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Supplementary Tables

Table S1. Sequence information of the synthesized wt- and chimeric crRNAs for
AsCasl2a.

Target gene
gSi degID Target sequence (5'-3) crRNA sequence for AsCas12a (5'-3')
hDNMT1_site1 5’UAAUUUCUACUCUUGUAGAUCUGAUGGUC
WT CAUGUCUGUUACUCG 3’
hDNMT1_site1 5’UAAUUUCUACUCUUGUAGAUCUGAUGGUC
8DNA CAUGUCUGTTACTCG 3’
hDNMT1_site1 5’UAAUUUCUACUCUUGUAGAUCUGAUGGUC
12DNA CAUGTCTGTTACTCG 3’
hDNMT1_site1 5’UAAUUUCUACUCUUGUAGAUCUGAUGGUC
16DNA TTTCCTGATGGTCCATGTCTGTTACTCG CATGTCTGTTACTCG 3
hDNMT1_site1 5’UAAUUUCUACUCUUGUAGAUCUGATGGTCC
20DNA ATGTCTGTTACTCG 3
hDNMT1_site1 5’UAAUUUCUACUCUUGUAGAUCTGATGGTCC
24DNA ATGTCTGTTACTCG 3
hDNMT1_site1 S’ TAATTTCTACTCTTGTAGATCTGATGGTCCAT
44DNA GTCTGTTACTCG 3’
hDNMT1_site2 5’UAAUUUCUACUCUUGUAGAUGCUCAGCAG
WT TTTGGCTCAGCAGGCACCT eeAccusccUcAsey
TCA
hDNMT1_site2 CeTGCCTCAGCT 5’UAAUUUCUACUCUUGUAGAUGCUCAGCAG
8DNA GCACCUGCCTCAGCT 3’
hCCR5_site1 5’UAAUUUCUACUCUUGUAGAUUGCACAGGG
WT UGGAACAAGAUGGAU 3’
hCCR5_site1 5’UAAUUUCUACUCUUGUAGAUUGCACAGGG
S8DNA UGGAACAAGATGGAT 3’
hCCRS5_site1 5’UAAUUUCUACUCUUGUAGAUUGCACAGGG
12DNA UGGAACAAGATGGAT 3’
hCCR5_site1 5’UAAUUUCUACUCUUGUAGAUUGCACAGGG
16DNA TTTATGCACAGGGTGGAACAAGATGGAT | 1onnc AAGATGGAT 3
hCCR5_site1 5’UAAUUUCUACUCUUGUAGAUUGCACAGGG
20DNA TGGAACAAGATGGAT 3’
hCCR5_site1 5’UAAUUUCUACUCUUGUAGAUTGCACAGGG
24DNA TGGAACAAGATGGAT 3’
hCCRS5_site1 5’ TAATTTCTACTCTTGTAGATTGCACAGGGTG
44DNA GAACAAGATGGAT 3’
hCCR5_site2 5’'UAAUUUCUACUCUUGUAGAUGUGGGCAAC
WT AUGCUGGUCAUCCUC 3
hCCR5_site2 5’UAAUUUCUACUCUUGUAGAUGUGGGCAAC
S8DNA AUGCUGGTCATCCTC 3’
hCCRb&_site2 5’UAAUUUCUACUCUUGUAGAUGUGGGCAAC
9DNA AUGCUGGTCATCCTC 3'
hCCRb&_site2 TTTTGTGGGCAACATGCTGGTCATCCTC 5’UAAUUUCUACUCUUGUAGAUGUGGGCAAC
10DNA AUGCUGGTCATCCTC 3'
hCCR5_site2 5’'UAAUUUCUACUCUUGUAGAUGUGGGCAAC
11DNA AUGCTGGTCATCCTC 3
hCCR5_site2 5’UAAUUUCUACUCUUGUAGAUGUGGGCAAC
12DNA AUGCTGGTCATCCTC 3
hCCRS&_site2 5’UAAUUUCUACUCUUGUAGAUGUGGGCAAC




16DNA ATGCTGGTCATCCTC 3
hCCR5_site2 5UAAUUUCUACUCUUGUAGAUGUGGGCAAC
20DNA ATGCTGGTCATCCTC 3'
hCCR5_site2 5’'UAAUUUCUACUCUUGUAGAUGTGGGCAAC
24DNA ATGCTGGTCATCCTC 3'
hCCR5_site2 5 TAATTTCTACTCTTGTAGATGTGGGCAACATG
44DNA CTGGTCATCCTC 3’
hIL12A-AS1 5UAAUUUCUACUCUUGUAGAUGGAUGCCAC
WT UAAAAGGGAAAGGGG 3’
hIL12A-AS1 5UAAUUUCUACUCUUGUAGAUGGAUGCCAC
8DNA UAAAAGGGAAAGGGG 3’
hIL12A-AS1 5’UAAUUUCUACUCUUGUAGAUGGAUGCCAC
12DNA UAAAAGGGAAAGGGG 3
hIL12A-AS1 5’UAAUUUCUACUCUUGUAGAUGGAUGCCAC
16DNA TTTAGGATGCCACTAAAAGGGAAAGGGG | 1AAAAGGGAAAGGGG 3
hIL12A-AS1 5UAAUUUCUACUCUUGUAGAUGGAUGCCAC
20DNA TAAAAGGGAAAGGGG 3’
hIL12A-AS1 5UAAUUUCUACUCUUGUAGAUGGATGCCACT
24DNA AAAAGGGAAAGGGG 3
hIL12A-AS1 5 TAATTTCTACTCTTGTAGATGGATGCCACTAA
44DNA AAGGGAAAGGGG 3’
hAAVS1 5'UAAUUUCUACUCUUGUAGAUCUUACGAUG
WT GAGCCAGAGAGGAUC 3'
hAAVS1 TTTGCTTACGATGGAGCCAGAGAGBATC = A AU UUCUACUCUUGUAGAUCUUACGAUG
8DNA GAGCCAGAGAGGATC 3
hFANCF 5UAAUUUCUACUCUUGUAGAUGGCGGGGUC
WT CAGUUCCGGGAUUAG 3'
hFANCF TTTGGGCCEEGTCCAGTTCCEEEATTAG - 5 A G UUCUACUCUUGUAGAUGGCGGGGUC
8DNA CAGUUCCGGGATTAG 3'

TPAM sequences (TTTN) for AsCpf1 in the target DNA are shown in blue and substituted DNA

sequences in (cr)RNA are shown in red, respectively.

Table S2. Sequence information of the sgRNA for nickase SpCas9(D10A) used in this
study.

Target gene CRISPR-Cas9 sgRNA sequence for dead or nickase SpCas9 (5'-3)
target sequence (5'-3')
hDNMT1 site1 5GGAGUGCUAAGGGAACGUUCAGUUUUAGAGCU
s gRN_A GAGTGCTAAGGGAACGTTCA AGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGC 3
hDNMT1 site2 5’GCCAGCAGCCAACCUGACCAAGUUUUAGAGCUA
ngN_A CCAGCAGCCAACCTGACCAA GAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAU
CAACUUGAAAAAGUGGCACCGAGUCGGUGC 3
hCCR5 site1 5 GUAAUAAUUGAUGUCAUAGAUGUUUUAGAGCUA
s gRﬁ A TAATAATTGATGTCATAGAT GAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAU
CAACUUGAAAAAGUGGCACCGAGUCGGUGC ¥
hCCR5 site2 5GAACACCAGUGAGUAGAGCGGGUUUUAGAGCU
ngﬁA AACACCAGTGAGTAGAGCGG AGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGC 3
AAVS1 5GGCAAGGAGAGAGAUGGCUCCGUUUUAGAGCU
sgRNA GCAAGGAGAGAGATGGCTCC AGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGC 3
IL12A-AS1 5GUUCUGGGGUCAACAUCUUGGGUUUUAGAGCUA
sgRNA TTCTGGGGTCAACATCTTGG GAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAU
CAACUUGAAAAAGUGGCACCGAGUCGGUGC ¥




FANCF 5’GCCGCUCCAGAGCCGUGCGAAGUUUUAGAGCUA
sgRNA CCGCTCCAGAGCCGTGCGAATGG GAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAU
CAACUUGAAAAAGUGGCACCGAGUCGGUGC 3

TPAM sequence (NGG) in the target DNA for the SpCas9 nickase (D10A) is shown in blue.

Underlined sequence in sgRNA indicates the target sequence.

Table S3. Sequence information for DNA primers used in this study.

Target gene
(primer direction)

DNA sequence (5' to 3')

hDNMT1_site1_On_F

GGAGATCAAGCTTTGTATGTTG

hDNMT1_site1_On_R CCAGAATGCACAAAGTACTGC
hDNMT1_site1_On_F2 CTGTGAGGATTGAGTGAGTTG
hDNMT1_site1_On_R2 CACACATGTGAACGGACAGA

hDNMT1_site1_On_Adapter_F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGGAGTG
TTCAGTCTCCGTGA

hDNMT1_site1_On_Adapter R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCCTTA
GCAGCTTCCTCCTC

hDNMT1_site1_OT1_F

CAGGGGTATTTTCCTTCAAGA

hDNMT1_site1_OT1_R

TCAGGAATACCAACATGGAAAA

hDNMT1_site1_OT1_Adapter F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGTGTG
TCTGCTGGAAGCTC

hDNMT1_site1_OT1_Adapter R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCAGCA
GATAGGGTCTGTGCTC

hDNMT1_site2_On_F

ACACAACAGCTTCATGTCAG

hDNMT1_site2_On_R

TTGGCTTGGAGATCAAGCTT

hDNMT1_site2_On_Adapter_F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGCAGAG
TGCTAAGGGAACGT

hDNMT1_site2_On_Adapter_R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAAGTG
CTTAGAGCAGGCGTG

hDNMT1_site2_OT1_F

CTGAGCTGGTATCCAAGATGC

hDNMT1_site2_OT1_R

GCATTGTCATTAGAACCACAAATC

hDNMT1_site2 OT1_Adapter F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGCAGAA
GTGAGTCTTGCTGAG

hDNMT1_site2_OT1_Adapter R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCAGAA
TCTGTGCACTCGGAG

hDNMT1_site2_OT2_F

GTTGCAGTGAGCCAAGATCA

hDNMT1_site2_ OT2_R

TCTTGGAACCAATCCTCTGC

hDNMT1_site2 OT2_Adapter F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTAAGCAG
TGCTTCTCCATTGAG

hDNMT1_site2_OT2_Adapter_R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTTTACG
CCATGGGTGATAGTG

hDNMT1_site2_OT3_F

GCAACCAGATTTTTCCTCCA

hDNMT1_site2_OT3_R

CCAAGCCGTTACAGATGGTT

hDNMT1_site2 OT3_Adapter F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGGCAAT
GGACTCTGGGATAG

hDNMT1_site2_OT3_Adapter_R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCGGG
TTGTGAACAGGAAACT

hCCR5_site1_On_F

ACCATGCTTGACCCAGTTTC

hCCR5_site1_On_R

AAACACAGCATGGACGACAG

hCCR5_site1_On_Adapter F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCAATGTA
GACATCTATGTAGGCAA

hCCR5_site1_On_Adapter R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCTGCG
ATTTGCTTCACATTG

hCCR5_site1_OT1_F

CAAGCAATTCTTGTGCCTCA




hCCR5_site1_OT1_R

TCCAGGCCCTGTATACTTGC

hCCR5_site1_OT1_Adapter_F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTAGGGTC
AACATTGCAAGGAG

hCCR5_site1_OT1_Adapter_R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTTCAAA
GCCATTCTGGAAAAGA

hCCR5_site1 OT2_F

CATGGTGAAACCCCAACTCT

hCCR5_site1_OT2_R

CCAAATCCCACACTTTGCTT

hCCR5_site1_OT2_Adapter_F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGCTCAA
CTGTATTGAGAGGAAGC

hCCR5_site1_OT2_Adapter_R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTTTCTG
GTGGATAAGAAGGAATTTT

hCCRS5_site2_On_F

TGAGATGGTGCTTTCATGAAT

hCCR5_site2_On_R GAAAATGAGAGCTGCAGGTG
hCCR5_site2_On_F2 AAACTTCATTGCTTGGCCAA
hCCR5_site2_On_R2 GAAGATTCCAGAGAAGAAGCC

hCCR5_site2_On_Adapter_F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCCTGCC
AAAAAATCAATGTGAAG

hCCR5_site2_On_Adapter_R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGAAG
GGGACAGTAAGAAGGAA

