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Supplementary Table 1. Summary of the RNA-seq data.

Sample ID Group Raw Reads (M) Raw Q30(%)
QP115-1 ABE7.10 36.19 93.73
QP115-2 ABE7.10 34.11 93.81
QP115-3 ABE7.10 29.77 93.49

6759-1 ABE7.10-site 1 37.84 93.65
6759-2 ABE7.10-site 1 38.17 93.77
6759-3 ABE7.10-site 1 39.72 93.46

6759-36-1 ABE7.10-site 1 49.43 94.78
6759-36-2 ABE7.10-site 1 39.61 94.67
6759-36-3 ABE7.10-site 1 46.64 94.45

6761-1 ABE7.10-site 2 35.89 93.8

6761-2 ABE7.10-site 2 44.58 93.7

6761-3 ABE7.10-site 2 38.28 93.92
1123-1 ABEmax-site 1 56.29 93.57
1123-2 ABEmax-site 1 64.76 93.01
1123-3 ABEmax-site 1 63.05 93.86
1116-1 ABE7.10P33E site 1 55 93.75
1116-2 ABE7.10P33E site 1 45.83 93.79
1116-3 ABE7.10P33E site 1 42.21 93.88
1117-1 ABE7.10F14%4 site 1 46.03 93.8

1117-2 ABE7.10F14%4 gite 1 65.48 93.19
1117-3 ABE7.10F14%4 gite 1 41.29 93.4

1149-1 ABE7.10F1484_site 2 44.59 95.09
1149-2 ABE7.10F1484_site 2 28.59 95.26
1149-3 ABE7.10F1484_site 2 40.63 95.54

ZP-1112-1 APOBECI 29.92 94.24

ZP-1112-2 APOBECI 42.48 93.74

ZP-1112-3 APOBECI 35 93.62
LP105-1 BE3 39.44 93.76
LP105-2 BE3 36.53 93.77
LP105-3 BE3 44.62 93.14

6757-1 BE3-RNF2 47.45 93.8
6757-2 BE3-RNF2 39.74 93.58
6757-3 BE3-RNF2 39.62 93.5
6755-1 BE3-site 3 50.31 93.49
6755-2 BE3-site 3 40.72 93.53

6755-36-1 BE3-site 3 (36h) 58.75 94.28
6755-36-2 BE3-site 3 (36h) 48.75 94.36
6755-36-3 BE3-site 3 (36h) 50.18 94.28
1124sg-1 BE3 (FNLS)-site 3 55.69 93.43
1124sg-2 BE3 (FNLS)-site 3 57.47 93.46
1124sg-3 BE3 (FNLS)-site 3 61.58 93.07

ZP-1115-1 BE3 (hA3A)-site 3 42.68 93.53

ZP-1115-2 BE3 (hA3A)-site 3 39.25 93.48

ZP-1115-3 BE3 (hA3A)-site 3 40.22 93.1

ZP-1114-1 BE3WV%%4_site 3 50.88 93.82

ZP-1114-2 BE3WV%%4_site 3 31.12 93.99

ZP-1114-3 BE3WY%%4_site 3 34.86 93.82
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Supplementary Table 2. The number of off-target RNA SNVs.

No. of

Group No. of SNVs Group SNV
GFP-#1 592 BE3-RNF2-#1 6460
GFP-#2 594 BE3-RNF2-#2 4017
GFP-#3 410 BE3-RNF2-#3 5536
GFP-#4 961 TadA-TadA*-#1 6566
GFP-#5 1034 TadA-TadA*-#2 8273
GFP-#6 967 TadA-TadA*-#3 7444
APOBECI-#1 24407 ABE7.10-#1 4035
APOBECI1-#2 35165 ABE7.10-#2 3035
APOBECI1-#3 27125 ABE7.10-#3 2836
BE3-#1 13260 ABE7.10-site 1-#1 3575
BE3-#2 12543 ABE7.10-site 1-#2 3499
BE3-#3 9525 ABE7.10-site 2-#1 5345
BE3-site 3-#1 3499 ABE7.10-site 2-#2 5733
BE3-site 3-#2 3856 ABE7.10-site 2-#3 4942




Supplementary Table 3. Precise p values between any two groups in Fig. 1, f, g.

