTWYTSWSPCPECAGEVAEFLARHSNVNLTIFTARLCYFWDTDYQEGLCSLSQ
EGASVKIMGYKDFVSCWKNFVYSDDEPFKPWKGLQTNFRLLKRRLREILQ
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G8GPV1

tr| G8GPV1|G8GP
V1_CERNE

MDGSPASRPGHVMDPGTFTSNFNNKPWVSGQRETYLCYKVERSHNDTWVLLNQHRGFLRNQAKNRLHGDYGC
HAELCFLGEVPSWRLDPTQTYRVTWFISWSPCFSGGCAEQVRAFLQENTHVRLRIFAARIYDYDFLYQEALRTLRDA
GAQVSIMTYEEFKHCWDTFVDHQGRPFQPWDGLDEHSQALSGRLQAILQNQGN

Q1WBT6

tr|Q1WBT6|QIW
BT6_SYMSY

MALLTAKTFRLQFNNKRRVTKPYYPRKALLCYQLTPQNGSTPTRGYFKNKKKRHAEIRFINKIKSMGLDETQCYQVTC
YLTWSPCPSCAWELVDFIKAHDHLNLGIFASRLYYHWCRHQQEGLRLLCGSQVPVEVMGFPEFADCWENFVDHEE
PLSFNPSEMLEELDKNSRAIKRRLEKIK

AOA3B4CS14

tr| AOA3B4CS14 | A
0A3B4CS14_PYGN
A

MDNTNRRKFIYHYKNVRWARGRHETYLCFVVKKRNSPDSLSFDFGHLRNRNGCHVELLFLRYIEVLCPGLWGSGVD
GVRVSYAVTWFCSWSPCSNCAQRLTNFLSQTPNLRLRIFVARLYFCDEEDSLEREGLRHLQRAGVQITVMTYKDFFY
CWQTFVASRERCFKAWEGLRQNSVRLSRKLNRILQVFISTPVISPLITTHLGQSWAGG

AOA087XZI4

tr| AOAO87XZI4| AO
A087XZI4_POEFO

RKVSYSVTWFCSWSPCANCSIRLAQFLHQTPNLRLRIFVSRLYFCDLEDSREREGLRILKKAGVHITVMSYKDYFYCW
QTFVAKSQSKFKPWDGLHQNYIRLSRKLNRILQPALDIKKFIYHYKNLRWARGRCETYLCFVVKKKLHLFMFVIVGRN
RLFDLNVTMNNKSLYLIPLHLQLLFLRHLGALCPGLWGYGVTGERKVSYSVTWFCSWSPCANCSIRLAQFLHQTPNL
RLRIFVSRLYFCDLEDSREREGLRILKKAGVHITVMSYKDYFYCWQTFVAKSQSKFKPWDGLHQNYIRLSRKLNRILQV
QFF

AOA341AEK4

tr| AOA341AEK4 | A
0A341AEK4_9CET
A

MASDRGPSAGDATSRRRIEPWEFEVSFDPRELCKETRLLYEIKWGRSQHVWRHSGKNTTNHVECNFIEKFTSERPFH
RSVSCCITWFLSWSPCWECSKAIREFLNQHPRVTLFIYVARLFQHMDPQNRQGLRDLIHSGVTIQIMGPTEYDYCW
RNFVNYPPGKEAHWPRYPPPLMKLYALELHCIILVP

E2D879

tr|E2D879|E2D87
9_MUSMI

RNLISRETFNFNFENLCYAKGRKNTFLCYEVTRKDCDSPVSLCHGVFKNKGSIHAEICFLYWFHDKVLKVLTPREEFKV
TWYMSWSPCFECAEQVVRFLATHHNLNLTIFSSRLYNVSDPDTQQKLCRLVQEGAQVAVMDLSEFKKCWEKFVDN
DGQQFRPWKRLRTNFRYQNSKLQEIL

AOA2K5RDN6

tr| AOA2K5RDN6 | A
0A2KSRDN6_CEBC
A

MWEAQSPGLSREWGSVAISPEDPGPLHIGRFLSCAFRHPMNAMYPGIFNFHFRNLRKAYGRNETWLCFTVEGIMN
RSTVSWKSGVFRNQVGSDPFCHAEMCFLSWFRHNMLSPKKDYEVTWYASWSPCPECAGQVAEFLARHGNVRLTI
FTAHLYYFWNPSFRQGLRRLSQEGASVLIMGYEDFEYCWDNFVYNDGQPFKPWKRLOQDNSLSLYITLQEILQ

AOA2K5RDN7

tr| AOA2K5RDN7 | A
0A2KSRDN7_CEBC
A

MEASPASRPRPLMGPRTFTENFTNNPEVFGRHQTYLCYEVKCQGPDGTRDLMTEQRDFLCNQARNLLSGFDGRH
AERCFLDRVPSWRLDPAQTYRVTCFISWSPCFSCAREVAEFLQENPHVNLRIFAARIYDCRPRYEEGLOMLQNAGAQ
VSIMTSEEFRHCWDTFVDHQGHPFQPWEGLDEHSQALSRRLQAILQGNRWMILSL

AOA1C9CJ69

tr] AOA1C9CI69| A
0A1C9CI69_CERAL

NPMKAMDPHIFYFHFKNLRKAYGRNETWLCFAVEIIKQRSTVPWRTGVFRNQVDPESHCHAERCFLSWFCEDILSP
NTDYRVTWYTSWSPCLDCAGEVAEFLARHSNVELAIFAARLYYFWDTHYQQGLRSLSEKGASVEIMGYEDFKYCRE
NFVCDDGKPFKPWKGLKTNFRFLKRRLQEILE

AOA2R274D2

tr| AOA2R2Z4D2| A
0A2R2z4D2_PTEAL

MHLQVWRKVTEAWREGYTLKPWSRNPMERLYHDYFYFHFYNLPTPKHRNGCYICYQVEGTKKHSRMPLLRGVFE
NQESLDMMLSPGEKYRVTWYISWSPCFACVDEVIKFLREHTNVELIIFAARLYHSDILQYRQGLRKLHDAGVHVAIM
SYYEFKHCLNDFVFHQGRSFCPWNDLNKNSKNLSNTLEDILRNQED

B7T161

tr|B7T161|B7T161
_SHEEP

MTEGWAGSGLPGRGDCVWTPQTRNTMNLLRETLFKQQFGNQPRVPPPYYRRKTYLCYQLKELDDLMLDKGCFRN
KKQRHAEIRFIDKINSLNLNPSQSYKICYITWSPCPNCASELVDFITRNDHLNLQIFASRLYFHWIKPFCRGLHQLQKA
GISVAVMTHTEFEDCWEQFVDNQLRPFQPWDKLEQYSASIRRRLQRILTAPT

AOA2R2X2G4

tr| AOA2R2X2G4 | A
0A2R2X2G4_PTEA
L

MAGLGQACEGCCGQMPEISYPMGRLDPKTFSFEFKNLPYAYGRKSSYLCFQVEREQHSSPVPSDWGVFKNQFCGT
EPYHAELCFLNWFRAEKLSPYEHYDVTWFLSWSPCSTCAEEIAIFLSNHKNVRLNIFVSRIYYFWKPAFRQGLQELDHL
GVQLDAMSFDEFKYCWENFVDNQGMPFRCWKKVHQNYKSVLRKLNEILRRR

GlQim4

tr|G1Q1M4|G1Q1
M4_MYOLU

YAELSFLDLFQSWNLDRGRQYRLTWYMSWSPYPDCAQKLVEFLGENSHVTLRIFAADIHSLCSGYEDGLRKLRDARA
QLAIMTRDELQYCWVTFVDNQGQPFRPWPNLVEHIKTKKQELKDILGNPMRRMYPKTFNFNFQNLNSYGRKSTFL
CFEVETWEDGSVLDYQNGVFQNQLDPGHAELCFIEWFHEKVLFPDEVRCPDAQYHVTWYISWSPCFECAEQVAGF
LNEHENVDLSISAARLYLCEDEDEQGLQDLVAAGAKVAMMAPEDFEYCWDNFVYNRGWPFTYWKHVRRNYGRL
QEKLDEILW

AOA1S3AN78

tr| AOA1S3AN78|A
0A1S3AN78_ERIEU

RRIEPWEFEDFFDPRQFRPETCLLYEVRWGSSRNAWRSTARNTTRHAEVNFLERFAAERHFDKPVSCSITWFLSWSP
CWECSQAIGAFLSQHPQVTLAIHVTRLFHHEDEQNRQGLRDLLARGVTLQVMGDSEYAHCWRTFVNSPPGAEGH
YPRYPSDFTRLYALELHCIILGLPPCLEILRRYQNQFTLFRLVPQNCHYQMIPHLNFFVVRHYFF

AOA151P7C9
(AMAPOBEC1)

tr| AOA151P7C9|A
0A151P7C9_ALLMI

MADSSEKMRGQYISRDTFEKNYKPIDGTKEAHLLCEIKWGKYGKPWLHWCQNQRMNIHAEDYFMNNIFKAKKHP
VHCYVTWYLSWSPCADCASKIVKFLEERPYLKLTIYVAQLYYHTEEENRKGLRLLRSKKVIIRVMDISDYNYCWKVFVS
NQNGNEDYWPLQFDPWVKENYSRLLDIFWESKCRSPNPW

Q4vuli3

tr]Q4VUI3|Q4VUI
3_XENLA

MTMDSMLLKRNKFIYHYKNLRWARGRHETYLCYIVKRRYSSVSCALDFGYLRNRNGCHAEMLFLRYLSIWVGHDPH
RNYRVTWFSSWSPCYDCAKRTLEFLKGHPNFSLRIFSARLYFCEERNAEPEGLRKLQKAGVRLSVMSYKDYFYCWNT
FVETRESGFEAWDGLHENSVRLARKLRRILQPPYDMEDLREVFVLLGL

E2RL86

tr| E2RLS6 | E2RLS6
_CANLF

MNPLQEETFYQQFSNQRVPKPTYQRRTYLCYQLKPHEGSVIAKVCLQNQEKRHAEICFIDDIKSRQLDPSQKFEITCY
VTWSPCPTCAKKLIAFVNDHPHISLRLFASRLYFHWRQKYKRELRHLQKSGIPLAVMSYLEFKDCWEKFVDHKGRPF
QPWNKLKQYSESIGRRLQRILQPLNNLENDFRNLRL

G1LWBO

tr|GILWBO|G1LW
BO_AILME

SSAAPASIHLLDEDTFTENFRNDDWPSRTYLCYKVEGPDQGSGVPLGQDKGILHNKPAQGPEPSRHAECYLLEQIQS
WNLDPKLHYGVTCFLSWSPCAKCAQKMARFLQENSHVSLKLFASRLYTRERWDEDYKEGLRTLKRAGASIAIMTYRE
FEHCWKTFVLHDQEGSCFQPWPFLHKESQKFSEKLQAILQVGVLLLSLPPPLPSSPLSSPWPFPAPLRASTG

AOA1U7S7K7

tr| AOAIU7S7K7| A
0A1U7S7K7_ALLSI

MGEHWQYAGSGEYIPQDQFEENFDPSVLLAETHLLSELTWGGRPYKHWYENTEHCHAEIHFLENFSSKNRSCTITW
YLSWSPCAECSARIADFMQENTNVKLNIHVARLYLHDDEHTRQGLRYLMKMKRVTIQVMTIPDYTYCWNTFLEDD
GEDESDDYGGYAGVHEDEDESDDDDYLPTHFAPWIMLYSLELSCILQGFAPCLKIIQGNHMSPTFQLHVQDQEQKR
LLEPANPWGAD

AOA2R2X2J8

tr| AOA2R2X2J8| A
0A2R2X2J8_PTEVA

MPRIGNMNLLSEKTFNYHFGNQLRVKKPQGRRRTYLCYKLKLPNETLVKGYFINKKKNHAEIRFINKIRSLNLDQTQSY
KITCYITWSPCSYCAGKLVALVKSCPHLSLQIFTSRLYYHWLWKNQAGLRYLWKINISVLVMKEPEFADCWDNFVNH
QSRRFKPWEKLTQYSNSTERRLLRILRINRTDLFLAQSSEQDPGLNDLVDAIKRLFLDAHRPRD
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AOA151P6M4

tr| AOA151P6M4 |
AOA151P6M4_ALL
MI

MAVEEEKGLLGTSQGWKIELKDFQENYMPSTWPKVTHLLYEIRWGKGSKVWRNWCSNTLTQHAEVNCLENAFGK
LQFNPPVPCHITWFLSWSPCCQCCRRILQFLRAHSHITLVIKAAQLFKHMDERNRQGLRDLVQSGVHVQVMDLPDY
RYCWRTFVSHPHEGEGDFWPWFFPLWITFYTLELQHILLQQHALSYNL

