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Figure S1. Ratios of wild-type vs mutant APC, PIK3CA, and TP53 sequences in HCT-15 colon

cancer cells. Genomic DNA was isolated from HCT-15 cells and analyzed using deep

sequencing.



APC (TTTA PAM
APC El Untreated ( )
401 - WT 30
=z B G532RIK595R = s
= 301 . > 4 v
Y g 204
£ @
g 3
2 20 g
& £ 10
2 104 E
2 E
0 02 ul 4 r pr
s s u g =z g = g
E E o g - 8 € gg
= o g ]
(+) LbCas12a
PIK3CA PIK3CA (TCTC-TS2 PAM)
BN Untreated
25+ 20+
- WT _ s
£ 201 = G532R/KE95R .
> Pl v
2 c
S 154 5
3 g 101
4 8
g 104 £
< N @ 5
E 5 E
0 b . 0- k=] = [14 14 px
s i i s s & & £ I
e 28 BE B B 5 5§ 93
5 6 b5 g g e 5 = o X g
= = = [&] [&] [&] Q 3
o o © F F = F (+) LbCas12a
TP53 o Untreated TP53 (TTCA PAM)
601 - WT 60
= = G532R/K595R = .
3 401 3 40
5 H
g z
s g
E 201 = 204
] 3
E £
0 0- = [ " r g
3 g = § g £z
E % 2] g 8¢
2

(+) LbCas12a

Figure S2. Indel frequencies mediated by engineered LbCas12a-mediated at oncogenic sites.
(A-C) Efficiencies of LbCas12a and the LbCas12a-G532/K595R at endogenous target sites in
the APC (A), PIK3CA (B), and TP53 (C) genes in HCT-15 colon cancer cells. Mean indel
frequencies = s.e.m. are shown. Dots represent individual data points. (D-F) Comparison of
editing efficiencies of LbCas12a variants in HCT-15 cells transfected with crRNAs that resulted

in the highest indel frequencies in the APC (D), PIK3CA (E), or TP53 (F) genes.
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Table S1. Potential off-target sites of LbCas12a identified by Digenome-seq.>® Mismatched

nucleotides are shown in red. On, on- target sites; Off, off-target site.

PAM variant Number of cleavage sites

TTTN 37

TTCN 2

TCTN 1

CTTN 1

Target PAM Location Target sequence (5' to 3')

On TTTG chr2 TCCTCCGGTTCTGGAACCACACC
Off TTCA chr2 TCCTCCGGTTCTGGAACCAGALC
Off TTCA chrl7 TCCTCCGGTTCTGGAACCAgGALL
On TTTC chrl9 CTGATGGTCCATGTCTGTTACTC
Off TCTC chrs CTGATGGTCCATacCTGTTAacy
On TTTT chr19 GTGGGCAACATGCTGGTCATCCT
Off CTTG chrs GTGGGCAACtCcGCTGGTCATGET




Table S2. The crRNA target sequences for the experiments shown in Figures 1 and 2. Target

sequences are shown in black and PAM sequences in blue.