Fig. 1f GFP APOBEC1 BE3 BE3-RNF2 BE3-site 3
APOBEC1 3.22E-06
BE3 1.84E-06 0.02358958
BE3-RNF2 3.50E-05 0.01484277 0.01353352
BE3-site 3 1.23E-05 0.01577894 0.01750179 0.13839447
Fig. 1g GFP TadA-TadA* ABE7.10 ABE7.10-site 1 ABE7.10-site 2
TadA-TadA* 3.13E-07
ABE7.10 5.53E-05 0.00336727
ABE7.10-site 1 0.000182969 0.01523444 0.59182854
ABE7.10-site 2 1.55E-07 0.03463096 0.01461902 0.01379675

Two-sided unpaired t-test. n = 3 biologically independent samples for each group except for
BE3-site 3 at site 3 locus (n = 2 biologically independent samples) and GFP (n =6
biologically independent samples).



Supplementary Table 8. The number of off-target RNA SNVs for samples transfected
with engineered BE3 and ABE7.10.

Group No. of SNVs
BE3 (hA3A)-site 3-#1 2579
BE3 (hA3A)-site 3-#2 2479
BE3 (hA3A)-site 3-#3 2155
BE3 (hA3ARIZ8A)gjte 3-#1 77
BE3 (hA3ARIZ84)_gjte 3-#2 1094
BE3 (hA3AR!Z84)_gjte 3-#3 943
BE3 (hA3AY3)site 3-#1 7
BE3 (hA3AY3F)site 3-#2 a7
BE3 (hA3AY3)site 3-#3 774
BE3W%_site 3-#1 602
BE3W%A _site 3-#2 314
BE3W" site 3-#3 295
BE3WOOY*RI2EE gjte 341 1185
BE3WOOY*RI2CE gjte 342 H2t
ABE7.10P5E_site 1-#1 3126
ABE7.10P53E_sjte 1-#2 2897
ABE7.10P53E_sjte 1-#3 2092
ABE7.10F48_sjte 1-#1 749
ABE7.10"48_gjte 1-#2 1434
ABE7.10"48gjte 1-#3 733
ABE7.10F48_sjte 2-#1 888
ABE7.10"48_gjte 2-#2 536

ABE7.10"*8_site 2-#3 640




Supplementary Table 9. P values between any two groups in Fig. 4, c, e.

pE3Wa . BEIW™ BE3 BE3 BE3
Fig. 4¢ e 3 RIZE gite  (hA3A)- (hA3AR'4) (hA3AYIF)
St 3 site 3 -site 3 -site 3
BE3-site 3
BE3W“%_site 3 0.008576701
WI0Y+R126E
BE3™ ) 0.01145
site 3
BE3 .(hA3A)- 0.027699783 0.0003473 0.007478
site 3 34
BE3
(hA3ARI284). 0.01446 0.1334 0.001183
site 3
BE3
(hA3AY!130F). 0.06128 0.01468 0.005187 0.1638
site 3
Fie. de ABE7.10° ABE7.10F ‘F"lﬁf_l'iig
& SE site 1 8Asite 1 )
ABE7.10-site 1
DS3E_
ABE.7'10 0.115487084
site 1
F148A _
ABE7..10 0.006839321 0.0135897
site 1 37

ABE7.10F1484_
site 2

0.01568 0.3499

Two-sided unpaired t-test. n = 3 biologically independent samples for each group except for
GFP (n = 6 biologically independent samples).