AOA2K6MNR2

tr| AOA2K6MNR2 |
AOA2K6MNR2_RHI
BE

IWLCFTMEIKQCSTVSWKRGVFRNQVDPETHCHAERCFLSWFWEDTLSPNTNYQVTWYTSWSPCLDCAGEVAEF
LARHSNVKLAIFAARLYYFWDTDYQQGLRSLSEEGTSVEIMGYEDFKYCWENFVYNGDEPFKPWKGLKYNFLFLDSK
LQEILE

D3U1S2
(SsSAPOBEC3B)

tr|D3U1S2|D3U1S
2_PIG

MDPQRLRQWPGPGPASRGGYGQRPRIRNPEEWFHELSPRTFSFHFRNLRFASGRNRSYICCQVEGKNCFFQGIFQ
NQVPPDPPCHAELCFLSWFQSWGLSPDEHYYVTWFISWSPCCECAAKVAQFLEENRNVSLSLSAARLYYFWKSESR
EGLRRLSDLGAQVGIMSFQDFQHCWNNFVHNLGMPFQPWKKLHKNYQRLVTELKQILREEPATYGSPQAQGKVRI
GSTAAGLRHSHSHTRSEAHLRPNHSSRQHRILNPPREARARTCVLVDASWICYR

F1CGTO

tr|FICGTO|F1CGT
0_ANOCA

KAAILLSNLFFRWQMEPEAFQRNFDPREFPECTLLLYEIHWDNNTSRNWCTNKPGLHAEENFLQIFNEKIDIKQDTP
CSITWFLSWSPCYPCSQAIIKFLEAHPNVSLEIKAARLYMHQIDCNKEGLRNLGRNRVSIMNLPDYRHCWTTFVVPR
GANEDYWPQDFLPAITNYSRELDSILQD

C7AGG3

tr|C7AGG3|C7AG
G3_HORSE

MDPQAPTQRGGLGQAYQGGDYVQAPGNGNTQHLLSEDVFKKQFGNQRRVTKPYYRRKTYVCYQLKLLRGPTIAK
GYFRNKKKRHAEIRFIDKINSLGLDQDQSYEITCYVTWSPCATCACKLIKFTRKFPNLSLRIFVSRLYYHWFRQNQQGL
RQLWASSIPVVVMGYQEFADCWENFADNRGNPFQSWEKLTEYSKGIKRRLQKILEPLNLNGLEDAMGNLKLGSVD
LG

AOA250YMK?7

tr] AOA250YMK7 | A
0A250YMK7_CASC
N

MSLLKEDIFLYQFNNQQQVQKPYFRRRTYLCYQLEQPNGSRPQWPAKGCLONKKGHHAEIRFIKRIHSMGLEQDQ
DYQITCYITWSPCLACACALAELKNHFPRLTLRIFASRLYFHWIRKFQMGLQHLYKSGVLVAVMSLPEFTDCWEKFVN
HRQVFFTPWDKLEEHSRSIQRRLRRILQSWDVDDLTDDFRNLRL

B7T160

tr|B7T160|B7T160
_SHEEP

MPWISDHVARLDPETFYFQFHNLLYAYGRNCSYICYRVKTWKHRSPVSFDWGVFHNQVYAGTHCHSERRFLSWFC
AKKLRPDECYHITWFMSWSPCMKCAELVAGFLGMYQNVTLSIFTARLYYFQKPQYRKGLLRLSDQGACVDIMSYQE
FKYCWKKFVYSQRRPFRPWKKLKRNYQLLAAELEDILG

AOA182D0J1

tr| AOA182D0J1|A
0A182D0J1_BLAVI

MTNPESPPQAPCDFNEDALLNREPLRGSPIKFVSPVDYPDLVFALAGPVGVDIDYIQQSISDCLKSFDYSTEFIRITEIM
QDIKCSKTIDCTDMLKEYQSKIEYANELRRAYRAKDLLAALTISAISKLREQIKERDEATNKSNIQPSRRKLAWVVRQLK
TPEEVRLLRAVYGKQFVLVSIYSSPQRREDFLISKIKIKSRGTIDNNTSSEGAQRLIERDSKEDNEYGQNLSGTFCLGDIF
VDSNNKESAIVSIDRFLNAFFGSNEISPTRDEYGMYLAKTASLRSCDLSRQVGAAIFSKTGEISLGSNEVPKAGGGTY
WTGDNADSRDIRLGHDPNEINKVEIFAEIISRLLEDKLLSNDLLNKDAASIVTILLSKNEGKRYKDLRVMDIIEFGRIIHAE
MSAICDAARNGRAIIGATLFCTTFPCHLCAKHIVASGIGRIVYLEPYPKSYAKKLHSDSIQVEDHSDSEKVSFEPFIGISPS
RYRELFEGGRRKDPFGEALKWKNDPRKPVIDVVVPPHFEAEKLVIAQLGKLIVSGTG

AOA2D6EXD2

tr| AOA2DGEXD2| A
0A2D6EXD2_9ARC
H

MIIGLVGTIGAGKQTIIDYLQEKYGYNALSCSDVLREILKKQGKPVTRDNLREIGNKTREEGGNGAIAKILLEKLRNNW
KANYIVDSLRHPDEVSVLRTSPLFHLVAVDADLRIRFERVKARKREEEPTTLPAFVERDQKEMFGTGNEQRIRETMEL
ADELVLNNGTVEELKQRIDDLNLVSDERLRPSWDDYFMRLARLAAQRSNCMSRKVGAIITKDRRVIATGYNGTPRG
VKNCNEGGCERCNSAVAKGTAISECLCLHGEENAIIEAGRVRSEGATIYTSFLPCLWCTKMIIQAGLKEVVFSEVYDLH
EASIKLFETSGVLIRRLK

F7YVM7

tr|F7YVM7 | F7YV
M7_9THEM

MNEFKYMSLALKLAKKGKYTTSPNPMVGAVIVKDGKILATGYHKKAGQPHAEINALSKLNFQAQNCEMYVTLEPCS
HYGRTPPCADAIIRSGIRKVVIATLDPNPLVNGKGVEKLKNAGIEVVCGVLEEKAKKLNEKFFKYITTKIPFVALKIAQTL
DGKIALKNGESKWITSEKSREYVHKLRMEYDAVLTGIGTILKDDPQLNVRLKKVYKQPLRIILDSKLKIPLSAKVLEDPSK
VIILTTALADKEKLEELRSKGVEVIITNEKNGIVDLESALKILGEKKITSVMVEAGPTLLTSFLKESLFDKIYLFIAPKIFGADS
KSVFSELGLEDISKSQKFSLESVKKIGEDLLLELYPKQLKKLEE

AOA3MG6UNF1

tr]| AOA3MGUNF1 |
AOA3MGUNF1_9C
NID

MEEKSELENELMRSTSPKPSVPNGSKGNECEQRETRITKENLYMVLALWMEEFPVVEQTSSAKRLNKVGVVFVLPT

DRVLAADCSRDGVHGVARVMVNHCGKLEGCKVFVSRKPCSLCAKLLVQSKVSRVFYLPIEPESENKGEIARADNLFK
NSSVGQSVFVPCVEQKVLDKLEDKLPKEIITPDDISECRDNLLKKCGWSAEWFARAQASLPWPCFEGKMKSQVDND
FKSLIKWIAVVKAPMDKGVAFPKVKLTSDSRVVPDCDADNFPDSKTAYHMMIFAKMLARQTDDPKTGVGAVIVRG
KVPDIVSLGWNGFPSKALYGEFPRASDDDRALQKKFPYVIHAEQNALMVRNVKDLTDGILFVTKPPCDECAPMIKLS
GVKTIVIGEKIEKSRGGELSYNLIKEYIKEGIMTCYQMEATKTKAKRLASDPETRKRLKSSCSNSNDV

AOA2G3K826

tr| AOA2G3K826 | A
0A2G3K826_9BUR
K

MTKIIDDVNTAAAAVLDQATAAANQTTFAVGGVMVNNQTGEVISAIHNNVIIPLSNNVSFTFDPTAHGERQLVYW
YYANKEALKLPEPNQITVITSLDPCAMCTGALLTAGFNVGVVAIDTYAGINCAQNFQFATLPANLRTKAQKNFGYYAS
GAANFKPLTRSYVGGPSVAFKNGVVTPANLRDCGTVFTQSVDTVRNTSNSTGLAPSQMSNPAELPSNSAILQAYRAI
YKKAFTIKIDNPRLPDAQILTELKAVLADAPNARNAVAFIDPFGNLVLCMADAFNTSPVHAAFMNVTQEYAKTRWD
LMNKYAQASTTDNPALYLTHPKYGTFVYLYAPDPDDSITIMSLGAYGSTMEGPIPNMFPSNLQFYYPPRNGAQFSEL
VPVVNELPPFYTQNVNISLMQVPGVTQAPTK

K1zCl4

tr|K1ZCJ4|K1ZC)4
_9BACT

MSSRAKKNRSTNLKKSIGQKSIENKPTDQKKDQVLVAYVPVIHEGYRRFFRHFPAVKELWLISQELSHELRSLQKDIRA
LKASETKKLLQTWGQFQKIKLLTPSSLAILQKTTTQLVFPDEEISHHLVEKYFAQNRVLFASFFLRWDKKSSLKKHDLQE
YSEISNKEFDQMMIAIAQQEADKSDDWWRQVGGLIFKDETILLLAHNQHTPTEAEAYFAGDPRADFHQGEYLKIST
AIHAEAYLIAQAAKQGISLEGADLYVTTFPCPVCAKQVAYSGIKRVFFREGYSLLDGETILKANGVKLIRVTV

AOA1G3PNQS8

tr| AOA1G3PNQS|
AOA1G3PNQ8_9SP
IR

MRDLPLLVLGLTGPMGAGCTRFARDISKMEPGKVIKKQGLLDQVAHEISELSKKASEIRLQCISNGKNSELAELKRLNR
RLNAKLAERACLHVIAKSSLPEPLFISLNTIVIKIAVDSITAPEFAEWAKNHAKVADLLKWLRTQWESELTLYETWGQD
AGRFSQDELEKMDAMFAEFERIGDEILKEDFETYFGKRNNDFSIRMFSENIRLSGNPFRPAENGGGGGKYDEPSMV
MIARETDRYIRFYRTRSDQKRSHFFIIDEIKNPREAEYFRARHQNFFLVSIFSSSEIRASRMRRGLGHDAGVSDADFQH
LFRELDSRDWGADDFDAHGLHRQNIYRCFNLADIAINNDVEDERFSEVLFNKFIRYYALMLSPGCVQPTPQETYMHL
AYSLSLRSTCISRQVGAVITDLEDRILSLGWNEVPEGQIGCGLKVKKDYTDKENPLFEMEIWDNVITAEDLAVWDDED
SICVKDILSRIEIKTKLKSVSLTPEERADVLKALRIKRLEYSRSLHAEENAILQVASRGGVGLKDGTIYVTTFPCELCSKKIY
QVGISKIYYTEPYPNSISEKVILKDGIRNIKILQFEGVKSYSYFKLFKPGFDKKDAQMLEGRGI
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AOA1GOPGF4

tr| AOA1GOPGF4|A
0A1GOPGF4_9BAC
T

MKHNNQLRKEIEKLLGQNSIIKNDELKKLQKEYKIETDELLISFLPYAAEFAKVPISKYKVGAVVLGKSGNIYFGSNMEF

EAGALSATVHAEQSAVNNAWLNGETGINKIAVTAAPCGYCRQFLNELTTAKQLHVLLKDKNLEAAKVFKLTELLPEA
FGPRDLEIEGGLMKVENHKLKIENINDELINAALEAANKSYAPYSKNYSGVSIQLSDGTIFSGRYSENAAYNPSLLPFQS
ALAFMNMNTKKGSNNKIVDAVLVEAVSNISQKDAAGTLLNSISKTKLRYYKIKN

AOAOP4AWGY5

tr| AODAOPAWGYS |
AOAOPAWGYS_9E
UCA

MEENSSATSQPKCASRTKQGGNDLSTDMSNLSVGETKRTDFLPWDDYFMAVAFLSAMRSKDPSSQVGACIVNAD
KKIVGIGYNGMPIGCSDDELPWNKESLDPLQTKYMYVCHAEMNAIMNKNSSDLAGCCVYVALFPCNECAKLVIQA
GIREVVFFSDKHQQKPETVASKKMLNMAGVAYRQYTPSQSKIELNLSLKEQEKSEPTADITQSSERDQNSKRKDYLS
WEEYFMAMAHLSALRSKDPITQVGACIVNSKKKIVGIGYNGMPLGCNDDLMPWGNSSSNKLETKYMYVCHAGVN
AIMNKNSCDVSGCTLYVALFPCNECAKVIIQAGIKTIIYASDTNKDQASILASKKMLDMAGIKYRADNLSQRKIVIDFKT
IDWNSRFMNDHQNDPTCL