PAM Gene No. Sequence (5'to 3)
1 TCTACAAGCAGTCACAGCACATGACGG
2 TCTTGGCCAGTTGGCAAAACATCTTGT
P53 3 TCTGAGCAGCGCTCATGGTGGGGGCAG
4 TCTCCTAGGTTGGCTCTGACTGTACCA
5 TCTATCCCCTGATTCAGAAAATTTTGA
TCTN APC 6 TCTTAACAGAGGTCATCTCAGAACAAG
7 TCTGCCGCTCAGCATCATGTGAGCCGG
8 TCTCAGAACAAGCATGAAACCGGCTCA
9 TCTACTATGAGGTGAATTGAGGTCCCT
10 TCTTGGGGGCATCAAGTGGATGCCCCA
PIK3CA 11 TCTGAACGTTTGTAAAGAAGCTGTGGA
12 TCTCCAAATAATGACAAGCAGAAGTAT
13 TTCATGCCGCCCATGCAGGAACTGTTA
14 TTCTGTCATCCAAATACTCCACACGCA
P53 15 TTCGACATAGTGTGGTGGTGCCCTATG
16 TTCCACACCCCCGCCCGGCACCCGCGT
17 TTCATTCTGCCGCTCAGCATCATGTGA
TTCN APC 18 TTCTGCCGCTCAGCATCATGTGAGCCG
19 TTCGCGACATATCATCCTTATCATGAG
20 TTCCCGGGGCAGTAAAGAGGCTCGGGC
21 TTCATCTTGAAGAAGTTGATGGAGGGG
22 TTCTTTAAATAGTTCATGCTTTATGGT
PIK3CA 23 TTCGTAAGTGTTACTCAAGAAGCAGAA
24 TTCCGAAGAAATATTCTGAACGTTTGT
25 TCCACACCCCCGCCCGGCACCCGCGTC
26 TCCTCAGCATCTTATCCGAGTGGAAGG
TP53 27 TCCGTCATGTGCTGTGACTGCTTGTAG
28 TCCCCTGCCCTCAACAAGATGTTTTGC
29 TCCATCTTAACAGAGGTCATCTCAGAA
TceN APC 30 TCCTTGACCTTCATTCTGCCGCTCAGC
31 TCCGCAATGCCAAAAAAGAAAAAGCCT
32 TCCCAACAATACAGAGTCTTTGTCATT
33 TCCATCAACTTCTTCAAGATGAATCTT
34 TCCTGATTGCTTCAGCAATTACTTGTT
PIK3CA 35 TCCGAAGAAATATTCTGAACGTTTGTA
36 TCCCTTTGGGTTATAAATAGTGCACTC
37 CTCATGGTGGGGGCAGCGCCTCACAAC
38 CTCTTAGGTCTGGCCCCTCCTCAGCAT
TP53 39 CTCGGATAAGATGCTGAGGAGGGGCCA
40 CTCCGTCATGTGCTGTGACTGCTTGTA
41 CTCACATGATGCTGAGCGGCAGAATGA
CTCN APC 42 CTCTGTATTGTTGGGAAATTCCCGGGG
43 CTCGGATTTCACGCCTGCCTCTCTTGT
44 CTCCCACTCCTTGACCTTCATTCTGCC
45 CTCAAGAAGCAGAAAGGGAAGAATTTT
46 CTCTGAACAACTAAAACTCTGTGTTTT
PIK3CA 47 CTCGAAGTATGTTGCTATCCTCTGAAC
48 CTCCATCAACTTCTTCAAGATGAATCT
49 TTTAAATGGGACAGGTAGGACCTGATT
50 TTTTGCCAACTGGCCAAGACCTGCCCT
P53 51 TTTGCCAACTGGCCAAGACCTGCCCTG
52 TTTCCTTCCACTCGGATAAGATGCTGA
53 TTTACTGCCCCGGGAATTTCCCAACAA
54 TTTTTTGGCATTGCGGAGCTTATACAT
TTTN APC
55 TTTGGCATTGCGGAGCTTATACATTCC
56 TTTCTCCCACTCCTTGACCTTCATTCT
57 TTTACAAACGTTCAGAATATTTCTTCG
PIK3CA 58 TTTTAGTTGTTCAGAGGATAGCAACAT

59 TTTGATGAAACAAGACGACTTTGTGAC
60 TTTCTGCTTCTTGAGTAACACTTACGA




Table S3. Summary of indel frequencies generated by the engineered LbCas12a variants at

sites with non-canonical and canonical PAMs.

(+) Casl2a

G532R/

Untreated WT G532R K595R K595R
TCTN 0.0 2.7 5.5 9.6 124
TTCN 0.0 10.1 23.5 11.3 23.2
TCCN 0.0 2.1 13.9 6.3 16.9
CTCN 0.0 04 6.9 0.8 6.6
TTTN 0.0 299 28.0 32.8 289

Indel frequency (%)



Table S4. The crRNA target sequences for the experiments shown in Figure 3. Target

sequences are shown in black and PAM sequences in blue.