Supplementary Table 10. Primers used to generate PCR products for Sanger
sequencing.

fwd_BE3-site 3 gggagcttggcatgagaaacc
rev_BE3-site 3 gttgagctcgaccctgaaggg
fwd_BE3-RNF2 ttcaacgtaggaattttggtgggac
rev_BE3-RNF2 tcaccactgttcacccagtace
fwd_ABE7.10-site 1 gccattctaccaacaatagaggecc
rev_ABE7.10-site 1 tccectcageattcagecactaata

fwd_ABE7.10-site 2 agttcatggtattacgaggaatacagg
rev_ABE7.10-site 2 tgaacccgggaggaggagttc
fwd_ABE7.10-site 3 ccgacagccagtggttaagt
rev_ABE7.10-site 3 gcttttcaccgactgcacag
fwd_ABE7.10-site 7 gatgccctccatcttctecg
rev_ABE7.10-site 7 aggtttgcatagacctgecc
fwd_ABE7.10-site 12 acccatgtgcectgacatagg
rev_ABE7.10-site 12 tggtgattatggttacacageg

fwd_BE3 OF-1 gtgttttcacagagatagactctttge
rev_ BE3 OF-1 cacacacacacagacacaagcctt
fwd_BE3 OF-2 cagaacagacaggcccagattg
rev_ BE3 OF-2 gccgcatctgtcgaacaatg
fwd_ABE TOPRS cagtggctacattaatatccagetct
rev_ ABE TOPRS gccecgatetecttttaacatggea
fwd_ABE CSDE1 agtacgcttatagatcacatggtgg
rev_ ABE CSDE1 gtgcgcetgttectcacaactt
fwd_ABE OF-1 gcatgatttagatcggatacgge

rev_ ABE OF-1 getgecaggtcaaggtegt




Supplementary Table 11. sgRNA sequences.

BE3-site 3
BE3-RNF2
ABE7.10-site 1
ABE7.10-site 2
ABE7.10-site 3
ABE7.10-site 7
ABE7.10-site 12

GGCCCAGACTGAGCACGTGA
GTCATCTTAGTCATTACCTG
GAACACAAAGCATAGACTGC
GAGTATGAGGCATAGACTGC
GTCAAGAAAGCAGAGACTGC
GAATACTAAGCATAGACTCC
GTAGAAAAAGTATAGACTGC




Supplementary Table 12. The number of detected genes in each single cell.

No. of No. of No. of
Cell detected Cell detected Cell detected
genes genes genes
WT SC 1 11249 BE3 SC 1 11267  ABE7.10 SC 1 10572
WT SC2 11730 BE3 SC2 11729  ABE7.10 SC?2 10841
WT SC3 11612 BE3 SC 3 11573 ABE7.10 SC3 11723
WT _SC 4 11036 BE3 SC4 11647  ABE7.10 SC 4 11231
WT SC5 11045 BE3 SC 5 11316  ABE7.10 SC 5 11967
WT SC6 12034 BE3 SC6 11296  ABE7.10 SC 6 10739
WT SC7 11588 BE3 SC7 11517  ABE7.10 SC7 9890
WT SC8 11541 BE3 SC 8 10207  ABE7.10 SC 8 10645
WT SC9 11337 BE3 SC9 10653 ABE7.10 SC9 9607
WT _SC 10 11130 BE3 SC 10 11020 ABE7.10 SC10 11105
WT SC 11 11068 BE3 SC 11 11099 ABE7.10 SC11 10729
WT _SC 12 11226 BE3 SC 12 11735 ABE7.10 SC12 12349
WT SC 13 10909 BE3 SC 13 10904 ABE7.10 SC13 10541
WT _SC 14 11634 BE3 SC 14 10973  ABE7.10 SC14 10579
WT SC 15 11151 BE3 SC 15 11702  ABE7.10 SC 15 9044
WT SC 16 11314 BE3 SC 16 11451 ABE7.10 SC16 10488
GFP_SC 1 13704 BE3 SC 17 11729  ABE7.10 SC 17 9458
GFP_SC2 11328 BE3 SC 18 10811 ABE7.10 SC18 10184
GFP_SC3 11242 BE3 SC 19 11736 ABE7.10 SC19 10508
GFP_SC 4 10476 BE3 SC 20 10137 ABE7.10_SC 20 9702
GFP_SC5 10558 BE3 SC 21 11072 ABE7.10 SC21 10580
GFP_SC6 11368 BE3 SC 22 11302 ABE7.10 SC 22 9210
GFP_SC7 11339 BE3 SC 23 11269 ABE7.10 SC 23 9419
GFP_SC 8 11087 BE3 SC 24 11070 ABE7.10_SC 24 8484
GFP_SC9 10871 BE3 SC 25 10530 ABE7.10 SC 25 9442
GFP_SC 10 11063 BE3 SC 26 11863 ABE7.10 SC26 10179
GFP_SC 11 10805 BE3 SC 27 11126  ABE7.10_SC 27 9578
GFP _SC 12 10405 BE3 SC 28 11091 ABE7.10 SC28 11188
GFP _SC 13 10794 BE3 SC 29 11179
GFP _SC 14 11114 BE3 SC 30 11161
GFP _SC 15 10063 BE3 SC 31 10164
GFP _SC 16 10724