hCCR5_site2_OT1_F

GAAAATGGCTGTTGGGTAAATC

hCCR5_site2_OT1_R

TAAGGGCCACAGACATAAAC

hCCR5_site2_OT1_Adapter F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTCCCTG
TCATAAATTTGACGTG

hCCR5_site2 OT1_Adapter R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGAAAA
AGCAGATCAGAGATGGC

hAAVS1 On_F

CCTGGTGAACACCTAGGACG

hAAVS1_On_R

CTATGTCCACTTCAGGACAGC

hAAVS1_On_Adapter_F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTTCCCT
CCCACCCCCTG

hAAVS1_On_Adapter R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCCCCA
TCCTTAGGCCTCCT

hAAVS1 OT1_F

AGCAGGTTGGGTATCCTGTG

hAAVS1_OT1 R

AGGCTGTTTCTGCCTCCATA

hAAVS1_OT1_Adapter F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCCATCTC
CTGGTCTGCACAA

hAAVS1_OT1_Adapter R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCAAAG
GGGCTATTCAGATGT

hAAVS1_OT2_F

ATCCAGGGGGTTGGAATATC

hAAVS1_OT2 R

TGCCTGAGAGCAGGTCTTTT

hAAVS1_OT2_Adapter_F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGGTTATC
TGTTAATGATAGCCTG

hAAVS1_OT2_Adapter_R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCACAA
GCCCATGAAGACTGG

hIL12A-AS1_On_F

GCTTGCTGTATACACAAGGC

hIL12A-AS1_On_R

CTGATCTTGAGAACAGAAGACC

hIL12A-AS1_On_Adapter_F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGAAAAG
GTGTTGCTTATTGCCC

hIL12A-AS1_On_Adapter_R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCAGCT
CCTTCCATCTGGGTTTC

hIL12A-AS1_OT1_F

ATTCTGCCTCCTCTCCCACT

hIL12A-AS1_OT1_R

CAGGAGGAGCAAATTCCAGA

hIL12A-AS1_OT1_Adapter_F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGGTCCT
AACAGAGATTTACTTTCTC

hIL12A-AS1_OT1_Adapter R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCTCCC
TCTCTCCCTTCCTCTC




hIL12A-AS1_OT2_F

GCATCAACAAACTGGCTCATT

hIL12A-AS1_OT2_R

CCTTTGGGATGGTGTCATCT

hIL12A-AS1_OT2_Adapter_F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGCCACT
GCTAATGTTTAAAATTC

hIL12A-AS1_OT2_Adapter R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCTTTA
GGGCAGCATTTTGTAG

hFANCF_On_F

CACGGATAAAGACGCTGGGA

hFANCF_On_R

CACAGGCTGCTGAGAAACCT

hFANCF_On_Adapter_F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCACATC
CATCGGCGCTTTG

hFANCF_On_Adapter_R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGGTG
GTAACGAGCTGCATCC

hFANCF_OT1_F

TGGGAGGAAACCCTAAAGAG

hFANCF_OT1_R

TGCAGGCCCAAGTATTTTGA

hFANCF_OT1_Adapter_F

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCAGCTG
ACTCAGCTGAACTG

hFANCF_OT1_Adapter R

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGTCTG
GTGTGTTATGCCTGT

IVT_AsCas12a_hDNMT1_site1_sense

CGAGTAACAGACATGGACCATCAGATCTACAAGAGTAGA
AATTACCCTATAGTGAGTCGTATTAATTTC

IVT_AsCas12a_hDNMT1_site2_sense

AGCTGAGGCAGGTGCCTGCTGAGCATCTACAAGAGTAG
AAATTACCCTATAGTGAGTCGTATTAATTTC

IVT_AsCas12a_hCCR5_site1_sense

ATCCATCTTGTTCCACCCTGTGCAATCTACAAGAGTAGAA
ATTACCCTATAGTGAGTCGTATTAATTTC

IVT_AsCas12a_hCCR5_site2 sense

GAGGATGACCAGCATGTTGCCCACATCTACAAGAGTAGA
AATTACCCTATAGTGAGTCGTATTAATTTC

IVT_AsCas12a_hAAVS1_sense

GATCCTCTCTGGCTCCATCGTAAGATCTACAAGAGTAGAA
ATTACCCTATAGTGAGTCGTATTAATTTC

IVT_AsCas12a_hIL12A-AS1_sense

CCCCTTTCCCTTTTAGTGGCATCCATCTACAAGAGTAGAA
ATTACCCTATAGTGAGTCGTATTAATTTC

IVT_AsCas12a_hFANCF_sense

CTAATCCCGGAACTGGACCCCGCCATCTACAAGAGTAGA
AATTACCCTATAGTGAGTCGTATTAATTTC

IVT AsCas12a_universial_antisense

GAAATTAATACGACTCACTATAGGG

IVT_SpCas9_hDNMT1_site1_sgRNA_sense

GAAATTAATACGACTCACTATAGGAGTGCTAAGGGAACGT
TCAGTTTTAGAGCTAGAAATAGCAAG

IVT_SpCas9_hDNMT1_site2_sgRNA_sense

GAAATTAATACGACTCACTATAGCCAGCAGCCAACCTGAC
CAAGTTTTAGAGCTAGAAATAGCAAG

IVT_SpCas9_hCCR5_site1_sgRNA_sense

GAAATTAATACGACTCACTATAGTAATAATTGATGTCATAG
ATGTTTTAGAGCTAGAAATAGCAAG

IVT_SpCas9_hCCR5_site2_sgRNA_sense

GAAATTAATACGACTCACTATAGAACACCAGTGAGTAGAG
CGGGTTTTAGAGCTAGAAATAGCAAG

IVT_SpCas9_hAAVS1_sgRNA_sense

GAAATTAATACGACTCACTATAGGCAAGGAGAGAGATGG
CTCCGTTTTAGAGCTAGAAATAGCAAG

IVT_SpCas9_hIL12A-AS1_sgRNA_sense

GAAATTAATACGACTCACTATAGTTCTGGGGTCAACATCT
TGGGTTTTAGAGCTAGAAATAGCAAG

IVT_SpCas9_hFANCF_sgRNA_sense

GAAATTAATACGACTCACTATAGCCGCTCCAGAGCCGTG
CGAAGTTTTAGAGCTAGAAATAGCAAG

IVT_SpCas9_universial_antisense

AAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATA
ACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAA
AC

T Sequence information of the forward and reverse adapter primers used in targeted amplicon

sequencing is shown in green and blue, respectively.
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[Figure S1] Schematics of the target sequence for each gene locus which is targeted by

Casl12a or SpCas9 nickase in this study. Within each locus (DNMT1 sitel-2, CCR) sitel-2,

AAVSI, IL124-AS1, FANCF), the targeted sequences either alone or simultaneously by the

AsCas12a and SpCas9 (D10A) nickases are displayed in different colors. The protospacer and

PAM (TTTN) sequence of the Casl2a is highlighted in cyan and red, respectively. The

protospacer and PAM (NGG) sequence of the SpCas9 (D10A) nickase is highlighted in green

and blue, respectively.
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[Figure S2] Results of the in-vitro DNA amplicon cleavage assay to compare the activity
of wt- and en-AsCas12a based on a chimeric DNA-RNA guide. (A, B) Results of the Sanger
sequencing (upper) and target DNA amplicon cleavage assay (bottom) of DNMT1I-sitel (A)
and CCRJ5-site2 (B) sequences. DNA amplicons for each gene were obtained by PCR using the
corresponding DNA primers (Table S3). (NC: negative control, WT: wild-type crRNA, 8-
44DNA: chimeric crRNA which has sequential 8 to 44 nt DNA substitution from 3'-end of
crRNA). The cleaved amplicons were separated on 2% agarose gel. The protospacer and PAM
(TTTN) sequences in a sequencing data are indicated by dark blue and light blue, respectively.

Red asterisks on the gel picture indicates a cleaved DNA fragments.
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[Figure S3] Comparison of chimeric DNA-RNA guide-based genome editing efficiency
and specificity between wt-Cas12a and en-Casl2a for CCR5 target seqence. (A, B)
Comparison of indel ratio (%) for the target nucleotide sequence (On, CCRS5-site2) using wt-
Casl2a (A) and en-Cas12a (B) based on a wt- and chimeric guide, respectively. Indel ratio (%)
according to the presence (dark green) / absence (pale green) of simultaneous treatment of
nCas9 was also compared. (C) Analysis of the indel ratio (%) of en-Cas12a according to the
increase in the number of DNA substitutions at the 3'-end of the chimeric guide. (D, E)
Comparison of indel ratio (%) for off-target sequence (OT1) using wt- and chimeric guide-
based wt-Cas12a (D) and en-Cas12a (E). (F) Comparison of target specificity between wt- and
chimeric guide (8DNA) based on wt-Cas12a and en-Cas12a. Histograms are shown as means
+ s.e.m. from two independent experiments. P-values are calculated using a two-way anova
with sidak’s multiple comparisons test (ns: not significant, P*: <0.0332, P**: <0.0021, P***:
<0.0002, P****: <0.0001). NC: negative control, only Cas12a: only protein treated, WT: wild-
type crRNA was treated with wt- or en-AsCas12a, 8DNA: chimeric crRNA (sequential SDNA
substitution at 3'-end of crRNA) was treated with wt- or en-AsCasl2a. nCas9: nickase Cas9

(D10A)).
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[Figure S4] Comparison of chimeric DNA-RNA guide-based genome editing efficiency
and specificity between wt-Casl12a and en-Casl2a for FANCF target sequence. (A, B)
Comparison of indel ratio (%) for the target nucleotide sequence (On, FANCF) using wt-Cas12a
(A) and en-Casl2a (B) based on a wt- and chimeric guide, respectively. Indel ratio (%)
according to the presence (blue) / absence (light blue) of simultaneous treatment of nCas9 was
also compared. (C, D) Comparison of indel ratio (%) for the off-target sequence (OT1) using
wt- and chimeric guide-based wt-Casl2a (C) and en-Casl12a (D). Histograms are shown as
means *+ s.e.m. from two independent experiments. P-values are calculated using a two-way
anova with sidak’s multiple comparisons test (ns: not significant, P*: <0.0332, P**: <0.0021,
P*#*: <0.0002, P****: <0.0001). NC: negative control, only Cas12a: only protein treated, WT:
wild-type crRNA was treated with wt- or en-AsCas12a, 8DNA: chimeric crRNA (sequential
8DNA substitution at 3'-end of crRNA) was treated with wt- or en-AsCas12a. nCas9: nickase
Cas9 (D10A)).



Chromosome Position Bulge Mismatch No. Sequence

AAVS1 On-targst (On} Chr19 55115578 0 0 TTTG CTTACGATGGAGCCAGAGAG

Off-target1 (OT1} Chr4 95395072 0 3 TC CTTATGATGAAGCCAGAGAA
Off-target1 (OT2) Chr1 182157128 RNA-1 2 TA CTTA-GATGAAGCCACAGAG
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[Figure S5] Comparison of genome editing target specificity (on-target editing (%) / off-
target editing (%)) of wt-AsCas12a and en-AsCas12a on endogenous target (44VS1) in
human cell line (HEK293FT) using an wt- (WT) or optimized chimeric DNA-RNA guide
(8 DNA). Upper table shows the on-target nucleotide sequence (On) for target gene (44VS1)
and the corresponding off-target nucleotide sequence (OTI1-2) predicted from in-silico
analysis.! The underline indicates the PAM (TTTN) nucleotide sequence, and the nucleotides
mismatched with the target sequence in the off-target is indicated in red. (A, B) Indel ratio (%)
of the wt-AsCas12a (A) or en-AsCas12a (B) based editing on the endogenous target sequences
(on-/off-target sites for A4V'ST) using wt-crRNA (WT) and 3'-end 8-nt DNA substituted crRNA
(8 DNA). NC: negative control, only Casl2a: only protein treated, nCas9: nickase Cas9
(D10A). (C, D) Nickase dependency (C) and target specificity (D) were calculated from NGS
results, respectively. Nickase dependency = (without (w/0) nCas9 editing (%) / with (w/) nCas9
editing (%)), Target specificity = (on-target editing (%) / off-target editing (%)). Each
histogram is shown as means + s.e.m. from three independent experimental values. P-values

are calculated using a two-way ANOVA with sidak’s multiple comparisons test (ns: not



significant, P*: <0.0332, P**: <0.0021,

p###: <0.0002, P****: <0.0001).
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[Figure S6] Comparison of genome editing target specificity (on-target editing (%) / off-
target editing (%)) of wt-AsCas12a and en-AsCas12a on endogenous target (DNMTI-
site2) in human cell line (HEK293FT) using an wt- (WT) or optimized chimeric DNA-
RNA guide (8 DNA). Upper table shows the on-target nucleotide sequence (On) for target gene
(DNMT-site2) and the corresponding off-target nucleotide sequence (OT1-2) predicted from
in-silico analysis.! The underline indicates the PAM (TTTN) nucleotide sequence, and the
nucleotides mismatched with the target sequence in the off-target is indicated in red. (A, B)
Indel ratio (%) of the wt-AsCas12a (A) or en-AsCas12a (B) based editing on the endogenous
target sequences (on-/off-target sites for DNMT1-site2) using wt-ctrRNA (WT) and 3'-end 8-nt
DNA substituted crRNA (8 DNA). NC: negative control, only Casl2a: only protein treated,
nCas9: nickase Cas9 (D10A). (C, D) Nickase dependency (C) and target specificity (D) were
calculated from NGS results, respectively. Nickase dependency = (without (w/0) nCas9 editing
(%) / with (w/) nCas9 editing (%)), Target specificity = (on-target editing (%) / off-target



editing (%)). Each histogram is shown as means =+ s.e.m. from three independent experimental

values. P-values are calculated using a two-way ANOVA with sidak’s multiple comparisons

test (ns: not significant, P*: <0.0332,

P**: <0.0021, P***: <0.0002, P****: <0.0001).
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[Figure S7] Comparison of genome editing target specificity (on-target editing (%) / off-

target editing (%)) of wt-AsCas12a and en-AsCas12a on endogenous target (44VS1) in

human cell lines (HeLa, K562) using an wt- (WT) or optimized chimeric DNA-RNA guide