PAM Gene No. Sequence (5'to 3')
TP53 1 TCCTCAGCATCTTATCCGAGTGGAAGG
TCeT APC 2  TCCTTGACCTTCATTCTGCCGCTCAGC
CTNNB1 3 TCCTTCGGGCTGGTGACAGGGAAGACA
SRSF3 4  TCCTGTCCATTGGACTGTAAGGTTTAT
TP53 5 TTCTGTCATCCAAATACTCCACACGCA
TTCT APC 6 TTCTGCCGCTCAGCATCATGTGAGCCG
CTNNB1L 7 TTCTGCATCATCTTGATAGTTAATCAA
SRSF3 8 TTCTAGAGATAGGAGAAGAGAGAGATC
TP53 9  TCTTGGCCAGTTGGCAAAACATCTTGT
TCTT APC 10 TCTTAACAGAGGTCATCTCAGAACAAG
CTNNB1 11 TCTTACCTGGACTCTGGAATCCATTCT
SRSF3 12 TCTTGGAAACAATGGCAACAAGACGGA
TP53 13 CTCTTAGGTCTGGCCCCTCCTCAGCAT
cTeT APC 14 CTCTGTATTGTTGGGAAATTCCCGGGG
CTNNB1 15 CTCTTGTTCAGCTTCTGGGTTCAGATG
SRSF3 16 CTCTTACACGGCAGCCACATAGTGTTC
TP53 17 CCTTCCACTCGGATAAGATGCTGAGGA
cc APC 18 CCTTCATTCTGCCGCTCAGCATCATGT
il CTNNB1 19 CCTTAGTCCAAAGGCTCAGGCCAGAAA
SRSF3 20 CCTTACAGTCCAATGGACAGGAATCAC
TP53 21 CTTTTCGACATAGTGTGGTGGTGCCCT
CTTT APC 22 CTTTACTGCCCCGGGAATTTCCCAACA
CTNNB1 23 CTTTACCACTCAGAGAAGGAGCTGTGG
SRSF3 24 CTTTTGGCTACTATGGACCACTCCGAA
TP53 25 CCCTGTGCAGCTGTGGGTTGATTCCAC
ccet APC 26 CCCTGGCCCGAGCCTCTTTACTGCCCC

CTNNB1 27 CCCTTAGTCCAAAGGCTCAGGCCAGAA

SRSF3 28 CCCTCAGAACACTATGTGGCTGCCGTG

TP53 29 TTTTGCCAACTGGCCAAGACCTGCCCT

APC 30 TTTTTTGGCATTGCGGAGCTTATACAT

TTTT PIK3CA 31 TTTTAGTTGTTCAGAGGATAGCAACAT
CTNNB1 32 TTTTCCTTTCCGGAGCAGGGTTCTGCC
SRSF3 33 TTTTGGCTACTATGGACCACTCCGAAG




Table S5. The crRNA target sequences for the experiments shown in Figure 4. Target
sequences are shown in black and PAM sequences in blue. Adenines (As) shown in red in the
sequences represent targetable nucleotides in the LbABE8e target window (positions 6 to 16

in the protospacer, counting from the PAM-proximal base).