AOA3D8IG27

tr| AOA3D8IG27| A
0A3D8IG27_9HELI

MRKNILYFILTLFFLSGLYATSLPEDNVVSGVIYEKIDTVSAEVDHIYPMLALAIVYKDWQEKNMLNKQGHNIGLVIVD
ENNMPVFWVRNSVHATHNGTQHGEVRLVSNLLNCEGFNKYLDKYTLYTTLEPCIMCAGMLSMVQIPKVVYAQKD
LSCGNTQEIISTAKYPRYYKAFTVENGYKKDLEECFEQYKICKNDSITDFLVNDSAKEIFRKASNDLQDYKVKFKENRRV
IKVAQEFLONIQTKDNLDVLQCPKNM

AOA351C8C4

tr| AOA351C8C4 | A
0A351C8C4_9BAC
T

MNELTKQSEHLRNEALRIATRSYVPYTGQQEGVIILLENGDLIPGVRVENASFQLTIPALONALSTMYALQRTDISMIV
SSIPFTDSDLAYTGGMAEIAWEMVGASLLLVAGAHIPEAGTFIDPARGENLLDVSREAALNAFIPESDFPVGSAIQTS
DDVVIDGCNVEHSDWSKIICAERNVLSTARSYGLGQITTIYVSCPKEPGGTPCGACRQVIVELAPDATVWMDRGNQ
EPIAMKATKLLPGHFTGNVLKKQ

AOA1G6V2K7

tr| AOA1G6V2K7 | A
0A1G6V2K7_PEPNI

MPIVRVNEIGARLPEDWEALETAIWQAYVSREDLPDAGELDLTLVDDATIQELNKTHRQLDKSTDVLSFPMYDDRD
DLAADVQAGLPVILGDIMISVPTAERQAQAYGHSFKREMAYLLVHGLLHIAGYDHMSAEEKSAMRRAEEAILADVD
VPRDTAPSKTAAVLDEADVQALIDAARAARLQAYAPYSGYAVGAALLAADGRRFCGVNVENASYGATCCAERTALF
AAVTAGARDFIALALVTEGDEPAPPCGLCRQALAEFSPDLAIYLAGPTGETYRRTSLAALFPEAFSLSTKESV

F2NP91

tr| F2NP91|F2NP9
1_MARHT

MPVMETHALEARFKEALARLCPEGRLLAAVSGGGDSVALLYLLKAAGRDTIVAHLDHALRPDSAADAAFVEKLAQRL
GFPLETEHVDVRALAHRKRINLEAAAREVRYAFLARVARRWKARCILTAHTLDDNAETVLLQILRGAGRGLGIRPLQR
RVARPLLEFSRAELRAYLEARGARWLEDPTNRSLELDRNYLRHAVLPRITARFPHALEALARFSQAQQADDWALEAL
SARHLIPDRRWPVPAYRALPLERAPEALRRRAIRGVLEALGVRPEARLVADVEAALGGRAQTLPGGVVVRRQRGTLF
FIPPTVRFPKVQPPAGLEARPPRPGDYLVFPYGRKRLVDFLNERGVPRELKRRWPVGAVGAEVRWVYGLWPEPDED
RYMRRALVLARAAARQGEVPIGAVLVRDGAVLAEAANAVEASRDATAHAELLALRTALRRVGEKVLPGATLYVTLEP
CPMCYGAILEARVARVVYGVENLKAGAFTVHGLEPRVALEAGRVEGECAKVLKDFFARLRPGRDGA

AOA316TX77

tr| AOA316TX77|A
0A316TX77_9BAC
T

MINGYTPYSGNQNTCYVKGESGTFYPGVRIENVSYPLTISSVQAAVCSCLANSDNPVEYYTGDHQPELLQVWADEY
DMKPGGKLPDSPLKLFDPLVPSIPDIKKELDVLTEKSVTPNSGFPVSALLQTEKGYIRGVNIELSSWALGLCAERVAISR
ALTAGYTQFKSIHIYAPEADFVSPCGACRQVLLEVMPDADTELYHGDGTLSKHIVSDLLPFGFTSHKLKK

R6VYG3

tr|R6VYG3 [R6VYG
3_9FIRM

MIHKGTQTIETKRLILRAFTPDDAEAAFENWMSDPKVTEFLRWKTHADISDSRKIVNEWANGSADPEFYQWAIVPK
DVNEPIGTISVVDRNDALGIFHIGYCIGSKWWHKGITSEAFSAVIHFLFEEVGANRIESQHDPENIHSGDVMKKCGLT
FEGTLRQADFNNRGIVDACVYSILQSEWQNNTSVWQRLYNAALTVQNDRVVSPFIDAGGVAAALMTKKGNIYTGI

CIDTASTLGMCAERNAVANMLTNGESRIDKIVAVMPDGKVGAPCGACREYMMOQLDRDSGDIEILLDLETEKTVRLK
DLIPDWWGAERFGDTE

AOA3C1HZ18

tr| AOA3C1HZ18| A
0A3C1HZ18_9BACI

MGDIMENWNELSEPWKRCFLOQAWKAYCHGSIPIGAVLVDSEGEIFLEGRNRVHELTAPEGQLCDCRIAHAEMNVL
VQVKTSDYEKLSGATIYSTMEPCIQCFGAIILSRIKNISFAAIDDKLAGATTLEDRHGFIKSRNLNIAGPFSHLGEIQIILRT
DFLLRIFDSEYADPLIAAHEKDYPIGVALGRHYHRNNRLQVAKKETIPFGELFNEFSFDIKRAREGYTLGK

AOA1M6KV24

tr| AOAIM6GKV24 |
AOAIM6KV24_9B
ACT

MEASQQNILLKIEGKGPVAEINFTVTLPEWLVEQVQSGSTVFLTQKEKMRFVLELARKNVAQETGGPFAAAVFSLES
GELVSAGVNVVVESRCSSAHAEVVALSLAQKAVDSHDLGAAGLPRMVLVSSAEPCAMCMGAIPWSGVKQVICGA
RDEDVRSVGFDEGAKPLEWVEDFAERGIEVIRDVLREEATEVLWDYRERGGEIY

AOA2UQT9B4

tr| AOA2UOT9B4 |A
0A2U0T9B4_9RHIZ

METAELISRLLDVIEKDIAPVTAKGVARGNKLFGAAILKKSDLAVIVAETNNEIENPLWHGEMOQAIKRFFELPADQRPA
TRDCLFLATHEPCSLCLSGITWSGFDNFYYLFSHQDSRDGFAIPYDIQILKSVYAVPEPETGTVSPARDLYNRSNDFWT
SHGLOQDMIAGLARSNREALLARIDDLNALYAELSERYQRDKGGKGIPLP

AOA2K9PNOS8

tr| AOA2K9PNOS | A
0A2K9PNO8_9FLA
0

MSDKKESKIKISKTSESIELDEIHSLLSYSIVQKFWENDDRNGRGYNVGVILVDENKNIVDWDINSVNKTENSTQHGE
MRLISRYLDKDELYSLKGYTMYPTLEPCAMCAGMMTMTNVYRTVNGQMDYFYSKALERLSIDTRECGGYPPYPRTV
ISEISPSSISTRLDAEYKQYTNAGNKPIITKFLSTYKAKTIYDDAFNQFINFKCKFPENKTKYENAIKFYNSLPESI

FAPWM7

tr|FAPWM?7 | FAPW
M7_CAVFA

MRFSLSLLFVILSVLLAGVLACKDPYNPETVDYGQCASATKANYEVRSDSKVLTPADLPADELAVHESRMRHIIDIARV
NNKKFVSSIYFPNGTLACIGINTGKPNMIAHGEIVAIQNCTEIHGISMYTNYSIYTTGEPCSMCASAILWSRFKTVVWS
TYNSDLYCKICMSNIPIDSSYIFSRAYGLGIEAPVAIGGVVKAEGDAWFGTYCNRPTSIYYIAPKCACQDPAKVSPLKFT
QTRTTVWVEGGDKVVTQWNAIISNPSNSTIVDPPIVISPSVVFKGAPWGISAASEPNTYKLSYNKVLFPGQTFSFGYS
VYGLEEVAFTALEA

u7Qzm1

tr|U7QZM1|U7QZ
M1_PHOTE

MNKTRRKLLATLGIMSISMSFIAQAGEKKTQVINNILSKQEITEHEKYMREAIKEAIKNPKHPFGAVIVNRNNGEILSR
GVNTGRNNPILHGEIQAINHYITQYGNQGWENVALYTTGEPCSMCMSALVWIGIREVIWATSISVIRNSGIRQIDISA
HEIAERASSFYNPITLVGGILANETDKLFLERKRGN

AOA081CH48

tr| AOAO81CH48 | A
0A081CH48_PSEA
2

MASRRHLLATQVTGNHRKLSLWHLRGWLSPYTKLVDAVYFLTTNSFYHSLQTPPVQSITMLLSSIITSLALAAQASAY
REGLHPEFQSGLSINSVPATDRDHWMRLANSAIYYPPVSHPCPQAPFGTAIVNTTSNELICAIANRVGSTGDPTQHG
EITAIQHCTNVMRKKGLSPQEIIAAWKQLSLYTNAEPCTMCLSAIRWAGFKEVIYGTSVGTISENGRNQIYIPSNLVLE
KSYSFGHATLMLGNILTHETDPFFQHQFNESAPCPVGCERTQVGEARVKTCEPVPNWQKLVRLEYSEDSRVGSEPV
AHTPLHLEL

AOA3D3HMU1

tr| AOA3D3HMU1 |
AOA3D3HMU1_9G
AMM

MDYSDAILGAITSIRRNSKQPGVNVTDNVTDSSTQYNNDEYWMRRALALAREAGEAGEIPVGAVLVKDNQQVAG
GFNQPIRSHDPAAHAEILTLREAGAVLGNYRLIDTTLYVTLEPCMMCAGALVHSRIKRLVFGAAEPKTGAAGSFIDLLT
LPRLNHYMEVTGGVLGEECSVLLSDFFRRRRAEKKALKRQNSESGSDSAS
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AOAIN5WT13

tr| AOAINSWT13|
AOAINSWT13_9A
CTN

MLEKIERRLVAAAEAVVRSPSTGDAHTVAAAAMDANGDIYSGVNVFHFTGGPCAELVVIGSAAAANAPPLITIVAV
GDGDRGVIAPCGRCRQVMLDLHPDVFVIVPTGDGQLAAKPVRELLPFGYVARTGSTAPRVVYFHPRHYDTISSGLKT
ATVRFQDSVQTGPAVFVFDDGESIRRLDAVVEKVESRRLDHLTEEDAHHEALPDSDALRDAIKTQYPMLGDGDVVD
VATFRLTAISAPDPDPRSSYPPAVSRCNPAGPRADLLVGQS

X0SAC5

tr| XOSACS | XOSAC
597777

MTKDGRVIASAHDTEVTDQDSTAHAEINAIRKASKIYRKDLTGCLISTHEPCPMCTGSHWSNISKVVYGVSIRDSIKA
GRDMINLSCKEIIKKPNAEINIYDGILKKECLKLYNNDTRKLVKKFRKYEWINIEENLLNKRMQWFENNKTMIRKLKGN
DLEKAYHLILMKIGIKRSEAPIVKKSESKIIFHSKNYCPSLEACIILDLDTREVCKEIYERPTEELIRRLNSKLRFTRNYDCIRP
YSDYCEEIIILEK

AOA3B8IC10

tr| AOA3BSIC10|AO
A3B8IC10_9BACT

MPSHEDFIHQCLELGKEALLQGNPPVGSVIVWQDQVIGRGIENGRSSGDITQHAELLALQEAVATGQRDKLKEAIIYS
THEPCVMCAYPIRQYKIPTVVYSVAVPELGGHTSSWHLLTTEDVPKWGKAPKIITGISAEEVEALNAAFQDSLKKG

AOA2N9P8B9

tr| AOAZN9PSBY | A
0A2N9PSB9_9FLA
0

MFIFKLISPPVSIEVYQDKIIQKLYICFMENIFTDEYFMKKALQEAETAFQQGEIPVGAVIVIDNRIIARSHNLTEMLNDV
TAHAEMQAITASANFLGGKYLKDCTLYVTLEPCQMCAGALYWSQISKIVYGATDEQRGYRAMGAQLHPKTKVISGI
MQNECTHLMKDFFKQRRSKSTKD