(8 DNA). Upper table shows the on-target nucleotide sequence (On) for target gene (44VS1)

and the corresponding off-target nucleotide sequence (OT1-2) predicted from in-silico

analysis.! The underline indicates the PAM (TTTN) nucleotide sequence, and the nucleotides

mismatched with the target sequence in the off-target is indicated in red. (A, B) Indel ratio (A)

and target specificity (B) of the wt- or en-AsCas12a based editing on target sequences (on-/off-
target sites for A4VS1) in HeLa cell using wt-ctrRNA (WT) and 3'-end 8-nt DNA substituted
crRNA (8 DNA). (C, D) Indel ratio (C) and target specificity (D) of the wt- or en-AsCasl2a



based editing on target sequences (on-/off-target sites for 44V.S1) in K562 cell using wt-crRNA
(WT) and 3'-end 8-nt DNA substituted crRNA (8 DNA). NC: negative control. Target
specificity = (on-target editing (%) / off-target editing (%)). Each histogram is shown as means
+ s.e.m. from three independent experimental values. P-values are calculated using a two-way
ANOVA with sidak’s multiple comparisons test (ns: not significant, P*: <0.0332, P**: <0.0021,
<0.0002, Pk <0.0001).

P***.
A Endogenous indel patterns from DNMT7-site1
NC

TTTCCTGATGETCCATCTC TGT TAC TOCCCTGICARC TEECRT GRCACCE
TTICCTGATEEICCATETCTET TRCTOECCT CTCARETEECET GRORCCE (W)

AsCaslZa WT

TTTCCTGATGCETCCATCTC TET TAC TOGCCT GICARC TEECRT GRCACCE

enhsCas12a WT

TTTCCTGATCGCETC CATGTC TGT TAC TCCCCT GICARCTEECET GACACCE

TITTCCTEATEETCCAT ET———— —CTOECCT CTCARCE TEECET GRORACCE (Ehp Del) TTTCCTEATEETCCAT G ——— ———TCECCT CICARCTEECCT GROACCE  (Shp Del)

TTICCTEATEEICCAT G ——TCECCTEICRRCTEECET GRCACCE (8bp Del) TTICCTEATEEIC R ——————TRCTCECCT CTCARGTER0CT GRCRACCE (The Del)

TTTCCTEATEETC R ——TRCTOCCTCTCRACTECCRTERCACCE (Thp Del) TTTCCTEATEETC AT GT-——— ——CTORCCT CICARCTEECET GRCACCE  (ebp Del)

TTICCTEATEEICCAT ——— ————CTORCCTCICARGTEECRT GRCACCE (Shp Del) TTICCTEATEEICCAT —— —————CTOECCT CTCARGTER0CT GRCRACCE (Shp Del)
AsCasi?a 8IMA enAsCasl2a SDNA

TTTCCTGATGCETCCATCTC TET TAC TOGCCT GICARC TEECRT GRCACCE TTTCCTGATCGCETC CATGTC TGT TAC TCCCCT GICARCTEECET GACACCE

TTTCCTCATECTCCAT G———————TCORCCT CTCARCTECCET GROACCE  (8hp Del) TTTCCTEATEETCCAT CT- —————CTCRCCT CTCARCTEOOCT GRACACCE (g Del)

TTICCTEATEEIC R ——————TRCTORCCTCICARGTEECRT GRCACCE (The Del) TTICCTEATEETC TR — ————————TEICRARCTEECETERCACCE (15bp Del)

TTTCCTEATEETCCRATET —CTCOECCTCTCARGTEEORT GRCACCE (6op Del) TTTCCTEATEETCCRT G ———TCOECCTCTCARCTEEORTERCACCE (Shp Del)

TTICCTEATEEICCAT ——— ————CTORCCTCICARGTEECRT GRCACCE (Shp Del) TTICCTEATEET - ———————————————CCTGICARCTEE0RT GACRCCE (1lébp Del)
AsCasl?a 12THNA enAsCasl?a 120INA

TTTCCTGATGCETCCATCTC TET TAC TOGCCT GICARC TEECRT GRCACCE TTTCCTGATCGCETC CATGTC TGT TAC TCCCCT GICARCTEECET GACACCE

TTTCCTEATEETCCRAT STCTET TACTORCCT CTCRRACTREECET CRCACCE (W) TTTCCTERTEETCCRAT G- ———TACTOECCT CTCARCTEEOCT CACACCE  (Shp Dell
AsCasl?a 16NA enfsCasl?a 16INA

TTTCCTGATGCETCCATCTC TET TAC TOGCCT GICARC TEECRT GRCACCE TTTCCTGATCGCETC CATGTC TGT TAC TCCCCT GICARCTEECET GACACCE

TTTCCTEATEETC AT CICTET TACTORCCT CTCARC TEECET GRORCCE  (WE) TTTCCTEATEETCCAT GICTCET TACTORCCT CTCARCTEECET GROACCE  (WE)
AsCasl?a 200MA enfsCasl2a 200NA

TTTCCTGATGCETCCATCTC TET TAC TOGCCT GICARC TEECRT GRCACCE TTTCCTGATCGCETC CATGTC TGT TAC TCCCCT GICARCTEECET GACACCE

TTICCTGATEEICCAT CTCTET TRCTOSCCT CTCARGTEECRT GRCACCE (W) TTICCTEATEEICCAT CTCTET TRCTORCCT CTCARGTEE0RT GRCACCE (W)
ZsCasl2a 240MA enhsCaslZa 240NA

TTTCCTGATGGTCCATGTC TGT TAL TOGCCT GTCARE TEECET GROACCE TTTCCTGATGGTCCATGTC TGT TAL TCGCCT GTCARETEECET GRCACCE

TTICCTGATEEICCAT CTCTET TRCTOSCCT CTCARGTEECRT GRCACCE (W) TTICCTEATEEICCAT CTCTET TRCTORCCT CTCARGTEE0RT GRCACCE (W)
AsCasl?a 44TNA enAsCasll2a 44INA

TTTCCTGATGCETCCATCTC TET TAC TOGCCT GICARC TEECRT GRCACCE TTTCCTGATCGCETC CATGTC TGT TAC TCCCCT GICARCTEECET GACACCE

TTTCCTEATEETCCRAT STCTET TACTORCCT CTCRRACTREECET CRCACCE (W) TTTCCTERTEETCCAT STCTET TACTORCCT CTCARCTEEORT CRACACCE (W)



Endogenous indel patterns from CCR5-site2

ToCACACOETCCARMC ARG ATCCAT TAT CRAGTC TCRARGT CCRATCT

Tmm@mmmmmmmmmm {wt)

AsCasgl2a WT

L TGCACACGCE TCCARCARCATCCAT TAT CRACTETCARET CCARTCT
Tmmm;mmmm———mmmmmm

AsCaslZa STNA

L TOC AR CCC TOCARC ARCATCCAT TAT CRACTE TCRACT CCRRTCT
TTTATECACRCEETE-——————-TTTTT TAT CRACTCTCARCT CCRATCT

AsCasl?a 12THNA

ToCACACOC TOCARC ARG ATCCAT TAT CRACTC TCARGT CCARTCT
Tmmm;mmmmmmmmmm

2soCasl2a 160MA

L TGCACA GGG TCCARC ARCATCCAT TATCRACTETCARET CCARTCT
TTTATECACRCEETECARCARGATCEAT TRAT CRARCTCTCARCT CCRATCT

AsCasl?a 200MA

L TGCACACCC TCCARC AACATC AT TAT CRACTCTCARCT CCARTCT
TTTATECACRCEETECARCARGATCEAT TRAT CRARCTCTCARCT CCRATCT

AsCasl?a 24TNA

L TGCACACCC TCCARC AACATC AT TAT CRACTCTCARCT CCARTCT
TTIATCC A A TEARCARC AT AT TATCRAACTETCARCT CLRARTCT

AsCasl?a 44TNA

L TGCACACCC TCCARC AACATC AT TAT CRACTCTCARCT CCARTCT
Tmmm;mmmmmmmmmm

(3bp Del)

(8bp Del)

(Wt}

(Wt}

{wt)

iwt)

(Wt}

enhsCas12a_WT

L TOCACACEC TCCAAC ARCATCCAT TAT CRACTETCRACT CCARTCT
Tmmcxm;m—

enhsCaslZa SDNA

L TOCACRCCCTCCARC ARCATCCAT TAT CRACTETCRACT CCRRTCT
TTTATECACRCEETEEARCE— —CEAT TAT CRACTCTCRACT CCRATCT

enhsCaslZa 12INA

L TCCACACCC TCCARC AACATCCAT TAT CRACTGTCAACT CCRRTCT
Tmmwmmmmmmmm

enhsCas12a 16IMA

TTTATCCACAGEE TECARC ARCATCCAT TAT CRAACTCTCRACT CCARTCT
TTTATECACRCEETEEARCARCATCEAT TRT CRACTCTCRAACT CCRATCT

enhsCasl?a 200NA

T TTATCCACACEC TCCAR ARCATCCAT TAT CRAGTCTCRAAGT CCRAATCT
TTTATECACRCEETEEARCARCATCEAT TRT CRACTCTCRAACT CCRATCT

enhsCaslZa 24INA

T TTATCCACACEC TCCAR ARCATCCAT TAT CRAGTCTCRAAGT CCRAATCT
TTIIATCC R AR TEEARCARCATE AT TATCRACTETCARCT CCRARTCT

enhsCaslZa 44INA

L TCCACACCC TCCARC AACATCCAT TAT CRACTGTCAACT CCRRTCT
Tmmwmmmmmmmm

{Tbp Del)
{22bp Del)
(&bp Del)
{12bp Del)

(4bp Del)
{13bp Del)
(Tep Del)
(gbp Del)

(W)

(W)

lwt)

iwt)

(W)



Endogenous indel patterns from /L72A-AS1
HNC

TTTRCCATOCCAC TARRRACCCA AACCCCATTACT TTACTGATT CTGGEET
TTTAGEATECCACT. =3 CEEEATTACTTTACTGATTICTEEEET (wt)

AsCas12a WT

TTTAGEATCCCAC TAA ARG CEA AACCEEATT ACT TTACTEATT CTEEEET

enhsCas12a WP

TTTAGEA TGO CAC TAA ARG CCR ARG CEEATT ACT TTACTEATT CTEEEET

TTTACEATECCRCT; ele e SATTACTTTACTEATTCTEECET (ébp Del) TTTAGERATECCACT ZEE =RTTACTTIACTGETTCTEEEET (€bp Del)

TTTAGERTECCACT. == FEE-RATTRACTTIACTEATTICTIEEEET (lbp Del) TTTACRTECCACT G- ————GEATTACTTTACTEATTICTEEEET (Shp Del)

TTTAGEATECCACT EEE TTACTTTACTGATTICTEEEET (Thp Del) TTTRCEATECCACT———————————-TTACTTIACTGETTCTGEEET (1Sbp Del)