PAM  Gene No. Sequence (5'to 3"
TP53 1 TCTACAAGCAGTCACAGCACATGACGG
TCTN PIK3CA 2  TCTACTATGAGGTGAATTGAGGTCCCT
APC 3  TCTTAACAGAGGTCATCTCAGAACAAG
SRSF3 4  TCTTGGAAACAATGGCAACAAGACGGA
TP53 5 TTCATGCCGCCCATGCAGGAACTGTTA
APC 6 TTCATTCTGCCGCTCAGCATCATGTGA
SRSF3 7 TTCTAGAGATAGGAGAAGAGAGAGATC
TP53 8 TTCTGTCATCCAAATACTCCACACGCA
TTCN CTNNB1 9 TTCTGCATCATCTTGATAGTTAATCAA
APC 10 TTCGCGACATATCATCCTTATCATGAG
PIK3CA 11 TTCGTAAGTGTTACTCAAGAAGCAGAA
TP53 12 TTCCACACCCCCGCCCGGCACCCGCGT
APC 13 TTCCCGGGGCAGTAAAGAGGCTCGGGC
TP53 14 TCCACACCCCCGCCCGGCACCCGCGTC
APC 15 TCCATCTTAACAGAGGTCATCTCAGAA
SRSF3 16 TCCTGTCCATTGGACTGTAAGGTTTAT
TCCN CTNNB1 17 TCCTTCGGGCTGGTGACAGGGAAGACA
TP53 18 TCCGTCATGTGCTGTGACTGCTTGTAG
APC 19 TCCGCAATGCCAAAAAAGAAAAAGCCT
APC 20 TCCCAACAATACAGAGTCTTTGTCATT
cTe SRSF3 21 CTCTTACACGGCAGCCACATAGTGTTC
N TP53 22 CTCCGTCATGTGCTGTGACTGCTTGTA




Table S6. Base editing window of LbABES8e variants at six target sites with non-canonical

PAMs.
. LbABES8e
PAM (Site #)
A6 A7 A8 A9 A10 All | Al12 | A13 | Al14 | A15 | Al6
TTCA (Site 5) 3.31 2.16 0.07
TTCT (Site 8) 3.33 | 1.17 0.93 5.07
TTCG (Site 11) 2.67 0.27 | 0.00 0.03
TTCC (Site 13) 0.41 3.62 0.54 | 0.35 0.05
TCCA (Site 15) 0.02 1.81 0.88 0.11
TCCT (Site 16) 1.48 1.32 | 0.06
. LbABE8e-G532R
PAM (Site #)
A6 A7 A8 A9 A10 All | A12 | A13 | A14 | A15 | Al6
TTCA (Site 5) 4.05 2.23 0.10
TTCT (Site 8) 5.67 | 1.47 | 1.40 7.43
TTCG (Site 11) 5.50 0.80 | 0.03 0.03
TTCC (Site 13) 1.40 1459 | 2.22 | 1.13 0.11
TCCA (Site 15) 0.01 4.23 2.45 0.42
TCCT (Site 16) 4.97 4.40 | 0.26
. LbABE8e-K595R
PAM (Site #)
A6 A7 A8 A9 A10 A11 | A12 | A13 | A14 | A15 | A16
TTCA (Site 5) 2.49 1.78 0.02
TTCT (Site 8) 1.97 | 0.63 0.53 3.03
TTCG (Site 11) 2.73 0.33 | 0.00 0.07
TTCC (Site 13) 0.48 6.17 0.90 | 0.64 0.08
TCCA (Site 15) 0.00 1.89 0.79 0.14
TCCT (Site 16) 4.97 4.40 | 0.26
. LbABE8e-G532R/K595R
PAM (Site #)
A6 A7 A8 A9 A10 A11 | A12 | A13 | A14 | A15 | A16
TTCA (Site 5) 5.05 2.92 0.07
TTCT (Site 8) 8.50 | 3.07 2.77 11.17
TTCG (Site 11) 6.43 0.97 | 0.10 0.13
TTCC (Site 13) 1.12 15.01 | 2.32 | 1.10 0.11
TCCA (Site 15) 0.01 5.84 2.92 0.52
TCCT (Site 16) 7.48 6.23 | 0.48
LbABE8e-G532R/K595R
PAM (target gene)
A6 A7 A8 A9 A10 A11 | A12 | A13 | A14 | A15 | A16
TTTA (APC) 2.29
TCTC (PIK3CA) 0 0 12.7 0 0
TTCA (TP53) 0.33 0.1 2.59 0




Table S7. The crRNA target sequences in Figure 5 and Figure S2 are shown in black and
PAM sequences in blue. Red colored adenine (A) in the sequences represents a missense
mutation in APC, PIK3CA, and TP53 gene which are corresponding to 6496C(G)/T(A),
1633G/A, and 722C(G)/T(A), respectively. The crRNA sequences used in the CRISPR array

are marked in yellow.