Supplementary Table 13. Precise p values in Fig. 2.

Fig. 2a APOBEC1 vs GFP  BE3 vs GFP BE3-site 3 vs GFP BE3-RNF2 vs GFP
1.42E-09 2.03E-10 0.01673 5.90E-10
Fie. 2b TadA-TadA* vs ABE7.10 vs ABE7.10-site 1 vs ABE7.10-site 2 vs
& GFP GFP GFP GFP
0.00011 9.95E-05 0.0001048 9.66E-05

Two-sided unpaired t-test. n = 3 biologically independent samples for each group except for
GFP (n = 6 biologically independent samples) and BE3-site 3 (n = 2 biologically independent
samples).



Supplementary Table 14. Precise p values in Fig. 3.

Fig. 3b BE3-site 3 vs GFP  ABE7.10-site 1 vs GFP
0.0285 0.0034

Fig. 3c BE3-site 3 vs GFP  ABE7.10-site 1 vs GFP
0.04024 9.85E-05

Fig. 3d BE3-site 3 vs GFP  ABE7.10-site 1 vs GFP
0.03577 3.01E-05

Two-sided unpaired t-test. GFP (n = 15 cells), BE3-site 3 (n = 5 cells) and ABE7.10-site 1 (n
=9 cells).



Supplementary Table 15. Precise p values in Extended Data Figure 3.

ABE7.10-site 1 (36h) vs ABE7.10-site | =~ ABEmax-site 1 (72h) vs ABE7.10-site 1
(72h) (72h)

Extended Data Figure

3c 0.002865 0.003094

Extended Data Figure ~ABE7.10-site 1 (36h) vs ABE7.10-site ]| ~ ABEmax-site 1 (72h) vs ABE7.10-site 1
3e (72h) (72h)

0.0034 0.0017

Two-sided unpaired t-test. n = 3 biologically independent samples for each group.



Supplementary Table 16. Precise p values in Extended Data Figure 3.

Extended Data Figure 5a BE3 vs GFP ABE7.10 vs GFP ABE7.10 vs BE3
3'UTR 0.00549451 0.00549451 2.84E-06
5'UTR 1 0.02564103 2.84E-06
Exonic 0.01098901 0.00549451 2.84E-06

Downstream 0.76923077 0.00549451 2.84E-06
Intronic 0.00549451 0.00549451 0.36530807

Non_coding RNA 0.00549451 0.00549451 2.84E-06

Upstream 0.00549451 0.29120879 2.84E-06

Two-sided unpaired t-test. n = 3 biologically independent samples for GFP, n =8
biologically independent samples for BE3 group and n = 9 biologically independent samples
for ABE7.10 group.



Supplementary Table 17. Precise p values in Extended Data Figure 10.

ABE7.10 ABE7.10 (TadAF43A. ABE7.10 (TadAF!43A.
(TadA-TadA*- TadA*-Cas9n) vs TadA*F148A.Cas9n) vs
Cas9n) vs GFP GFP GFP

Extended Data Figure 10c 0.0003 0.0001 0.3596

Two-sided unpaired t-test. n = 3 biologically independent samples for each group.
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