K1KX30

tr| KIKX30| K1KX3
0_9BACT

MVKNPVNNNELYFGKHSEIPMNEEQKAYMKMAVDLSRSGMESGKGGPFGCVIVKDGKVIGIGSNSVLETNDPTA
HAEIVAIRDACRNLGHFQLDGCEVYTSCEPCPMCLGAIYWARPSKVFFANDKRDAAEAGFDDDFIYQELELPYEKRKI
PFEQGMQDTAKEVFQEWILKEDKTLY

R4XI84

tr|RAXI84 | RAXIS4
_TAPDE

MSSEIEPPSTDVHKHAVAEAADESGAADAFMQIALQQAETALLNKEVPVGCVFVHQPTGTVLATGANQTNASLNG
TLHAEFVAIESILRDHPPSIFRESDLYVTVEPCVMCASALRQLQVRKVYFGCGNDRFGGCGSVFSIHSDASKTGDAAY
MVESGIFRKEAIMLLRRFYLLQNESAPKPALKSTRVLKEHFDE

AOA239CVF7

tr| AOA239CVF7 |A
0A239CVF7_9DELT

MSPASKKHFPSLFSFLLLTIGLICGTAHAQPQGHTADDTAATLANASLKEHEPFIRRCYQLAIDAGKKGNHPFGALLV
HKGKIVLEAENTVLTDNDFTNHAEMNLIAEAARTLSRQIIPEATVYTSCAPCAMCTATLAMAGFTRIVYGVSHDALN
KRFGLKGKSVSCPALFKTMGMELEFVGPVLEKEGLRVFDFWPEKDPHAQMLKKQARK

AOA1Q3NME1

tr| AOA1Q3NMEL |
AOA1Q3NME1_9B
ACT

MTEFNYDWAKLAFSSKRPLTNLKATFIIAPREISEKRFTQLLKEYLPKGDILLGISKEDYVEGLEGQPQFAMLQQKTLQK
LIDKVNDASAHKVYTLRYFQRELPAIIEKLTPPRVVGIHGSWHHSFHTLPIYYLLSEKRIPYQLVAAFSDEDEARAYEVAT
DKKIVRPTLEGSFDDTTVLQLTDEVAKSSYDYGFQTGAILAEKVNGVYQPVAAGFNKVVPYQTYALLNGASRETNFSP
ANDMNHYDTIHAEMQILVEAAKQGISLKDKTLFVNLMPCPSCARTLSQTELSEIVYRIDHSGGYAVDLLTKVGKDIRR
VY

AOA2G6EN4N7

tr| AOA2G6N4ANT |
AOA2G6N4N7_9DE
LT

MKERTVSYSDRHFMAEALEMAESALTQGEFPVGCVIADGTAVVARGHRTGTTAGAVNEIDHAEINALRHLGLAGE
HLDRTDLTIYSTMEPCLMCFAAIVLSGINRIVYAYEDVMGGGTGCDLTGLPPLYRDAPLTLVAGVRRRASLNLFRRFFT
DPENGYWAGSLLSRYTLNQTKDSHRL

AOAOGORBB8

tr| AOAOGORBBS | A
OAOGORBBS_9BAC
T

MQSVQYNKLTHLQRRALDEAEQVLENSYNPYSHFYVGACLISEDEQLIAGTNFENAAYGSAICAERAAVLRANAMSI
RRFRGIAIIARGEDFNTTEVTGPCGSCRQVLYEISQVSGCDLQVILATSKKDKIVITTIRELLPLAFGPLDLGVDIGKY

AO0A327L2Q5

tr| AOA327L2Q5| A
0A327L2Q5_9RHIZ

MVTSRDGEDEAMMARCVALSRIAVGKGEYPFGAVVAREGRIVAEAINRTIRDGDVSRHAEVIALARAQKAIGRREL
RECSLYSNVEPCAMCSYCIREAWVGRVVYALGSPVMGGVSKWNILRDDGLSGRMPQVFDAAPEVVSGVLVEQAQ
AAWRDWSPLAWEMITLRGLMTDPSARPECRTRAARPRSLWHHLVALIERPPRPYVDPTSAAEGHADL

S2DR30

tr|S2DR30|S2DR3
0_9BACT

MKMKKKIEITVSLEVIQKSEWSKEDRSLIERAIHAVEHAHAPYSNFMVGTALLLDNGQIFSANNQENVSFPVGICAER
AVLSYAMGNFPNNRPVKLAVVAKRRSDSTWATVTPCGLCRQTINEYEVKFGHPIEILMLNPGEEILKASGIDQLLPFR
FNDLNS

AOA369QGF1

tr| AOA369QGF1|A
0A369QGF1_9BAC
T

MEEHEKWMHWCLNLAQQALQQGDFPVGAVVVQKGKLIGQGVEAGQLKKDITCHAEMEAIRDARQTINTADLQ
NCILYSTHEPCIMCSYVIRHHKISRVVVGTTVPEVGGSSSAYPLLSAPDISIWVAPPHLVTGVLAEACQALSQAYKQKF
KK

AOA1W6X4U4

tr] AOATW6X4UA4 |
AOA1IW6X4U4_9R
HIZ

MTNPSRQERWDRRFLELAKVFGTWSKDRSAGTGCVIVGPDRLLRASGYNGFARGIDDEVPERHERPAKYSWTEHA
ERNAIYNAAKLGISLDGCTAYVNWFPCIDCARAIVQAGIVRLVGLHPDHADQRWGSEFKFATEMLRESGIEIILYDIPE
LAARK

AOA238BWO09

tr| AOA238BWO09 |
AOA238BW09_9BI
LA

MEEMARKIRTKAKKANSYCNTMTFLISKASIVLLKAECKRIELTVVIFRFLIKMNASEPNNELCDMTVIKSMLKITHVIF
DLDGLLIDTEVVFSKVNQCLLSKYNKKFTPHLRGLVTGMPKKAAVTYILEHEKLSAKVDVDEYCKKYDEMAEEMLPKC
SLMPGVMKLVRHLKTHSIPMAICTGATKKEFEIKTRYHKELLDLISLRVLSGDDPAVKRGKPAPDPFLVTMDRFKQKP
EKAENVLVFEDAANGVCAAIAAGMNVIMVPDLTYMKIPEGLONKINSFSDNLIISNDLNVALMSLKKELSEEEVHFLN
RAFEIAVDAVLNNEVPVGCVFVFEGQEVAFGRNDVNRTKNPTYHAEMVALKMMKQWCMDNGRDLEEIMRRTTL
YVTLEPCIMCASALYHLRLKKILYGAANERFGGLVSVGTREKYGAKHFIEIMPNLSVDRAVKLLKEFYEKQNPFCPEEK
RKVKKPKKSGNNNDNSDDAVALNV

AOA1J5H6Z0

tr| AOA1J5H6Z0| A
0A1J5H6Z0_9BACT

MAYQPSEKFMQMAIDKTREGVLSGQTPFGACIVKDGKVVACEHNTVWQDTDITSHGEVHTIRAACKAIGSIDLSGC
ILYSTCEPCPMCFSAIHWARIDTVVYGAFIADAQDAGFNELTISNEKMKEFGGSPVNFISGFMRDENVALFKLWKEQ
GANNVY

AOA3C2D945

tr| AOA3C2D945 |A
0A3C2D945_9BAC
T

MKTTEIRIIVHEYQNIDELTENDQYLLHEARRITEFAYAPYSGFHVGAAILLGNGMIVKGNNQENSAYPSGLCAERVAL
FYANANYPDSEVKTIAISAAKNGILVNDPIKPCGGCRQTLSEAEVRFGSPIRIILDGQDSILVLHGVESLLPLSFSKKDLAS
PLAATGR

AOA1I7EYS3

tr| AOA1I7EYS3 | AO
A1I7EYS3_9BURK

MKFKLDPSRPPDEDDYYLGVALAVRRKANCTGNRVAAVIVKNKRVIATGYNGVPEDMPNCLDGGCLRCSNPGGQF
KSGTRYDLCICVHAEQNALLTAARFGISVEGAHLYTTMQPCFGCAKEILQAKIEKVFYLHPWVPTDVDPVMDAAMK
AEYAKIIGKLKVKKLDFDDPVATWAVTTMRQAALASDKNPDKKTPPKTAKKKVAKKKSRTSPR

H8GQX8

tr| H8GQX8 | H8GQ
X8_METAL

MNHEHFMRRAIELARQAPQYPFGAVIVRRDDGQCVGQGFNRSDLNPTYHGEMVAINDCAVRHCAEDWRGFDLY
TTAEPCAMCQGAIEWAGIGRVFYGTSIPYLOQKLGWWQIDLRAAEVSARAVFRDTLIVGGILETECNALFAAARRGCF
GTGSE
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AOAOS8HZN3

tr| AOAOSS8HZN3 | A
0AOS8HZN3_9CHL
R

MDEHDIRFLRASFDVARNARKNGNHPFGALLVDEHGRIVMEAENTVITAKDCTGHAETNLMREASSKYDSDFLAN
CTIYTSTEPCPMCAGAIFWSNVRRVVYGLSEESLYEIAGRGSEEVLFLSCREIFERGKKLIEVIGPLLEDEAREVHMGFW
R

E3SF31

tr|E3SF31|E3SF31
_9CAUD

MKPTTVLQIAYLVSQESKCCSWKVGAVIEKNGRISTGYNGSPAGGVNCCEHAEEQGWLLNKPKPVLIPGHKSECVR
FSQVDRFVLAKAHREAHSAWSKNNEIHAELNAILFAARMGSSIEGATMYVTLSPCPDCAKAISQSGIKKLVYCETYDK
NIPGWDDILKNAGIEVFNVPKRSLDKLNWENINEFCGE

F8AAC6

tr| FSAAC6 | FSAAC
6_THEID

MIRAPWHEYFMLLAKIVALRSGCNSRPSGAVIVKNKRILATGYNGPMPGAWHCTDRGPGYCFRREKGIPDIDKYNF
CRATHAEANAIAQAARFGISVEGASLYCTLAPCYVCLKLIASAGIKKVYYEHDYGSRDFERDQFWKEAIKEAGLEKFEQ
ITVSQEVMEQLQEILPYPTSKRRLAPTEFLDEFEDGKKYGVPSIEVLFNKLNYLTRQALKDITFVIEKTTVTEEPEGISFYL
SGKMVELSELINTVKKQINADQNFYFLAKHNAIEAKIEILREAENIRLKAFLNECPLESFKRIAESLDYILYQVSNSLSLPT
RLELSVNLLRI

AOA2H4ZNK4

tr| AOA2HAZNK4 | A
0A2H4ZNK4_9EUK
A

MKKQLSRKIQEEWMSRLLRNAYDAGTYGEVPIAAVILNESGQCIGWGRNCREKDQNPLGHAEIIALRQASYLKKSW
RFNECTMLVTLEPCPMCAGALLQARINHIIYGASDYKRGGFGGVLDLSKNSSAHHKIEITRGVKSIQSCQLLETWFRR
RRRV

AOA239N5N1

tr| AOA239N5N1|A
0A239NS5N1_9PSE
D

MEGRAGIIPFDEGGAAMGPAEEDSPMQHLAYMREALALARANVEAGGRPFGAVLVRDGEVIARAANGTHLDHDP
TAHAELLALRAAGRALGSPRLDGCVVYASGHPCPMCLAAMHLSGVSAAYYAYSNADGEPYGLSTAAVYAQMAQP
VEWQSLPLQALRPEDEEGLYGFWRERRP

AOA328VTR2

tr| AOA328VTR2| A
0A328VTR2_9PSE
D

MHPEHLALLQQAPASTHADDTWARLCCEQALLAVEEGCYAVGALLVDGAGELLCSGRNQVFAPAYASAAHAEMR
VLDQLEAEHAQVDRRSLTLYVSLEPCLMCYGRILLAGITRVRYLARDRDGGFALRHGRLPPAWANLASGLSVVQAKA
DPYWLDLAEHAIGRLODRQTLRQRVIRAWRGQRTLTDEFSSTKRTHSG

AOA103YG48

tr| AOA103YG48| A
0A103YG48_CYNC
s

YIRELHASSLRRDEHEIQNPKILVIVDRLSSPSLHVSLSLSLSLVIFPPFIPLNQTPTHMENAKVVEAKDGTIAVASAFSGH
QEVVQDRDHKFLTRAVEEAYKGVECGDGGPFGAVVVHKDEVVASCHNMVLKHTDPTAHAEVTAIREACKKLNKIE
LSDCEIYASCEPCPMCFGAIHLSRIKRLIYGAKAEAAIAIGFDDFIADALRGTGFYQKAHLEIKQADGNGAMIAEQVFE
KTKAKFAIDHKFLTRAVEEAYKGVECGDGRPFGALVVHKDEVVVSCHNMVLNYTDPTAHAEITAIREACKKLNRIELS
DCEMYSSCEPCPMCFGAIQISRIKRLVYGAKAEASIASGIPIGDFISDALKGTGFHEKANFEIKQADGNGAMIAEQVFE
RTKAMFPKR