TTIRCEAT———————-————————TRCTTIACTGATTCTGEECET (22bp Del) TTTRCEATCECCRC TR ————————————CTTIACTGETTCTGEEET (17bp Del)
hsCasl2a BIMA enhsCas1Za SDNA

TTTACCATCCCAC TARRRCCCR RACCCCATTACT TTACTEATT CTEEEET TTTACCATCCCAC TAARRCCCR ARCCCCATT ACT TTACTEATT CTEEEET

TTTACEATECCRCT; ele e SATTACTTTACTEATTCTEECET (ébp Del) TTTAGERATECCACT ZEE =RTTACTTIACTGETTCTEEEET (€bp Del)

TTTIAGERT: TRCTGATTCTGEEET (27hbp Del) ITTAER T AL T———————————————————TIACTEATTCTEET (20bp Del)

TTIRCEATCCCRCT GO ZE—ATTRCTTIRCTGATTICIGEECET (2bp Del) TR T——————————————————TRACTTIACTGATT CTGGEEE 22bp Del)

ITIAGRTECCRCT———————————————————TIACTGATICIEE=CT (20bp Del) TTIRAGERTCECCACT =ETICTEEEET (25bp Del)
AsCas12a 12TIMA enksCas12a 12TNA

TTTRCCATCCCAC TARAAC G AACCOGATTACT TTRCTGATT CTGEEET TTTRGCATCCCAC TAA RACCCA ARCCOCATT ACT TTACTEATT CTGEEET

TTTRREATCCCACT, EEAARCCEEATTACTTTACTEATTCTEEEET (wh) TTTREEATECCACT SEER AMECECATTACT TTACTGATT CTEEEET (W)
2soCasl2a 160MA enhsCas12a 160NA

TTTAGEATCCCAC TAARRCCEA AACCEEATT ACT TTACTEATT CTEEEET TTTAGEA TGO CAC TAA ARG CEA ARG CEEATT ACT TTACTEATT CTEEEET

TTTRREATCCCACT, R ARCCEEATTACTTTACTEATTCTEEEST (wh) TTTREEATECCACT SEER AMECECATTACT TTACTGATT CTEEEET (W)
AsCas12a 200MA enksCas12a 200NA

TTTRCCATCCCAC TARAAC G AACCOGATTACT TTRCTGATT CTGEEET TTTRGCATCCCAC TAA RACCCA ARCCOCATT ACT TTACTEATT CTGEEET

TTTRACEATCCCRCT CEERRACCEEATTACTTIACTEATTCIGEEET (wt) TTTACGATCECCACT: CEERRRCCEEATTACTTIACTEATTCIGEEET (Wt
AsCaslZa 24TNA enksCas12a 24TNA

TTTRCCATCCCAC TARAAC G AACCOGATTACT TTRCTGATT CTGEEET TTTRGCATCCCAC TAA RACCCA ARCCOCATT ACT TTACTEATT CTGEEET

TTTRERTECCEACT, CE GEEEATTACT TTACTGATTCIGEEGET (W) TTIAGERTGCCACT GGG FEEEATTACTTTACTGATTCTEEET (Wt

AsCasl?a 44TNA

enAsCasl?a 440NA

TTTRCCATCCCAC TAA RRCCCA ARCCCCATT ACT TTACTGATT CIGEEET
TTTAGERATCECCECT. FEE CEFEATTACTTIACTGATTCTCEEET (Wt

TTTRCCATCCCAC TARRACCEA ARG CCCATTACT TTACTGATT CTGEEET
TTTAGEATECCACT. =3 CEEEATTACTTTACTGATTICTEEEET (wt)

[Figure S8] Representative indel pattern from NGS analysis of endogenous genomic locus
edited by wt-Cas12a or en-Casl2a using various chimeric guides. (A-C) List of indel
patterns induced by wt-Cas12a, en-Cas12a using various chimeric guides on DNMT-sitel (A),
CCR5-site2 (B), and IL12A4-AS1 (C) locus in HEK293FT cell line. PAM sequence (TTTN) for
AsCasl2a is shown in blue and protospacer is shown in red, respectively. The dashed line
indicates deleted sequence relative to the wild-type reference sequence. NC: negative control,
WT: wild-type crRNA was treated with wt- or en-AsCasl2a, 8-44DNA: chimeric crRNA
(sequential 8-44DNA substitution at 3'-end of crRNA) was treated with wt- or en-AsCas12a.



A AsCas12a - Endogenous indel patterns from CCR5-site1 on-target
AsCaslZa w/o nCas9 NC

GEACTTTATARRAGRTCRCTIT TTT ATCCACACCCOTCERAACRACATCCATTATCRARCT GCTCARCT  — “ATCTATCACATCAATTATTATACATCGER
GEACTTTATARRA AT CACTIT TIATTT AT CAC A CT G AR CRA AT CEA TTATCA ACT CTCARCTCCART CTATCRCAT CRAATTATIATACATCCER (Wt)

AsCasl?a w/o nCas3 only CaslZa

GEACTTTATARRACGATCACTTT TTATTT ATCCAC ACCCTC AR CAACATCCA TTATCARCT GTCARET " ATCTATCACATCAA TTATTATACATCCER
GERCTTTATA RARACRTCRACTIT TTATI T ATCCACACECTE A CRA AT CER TTA TCR ACT CTCARCTCCRAAT CTATCR CATCRARTTATIATRCATCCER. (W)

AsCas12a w/o_nCas9_WT

GERCTITATA RAR AT RACTIT TTA T T ATCCAC ARG TG ERACAACATCEA TTA TCR AT CTCARCET ATCTATGACATCAATTATTATRCATCCER

GEACTTTATARMA AT CRCTTT TIATIT ATCCRCACECTECR {llbp Del)
GERCTTTATA AR R TCACTTT TTATITATCCACACECTEERR LA — (€bp Del)
GERCTTTATRA AR GRTCRCTTT TTATIT ATCCRCACECTEERA ————GATTATCRACTGTCARCTCCARTCTATGRCATCRATIATIRTACATCGER (4bp Del)
GERCTTTATARMAGRATCRCTTT TIATITATCCRCRCE GIGTCRARCTCCRATCTATEACATCARTTATIATACATCEER (22bp Del)
AsCasl?a w/o nCas9 8ONA

GEACTTTATA RN GATCRCTTT TIA TTT ATCCAC ACCCTGCAACAA CATCCA TTR TCR MET CTCARET - - " ATCTATCACATCAA TTATTATRCATCCER
GERCTITATARRAGATCRCTIT ITATIT ATGCRCAGEETGERR ATIATCRRCT GICARCTCCARTCTATERCATCARTIRTIATACATOGER (7hp Del)
GEACTTTATARMA AT CRCTTIT TIA TIT ATCCRC AR CTEERA LR —— —— ———————— -GICRARCGTCOCARTCTATGRCRATCRATIATIATACATCCEEE (15bp Del)
GERCTTTATARMAGRATCRCTTT TIATITATCCRCRCE GIGTCRARCTCCRATCTATEACATCARTTATIATACATCEER (22bp Del)
GEACTTTATARMA AT CRCTTT TIATIT ATCCRCAEE CTCERA (R AT G— —— —————————CFTCCRAATCIATCRCRTCRATTATIATRACATCCER. (lébp Del)

AsCasl?a with nCasd NC

GEACTTTATARRACGATCACTTT TTATTT ATCCAC ACCCTC AR CAACATCCA TTATCARCT GTCARET " ATCTATCACATCAA TTATTATACATCCER
GEACTTTATARRA AT CACTIT TIATTT AT CAC A CT G AR CRA AT CEA TTATCA ACT CTCARCTCCART CTATCRCAT CRAATTATIATACATCCER (Wt)

AsCas12a with nCas® only CaslZa

GEACTTTATARRACGATCACTTT TTATTT ATCCAC ACCCTC AR CAACATCCA TTATCARCT GTCARET " ATCTATCACATCAA TTATTATACATCCER
GERCTTTATA RARACRTCRACTIT TTATI T AT AC A CTE A CRA AT CEA TTA TCR ACT CTCARCTCCRAAT CTATCR CATCARTTATIATRCATCCER. (W)

AsCasl2a with nCas9 WT

GEACTTTATARRACGATCACTTT TTATTT ATCCAC ACCCTC AR CAACATCCA TTATCARCT GTCARET " ATCTATCACATCAA TTATTATACATCCER

GEACTTTATARRA AT CRCTIT TIATTITATCCACACECTCE TIRTTATRCRATCGER (43bp Del)
GEACTTTATARRR AT CACTIT TIATITATCCACACECTGER TCRARCTCCRATCTATCRCATCRATTATIATACATCCER (2ibp Del)
GERCTTTATARRA AT CACTIT TIATTT AT CACAGECIGEA —— —————————————————CRRCTCCRAT CTATCRCATCRAATIATIATRACATCCEER (20bp Del)
GERCTTTATARRA AT CACTIT TIATTT AT CACACECTC AR CRACR TATGRCATCRRTTATTATACATCEER (2ébp Del)

AsCasl?a with nCas9 SDNA

GEACTTTATARRACGATCACTTT TTATTT ATCCAC ACCCTC AR CAACATCCA TTATCARCT GTCARET " ATCTATCACATCAA TTATTATACATCCER

GERCTITATARRAGATCRCTIT ITATIT ATGCRCAGEETGERR (AT CICARCGTCCRRTCTATERCATCARTIATIATRACATCGER (13kbp Del)
GERCTTTATA AR R TCACTTT TTATITATCCACAGECTGERR TRTIRTRCRATCGER (43bp Del)
GERCTTTATA AR AT CACTTT TTATIT ATCCACACE T ERR CAR AT R TRTIRTRCRATCGER (35bp Del)
GERCTTTATA AR AT CACTIT TIATIT ATCCACARECTEERR TR TRTIRTRCRATCGER (41bp Del)

enAsCas12a - Endogenous indel patterns on CCRS5 site1 on
enAsCasiZa w/o nCas% NC

GGRACTITATARAAGATCACTITTTAT ITATGCACAGGGTGGAACAAGATGGATTATCAAGT CTCRARGT U L A ATCTATGACATCAATTATTATACRTCGGRE
GEACTITATARARGATCACTITTTAT TTATGCACAGEETGRARCARGRATECATTATCARGT CTCAAGTCCRATCTATGACATCAATTATTATACRATCGEE (W)

enAsCas1?a w/o nCas9 only CaslZa

GGRCTITATARRAGATCACTITTTAT TTATGCACAGGGTGGAACAAGATGGATTATCAAGT CTCRARAGT U (L ATCTATGACATCAATTATTATACRTCGGRE
GEACTITATARARGATCACTITTTAT TTATGCACAGEETGEAACARGATGCATTATCAAGT CTCAAGTCCAATCTATGACATCRAATTATTATACRATICGEE (WE)

enAsCas1Z?a w/o nCas9 WT

GEACTTTATARARGATCACTITITE

GCACAGGGTGGAACAAGATGGATTATCARGTGTCRAGT U ATCTATGACATCAATTATTATACATCGER

GEACTITATARARGATCACTITTTATTTATGCACA TGTCAAGTCCRATCTATGACATCAATIATTATACRICGEE (22bp Del)
GGERCTTITATARAAGATCACTITTTATTTATGCACAGGETGE AGTCCAATCTATGACATCRATTATTATACRTCGGRE (24bp Del)
GEACTITATARARGATCACTITTTAT TTATGCACAGEETIGE—————————— === ===~ AGIGTCAAGTCCAATCTATGACATCAATIATTATACRICGEE (170p Del)
GEACTTTATARRRGATCACTITTTAT TTATRCACAGRE—————-———-TGCATTATCAAGTCTCRAAGTCCRATCTATGACATCRATTATTATACATCGEE (10bp Del)

enAsCaslZa w/o_nCas% 8DNA

GEACTITATARARGATCACTITTTIATT GCACAGGGTGGAACAAGATGGATTATCAAGTGTCARGT - C - ATCTATGACATCAATTATTATACATCGGR

GEACTTTATARARGATCACTITTTATTTATRCACA TGETCAAGTCCRATCTATGACATCRATTATTATACATCGEE (22bp Del)
GEACTITATARARGATCACTITTTAT TTATGCACAGGETIGERAR -~ -CAAGTGTCARGTCCAATCTATGACATCAATIATTATACRICGEE (13bp Del)
GEACTTTATARRRGATCACTITTTAT TTATRCACAGEETGRRR -~ -—CRAGTCCRATCTATGACATCRATTATTATACRTCGEE (20bp Del)
GEACTITATARARGATCACTITTTATTTATGCACAGEET ERGICCAATCTATGACATCRATTATTIATACATCGGRE (23bp Del)