Gene PAM  No. Sequence (5'to 3)
TTTA - TTTAGAATTCATGGGCCTTTATTACTT
TTTT - TTTTAGAATTCATGGGCCTTTATTACT
APC TCCC - TCCCCTGGTTTTAGAATTCATGGGCCT
CCCT - CCCTGGTTTTAGAATTCATGGGCCTTT

TS1 CTCTCTCTGAAATCACTAAGCAGGAGA

CTCT TS2 CTCTCTGAAATCACTAAGCAGGAGAAA

TS3 CTCTGAAATCACTAAGCAGGAGAAAGA

PIK3CA TCTC TS1 TCTCTCTGAAATCACTAAGCAGGAGAA
TS2 TCTCTGAAATCACTAAGCAGGAGAAAG

TCTG TS1 TCTGAAATCACTAAGCAGGAGAAAGAT

TCCT TS1 TCCTCTCTCTGAAATCACTAAGCAGGA

TP53 TTCA - TTCATGCCGCCCATGCAGAAACTGTTA




Table S8. The crRNA sequences in Figure 5 are presented. The crRNA sequence targeting

APC, PIK3CA, and TP53 gene containing a missense mutation (adenine; a) are highlighted

with yellow, green, and blue color, respectively. As control, the non-targeting crRNA sequence

that does not target human genome are highlighted with pink color, respectively. The direct

repeat and separator sequences are marked with black and red, respectively.

Mué?g:\?ﬁed Sequence (5' to 3')
aatttctactaagtgtagatGAATTCaTGGGCCTTTATTACTT
V1 aatttctactaagtgtagat aatttctactaagtgtagatTGCCGCCCATGCAGaAA
CTGTTA
aatttctactaagtgtagatGAATTCaTGGGCCTTTATTACTT
V2 rAATaatttctactaagtgtagatICARATCACTIACCACCAGARRG AATaatttctactaagtgtagatEGCCGCCCA

TGCAGaAACTGTTA

V3

AAATaatttctactaagtgtagatGAATTCaTGGGCCTTTATTACTTAAATaatttctactaagtgtagat_
AAATaatttctactaagtgtagatTGCCGCCCATGCAGaAaAACTGTTA

AATaatttctactaagtgtagat TaatttctactaagtgtagatlCACORGEY
AATaatttctactaagtgtagat

Non-targeting

10



Table S9. List of primers used for targeted deep sequencing.