W5M1M8

tr|W5M1M8| W5
M1M8_LEPOC

NSSTRESRVMAQMEINGGASPPKKPGKGQSAADQDMITGLINKALQAKEFAYCPYSNFRVGAALMTNDGRVFTG
CNVENACYNLGVCAERTAILKAVSEGYESFRAIAVSSDLQDQFISPCGACRQVMREFGTGWDVFLTKVDGSYVRMT
VDELLPMSFGPDDLKKKKVFSLONGHEVSTQFYTHSPCEAGENNN

AOA3N5YPZ2

tr| AOA3NSYPZ2|A
0A3N5YPZ2_9ALTE

MSNSETEHIQALVDAAQAAQKQSYSPYSSFQVGAAIFADDGNTYSGCNIENVAYPLGQCAEATAIGMMIMQGAKR
IEDIMIASPNDQVCPPCGGCRQKISEFGTAETKIHMVTRSGEVSTVTLGELLPLAFDSL

AOA2A9NC86

tr] AOA2AINCS6 | A
0A2A9INCS6_9AGA
R

MTNSTLSNEDRTRLIQGAFQARKKTYSPYSNFPVGAALLTTDGRIIEGANIENASYGGTICAERTAIVKAVSDGYRHFA
GIAVTTKMPTRVSPCGICRQVLREFCSLDMPVLLVPGDYPQRNPVDDDGADKPGVITEGGVRETTLGALLPDSFGPE
NLPPRA

AOA2D6RD43

tr| AOA2D6RD43 | A
0A2D6RD43_9GA
MM

MNIENLITENDETLIRRCIELAGESVKNGDKPFGALLAKDGNIIFESSNNAKTKVPYHAEILTLMDAQDKLNTTDLSDY
ALYSNCEPCPMCSFMIREYKLDKVVFSVHSPYMGGQSRWNILEDDVLTRFKPYFSKPPNVVGGVLESEGKRIFDKVG
LWMFGKE

AOAOH3AVL6

tr| AOAOH3AVLE |A
0AOH3AVL6_BRUO
2

MHAKGYSQQERRIIPFANRFRFRELCSNKSLHGLRAKFPEQYTKWDPMRKAASITKANSATPMDIALEEAHAAGER
GEVPIGAVIVRDGEIARAGNRTREFNDVTAHAEILTIRQAGEMLGSERLIDCDLYVTLEPCAMCAAAISFARIRRLYYG
ASDPKGGGIEHGGRFYTQPTCHHAPEIYPGFCEADARKILKDFFREKR

AOA242H531

tr|AOA242H531|A
0A242H531_9ENT
E

MFIVKNNIEVIQQQAELDAKFMKQALKLAKDASNNGNEPFGAVLVKNDKVILTGENQIHTESDPTYHAELGIIRDFCT
SQKITDLSEYTLYTSCEPCCMCAGAMVWSNLDRMVYGLGHDELAEIAGFNIMIGSEEIFSKSPNRPEVAKGVLKEAA
VPVYVDYFQR

AOA2R6XZE2

tr| AOA2R6XZE2 | A
0A2R6XZE2_9BACL

MSGRISWHEYFMAQAKLIALRATCTRLMVGAVIVRDRRVIAGGYNGSIAGDEHCIDVGCKVRDGHCIRTIHAEQNA
LMQCAKFGVSTDGAELYVTHFPCLNCTKLLIQAGIRHIYYEVPYRVDPYAIELLEKAGVGTTQITVDLNAYVQVMSKV
STDPALTYVPESKAQKDEYGQSVGKIV

AOA139SHT6

tr| AOA139SHT6 |A
0A139SHT6_9BAC
T

MSEANASSESLPSRNSPVELIAEAAGKFGRRPTWDEYFMATAVLISTRSSCERLNVGCVIVTAGESHKNRIVAAGYNG
HLPGSPHTSRMRDGHEQATVHAEQNAISDAARRGSSVEGCTAYVTHYPCINCAKILASAGIAKICYRLDYHNDPLVK
PMLAEAGIEIVQLGEAAS

AOA261DBH2

tr| AOA261DBH2 |A
0A261DBH2_9RICK

MVMKKKLITVKRSTEFNNFFMEEALKQAQFALDKNEIPVGAIIVNRITNKVIAKAHNIVEQTKNPVLHAEIVAINQSC
QILSSKNLSDCDMYVTLEPCVMCSGAISFARIGRLFYAANDPKQGAIENGGRFFNSKSCFYRPEIYSGFSAKISENLIKE
FFYNVRYQKCNP

AOA2NOXZK6

tr]| AOA2ZNOXZK6 | A
0A2NOXZK6_9VIBR

MTDNSLHESYMRQAFELSKSALPGCRPNPPVGCVFVKDGEVVSSGFSQPPGNHHAEAGAIAAYTGSYDGLVAYVTL
EPCSFQGRTPSCAKALVRVRPEKVYVAILDPDTRNSGAGIKILEDAGIDVEVGLLGEEVASFLNPYLIRN

AOA1V5ROF9

tr| AOA1VSROF9 |A
0A1V5ROF9_9BAC
T

MTKKETTKLHALDDFCMKKALLLAKRAFRADEVPVGALVVDSSNKVIGRGYNQVEKRKSQRAHAEQLAIEQACKKI
GDWRLEGCTLYVTLEPCTMCMGLIKLSRIERVVFGAASPLFGYQLDKNRKSQLYKKGVIKIRKGVGKATAAALLKDFF
KNKRM

AOA2WOH8Y3

tr] AOA2WOHSY3|
AOA2WOH8Y3_9B
ACI

MKNNGRLDHEYFMTEALQEAKEAGQRGDLPIGAVIVHNGRIIARGSNMRKTAGIKISHAENNAMHNCAPYLMKH
ASECVIYTTLEPCIMCLTTLVMANIDSIVFAADDKYMNMKPFIDANSYIRDRIHQYKGGVCRGESEALLRKYSPYAAEL
ALNGTHPHHRKGGA

AOA261BDB7

tr| AOA261BDB7| A
0A261BDB7_CAER
E

LYKLYIFRMTTTKANLTQFEQELVDKAVGAMEKAYCKYSGFKVGAALVCEDGEIIGANHENASYGATICAERSAMVT
ALTKGHRKFKLLAVATELEAPCSPCGICRQYLIEFGDYKVILGSSTSDQIIETTTYGLLPYAFTPKSLDDHEKEAEERNHQ
EGEKKH
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AOA2E1PHI6

tr| AOA2ELPHI6| A
0A2E1PHI6_9GAM
M

MKELLIHSWLMLNSNSKLIMERVIELSEINLKNGKIPIAAVIVDKKNYEISESQNEDSPIGHAELLAITKALKKLNTNRLD
STNLFVTIEPCPMCAYAISKCHINRLYFGSEDEKGGGVINGPRIFESHNLKKIDYVSHCYHEKTTQLMQSFFQLKRNQQ
L

AOA378LUA7

tr| AOA378LUA7 |A
0A378LUA7_9GA
MM

MDTIIKKMISNAHNTLAHSYSPYSKFSVASCICTDKDNFYTGVNVENSAYGLAICAETSAISAMVTAGEKRIKSMVVM
AGTNILCSPCGACRQRIYEFSTPDTLIHLCDKNSILRTFKINELLPEAFKFDFNP

AOA139HQ78

tr| AOA139HQ78 | A
0A139HQ78_9PEZI

MADSLKSKPGHARHDTALIHGLSQSDVQKLSESCVDAKSKAYCPYSHFRVGCAVLLANGDVVQGANVENAAYPVG
TCAERVALGTAVGAKKGDFRALAVSTDISPPASPCGMCRQFIREFCELNTPILMYDKDGKSVVMTLEQLLPMSFGPD
KLLPPGQLENGLMQTQTQSSFVTRAFSTTSSRRQDDTPQVPQSHYDFFPQTFPQGPPPKTSFSPDLKQLRKEFLQLQ
AKAHPDLAPQDQKRRAEALSMRINEAYKTLQSPLRRAQYLLSQQGIDVEDETAKLDDSSLLMEVMEAREAVEEVED
EEQLNEIRAENNGRIEESVRVLEDAFRDNEFEKAAQEAIRLRYWVNIEESIQGWEKGNGGGILHH

AOA2A9FXVO

tr| AOA2A9FXVO| A
0A2A9FXVO_9VIBR

MCNLKENKDMDKYFHFACDATIEGMREGTGGPFGATLTRNGEVVCSVANTVLKDMDISGHAEMVAVREACKKLD
TLDLSDCVMYATCEPCPMCVSVMLWAGIKTCYYASTHLDAAKHGFSDQQLRDYLDGSDTSTLNMVHIEDNRDDCA
KIWTEFRHLNETKNDG

AOA1A8AG96

tr| AOA1ASAGI6 | A
0A1A8AG96_NOTF
U

MEHSDRWSRAEPGLSTSSRETRDGSTQTDCKLQGHGPRLSKVNLFTLLSLWMELFPQEQDEENGQSQIRRSGLVVV
REGKVVGLHCSGADLHAGQAAILQHGASLANCQLFFSRRPCATCLKMIINAGVRQITFWPGDPEISMLTSNQTHSQ

RTSQSITEASLDATAVEKLKSNSRPQICVLMQPLAPGVLQFVDETSRRSDFMERMMDDDPELDSEKLFNSDRLRHLK
DFCRHFLIQTDQRHKDILSQMGLKNFCVEPYFSNLRSNMTELVEVLAAVAAGMPQQHYGFYREESLSLDPHPVDVS

QAVARHCIVQARLLSYRTEDPKVGVGAVIWAKGQSACCCGTGRLYLIGCGYNAYPAGSKYAEYPQMDNKQEDRER

RKYRYIVHAEQNALTFRTRDIKPDECSMLFVTKCPCDECIPLIRGAGVKHIYTSDQDRDKDKGDISYLRFGSLKGVCKFI

WQRSPPVSSASSLHLTNGCVGKHVRQAEQQIYKNKKLCTKGSSGSSDIC

AOA3E2VN88

tr| AOA3E2VNS8| A
OA3E2VN8S_9FIR
M

MEKEITNMDKQKLIQMAVDGLGRSYAPYSHFHVSAALLCADGTVYTGNNIENAAYTPSVCAERCAIFKAVGDGRRE
FEAIAVCGGPDGVIEDYCPPCGVCRQVMREFCDPSSFRVLVAKTAEDYREYTLEQLLPDGFGPDHLTGSGER

AOA2D5ZRJ2

tr| AOA2DS5ZRI2 A
0A2D5ZRJ2_9BACT

MARPVHLHTGERRTEEGATESRAVAAVATAITRAPRAPPRPATGRERDGPPPRRVFGGGLRVGDPSGYDRGESKPI
GGPLTEKRSDWHSYFMRIAGEVATRATCDRKHVGAVIVRNRTILSTGYNGSIRGMPHCDDVGHDMVDGHCIATIH
AEANAILQAARNGVMIQDGSIYITASPCWNCFKLVANAGLKRVYYGEFYRDKRSFEVARRLGIDLMHIEV

AOA1B8WPS3

tr| AOA1BSWPS3 |
AOA1BSWPS3_9BA
cl

MEGVQLIYQFQWGNLIMTVNKEDLYLIDVARNTIKTLYVDGKHHVGAAVRTKTGKIYSAVHLEANIGRVSVCAEAIA
LGKAISEGESEFDTIVAVRHPDPTQENQKIEVVSPCGICRELISDYGKGTNVILKNKEGYIKTVISDLLPNKYIREDN

AOA1WS5ZQK9

tr] AOAIWS5ZQK9 |
AOAIW5ZQK9_9B
ACI

MNRFMERAVSLAAENVRVGGQPFGAVLVKDDELVAEGVNEMHLNYDVSGHAELLAIRRAQGELQTHDLSGYTMY
ASGEPCPMCLSAMYFAGIKDVFYCATVEEAAQVGLEKSKNVYDDLQKSKGERSLVMKQMPLEDDQEDPMKLWDE
RTNHNGTS

AOA378VOW4

tr| AOA378VOW4 |
AOA378VOW4_MY
CFO

MVHAQFDPTARQALAATAVEAKTRKDLTWQQIADAAELSPAFVTAAVLGQHALPARSAEAVAALLGLDDDAALLL
QTIPIRGSIPGGIPTDPTIYRFYEMLQVYGTTLKALVHEQFGDGIISAINFKLDVRKVADPEGGERAVITLDGKYLPPNPF
DRVRYRGGLMDFAQRTIDIARQNVAEGGRPFATVIVKNGEILAESPNLVAQTHDPTAHAEILAIRKACTRIGTEHLIG
ATIYVLAQPCPMCLGSLYYCSPDEVVFLTTRDAYEPHYVDDRKYFELNMFYDEFAKPWDQRRLPMRYEPRDAAVDV
YKLWQERNGGERRVPGAPTSTRPGKNPRGE