enAsCasl2a with nCas9 NC

GEACTITATARARGATCACTITTTAT TTATGCACAGGGTGGAACAAGATGGATTATCAAGT CTCAAGT C (" ATCTATGACATCAATTATTATACRTCGEE
GEACTTTATARRRGATCACTTTTTAT TTATGCACAGEETGEARCAAGATGEAT TATCARGTGTCARGT CCAATCTATGACATCAATTATTATACRTCGEA (W)

enAsCasl2a with nCas9 only Casl2a

GGRACTITATARAAGATCACTITTTAT ITATGCACAGGGTGGAACAAGATGGATTATCAAGT CTCRARGT U L A ATCTATGACATCAATTATTATACRTCGGRE
GEACTTTATARARGATCACTITTTAT TTAT GCACAGEETGEARCAAGATGEAT TATCARGTGTCARGT CCAATCTATGACATCARTTATTATACRTCGEA (W)

enAsCasiZa with nCas9 WT

GGACTITATARRAGRTCACTITITA

GCACAGGGTGGAACAAGATGGATTATCARGTGTCRAAGT U L ATCTATGACATCAATTATTATACRTCGGRA

GEACTTITATARARGATCAC TCTCAAGTCCRATCTATGACATCAATTATTATACRATCGEE (3%0p Del)
GGACTITATARRAGATCACTITITATITATGCRACAGGEIGE ATCRATTATTRTACRICGGRE (3%bop Del)
GEACTITATARARGATCACTITTTATTTATGCACAGEETGERAC TATTATACATCGEA (42bp Del)
GGRCTITATARRAGATCACTITITATITATGCRCAGGETIGEE——————————————————— GTCRRGTCCAARTCTATGACATCRATTATTATACATCGGA (1%op Del)

enAsCaslZa with nCas3 SDNA

GEACTITATARARGATCACTITTTAT TTATGCACAGGGTGGAACAAGATGGATTATCAAGT CTCAAGT C (" ATCTATGACATCAATTATTATACRTCGEE

GEACTTTATARRRGRATCACTITTTAT TTATGCACAGEETGRAL RATTATTRTACRTCGERE (3%bp Del)
GEACTITATARARGATCACTITTTAT TTATGCACAGEETIGEAR - —————————————— === CRAGTCCRATCTATGACATCRAATTIATTATACRICGEE (20b0p Del)
GEACTTTATARRRGATCACTITTTAT TTATRCACAGRE—————-———-TGCATTATCAAGTCTCRAAGTCCRATCTATGACATCRATTATTATACATCGEE (10bp Del)

GEACTITATARARGATCACTITTTATTTATGCACAGEETGERL TRTTATACATCGGA (43bp Del)



AsCas12a - Endogenous i | patterns on CCRS5 site1 OT1

AsCasl2a w/o nCas9 NC

TETTAACTCTTTTCTGCACAGGGTGAAAAARAGARATGACACTCCCTGCTCCAGARTCAGATCATAGTTAT
TETTAACTCTTTTCTGCACAGGGTGRAARA R AGARATCACACTCCCTGCTCCAGRATCAGATCATAGTTAT

AsCalea_y/o_nCas9_only_Casl2a
TETTARCTCTTTTCTGCACAGGGTGAARAAAAGARATGACACTCCCTGCTCCAGRAATCAGATCATAGTTAT
TETTARCTCTTTTC TG CACAGGGTGALRA R AGARATGACACTCOCTGCTCCAGRATCAGATCATAGTTAT
AsCasl2a w/o nCas9 WT
TETTAACTCTTTTCTGCACAGGGTGAARAARAGARATGACACTCCCTGCTCCAGRATCAGATCATAGTTAT
TETTARCTCTTTTC TG CACAGGGTGALRA R AGARATGACACTCOCTGCTCCAGRATCAGATCATAGTTAT
AsCasl2a w/o nCas9 B8DNA

TETTAACTCTTTTCTGCACAGGGTGAAAAARAGARATGACACTCCCTGCTCCAGARTCAGATCATAGTTAT
TETTAACTCTTTTCTGCACAGGGTGRAARA R AGARATCACACTCCCTGCTCCAGRATCAGATCATAGTTAT

AsCasl2a with nCas9 NC

TETTALCTCTTTTCTGCACAGGGTGAARAAAGARAATGACACTCCCTGCTCCAGRATCAGATCATAGTTAT
TETTALCTCTTTTCTGCACAGGGTGRAARARRGALATGACACTCCCTGCTCCAGRATCAGRATCATAGTTAT

AsCasl2a with nCas9 only Casl2a
TETTAACTCTTTTCTGCACAGGGTGAARAAAGARATGACACTCCCTGCTCCAGRATCAGATCATAGTTAT
TETTARCTCTTTTC TG CACAGGGTGALRA R AGARATGACACTCOCTGCTCCAGRATCAGATCATAGTTAT
AsCaslZa with nCas9 WT
TETTARCTCTTTTCTGCACAGGGTGAARAAAAGARATGACACTCCCTGCTCCAGRAATCAGATCATAGTTAT
TETTAACTCTTTTCTGCACAGGGTGRAARA R AGARATGACACTCCCTGCTCCAGRATCAGATCATAGTTAT
AsCasl2a with nCas9 8DNA

TETTALCTCTTTTCTGCACAGGGTGAARAAAGARAATGACACTCCCTGCTCCAGRATCAGATCATAGTTAT
TETTALCTCTTTTCTGCACAGGGTGRAARARRGALATGACACTCCCTGCTCCAGRATCAGRATCATAGTTAT

enAsCas12a - Endogenous indel patterns on CCR5 site1 OT1
enAsCasl2a w/o nCas9 NC
TEITAACTCTTTTCTGCACAGGGTGAAAAAAGAAATGACACTCCCTGCTCCAGRAATCAGATCATAGTTAT
TGTTAACTCTTTTCTGCACAGGGTGAARARAGARATGACACTCCCTGCTCCAGAATCAGATCATAGTTAT (W)
enAsCasl2a_w/o_nCasQ_pnly_pasl2a
TGTTAACTCTTTTCTGCACAGGGTGAAAAAAGARAATGACACTCCCTGCTCCAGRAATCAGATCATAGTTAT
TGTTRACTCTTTTCTGCACAGGGTGRARARARAGRAATGACACTCCCTGCTCCAGRATCAGATCATAGTTAT (W)

enAsCasl2a w/o nCas9 WT

TEITAACTCTTTTCTGCACAGGGTGAAAAAAGAAATGACACTCCCTGCTCCAGRAATCAGATCATAGTTAT

TGTTRACTCTTTTCTGCACAGGETGRAARL AR ————— GACACTCCCTGCTCCAGRRTCAGATCATAGTTAT (Shp
TGTTAACTCTTTTCTGCACAGGETG————AAGARATGACACTCCCTGCTCCAGAATCAGATCATAGTTAT (4bp
TGTTAACTCTTTTCTGCACAGGETGAR————— ARATGACACTCCCTGCTCCAGRAATCAGATCATAGTTAT (Shp

enAsCasl?a w/o nCas9 8DNA

TEITAACTCTTTTCTGCACAGGGTGAAAAAAGAAATGACACTCCCTGCTCCAGRAATCAGATCATAGTTAT
TGTTAACTCTTTTCTGCACAGGGTGRAARARAGARATGACACTCCCTGCTCCAGAATCAGATCATAGTTAT (W)

enAsCasl2a with nCas9 NC

TGTTRACTCTTTTCTGCACAGGGTGAAARAAAGAAATGACRCTCCCTGCTCCAGRATCAGATCATAGTTAT
TGTTRACTCTTTTCTGCACAGGGTGARR R AR GARATCGACACTCCCTGCTCCAGRATCAGATCATAGTTAT EKE)
enAsCasl?a with nCas9 only Casl2a

TGETTRAACTCTTTTCTGCACAGGGTGARAARAAAGARATGACRCTCCCTGCTCCAGRATCAGATCATAGTTAT
TGTTAACTCTTTTCTGCACAGGGTGRARARRAGARATCACACTCCCTGCTCCAGAATCAGATCATAGTTAT (W)

enAsCasl2a with nCas9 WT

TEITAACTCTTTTCTGCACAGGGTGAAAAAAGAAATGACACTCCCTGCTCCAGRAATCAGATCATAGTTAT

TGEITRACTCTTTTCTGCACAGGETGRAAR L ———————— ACACTCCCTGCTCCAGAATCAGATCATAGTTAT (8hp
TEITRACTCTTTTCTGCACAGGETGRAARA R ——————— ACACTCCCTGCTCCAGAATCAGATCATAGTTAT (Thp
TGEITRACTCTTTTCTGCACAGGGTGRAAR ARG -GACACTCCCTGCTCCAGRATCAGATCATAGTTAT (4bp
TETTRACTCTTTTCTGCACAGGGTGRAAR AR ————— GACACTCCCTGCTCCAGARTCAGATCATAGTTAT (Shp

enAsCasl2a with nCas9 BDNA

TEITAACTCTTTTCTGCACAGGGTGAAAAAAGAAATGACACTCCCTGCTCCAGRAATCAGATCATAGTTAT
TGITRACTCTTTTCTGCACAGGGTGARA LA AGRARTEGACACTCCCTGCTCCAGAATCAGATCATAGTTAT (W)

(wt)

(wt)

(wt)

Del)
Del)
Del)

Del)
Del)
Del)
Del)



AsCa512a_w/o_pCa59_NC

CACAGTGTGTTTTATGCACAGGGAGRAARAAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCH
CACAGTGTGTTTTATGCACAGGGAGAAML R L GATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCH

asCa512a_w/o_pCas9_only_Casl2a

CACAGTGTGTTTTATGCACAGGGAGRAARAAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCH
CACAGTGTGTTTTATGCACAGGGAGAAML R L GATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCH

AsCa512a_w/o_pCa59_ﬂT

CACAGTGTGTTTTATGCACAGGGAGRAARAAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCH
CACAGTGTGTTTTATGCACAGGGAGRARALR L GATGRAGAGGCCCACTGGCTATCAGATGATAGAGGTARCH

AsCalea_w/o_pCasg_SDNA

CACAGTGTGTTTTATGCACAGGGAGRAARAAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCH
CACAGTGTGTTTTATGCACAGGGAGRARALR L GATGRAGAGGCCCACTGGCTATCAGATGATAGAGGTARCH

AsCasl2a with nCas9% NC

CACAGTGTGTTTTATGCACAGGGAGAAAAAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCE
CACAGTGTGTTTTATGCACAGGGAGRARALR L GATGRAGAGGCCCACTGGCTATCAGATGATAGAGGTARCH

AsCas12a with nCas9 only Casl2a

CACAGTGTGTTTTATGCACAGGGAGAAAAAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCE
CACAGTGTGTTTTATGCACAGGGAGRARALR L GATGRAGAGGCCCACTGGCTATCAGATGATAGAGGTARCH

AsCas=12a with nCas9 WT

CACAGTGTGTTTTATGCACAGGGAGAAAAAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCE
CACAGTGTGTTTTATGCACAGGGAGARARRAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCE

A=Casl2a with nCas9 8DNA

CACAGTGTGTTITTATGCACAGGGAGAAARAMAGAT GAGAGECCCACTGECTATCAGATGATAGRAGGTARCA
CACAGTGTGTTTTATGCACAGGGAGRARAALAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARACAE

enAsCas12a - Endogenous indel patterns on CCR5 site1 OT2

enAsCasl2a w/o nCas9 NC

CACAGTGTGTTTTATGCACAGGGAGAAARRAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCA
CACAGTGTGTTTTATGCACAGGGAGRAALAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARACA

enAsCalea_w/o_nCas9_only_Casl2a

CACAGTGTGTTT TATGCACAGGGAGAAARRAMGATGAGAGECCCACTGEGCTATCAGATGATAGRGETAACE
CACAGTGTGTTTTATGCACAGGEAGRRA AL R AGATGAGAGGCCCACTGGUTATCAGATGATAGAGGTARCA

enAsCalea_w/o_nCasg_ﬂT

CACAGTGTGTTT TATGCACAGGGAGAAAAAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARACA
CACAGTGTGTTTTATGCACAGGEAGRRL LA AGAT - —GAGGCCCACTGGCTATCAGATGATAGRAGETARCE

enAsCalea_w/o_nCasQ_SDNA

CACAGTGTGTTT TATGCACAGGGAGAAARAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGEGTARCA
CACAGTGTGTTTI TATGCACAGGEAGRRAALALGATGAGAGEGCCCACTGGCTATCAGATGATAGAGEGTARCA

enAsCasl2a with nCas9 NC

CACAGTGTGTTTTATGCACAGGGAGAAARAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCA
CACAGTGTGTTTTATGCACAGGEAGRALL A AGATGAGAGGCCCACTGGCTATCAGATGATAGAGEGTARACH

enAs=Cas12a with nCas=9 only Casl2a

CACAGTGTGTTT TATGCACAGGGAGAAARRAMGATGAGAGECCCACTGEGCTATCAGATGATAGRGETAACE
CACAGTGTGTTTTATGCACAGGEAGRR AL R AGATGAGAGGCCCACTGGCTATCAGATGATAGAGGTARCE

enAsCaslZ2a with nCas9% WT

CACAGTGTGTTT TATGCACAGGGAGAAARAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGEGTARCA
CACAGTGTGTTTI TATGCACAGGEAGRRAALALGATGAGAGEGCCCACTGGCTATCAGATGATAGAGEGTARCA

enAsCasl2a with nCas9 8DNA

CACAGTGTGTTTTATGCACAGGGAGAAARARAAGATGAGAGGCCCACTGGCTATCAGATGATAGAGETARLCA
CACAGTGTGTTTTATGCACAGGEAGRALLAAGATGAGAGGCCCACTGGUTATCAGATGATAGAGGTARCA

(wt)

(wt)

(wt)

(wt)

(2bp Del)

(wt)

(wt)

(wt)

(wt)



B AsCas12a - Endogenous indel patterns from AAVST on-target

AsCasl2a w/o_nCas9_NC

CTCCTTGCCRAGRRCCTCTRAGGT T TECTTACGATGGAGCCAGAGAGGATCCTGEERAGEEAGAGCT TGECRAGE

CTCCTT o CAGRRCCTCTRAGGT TTGCTTACGATGGAGCCAGRGRAGEATCCTGEEAGEEAGAGCTTGECRAGE  (wE)
AsCasl2a w/o nCas9_only Casl2a
CTCCTTGCCRAGRACCTCTRAGS SCTTACGATGCAGCCAGAGAGGATCCTGGEAGEEAGRGCT T GGCAGE
CTCCTT o CAGRRCCTCTRAGGT TTGCTTACGATGCAGCCAGRGRAGEATCCTGEEAGEEAGAGCTTGECRAGE  (wE)
AsCasl2a w/o_nCas9_WT
CTCCTTGCCAGRRCCTCTRAGGT T TECTTACGA TGGAGC CAGAGAGGATCCTGEEAGEEAGAGCT TGECRAGE
CTCCTTGCCAGRACCTCTAAGGT TTGCTTACGATGGAGCCAGAG——GATCCTGEEAGEEAGAGCTTGECRAGE (2bp Del)
CTCCTTGCCAGRRCCTCTRAAGGTTTGCTTACGATGGAGCCAGR: TCCTGGEAGGEAGAGCTTGGCAGE (Shbp Del)
CTCCTTGCCAGRRCCTCTRAAGGT TTGCTTACGATGCAGCCAGRGRGEAT GEEAGGEAGRGCTTGGCAGE (3bp Del)
CTCCTTGCCAGRACCTCTRAAGGTTTIGCTTACGATGERAGT -TTGGCRAGG (25bp Del)
AsCasl2a w/o nCas9_8S8DNA
CTCCTTGCCAGRACCTCTRAGGT T TECTTACGA TGGAGCCAGAGAGGATCCTGEEAGGEAGRGCTTGGCRAGG
CTCCTTGCCAGRRCCTCTRAGGTTTGCTTACGATGGAS GGAGAGCTTGGCAGE (1%p Del)
CT T T GG CTCTAAGGT T TG T T ACGATGEAGCCAGAGA G- -TCCTGEEAGGEAGAGCTTGECAGE (2hp Del)
CTCCTTGCCAGRRCCTCTRAGGTTTGCTTACGATGGAGT TIGGCAGE (2Sbp Del)
CTCCTTGCCAGRRCCTCTRAGGTTTGCTTACGATGS GAGGGAGAGCTTGGCAGE (18bp Del)
AsCaslZ?a with nCas9 NC
CTCCTTGCCAGRRCCTCTRAGGT T TECTTACGA TGGAGC CAGAGAGGATCCTGEEAGEEAGAGCT TGECRAGE
CTCCT TG CAGR L CTCTRAAGGT TTGCTTACGATGGAGCCAGRAGAGEATCCTGEEAGEEAGAGCTTGECAGE (W)
AsCaslZa with nCas9 only CaslZa
CTCCTTGCCAGRACCTCTRAGG SCTTACGATGGAGCCAGAGAGGATCCTGGEAGGEAGAGCTTGGCAGG
CTCCTT o CAGRRCCTCTRAGGT TTGCTTACGATGCAGCCAGRGRAGEATCCTGEEAGEEAGAGCTTGECRAGE  (wE)
AsCaslZa with nCas9 WT
CTCCTTGCCAGRRCCTCTRAGGT T TECTTACGA TGGAGC CAGAGAGGATCCTGEEAGEEAGAGCT TGECRAGE
CTCCTTGCCAGRRCCTCTRAAGGTTTGCTTACGATGGAGCCAGR: TCCTGGEAGGEAGAGCTTGGCAGE (Shbp Del)
CTCCTTGCCAGRACCTCTRAGGTTTGCTTACGATGGAGC CAGAG——GATCCTGEEAGGEAGRGCTTGECRAGE (2bp Del)
CTCCTTGCCAGRRCCTCTRAGGTTTGCTTACGATGGAGCCAG GATCCTGGEAGEGAGAGCTTGGCAGE (4bp Del)
CTCCTTGCCAGRACCICTRAAGGT TIGCTTACGATGGAR GEAGGGAGRGCTTGGCAGGE (15bp Del)
AsCas12a_with nCas9 BDNA
CTCCTTGCCAGRACCTICTRAGGT T TECTTACGATGGAGCCAGAGAGGATCCTGEEAGEEAGRGCT T GECAGE
CTCCTTGCCAGRRCCTCTRAAGGT TTGCTTACGATGEAGCCAGRAG - —GATCCTGEERAGEEAGAGCTTGECAGE (2bp Del)
CTCCTTGCCAGRRCCTCTRAAGGTTTGCTTACGATGERAGCCAGR - ———— TCCTGGEAGGEAGAGCTTGGCAGE (Shbp Del)
CTCCT GGEAGAGCTTGGCAGE (47bp Del)
CTCCTTGCC TEEEAGGEAGRGCTTGECAGE (42bp Del)
enAsCas12a - Endogenous indel patterns on AAVST on
enAsCasl?a w/o nCas9 NC
CTCCTTECCAGRACCTCTAAGET TTCCTTACGATGGAGCCAGAGAGGATCCTGGEAGEEAGAGCTTEECAGE
CTCCTIECCAGRACCTCTARGGT TTGCTTACGATGGAGCCAGAGAGGATCCTEGEAGEEAGRGCTTERECAGE (W)
enAsCaslZa w/o nCas9 only Casl2a
CTCCTIGCCAGRACCTCTRAGET TTECTTACGATGGAGCCAGAGAGGATCCTEGEAGECAGRECTTEECAGE
CTCCTIGCCACRACCTCTRAGETTTGCTTACGATGGAGCCAGACGAGGATCCTECEAGECAGRECTTERECAGE (%]
enAsCasl2a w/o nCas9 WT
CTCCTIGCCAGRACCTCTRARGGT TTECTTACGATGGAGCCAGRAGAGGATCCT EGEAGECAGRECTTGECAGE
CTCCTIGCCAGRACCTCTARGGTTTGCTTACGATGGAG 2y TTGEECAGE (l%kp Del)
CTCCTIGCCAGRACCTCTRARGGTTTGCTTACGATGERAG RECTTGECAGE (23kbp Del)
CTCCTIGCCAGRACCTCTARGGTTTGCTTACGATGGRGT: TTGEECAGE (26kp Del)
CTCCTTGCCAGRACCTCTARGGTTTGCTTACGATGGAGCCAGR——— -~ TCCTGGEAGGEEAGRBCTTEECAGE (Shbp Del)
enAsCasl2a w/o nCas9 8DNA
CTCCTIGCCAGRACCTCTAAGET TTGCTTACGATGGAGCCAGAGAGGATCCT GEGAGECAGRCECTTGECAGE
CTCCTIGCCAGRACCTCTAAGEGTTTGCTTACGATGGAG GGAGAGCTTGGCAGE (18kp Del)
CTCCTIGCCAGRACCTCTAAGCGTTTGCTTACGATGGRAGT TTGECAGE (25kp Del)
CTCCTIGCCAGRACCTCTAAGEGTTTGCTTACGATGGAG AGGEAGARGCTTGECAGE (lékp Del)
CTCCTIGCCAGARACCTCTAAGGTTTGCTTACGATGG AGGEAGAGCTTGEECAGE (18kp Del)
enfAsCasl?a with nCas9 NC
CTCCTTECCAGRACCTCTAAGET TTCCTTACGATGGAGCCAGAGAGGATCCTGGEAGEEAGAGCTTEECAGE
CTCCTTBCCAGRACCTCTARGGT TTGCTTACGAT GGRGCCAGAGRGGATCCTEEEAGEEAGAECTTEECAGE (wt)
enAzCasl?a with nCas9 only CaslZ?a
CTCCTTECCAGRACCTCTAAGET TTCCTTACGATGGAGCCAGAGAGGATCCTGGEAGEEAGAGCTTEECAGE
CTCCTIGCCACRACCTCTRAGETTTGCTTACGATGGAGCCAGACGAGGATCCTECEAGECAGRECTTERECAGE (%]
enRsCaslZ?a with nCas9 WT
CTCCTIGCCAGRACCTCTRAGET TTECTTACGATGGAGCCAGAGAGGATCCTEGEAGECAGRECTTEECAGE
CTCCTIGCCAGRACCTCTARGGTTTGCTTACGATGGAGCCAG-—————————————=——— GRECTTGECAGE (l8kp Del)
CTC TCCT L it TTEECAGE (45kp Del)
CTCCTIGCCAGRACCTCTRAGGTTTGCTTACGATGEAGC ———— -~~~ == ===~ === =~ GAGRGCTTGECAGE (19:p Del)
CTCCTIGCCAGRACCT L it TTEECAGE (36bp Del)
enhsCasl?a with nCas9 SDNA
CTCCTIGCCAGRACCTCTARGGT TTCCTTACGATGGAGCCAGAGAGGATCCT GEGAGEEAGRECTTGECAGE
CTCCTIGCCAGRACCTCTAAGCGTTTGCTTACGATGGRAGT TTGECAGE (25kp Del)
CTCCTIGCCAGRACCTCTARGGTTTGCTTACGATGGAG I 2y TTGEECAGE (15kp Del)

CTCCTTGOCAGRACCTCTARGGTTTGCTTACGATGGAGCCAG-———GATCCTGGEAGGEAGAGCTTEECAGE (4bp Del)
CTCCTTGCCAGRACCTCTARGGTTTGCTTACGATGGAGCCAGR——— -~ TCCTGGEAGEEAGRAGCTTEECAGE (Shbp Del)



AsCas12a - Endogenous indel patterns on AAVS1 OT1

AsCasl2a w/o nCas9 NC

AACATAGALGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGARAGCTGCCCATCTEGTETACTC
AACATAGALGTTTCCTTATGAT GARGCCAGAGARGUTGTGCTGCTCTGARAGCTGCCCATCTGTETACTC
AsCalea_y/o_nCasQ_only_Calea

ALCARTAGALGTTTCCTTATGATGAAGCCAGAGARAGCTGTGCTGCTCTGARAGCTGCCCATCTETETACTS
AR CATAGALGTTTCCTTATGATGALGCCAGAGRLGCTGTGCTGCTCTGARRGCTGCCCATCTGTETACTS
AsCaslZ2a w/o nCas9 WT

ALCATAGALGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGARRGETGCCCATCTEGTETACTC
AR CATAGALGTTTCCTTATGATGALGCCAGAGRLGCTGTGCTGCTCTGARRGCTGCCCATCTGTETACTS
AsCasl2a w/o nCas9 SDNA