1st PCR 2nd PCR
Gene. Forward (5’ to 3’) Reverse (5’ to 3’) Forward (5’ to 3’) Reverse (5’ to 3’)
APC
TGACTGGAGTTCAGA
ACACTCTTTCCCTACACGACG — CLCRCTGGAGTTCAGACG
8 GATAGTCGACCGCCAATC ~ ACAGCACATTGGTAC oo oo o irn - lomaone  TGTGCTCTTCCGATCTAC
exon GT TGAATGC CATCTTGCTTCATACTTT
CATTTTTGCATGT
TCTGA
ACACTCTTTCCCTACACGACG  GTGACTGGAGTTCAGACG
exon 11 TTTTTTTTEEGGCGGGGG CTGGT§§§§§CCTGG CTCTTCCGATCTCCATGCGAC  TGTGCTCTTCCGATCTGA
AGTCTGGATGT TTTCACGCCTGCCTCTCT
CTNNB1
GTGACTGGAGTTCAGACG
ACACTCTTTCCCTACACGACG
CTCTCCACCCTATCCCTA  TGTGTGGGCTGACCT TGTGCTCTTCCGATCTCT
exon 1 CTCTTCCGATCTGAGGAGAGA
GTTT AGTAA ATGAGGTGAAGGAGGGTA
CAGCCCTTAGT
AR
TGACTGGAGTTCAGA
ACACTCTTTCCCTACACGACG ol ChCTCGAGTTCAGACE
GCTTTCCTCTCTCCCTGC  CTGACTTTCAGTAAG TGTGCTCTTCCGATCTAC
exon 3 CTCTTCCGATCTCCAATCTAC
TT GCAATGAA TCTTACCAGCTACTTGTT
TAATGCTAATACTGTTTCG or
GTGACTGGAGTTCAGACG
exon 4 CAAGAACAAGTAGCTGGT  CATGATAGCGTGTCT égéiggggiggggigégg?gg TGTGCTCTTCCGATCTTA
AAGA AR TGGTCCTCGTCATTTA
G CGAAG ATAGTGAGTGTTG ceree CC(SG ¢
GTGACTGGAGTTCAGACG
ACACTCTTTCCCTACACGACG
CTTCACCTGACAGATCCA  CGCAGCCATACTTCC TGTGCTCTTCCGATCTCA
exon 9 CTCTTCCGATCTATAGGAAGG
AGTC TACTTAC GATGACGAAGAGCACAGA
GATGGAAGGTCTC
TG
PIK3CA
CGCCCCCAAGAATCOTAG  GOAAAGGCAGCAAAc — ACACTCTTTCCCTACACGACG — GTGACTGGAGTTCAGACG
exon 2 Taca ATTCC CTCTTCCGATCTAGCAAGAAA  TGTGCTCTTCCGATCTTC
ATACCCCCTCCA ACGGTTGCCTACTGGTTC
GTGACTGGAGTTCAGACG
GGCAGCCCGCTCAGATAT — CTGGGCGAGAGTGAG — CACICTTICCCTACACGACG  poireprccaaTcTac
exon 4 CTCTTCCGATCTGGCAAATAA
AA ATTCC T AGTGGTGATCTGEE GAAGTATTCATCACATCC
ACACA
SRSF3
TGACTGGAGTTCAGA
ACACTCTTTCCCTACACGACG oL ChCTGGAGTTCAGACE
GGCTTCCTGAGGGTTAGG  CAGTGATTGGGAAAG TGTGCTCTTCCGATCTGC
exon 2 CTCTTCCGATCTAGAAATGCA
AG CCATC CATCTAAGAGCCACATAT
TCGTGATTCCTG
cc
ACACTCTTTCCCTACACGA TGACTGGAGTTCAGA
GCCTCATAARAGTGTTGGG  CCAACATGAACAGTG CACTCTTICCCTACACGACG  GTGACTCGAGTICAGACG
exon 3 CTCTTCCGATCTGCCTCATAA  TGTGCTCTTCCGATCTGG
ATTAC ACCTAAAG
AGTGTTGGGATTAC GCCACGATTTCTACTTCT
ACACTCTTTCCCTACACGACG oL ChCTGCAGTTCAGACG
GGAGTGCAGTGGTGTGAT  CATCTGTAACTTGGT TGTGCTCTTCCGATCTGG
exon 5 TA GACACTTTAG CTCTTCCGATCTGAGTCACCA (1) GAAGACAGGCCTTA
TGCCAGATCAA G
TP53
ACACTCTTTCCCTACACGA TGACTGGAGTTCAGA
GCACCACCACACTATGTC  CGCCAACTCTCTCTA CACTCTTICCCTACACGACG  GTGACTGGAGTICAGACG
exon 4 i GOTCG CTCTTCCGATCTGTGAGGAAT  TGTGCTCTTCCGATCTCC
CAGAGGCCTGG CTGCCCTCAACAAGATGT
ACACTCTTTCCCTACACGA TGACTGGAGTTCAGA
TAAGCAGCAGGAGAAAGC  CTACAGTACTCCCCT CACTCTTICCCTACACGACG  GTGACTGGAGTICAGACG
exon 5 i cocer CTCTTCCGATCTTAAGCAGCA  TGTGCTCTTCCGATCTCC
GGAGAAAGCCC AGGCCTCTGATTCCTCAC
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