I13XFO3

tr|13XFO3 | 13XFO3_
RHIFR

MKQRCMSPKSAQRFWDNDMHNNKDRPMSENELFVAAREAMAKAHAPYSKFPVGAAIRAEDGQIYTGANIENLS
FPEGWCAETTAISHMVMAGQRKIMEVAVIAEKLALCPPCGGCRQRLAEFSGASTRIYLCDETGIKKSLALSDLLPHSF
ETEILG

F8IEF3

tr| FSIEF3 | F8IEF3_
ALIAT

MDAKELETRGWLCMRAVDVIDKKRRGEALAEEELRFLIEGYVAGRIPDYQMSAFLMAVVWRGMTREETLVLTRLL
ADSGERLDLSGIPGVKVDKHSTGGVGDKATLVVLPLVASIGVPVIKMSGRGLGHTGGTIDKLESIPGFRTDLSVAELVA
QVRQVGIALGGQTADLAPADKKLYALRDVTGTVESLPLIASSVMSKKLAGGADAIVLDVKVGDGAFMKSRSDARRL
ARLMVEIGEAAGRRTVAVLSNMDQPLGCAIGNALEVAEAIRVLSGEGPFDLAEIALALAEEMTVLAGVAATREEARR
MLRQSVAEGRALETLRRWIAAQGGDPAVVDDPSRLPQAPVQMPYLPKKAGFVAKLSALAFGLAAMRLGAGRETKE
EAIDPSVGIVLHAKVGDRVQTHRPMFTVHARTGEDALRCIQELEAAIQISDDPVEAPPLILARIDRSEALPYADLMDA
AREARDRAYVPYSGFAVGAALELADGRMVTGANVENASYGLTNCAERSAVFRAVAEGGPGTKPEIRAVAVIADSPE
PVSPCGACRQVLAEFCSPDTPVYLGNLQGDVRETTVGALLPGAFTDAQMANVRRQDKEA

AOA1G3M638

tr| AOA1G3M638|
AOA1G3M638_9SP
IR

MKTTNINALDKWDLRFLOMAEHVAEWSKDPSTKVGAVIVRPDRTIASVGFNGFARGVRDTVERLWNRELKYPLTV
HAELNAILSAHEPVRGHSLYVSPLSPCSNCAGVIIQSGIARVVAKCGQVNNPAQWSESFNLALTAFAEAGVSVILVEH

AOA3D9LFR2

tr| AOA3DILFR2 A
0A3DILFR2_9IMIC
C

MEQNDHGSSGAFSDPFEDDIPLTASLPRITGTGSGIDWQRLESTARAAMTRAYVPYSRFPVGAAALVEDGRVVAGC
NIENASLGLTLCAECSLVSNLOMSGGGRIVAFYCVDGNGEVLMPCGRCRQLLYEFHAPGMRLMGPDGELTMDEVL
PLAFGPADMTHLSDSAASTDDPGRTR

AOA3BI9YGB5

tr| AOA3BOYGB5 | A
0A3B9YGB5_9BAC
T

MAKPISKKYRKLIETAKAARKKAYSPYSRYQVGAAVLTESGRIYSGANMENASYGLCMCAERVAIANAVTRGEKVLQ
AVCVVGKKARPCGACRQVMLEFSTKETELLMVDIDPNARRDTVIRTRVYSMLPNPFDPFESGMLPQHPQNLLRRRK
SPQPRRKRRSRPVHREVSR

AOA182F569

tr| AOA182F569| A
0A182F569_ANOA
L

MPRPSQFRVSSSQSLSNSQIQASQSSDSVVDITSYVNAVVKALLNLSCTKTIKRADLVNIALKGNGRLIGRVLQDANIE
LKEIYGYELIEVEKSKTMILCSTLAAGSMDELNDANRRRYTFLYLILGYIFMKNGSVPETIVWEFLETLGIEEQQEHNYF
GDVRKLYDSLFKQAYLTRTKQALEGLNDDVMLISWGVRSKHEVSKKDILAGFCKVMNRDPVDFKAQYIEANEKDDK
MNNNINGTVDGRNTVEYSSLDASVKELIEAAIKVRNNAYCPYSNFAVGAALRTVGGDIVTGCNVENGTFGPSVCAE
RTAVCKAVSEGHREFTAVAVVAFQETEFTAPCGTCRQTLSEFSRKDIPIYLVKPSPVRVMVTSLFQLLPHAFSPSFLNK

AO0A26470D4

tr| AOA264Z0D4 | A
0A264Z0D4_9BACI

MEPKKLIEEAIVASKQAYVQYSNFHVGAALLTKDGKLYHGCNIENASYGLTNCAERTAIFKAVSEGEKEFQAIAVVGD
TEGPISPCGACRQVLAEFFSPDTVVILANLKGDHVVTNINELLPGFFSSKDLOKKVKNCFEKNALGSSCLRPI
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AOA1L9Q1R3

tr|AOA1L9QIR3|A
0A1L9QIR3_ASPV
E

MPLSAEEAALVETATATINSIPLSEDYSVASAAKASDGRVFTGVNVYHFTGGPCAELVVLGVAAAAGAAQLTHIVAV
ANEQRGILSPCGRCRQVLLDLQPNIQVIVGKEGSEQSVPVAQLLPFSYRQPDQHTPVIFKALTSSGPVVVDFFATWC
GPCKAVAPVVGKLSETYTDVRFIQVDVDKARSISQEHDIRAMPTFVLYKDGKLLDKRVVGGNMKELEEQIKAIIA
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Supplementary Table 2. Sequences of sgRNAs used in this study. Target sites for
guided off-target?, targeted RNA-seq® and Figure 5b* are the same as previous

publication and not listed.

S. pyogenes SgRNA scaffold:
GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

S. aureus SgRNA scaffold:
GUUUUAGUACUCUGUAAUGAAAAUUACAGAAUCUACUAAAACAAGGCAAAAUGCCGUGUUUAUCUCGUCAACUUGUUGGCG
AGA

site protospacer sequence PAM Cas9 scaffold PAM Cas9 scaffold
1 GAUGUGUCUACUGUUACUUACA AGGAAT S. aureus AGG S. pyogenes
2 GCACCCAGGGGUUCUGCAGAGC AGGGAT S. aureus AGG S. pyogenes
3 GCAUUCCACUCCGUCCGCCUC CGGAGT S. aureus CGG S. pyogenes
4 GCCACAGACUUUUCCAUUUGC AGGAGT S. aureus AGG S. pyogenes
5 GCCACAGUGGGAGGGGACAUG GGGAAT S. aureus GGG S. pyogenes
6 GCCCAGCAAUUCACUGUGAAG AGGGAT S. aureus AGG S. pyogenes
7 GCCCAGCUCCAGCCUCUGAUG AGGGGT S. aureus AGG S. pyogenes
8 GCCCUGAUCUGCACUGAACAG AGGGGT S. aureus AGG S. pyogenes
9 GCCUCAAGUCUGGUUAUUUUAG GGGGAT S. aureus GGG S. pyogenes
10 GCCUGGCAGAUGAGAACCAGG AGGAAT S. aureus AGG S. pyogenes
11 GCGAAAGGCUCGCGGCGAAGGA AGGAAT S. aureus AGG S. pyogenes
12 GCUCCUCUCACCCUUAUGACUC AGGGAT S. aureus AGG S. pyogenes
13 GCUGCAAGGGUUGGCCAGGCU GGGAAT S. aureus GGG S. pyogenes
14 GGCCUCCGUAUCACUCUCUGAC TGGGGT S. aureus TGG S. pyogenes
15 GGGUACCUGAGUGGGGUGCAUU TGGGGT S. aureus TGG S. pyogenes
16 GGUCGACCCUUGGUAUCCAUG GGGGAT S. aureus GGG S. pyogenes
17 GGUCGUAGCCAGUCCGAACCC CGGAGT S. aureus CGG S. pyogenes
18 GUAACUGAACCCCUGCAAUCAA TGGGAT S. aureus TGG S. pyogenes
19 GGCCUCCGUAUCACUCUCUGAC TGGGGT S. aureus TGG S. pyogenes
20 GCUUUCCUUAGCUGUAAAAGAA AGGGAT S. aureus AGG S. pyogenes
21 GUGGCACUGCGGCUGGAGGU GGGGGT S. aureus GGG S. pyogenes
22 GUAGGGCCUUCGCGCACCUCA TGGAAT S. aureus TGG S. pyogenes
23 GGCCUCCCCAAAGCCUGGCCA GGGAGT S. aureus GGG S. pyogenes
24 GCACAUUCACGGUCUCAGUGC AAGGAT S. aureus AAG S. pyogenes
25 GGAAACCUUGAAUAAGAAUGGA AGGGGT S. aureus AGG S. pyogenes
26 GUAUUACUAUUAUUAUCUGAGA TGGGGT S. aureus TGG S. pyogenes
27 GUGGGACUGAUCCCUUAAUGUG TGGGGT S. aureus TGG S. pyogenes
28 GAAAGAGACAGAGAAGGGGCA GGGGGT S. aureus GGG S. pyogenes
29 GAAGGCUUUACUGUAUUACAGA AGGGGT S. aureus AGG S. pyogenes
30 GACCAAAACGAGGGACAUUUA GGGGAT S. aureus GGG S. pyogenes
31 GACCAGGUCAGCAAACAUGUU TGGAAT S. aureus TGG S. pyogenes
32 GACUCAGCGCCCCUGCCGGGCC TGGGAT S. aureus TGG S. pyogenes
33 GAGAAGAAACCAGGGAACAGGU AGGAGT S. aureus AGG S. pyogenes
34 GAGUGGGAACUUUCUGAUGCCA TGGAAT S. aureus TGG S. pyogenes
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Supplementary Table 3. DNA sequences of oligos used in this study. Primers for
guided off-target? and targeted RNA-seq?® are the same as previous publication and not
listed.

Oligos used in vitro assays (adaptor sequences were highlighted in yellow, * stands for
phosphorothioate bonds):

Oligo1:
T*G*GTTTGTGTATTGGGTGAAGGTGAAAGGGTGAAAAAAATTGTCTGTAAGTAAGGGTGGTAAAGAA
TAAATGTAGGAATTTTGGTGGG*A*T

Oligo2:
G*G*TTTGTGTATTGGGTGCCTTCTATTTCCAGCTCGAAGCGAAAAAACAGATAAGTTCATAACCGCAT
GTAGGAATTTTGGTGGGA*T*A

Oligo3:
G*G*TTTGTGTATTGGGTGTATCTTAACAATGTTAATAACGTATAAAGGCTGTTCATTCCCTCGCGCAT
GTAGGAATTTTGGTGGGA*T*A

Oligo4:
G*G*TTTGTGTATTGGGTGCGTCAACTTTTCCAGTTCTTAATTAAGACCTTTAGCCGTGTGTGTAAATG
TAGGAATTTTGGTGGGA*T*A

Oligo5:
G*G*TTTGTGTATTGGGTGGTTTAGCGATTTAACTTCTTAAAAAAAAACGTCAGCCCTAAGGTATTATG
TAGGAATTTTGGTGGGA*T*A

Primers used in amplicon sequencing:

HTS FP sitel ACACTCTTTCCCTACACGACGCTCTTCCGATCTACTGTCTTTTGATCTACAGCAGTTAAT
HTS FP site2 ACACTCTTTCCCTACACGACGCTCTTCCGATCTAGCCTCTTTCCTGCTAGAGC

HTS FP site3 ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTTTCGCTGCCCTTTCCTCT

HTS FP sited ACACTCTTTCCCTACACGACGCTCTTCCGATCTGATATCTCCAGGCTCCTGTCCATTCT
HTS FP siteb ACACTCTTTCCCTACACGACGCTCTTCCGATCTCCATCCTAAGTGAAGCAGCATATTTGA
HTS FP siteé6 ACACTCTTTCCCTACACGACGCTCTTCCGATCTAGGTGGGGGTGACTCCTTTTTTGGA
HTS FP site?7 ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTTGTCTGTCCAAGGAGAATGAGGTC
HTS FP site8 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACCTGGAGGCCTGGGATCCACA

HTS FP site9 ACACTCTTTCCCTACACGACGCTCTTCCGATCTCCTTTAGGACACATGCTGTCTACCACA
HTS FP sitel0 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGCCAAAGTCTGAGGTTTAGTTGACTAA
HTS FP sitell ACACTCTTTCCCTACACGACGCTCTTCCGATCTAAGCGGGTTCTCATTGTTCCCGTGTCT
HTS FP sitel2 ACACTCTTTCCCTACACGACGCTCTTCCGATCTAACCAGTCCCTGTCCTGAATCTATCTA
HTS FP sitel3 ACACTCTTTCCCTACACGACGCTCTTCCGATCTTTGCTTTCGGGTATCTACTAGGAGTCA
HTS FP sitel4 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGGGCTATCAAACCTCATGATTGGC
HTS FP sitel5 ACACTCTTTCCCTACACGACGCTCTTCCGATCTAAGCTGTCCAGCTGGAAGCCTGGTAA
HTS FP sitelé6 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGCCTAAGTTATATGCAAACATCATGCC
HTS FP sitel? ACACTCTTTCCCTACACGACGCTCTTCCGATCTGCTGCTGGAATACCGAGGAC

HTS FP sitel8 ACACTCTTTCCCTACACGACGCTCTTCCGATCTACGAGGTAAGTGTGTGGATTAGTTTCA
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HTS FP sitel9 ACACTCTTTCCCTACACGACGCTCTTCCGATCTAGTGGTTACTTTGCCGGGTT

HTS FP site20 ACACTCTTTCCCTACACGACGCTCTTCCGATCTACCCTAGCCCTCGGTGCCCTTAGTT
HTS FP site2l ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGAACCCAGGTAGCCAGAGAC
HTS FP site22 ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCATTGCAGAGAGGCGTATCA
HTS FP site23 ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCAGAGTGCTGCTTGCTGCT
HTS FP site24 ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGAAACCATGTCTCTGGATGCC
HTS FP site25 ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNAGGCCTTTTCTTGGGGATGC
HTS FP site26 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGTGGGAACATCACCGGAGCCTGG
HTS FP site27 ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTGACACTAAATATGTGGTTTTTTGCT
HTS FP site28 ACACTCTTTCCCTACACGACGCTCTTCCGATCTCGAACTCCTAGGCTCAAGTAATCCA
HTS FP site29 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGCCAGTAATTGCATTAAACCCTCACTA
HTS FP site30 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGGCTCCCACTCTCTCCCAGTGTCCTCA
HTS FP site3l ACACTCTTTCCCTACACGACGCTCTTCCGATCTTCTGCCTGTGTGAAGCTCCC

HTS FP site32 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGGGAGTCCTCCCTTCACCCCTGC
HTS FP site33 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGTGCCAAGGCATAAAAGCCTTCCCTG
HTS FP site34 ACACTCTTTCCCTACACGACGCTCTTCCGATCTACTCGCTGGCCTGGCCTTTCTTCTC
HTS RP sitel TGGAGTTCAGACGTGTGCTCTTCCGATCTAAGAAACAGATTACAGAAGTAGATGCA
HTS RP site2 TGGAGTTCAGACGTGTGCTCTTCCGATCTTCTCTCCTATGTGCTGGCCT

HTS RP site3 TGGAGTTCAGACGTGTGCTCTTCCGATCTCTACACTGGAACCCCGACTC

HTS RP sited TGGAGTTCAGACGTGTGCTCTTCCGATCTCCAGCCGATATTTCAGAACTAATCAGA
HTS RP site5 TGGAGTTCAGACGTGTGCTCTTCCGATCTAACAATGGCAAGGGCCTGCCCTG

HTS RP site6 TGGAGTTCAGACGTGTGCTCTTCCGATCTGGGCAGAAGGAAAAATCTATCCTGGAA
HTS RP site?7 TGGAGTTCAGACGTGTGCTCTTCCGATCTGCACAGAACCCGCTGCTAGAGACTCCA
HTS RP site8 TGGAGTTCAGACGTGTGCTCTTCCGATCTGGAAAGTCTGGTTAGAGCTCAGAGGGA
HTS RP site9 TGGAGTTCAGACGTGTGCTCTTCCGATCTGTGGTGGAGTGCTCTGTGTTTGTCT

HTS RP sitel0 TGGAGTTCAGACGTGTGCTCTTCCGATCTATTACAGGTGTGGGCCACCTTGCCC

HTS RP sitell TGGAGTTCAGACGTGTGCTCTTCCGATCTTCCGCCTCCGGAGTAGGGCTGCAGAGA
HTS RP sitel2 TGGAGTTCAGACGTGTGCTCTTCCGATCTGGAAGGCAGACTGTATCTGGTCTTTT

HTS RP sitel3 TGGAGTTCAGACGTGTGCTCTTCCGATCTTCTAGCAGGAAAGAGGCTCAGGCCCA

HTS RP sitel4 TGGAGTTCAGACGTGTGCTCTTCCGATCTACACACAGACACTGCAGAGAATAACA

HTS RP sitel5 TGGAGTTCAGACGTGTGCTCTTCCGATCTCCGCCCAGCACTCGCAGAGCAGA

HTS RP sitel6 TGGAGTTCAGACGTGTGCTCTTCCGATCTGATGAGAATGCACCATGATTCCAATCA
HTS RP sitel? TGGAGTTCAGACGTGTGCTCTTCCGATCTGCAACTCTCTTTTCTCCGGGA

HTS RP sitel8 TGGAGTTCAGACGTGTGCTCTTCCGATCTCTACCAAGGAGAGTCATTCCTTTCAGA
HTS RP sitel9 TGGAGTTCAGACGTGTGCTCTTCCGATCTAAGACAGTCTGGGAAGCGTG

HTS RP site20 TGGAGTTCAGACGTGTGCTCTTCCGATCTACTTGGTATTTTAGAAGACTGTTTTCT
HTS RP site2l TGGAGTTCAGACGTGTGCTCTTCCGATCTTCCTTTCAACCCGAACGGAG

HTS RP site22 TGGAGTTCAGACGTGTGCTCTTCCGATCTGGGGTCCCAGGTGCTGAC

HTS RP site23 TGGAGTTCAGACGTGTGCTCTTCCGATCTAAAAGGGAGATTGGAGACACGGAGA
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HTS RP site24 TGGAGTTCAGACGTGTGCTCTTCCGATCTAGAGAAATCACACTAGCTAGCCT

HTS RP site25 TGGAGTTCAGACGTGTGCTCTTCCGATCTTGCTCTCAACAAAAGTGAAGAACA
HTS RP site26 TGGAGTTCAGACGTGTGCTCTTCCGATCTTGCATAACCTACACACATCCTCTGATA
HTS RP site27 TGGAGTTCAGACGTGTGCTCTTCCGATCTGGATTGCGGAAATCCCCAACTTATAGC
HTS RP site28 TGGAGTTCAGACGTGTGCTCTTCCGATCTGCCTGGACTCCAGACAGGCTTCC

HTS RP site29 TGGAGTTCAGACGTGTGCTCTTCCGATCTAAGGCCAAGAATCTTGCTAGTAGTGGA
HTS RP site30 TGGAGTTCAGACGTGTGCTCTTCCGATCTGGATAGAGCAAAAGAAGTAGTGCCTGG
HTS RP site3l TGGAGTTCAGACGTGTGCTCTTCCGATCTTGAAACTGTCACTGAAACATCTGGT
HTS RP site32 TGGAGTTCAGACGTGTGCTCTTCCGATCTGTTCTCAAGAAAAGGCCACCCCTCAG
HTS RP site33 TGGAGTTCAGACGTGTGCTCTTCCGATCTTGCTTAGAGGGTAAAAACCCAGGAGGA
HTS RP site34 TGGAGTTCAGACGTGTGCTCTTCCGATCTGGGAGAGAGGCAGGGCGGGCATG
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Supplementary Table 4. DNA sequences of mammalian expression plasmids for the
core CBEs showed in this study. The deaminase sequence is highlighted for BE4-
rAPOBECA1. For the rest of constructs, only the deaminase sequences are shown. The

backbone sequences are identical.

BE4-rAPOBEC1
TGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGT
TCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCAT
TGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAAC
TGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCA
TTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGG
TTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGT
TTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTA
CGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCGCTAGAGATCCGCGGCCGCTAATACGACTCACTA
TAGGGAGAGCCGCCACCATGAGCAGCGAGACAGGCCCTGTGGCCGTGGACCCCACCCTGCGGCGGAGAATCGAGCCTCATG
AGTTCGAGGTGTTCTTCGACCCTCGGGAACTGAGAAAAGAGACATGCCTGCTGTACGAGATCAACTGGGGCGGAAGACACAGC
ATCTGGCGGCACACCAGCCAGAACACCAACAAGCACGTGGAAGTGAATTTCATCGAGAAGTTCACCACCGAAAGATACTTCTG
CCCCAACACCAGATGCAGCATCACATGGTTCCTGTCTTGGTCCCCTTGCGGCGAGTGCTCTAGAGCCATCACCGAGTTCCTGA
GCAGATATCCTCACGTGACACTGTTCATCTACATCGCCAGACTGTATCACCACGCCGATCCTAGAAATAGACAGGGCCTGCGG
GACCTGATCAGCTCCGGCGTGACCATCCAGATCATGACCGAGCAGGAGAGCGGCTACTGTTGGAGAAACTTCGTGAACTACTC
TCCTAGCAACGAGGCCCACTGGCCTAGATACCCCCACCTGTGGGTGCGGCTGTACGTGCTGGAACTGTACTGCATCATCCTGG
GACTGCCTCCATGTCTGAACATCCTGAGAAGAAAGCAGCCTCAGCTGACCTTCTTCACAATCGCCCTGCAGAGCTGCCACTAC
CAGAGACTGCCCCCCCACATCCTGTGGGCCACCGGCCTGAAGCTTAAGAGCGGAGGATCTCTTAAGAGCGGAGGATCTAGCG
GCGGCTCTAGCGGATCTGAGACACCTGGCACAAGCGAGTCTGCCACACCTGAGAGTAGCGGCGGATCTTCTGGTGGCTCTGA
CAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGC
AAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCG
AAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA
GATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGA
AGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAG
AAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGC
CACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCA
GCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGG
CTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGAAACCTGATTGCCCTGAGCCTGGGCCTGA
CCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGA
CAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGC
GACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGG
ACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGC
TACGCCGGCTACATTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCAC
CGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAG
ATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGA
GAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGA
GCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGAC
CAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTATAACGAGC
TGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCT
GCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGG
AAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTC
CTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGA
ACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGG
CTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCG
CCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAG
GGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGG
TGGACGAGCTCGTGAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCA
GAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAA
CACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCA
GGAACTGGACATCAACCGGCTGTCCGACTACGATGTGGACCATATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACA
ACAAGGTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAA
CTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTG
AGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGG
ACTCCCGGATGAACACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTG
TCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGC
CGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGC
GGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTCA
AGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTG
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GGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAG
ACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAA
GAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAA
CTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGC
CAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGA
GAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCC
AGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGA
CGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACA
ACAAGCACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCC
GCCTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCA
GAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGGGAGGTGACTCTGGTGGAAGCGGAGGATCTGGCGG
CAGCACCAATCTGAGCGACATCATCGAGAAAGAGACAGGCAAGCAGCTGGTCATCCAAGAGTCCATCCTGATGCTGCCTGAAG
AGGTGGAAGAAGTGATCGGCAACAAGCCCGAGTCCGACATCCTGGTGCACACCGCCTACGATGAGAGCACCGACGAGAACGT
GATGCTGCTGACCTCTGACGCCCCTGAGTACAAGCCTTGGGCTCTCGTGATCCAGGACAGCAACGGCGAGAACAAGATCAAGA
TGCTGAGCGGCGGCTCTGGTGGCTCTGGCGGATCTACAAACCTGTCCGATATTATTGAGAAAGAAACCGGGAAACAGCTCGTG
ATTCAAGAGTCTATTCTCATGCTCCCGGAAGAAGTCGAGGAAGTCATTGGAAACAAGCCTGAGAGCGATATTCTGGTCCATACA
GCCTACGACGAGTCTACCGATGAGAATGTCATGCTCCTCACCAGCGACGCTCCCGAGTATAAGCCATGGGCACTTGTCATTCA
GGACTCCAATGGGGAAAACAAAATCAAAATGCTCCCAAAGAAAAAACGCAAGGTGGAGGGAGCTGATAAGCGCACCGCCGATG
GTTCCGAGTTCGAAAGCCCCAAGAAGAAGAGGAAAGTCTAACCGGTCATCATCACCATCACCATTGAGTTTAAACCCGCTGATC
AGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCC
CACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCA
GGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAG
AACCAGCTGGGGCTCGATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTA
TCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTAGGGTGCCTAATGAGTGAGCTAACTCACATT
AATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGA
GAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGT
ATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGC
AAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGA
CGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCC
TGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTA
GGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTA
TCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAG
AGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTG
CGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTT
TTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCA
GTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAA
GTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATC
TGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGT
GCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCA
GAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATA
GTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCC
AACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTA
AGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGT
GACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATA
ATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGC
TGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGC
AAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATAT
TATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCG
CACATTTCCCCGAAAAGTGCCACCTGACGTCGACGGATCGGGAGATCGATCTCCCGATCCCCTAGGGTCTTACTCTCAGTACA
ATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATT
TAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGC

BE4-PpAPOBEC1

ATGACCTCTGAGAAGGGCCCTAGCACAGGCGACCCCACCCTGCGGCGGAGAATCGAGAGCTGGGAGTTCGACGTGTTCTACG
ACCCTAGAGAACTGAGAAAGGAAACCTGCCTGCTGTACGAGATCAAGTGGGGCATGAGCAGAAAGATCTGGCGGAGCTCTGG
CAAGAACACCACCAACCACGTGGAAGTGAATTTCATCAAGAAGTTCACCAGCGAGAGAAGGTTCCACAGCAGCATCAGCTGCA
GCATCACCTGGTTCCTGAGCTGGTCCCCTTGCTGGGAATGCAGCCAGGCCATCAGAGAGTTCCTGAGCCAACACCCCGGAGT
GACACTGGTGATCTACGTGGCCAGACTGTTCTGGCACATGGACCAGAGAAACAGACAGGGCCTGAGAGATCTGGTCAACAGC
GGCGTGACTATCCAGATCATGCGGGCCAGCGAGTACTACCACTGTTGGCGGAACTTCGTGAACTACCCCCCCGGCGATGAGG
CCCACTGGCCTCAGTACCCTCCTCTGTGGATGATGCTGTACGCCCTGGAACTGCACTGCATCATCCTGTCTCTGCCTCCATGTC
TGAAGATCTCTAGAAGATGGCAGAACCACCTGGCCTTCTTCAGACTGCACCTGCAGAATTGCCACTACCAGACCATCCCCCCC
CACATCCTGCTGGCTACAGGCCTGATCCACCCTTCTGTGACCTGGAGA

BE4-RrA3F

ATGAAGCCCCAGATCAGGGACCACCGCCCCAATCCTATGGAGGCCATGTACCCTCACATCTTCTATTTTCACTTCGAGAACCTG
GAGAAGGCCTACGGCCGGAATGAGACCTGGCTGTGCTTTACAGTGGAGATCATCAAGCAGTATCTGCCAGTGCCCTGGAAGAA
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GGGCGTGTTCCGGAACCAGGTGGATCCAGAGACCCACTGCCACGCCGAGAAGTGTTTTCTGTCCTGGTTCTGTAACAATACAC
TGTCTCCCAAGAAGAATTACCAGGTGACCTGGTATACAAGCTGGTCCCCTTGCCCAGAGTGTGCAGGAGAGGTGGCAGAGTTT
CTGGCAGAGCACAGCAACGTGAAGCTGACCATCTACACAGCCCGGCTGTACTATTTCTGGGACACCGATTATCAGGAGGGCCT
GAGATCTCTGAGCGAGGAGGGCGCCTCCGTGGAGATCATGGACTACGAGGATTTTCAGTATTGCTGGGAGAACTTCGTGTACG
ACGATGGCGAGCCTTTTAAGAGGTGGAAGGGCCTGAAGTATAATTTCCAGTCTCTGACACGGAGACTGCGCGAGATCCTGCAG

BE4-AmAPOBEC1

ATGGCCGACAGCTCCGAGAAGATGAGGGGCCAGTACATCAGCCGCGACACCTTTGAGAAGAATTATAAGCCCATCGATGGCAC
AAAGGAGGCCCACCTGCTGTGCGAGATCAAGTGGGGCAAGTACGGCAAGCCTTGGCTGCACTGGTGTCAGAATCAGCGGATG

AACATCCACGCCGAGGACTATTTCATGAACAATATCTTTAAGGCCAAGAAGCACCCTGTGCACTGCTACGTGACCTGGTATCTG

TCTTGGAGCCCATGCGCCGATTGTGCCTCCAAGATCGTGAAGTTCCTGGAGGAGCGGCCCTACCTGAAGCTGACCATCTATGT

GGCCCAGCTGTACTATCACACAGAGGAGGAGAATAGGAAGGGCCTGCGGCTGCTGCGGAGCAAGAAAGTGATCATCCGCGTG
ATGGACATCTCCGATTACAACTATTGCTGGAAGGTGTTCGTGTCTAACCAGAATGGCAACGAGGACTACTGGCCACTGCAGTTT

GATCCCTGGGTGAAGGAGAATTATTCTCGGCTGCTGGATATCTTCTGGGAGTCCAAGTGTAGATCTCCCAACCCTTGG

BE4-SsAPOBEC3B

ATGGACCCACAGAGGCTGCGCCAGTGGCCCGGCCCTGGCCCAGCAAGCAGGGGCGGCTACGGCCAGCGGCCAAGAATCAG
GAACCCCGAGGAGTGGTTTCACGAGCTGTCTCCCCGGACCTTCAGCTTTCACTTCCGCAACCTGAGGTTCGCATCCGGCCGCA
ATCGGTCTTATATCTGCTGTCAGGTGGAGGGCAAGAACTGCTTCTTTCAGGGCATCTTTCAGAATCAGGTGCCACCTGACCCAC
CATGCCACGCAGAGCTGTGCTTCCTGTCTTGGTTCCAGAGCTGGGGCCTGTCCCCCGATGAGCACTACTATGTGACATGGTTT
ATCTCTTGGAGCCCTTGCTGTGAGTGTGCCGCCAAGGTGGCCCAGTTCCTGGAGGAGAACCGCAACGTGAGCCTGTCTCTGA
GCGCCGCAAGGCTGTACTATTTCTGGAAGTCCGAGTCTAGAGAGGGACTGCGGAGACTGAGCGACCTGGGAGCACAAGTGGG
AATCATGTCCTTTCAGGATTTCCAGCACTGCTGGAACAATTTTGTGCACAACCTGGGCATGCCCTTCCAGCCTTGGAAGAAGCT
GCACAAGAATTACCAGAGGCTGGTGACCGAGCTGAAGCAGATCCTGCGCGAGGAGCCTGCCACATATGGCTCTCCACAGGCC
CAGGGCAAGGTGAGAATCGGAAGCACCGCAGCAGGACTGAGGCACAGCCACTCCCACACACGCTCCGAGGCACACCTGAGG
CCTAACCACAGCTCCAGACAGCACAGGATCCTGAATCCTCCACGGGAGGCCAGAGCCAGGACCTGCGTGCTGGTGGATGCCT
CTTGGATCTGTTACAGA
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Supplementary Note 1: Methods of creating similarity network of cytidine deaminases.
To focus the search space within the APOBEC1-like protein family, human APOBEC1
was used as a query sequence for a protein BLAST search against the NCBI non-
redundant protein sequences database (nr_v5). The top 1000 sequences were used to
generate a sequence similarity network (SSN) with a protein BLAST -log(E-value) edge-
threshold of 115. A set of 43 deaminases was selected to sample the sequence space

within the SSN.

To identify deaminases from other families that could act as base-editing enzymes, we
sampled 80 sequences from a SSN built from all deaminases with the following InterPro
annotations IPR002125 (Cytidine and deoxycytidylate deaminase domain), IPR016192
(APOBEC/CMP deaminase, zinc-binding), and IPR016193 (Cytidine deaminase-like).
This set of 82,043 sequences was first clustered at 55% identity using Cd-HIT® before
generating a SSN network by protein BLAST with a -log(E-value) edge-threshold of 50.
Sequences were chosen based on their centrality within a cluster of sequence in the

network.
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Supplementary Note 2: Discussion about protein expression level of base editors.

We would like to examine if different protein expression level of editors contributes to
changes in cis/trans editing profile. Quantification of base editor protein was performed
on cells transfected with editor plasmids, we showed that HiFi mutations like K34A and
H122A didn’t cause significant changes in base editor transcription and translation. For
all 4 new CBEs we characterized in this study, the protein expression level was not
dramatically lower than BE4-rAPOBEC1 (Supplementary Figure 14). As a result, we
believe that changes in cis/trans editing profile came from the intrinsic characteristics of

deaminases.
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Supplementary Note 3: Targeted NGS analysis details

1. To generate FASTQ files from the base call files (BCF) generated by the MiSeq,
demultiplexing was performed by running lllumina bcl2fastq (v2.20.0.422) with the

following parameters:

bcl2fastq \
--ignore-missing-bcls \
--ignore-missing-filter \
--ignore-missing-positions \
--ignore-missing-controls \
--auto-set-to-zero-barcode-mismatches \
--find-adapters-with-sliding-window \
--adapter-stringency 0.9 \
--mask-short-adapter-reads 35\

--minimum-trimmed-read-length 35\

2. The FASTQ files created in step (1) were processed using trimmomatic (v0.39)° with
parameters set up to clip lllumina TruSeq adapters, exclude reads shorter than 20
bases, and trim the remaining 3’ end of reads if the average base quality (Phred score)
in a 4-bp sliding window dropped below 15. In addition, any bases with quality scores of
3 or lower at the end of reads were removed. Finally, because the round 1 PCR primers
include four randomized bases after the read 1 primer sequence, the first four bases of

each read were trimmed. The command used to execute trimmomatic is shown below:

trimmomatic SE -phred33 $input_fastq $output_fastq \
ILLUMINACLIP:illumine_adapters.fa:2:30:10 \
LEADING:3 TRAILING:3 \
SLIDINGWINDOW:4:15\
MINLEN:20 \
HEADCROP:4
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3. Reads were aligned to amplicon sequences using bowtie2 (v2.35), in end-to-end
mode with the alignment parameters specified by the --very sensitive flag. Reference
sequences were determined as the expected amplicon sequences (including primers)
for each primer pair based on the human genome (GRCh38).The SAM files created by
bowtie2 were converted to BAM files, sorted, and indexed using the samtools package
(v1.9)8. Only samples with at least 5,000 aligned reads were considered for analysis.

4. The BAM files created in step (3) were processed using the bam-readcounts tool
(https://github.com/genome/bam-readcount) to generate plain text files summarizing the
number of non-reference bases, deletions and insertions at each position in the
alignment. The minimum base quality (Phred score) for counting a non-reference base
was set to 29 in order to exclude low confidence base calls from statistics about editing
rates. Only reads with insertions and/or deletions that overlapped the base editor target
site (defined as its protospacer + PAM sequence) were counted towards insertion and
deletion rates. Editing rates for each position in the target site were calculated as the
fraction of non-reference bases of a given type (e.g., G) to the total number of bases
passing the base quality threshold at a given position in the alignment.
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Supplementary Note 4: Transcriptome sequencing analysis method.

FASTQ files were downloaded from Novagene and aligned to the human genome
(Gencode GRCh38v31) using STAR (v2.7.2a). Genome alignments were then
duplicate marked and sorted with Picard (v2.20.5). Reads that contain Ns in their cigar
string because they span splicing junctions were split using GATK (v4.1.3.0) and then
base quality score recalibration was performed with Picard. Variant calls were
generated with GATK Haplotype Caller with standard settings for variant calling in RNA:
minimum-mapping-quality 30, minimum-base-quality 20, dont-use-soft-clipped-bases,

standard-call-conf 20.

To identify somatic mutations private to our base-editor treated samples, background
filtration was performed using an nCas9 treated sample. Only substitutions on canonical
chromosomes were considered. A mutation was determined to be private to the base-
editor treated sample if its genomic position had 230x coverage in the base-editor
treated sample and =220x coverage in the nCas9 sample with 99% of reads containing

the reference base.
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Supplementary Note 5: \Whole genome NGS analysis details.

1. Lane level FASTQ files were separately aligned to the human genome (Gencode
GRCh38v31 primary assembly) using BWA (0.7.17-r1188) mem with parameters set to
specify the ReadGroup. The -M flag was also set to mark shorted split hits a secondary
alignment.

2. Lane level genome alignments for each sample created in step (1) were merged,
sorted by coordinate, and duplicate marked using Picard (v2.20.5) using default
settings. GATK (V4.1.3.0) was used to do base quality score recalibration.

3. Variants were called using GATK (v4.1.3.0) HaplotypeCaller. Only reads with a
mapping quality = 30 were considered and the minimum base quality (Phred score) for
counting a non-reference base was set to 20. Standard settings for variant calling in
DNA-seq were used.

4. Mutations private to base-editor treated samples were identified using
background filtration. The highest coverage ‘No Treatment’ sample was used as the
background sample. Only substitutions on canonical chromosomes were considered.
Mutations were considered private to the base-editor treated sample if they met the
following criteria:

a. The genomic position of the mutation had coverage = 10 reads in the treated and
untreated sample.
b. The untreated sample had = 99% of reads supporting the reference, non-mutant,

base at the position of the mutation.
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