ALCATAGALGTTTCCTTATGATGAAGCCAGAGARGCTGTGCTGCTCTGAARGCTGCCCATCTETETACTC
ALCATAGALGTTTCCTTATGATGARGCCAGAGARGCTGTGCTGCTCTGARRGOTGCCCATCTETETACTS
AsCasl2a with nCas9 NC

AACATAGAAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGAAAGCTGCCCATCTGTGTACTC
AACATAGAAGTTTCCTTATGATGRAGCCAGAGARGCTGTGCTGCTCTGRAAGCTGCCCATCTGTGTACTC
AsCasl2a with nCas9 only CaslZa

AACATAGRALGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGARRGCTGCCCATCTGTETACTS
AARCATAGALGTTTCCTTATGATGARGCCAGAGRRGCTGTGCTGCTCTGARRGETGCCCATCTETETACTC
AsCasl2a with nCas9 WT

AACATAGRALGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGARRGCTGCCCATCTGTETACTS
AACATAGALGTTTCCT TATGAT GARGC CAGAGARGUTGTGCTGCTCTGARRGCTGCCCATCTGTETACTC
AsCasl2a with nCas9 8DNA

AACATAGALGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGARAGCTGCCCATCTEGTETACTC
AACATAGALGTTTCCTTATGAT GARGCCAGAGARGUTGTGCTGCTCTGARAGCTGCCCATCTGTETACTC

enAsCas12a - Endogenous indel patterns on AAVS7 OT1

enAsCasl2a w/o nCas9 NC

(wt)

(Wt

ARCATAGRAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGARAGCTGCCCATCTETGTACTC
AACATAGRAGTTTCCTTATGATGRAAGCCAGRGAAGCTETGCTGCTCTGRARGCTGCCCATCTEGTGTACTC
enAsCas12a_y/o_nCasQ_only_Calea

AACATAGAAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGRAAAGCTGOCCATCTEGTGTACTC
AACATAGRAAGTTTCCTTATGATGRARGCCAGRGALGCTEGTGCTSCTCTGRARAAGCTGOCCATCTGTGTACTC
enAsCasl2a_y/o_nCasQ_WT

AACATAGAAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGRAAAGCTGOCCATCTEGTGTACTC
RAACATAGRAGTTTCCTTATGATGRRAGCC ————— AGCTETGCTGCTCTGRARGCTGCCCATCTETGTACTC
AACATAGRAAGTTTCCTTATGATGRARAGCC——AGRALGCTETEGCTSCTCTGRARAAGCTGOCCATCTEGTGTACTC
AACATARGRAGTTTCCTTATGATGRAGCCA———————— GTGCTECTCTSRAMGCTGCCCATCTETGTACTC
AACATAGRAGTTTCCTTATGAT————————— GARAGCTETGCTGCTCTGRARGCTGCCCATCTGTGTACTC
enAsCas12a_y/o_n0asQ_BDNA

AACATAGAAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGRAAAGCTGOCCATCTEGTGTACTC
AACATAGRAGTTTCCTTATGATGARGCCAGRAGRARGCTETGCTGCTCTGRARGCTGCCCATCTETGTACTC
enAsCa=12a with nCas9 NC

AACATAGRAGTTTCCTTATGATGAAGCCAGAGARAGCTGTGCTGCTCTGRARGCTGCCCATCTEGTGTACTC
AACATAGRAGTTTCCTTATGATGRAAGCCAGRGAAGCTETGCTGCTCTGRARGCTGCCCATCTEGTGTACTC
enAsCasl2a with nCas9 only Casl2a

AACATAGRAGTTTCCTTATGATGAAGCCAGAGARGCTGTGCTGCTCTGRARGCTGCCCATCTETGTACTC
AACATAGRAAGTTTCCTTATGATGRARGCCAGRGALGCTEGTGCTSCTCTGRARAAGCTGOCCATCTGTGTACTC
enAsCa=12a with nCas9 WT

AACATAGAAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGRAAAGCTGOCCATCTEGTGTACTC
ARCATAGRAGTTTCCTTATGATGAAGCCAG- ——AGCTETGCTGCTCTGRARGCTGCCCATCTGTGTACTC
AACATAGRAGTTTCCTTATGATGRARGCCAGRAGA-————————————————————— CCCCATCTGTGTACTC
RAACATAGRAGTTTCCTTATGATGRRAGCC ————— AGCTETGCTGCTCTGRARGCTGCCCATCTETGTACTC
AACATAGRAAGTTTCCTTATGATGRRAGCCAG—————— TETECTGCTCTGRARAAGCTGOCCATCTEGTGTACTC
enAsCa=12a with nCas9 SDNA

AACATAGRAGTTTCCTTATGATGAAGCCAGAGARAGCTGTGCTGCTCTGRARGCTGCCCATCTEGTGTACTC
ARCATAGRAGTTTCCTTATGATGAAGCCAGAGRAGCTGTGCTGCTCTGARAGCTGCCCATCTEGTGTACTC

(5bp Del)
(2bp Del)
(Ebp Del)}
(2bp Del)

(wg)

(3bp Del)
(21bp Del)
(5bp Del)
(6bp Del)}

(wt)



AsCas12a - Endogenous indel patterns from DNMT17-site2 on-target

AsCaslZa w/o nCas9 NC

TEEECTEECCCTEEEE e TTT COC TR CTC CTECTC AT GRA TTT 200 TCAGCACCC ADC TR CTCAGC TEC TCACTT GRGCCT CTGEET CTAGRAC

T T C T EECCCE TTT CoC TR CTCCTECTC CET G A TTT CeC TC R SR CeC ACC TEC CTCACC TEC TCACTT CRECCT CTEEET CTAGRAC (Wt
AsCasiZa w/o_nCasd_snly CaslZa
T T T OO TTT O TR CTCCTECTCGET GRA TT T A TER G GEC AL TEC CTCACGC TEC TR CTT GRECCT CTGEET CTRERAC
TEEECTEECCCTEEEE o TTT COC TR CTC CTECTCCET GRA TTT GEC T CR BCR CECACC TEC CTCACC TEC TCA CTT GRECCT CTECET CTRAGRAC (W)
AsCaslZa w/o nCasd WT
TEEECTEECCCTEEEECoETIT COC TR CTCCTECTC GET GRA TTT 00 TCAGCA CCC AN TOC CTCACC TECTCR CTT CRECCT CTGEET CTRGRAC
TEEECTEECCCTEEEE 0TI T COC TR CTCCTECTC GET GRA TTT GECTCR GCR CEC A — RECTECTCACTT GREOCT CTGCEETCTAGRAC (ebp Del)
T T RO T e OO TT T o C TR CTC C T CTO GET R A TTT CEC TCR AR G ROC TR ——TECTCRCTT CRECCTCTEEET CTRGRAC (Ekp Del)
TEEECTEECCCTEEEECoETTT COC TR CTC CTECTC GET GRA TTT GEC T CR GCR CEC AT — —CRAECTECTCR CTT GRECCT CTGEET CIRGRAC (4bp Del)
TEEECTEENCCTEEEECOETTT CoCTCACTC CTECTC GET SRR TTT GEC TR BCA GRC AT TEC ——— —— ——— TCRCTTERECCTCTEEETCIAGRAC (Shp Del)
AsCaslZa w/o nCas9 8ONA
TEEECTEECCCTEEEECoETIT COC TR CTCCTECTC GET GRA TTT 00 TCAGCA CCC AN TOC CTCACC TECTCR CTT CRECCT CTGEET CTRGRAC
(&bp Del)
{€bp Del)
TEEECTEECCCTEEEECoETTT COC TR CTC CTECTC GET GRA TTT GEC T CR GCR CEC A TEA C— AECTECTCR CTT GRECCT CTGEET CIRGRAC (2hbp Del)
TEEECTEECCCTEEEECoETTT COC TR CTC CTECTC GET GRA TTT GEC T CR GCR CEC AT — —CRAECTECTCR CTT GRECCT CTGEET CIRGRAC (4bp Del)
AsCaslZa with nCas9 _NC
TEEECTEECCCTEEEECoETIT COC TR CTCCTECTC GET GRA TTT 00 TCAGCA CCC AN TOC CTCACC TECTCR CTT CRECCT CTGEET CTRGRAC
T T C T EECCCE TTT CoC TR CTCCTECTC CET G A TTT CeC TC R SR CeC ACC TEC CTCACC TEC TCACTT CRECCT CTEEET CTAGRAC (Wt
AsCasl?a with nCas9 only CaslZa
T T OO TTT OO TR CTCCTECTOCET RA T AL TCAGCR G AL TEC CTCAGC TEC TR CTT GRECCT CTEEET CTRGRAC
TEEECTEECCCTEEEE o TTT COC TR CTC CTECTCCET GRA TTT GEC T CR BCR CECACC TEC CTCACC TEC TCA CTT GRECCT CTECET CTRAGRAC (W)
AsCas1Z?a with nCasd WT
TEEECTEECCCTEEEECoETIT COC TR CTCCTECTC GET GRA TTT 00 TCAGCA CCC AN TOC CTCACC TECTCR CTT CRECCT CTGEET CTRGRAC
TEEECTEECCCTEEEE 0TI T COC TR CTCCTECTC GET GRA TTT GECTCR GCR CEC A — —LECTECTCRCTTGRECCT CTGEET CTAGRAC (Ebp Del)
T CTE O CTEEECCCE TTT COC TR CTCCTECTC OET CRA TTT CEC TCR GCR CECAOC TR ———TECTCACTTGRECCTCTEECT CTAGRAC (€bp Del)
TEEECTEECCCTEEEECoETTT COC TR CTC CTECTC GET GRA TTT GEC T CR GCR CEC AT — —CRAECTECTCR CTT GRECCT CTGEET CIRGRAC (4bp Del)
T =T C T OO TTT CoC TR CTCCTECTC CET A TTT GeC TR SR CEC AC ——— ———AECTECTCACTT GRECCTCTEEET CTRAGRAC  (Thp Del)
AsCaslZa with nCass SDNA
TEEECTEECCCTEEEECoETIT COC TR CTCCTECTC GET GRA TTT 00 TCAGCA CCC AN TOC CTCACC TECTCR CTT CRECCT CTGEET CTRGRAC
{€bp Del)
(&kp Del)
{Zbp Del)
TEEECTEECCCTEEEECoETTT COC TR CTC CTECTC GET GRA TTT GEC T CR GCR CEC AT — —CRAECTECTCR CTT GRECCT CTGEET CIRGRAC (4bp Del)
enAsCas12a - Endogenous indel patterns on DNMTT1 site2 on
enisCasl?a w/o nCas9 NC
TGEBEGCTBEGCCCTGEEGCCATITCCCTCACTCCTRCTCGGATGRATTTGGCTCAGCAGGCACCTGCCTCAGCTGCTCACTIGAGCCTCTGAGT CTAGRAC
TGEGCTIEGCCCTGEEGCCETITCCCTCACTCCIGCTCGETGRATTTGGCTCAGCAGECACCTGCCTCAGCTGCTCACTTGAGCCTICIGGGTCIAGRAC (WE)
enhsCasl2a w/o_nCas9% only Casl2a
TGEGCTIEGCCCTGEEECCETITCCCTICACTICCIGCTCGETEGRAT ITGGCTCAGCAGGCACCTGCCTCAGCTEGCTCACTIGAGCCICTGEGTICTAGRAC
TGEEGCTBEECCCTGEEGCCETTTCCCTCACTCCTRCTCEETGARTT TGGCTCABCAGRCACCTGCCTCABCTGCTCACTIGAGCCTCTGAGTCTAGRAT (WE)
enhsCasl2a w/o_nCas9 WT
TGEGCTEECCCTGEEGCCETTICCCTCACTCCTGCTCGETGRAT TTGGCTCAGCAGGCACCTGCCTCAGCTECTCACTTIGAGCCTCTGEETCTAGARC
TGEGCTEGCCCTGEEECCETITCCCTICACTICCIGCTCGETGRATITGGCTCAGCAGECACC— -RECTGCTCACTIGAGCCICTGEGICTAGRRAC (&bp Del)
TGEGCTEECCCTGEEGCCETITCCCTCACTCCTGCTCGETGAATTTGGCTCAGCAGECACCTGE --—TGCTCRCTTGAGCCICIGGGICTAGRAC (Ebp Del)
TGEGCTEGCCCTGEEECCETITCCCICACTICCIGCTCGETEGRATITGGCTCAGCAGECACCT--——CRGCTGCTCACTIGAGCCICTGEGICIAGRAC (4bp Del)
TGEBEGCTBGCCCTGEEGCCATITCCCTCACTCCTGCTCGGTGRATITGGCTCAGCAGECAC———————. -BECTGCTCACTTIGAGCCTCTGRGTCTAGRAC (Top Del)
enhsCasl2a w/o_nCas9 BDNA
TGEGCTEECCCTGEEGCCETTICCCTCACTCCTGCTCGETGRAT TTGGCTCAGCAGGCACCTGCCTCAGCTECTCACTTIGAGCCTCTGEETCTAGARC
TGEGCTEGCCCTGEEECCETITCCCICACTICCIGCTCGETGRATITGGCTCAGCAGECACC——— -RECTGCTCACTIGAGCCICTGEGICTAGRRAC (&bp Del)
TGEGCTEECCCTGEEGCCETITCCCTCACTCCTGCTCGETGAATTTGGCTCAGCAGECACCTGE --—TGCTCRCTTGAGCCICIGGGICTAGRAC (Ebp Del)
TGEGCTEGCCCTGEEECCETITCCCICACTICCIGCTCGETEGRATITGGCTCAGCAGECACCT--——CRGCTGCTCACTIGAGCCICTGEGICIAGRAC (4bp Del)
TGEBEGCTEGCCCTGEEGCCATITCCCTCACTCCTGCTCGGTGRATITGECTCAGCAGECACCTGRAC--ABCTGCTCACTIGAGCCTCTGAGTCTAGRAC (2bp Del)
enhsCasl2a with nCasd NC
TGEGCTIEGCCCTGEEECCETITCCCTICACTICCIGCTCGETEGRAT ITGGCTCAGCAGGCACCTGCCTCAGCTEGCTCACTIGAGCCICTGEGTICTAGRAC
TGEGCTEECCCTGEEGCCETTICCCTCACTCCTGCTCGGTGAATTTGGCTCRAGCAGECACCTGCCTCRABCTGCTCACTTGAGCCTCTGEGTCTAGARC (wWE)
enhsCasl2a with nCas9 only CaslZa
TGEGCTEECCCTGEEGCCETTICCCTCACTCCTGCTCGETGARAT TTGGCTCAGCAGGCACCTGCCTCAGCTECTCACTIGAGCCTCTGEGTCTAGARC
TGEGCTEECCCTGEEECCETITICCCICACTCCIGCTCEGTGRATITGECTCAGCAGECACCTGCCTCAGCTGCTCACTIGAGCCICTGGGICTAGARC (WE)
enhsCaslZa with nCas3 WT
TEEGCTEGCCCTGEEECCETITCCCTCACTCCIGCTCGETEGRATTTGGCTCAGCAGGCACCTGCCTCAGCTECTCACTIGRAGCCTICTGEGTCTAGRAC
TGEGCTEECCCTGEEGCCETTTCCCTCACTCCTGCTCGETGARTTTGECTCAGCAGECACC——————AECTGCTCACTTIGAGCCTCTGGETCTAGARC (Ebp Del)
TEEGCTEGCCCTGEEECCETITCCCTCACTCCIGCTCGETEGRATITGECTCAGCAGECACCTGC-——---TGCTCACTIGAGCCTICTGEGTCTAGRAC (Ebp Del)
TGEGECTEECCCTGEEGCCETTTCCCTCACTCCTGCTCGETGAATTTGECTCAGCAGECACCT————CABCTGCTCACTIGAGCCTCTGGETCTAGRARC (4bp Del)
TGEGCTIEGCCCTGEEECCETITCCCICACTICCIGCTCGETGRATITGGCTCAGCAGECAC-——————. -RECTGCTCACTIGAGCCICTGEGICTAGRRAC (7op Del)
enhsCasl2a with nCas® SDNA
TGEGCTIEGCCCTGEEECCETITCCCTICACTICCIGCTCGETEGRAT ITGGCTCAGCAGGCACCTGCCTCAGCTEGCTCACTIGAGCCICTGEGTICTAGRAC
TGEBEGCTBGCCCTGEEGCCATITCCCTCACTCCTGCTCGGTGRATITGGCTCAGCAGGCACC——— -BECTGCTCACTTIGAGCCTCTGRGTCTAGRAC (fbp Del)
TGEGCTIEGCCCTGEEECCETITCCCTCACTICCIGCTCGETGRATITGGCTCAGCAGECACCTGE ---TGCTCACTTIGAGCCICTGGGTCTAGRAC (&bp Del)
TGEREGCTEGCCCTGEEGCCATITCCCTCACTCCTGCTCGGTGRATITGECTCAGCAGECACCT--——CABCTGCTCACTIGRAGCCTCTGAGTCTAGRAC (4bp Del)

TGEGCTEECCCTGEEEGCCETTICCCICACTCCTGCTCGETGRATITGGCTCAGCAGGCACCTGAC-—-AGCTGCTCACTIGAGCCTCTGEGTCTAGRAC

(2bp

Del)



AsCa512a_w/o_nCa59_NC

ACAGTCAAGAGCRARGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGARARACACTTGGECTGECCCTCC
ACAGTCAAGAGCAARGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGARAACACTTGGECTGGICCTCC
AsCasl2a w/o_nCas9 only Casl2a

ACAGTCARAGAGCRAAGTTGTGC T TAGCTCAGCAGGCACCTGCCCATGGAGRARRCACTTGEECTGECCCTCT
ACAGTCRAAGAGCRALGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGRARRLCACTTGEGCTGECCCTCT
AsCasl2?a w/o nCas9 WT

ACAGTCRAAGAGCRALGTTGTGC TTAGCTCAGCAGGCACCTGCCCATGGAGRARLCACTTGGGCTGGCCCTCT
ACAGTCRAGAGCRAAAGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGARLRCACTTGGECTGEICCTCC
AsCalea_w/o_nCasQ_SDNA

ACAGTCRAAGAGCRALGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGRRALLCACTTGEGCTGGCCCTCT
ACAGTCRAGAGCRALGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGRRRACACTTGGGCTGECCCTCC
AsCasl2a with nCas9 NC

ACAGTCAAGAGCRARGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGARARACACTTGGECTGECCCTCC
ACAGTCAAGAGCAARGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGARAACACTTGGECTGGICCTCC
AsCasl2a with nCas9 only CaslZ2a

ACAGTCAAGAGCRAALAGTTGTGC I TAGCTCAGCAGGCACCTGCCCATGGAGRARARACACTTGEGECTGGCCCTCT
ACAGTCRAGAGCRAAAGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGARLRCACTTGGECTGEICCTCC
AsCasl2a with nCas9 WT

ACAGTCRAAGAGCRALGTTGTGCTTAGCTCAGCAGCGCACCTGCCCATGGAGRARLCACTTGGGCTGGCCCTCT
ACAGTCRAGAGCRAAAGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGARLRCACTTGGECTGEICCTCC
AsCasl2a with nCas9 SDNA

ACAGTCRAAGAGCRAAGTTGTGC TTAGCTCAGCAGGCACCTGCCCATGGAGRALLRCACTTGGGCTGGICCTCC
ACAGTCRAGAGCAARGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGARRACACTTGGGECTGGICCTCC

enAsCas12a - Endogenous indel patterns on DNMT1 site2 OT1

enAsCasl2a w/o nCas9 NC

ACAGTCRAGAGCARAGCTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGAARRCACTTGGGCTGGCCCTCC

ACAGTCRAGAGCRAAGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGRARRCACTTGGEGCTGGCCCTCC
enAsCasl2a_yfo_nCasD_only_Calea

ACAGTCRAGAGCARAGTTGETGCTTAGCTCAGCAGGCACCTGCCCATGGAGARARRCACTTGGGCTGGCCCTCC

ARCAGTCRAGRGCRALGTTGTGCTTAGCTCAGCAGECACCTGCCCATGGAGAALARCACTTGEGCTEGGCCCTCC
enAsCasl2a w/o nCas9® WT

ACAGTCRAGAGCAAAGTTGETGC T TAGCTCAGCAGGCACCTGCCCATGGAGARARRCACTTGGGECTGGCCCTCC

ACAGTCRAGAGCRRAGTTETGCTTAGCTCAGCAGGCRAOC————— ATGGRAGRARRCACTTGEECTEGECCCTCC
ACAGTCRAGAGCRRAGTTGTGCTTAGCTCAGCAGGCAC —————— ATGGAGAARLCACTTGEECTGGCCCTCC
ACAGTCRAGAGCARAGTTGTGCTTAGCTCAGCAGGCRACCTG—————— GRGRARRCACTTGEGCTGGCCCTCC
ACAGTCRAGAGCRRAGTTGTGCTTAGCTCAGCAGGCACC - ———CATGGAGRARRCACTTGGEGCTGGCCCTCC

enAsCaslZa_yfo_nGasQ_BDHA

ACAGTCRAGAGCARAGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGALARCACTTGGGCTGGCCCTCC

ACAGTCRAGAGCRRAGTTETGCTTAGCTCAGCAGGCRAOC————— ATGGRAGRARRCACTTGEECTEGECCCTCC
ACAGTCRAGAGCRRAGTTGTGCTTAGCTCAGCAGGCRACCTG—————— GRGRARACACTTGGEECTGGCCCTCC
ACAGTCRAGAGCARAGTTGTGCTTAGCTCAGCAGGCAC —————— ATGGRAGAARACACTTGEGCTGGCCCTCC
ACAGTCRAGAGCRAAGTTSTGCTTAG———————————————————————- AARRCACTTGGGCTGGICCTCC

enAsCasl2a with nCas9 NC

ACAGTCRAGAGCARAGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGALARCACTTGGGCTGGCCCTCC

ACAGTCRAGAGCARAGTTETGCTTAGCTCAGCAGGCACCTGCOCATGGAGARARRCACTTGGEGCTGGCCCTCC
enAsCasl2a with nCas9 only CaslZa

ACAGTCRAGAGCARAGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGAARRCACTTGGGCTGGCCCTCC

ACAGTCRAGAGCRAAGTTGTGCTTAGCTCAGCAGGCACCTGCCCATGGAGRARARCACTTGEGCTGGICCTCC
enAsCasl2a with nCas9 WT

ACAGTCRAGAGCRAAGTTGTGC TTAGCTCAGCAGGCACCTGCCCATGGAGRRARRCACTTGEEGCTGGCCCTCC

ACAGTCRAGAGCARAGTTGTGCTTAGCTCAGCAGGCACC ————— ATGGRAGAARACACTTGEGCTGGCCCTCC
ACAGTCRAGAGCRARAAGTTGTGCTTAGCTCAGCAGGCACCTG—————— GRGRAARRCACTTGEGCTGGOCCTCS
ACAGTCRAGAGCARAGTTGTGCTTAGCTCAGCAGGCAC—————— ATGGAGAARACACTTGEGCTGGCCCTCC
ACAGTCRAGAGCARAGTTETGCTTAGCTCAGCAGGCACC ————CATGGAGAARRCACTTGGEGCTGGCCCTCC

enhsCasl2a with nCas9 BDNA

ACAGTCRAGAGCRAAGTTGTGC TTAGCTCAGCAGGCACCTGCCCATGGAGRRARRCACTTGEEGCTGGCCCTCC

ACAGTCRAGAGCARAGTTGTGCTTAGCTCAGCAGGCACC ————— ATGGRAGAARACACTTGEGCTGGCCCTCC
ACAGTCRAGAGCRRAGTTETGCTTAGCTCAGCAGGCAC ——————ATGGRAGARRRCACTTGGECTGEGTOCTCC
ACAGTCRAGAGCARAGTTGTGCTTAGCTCAGCAGGCACCTG—————— GAGARARRCACTTGEGCTGGCCCTCC
ACAGTCRAGAGCARAGCTTGTGCTTAGCTCAGCAG———————————————— AARRCACTTGGGCTGGCCCTCC

(we)

(we)

(we)

(we)

(5bp Del
(ebp Del
(6bp Del
(4bp Del

(5bp Del)
(6bp Del)
(6bp Del)

1

(24bp Del)

(6bp Del
(6bp Del
(4bp Del

(5bp Del
(6bp Del
(6bp Del
(1lébp De

[

)



AsCas12a - Endogenous indel patterns on DNMT1 site2 OT2

AsCasl?a w/o nCas9 NG

TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCAATTGCTGEGCAGCTGEGCCCAGCTATTATGACART
TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCAATTGCTGECAGCTGECCCAGCTATTATGACART
Ascasl2a_w/o_ncasg_pnly_pas12a

TCATAGGRCATTTAGCTCAGCTGACACCTGOCCACCARTTGCTGEGCAGCTGECCCAGCTATTATGACRAD
TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCARATTGCTGEGCAGCTGECCCAGCTATTATGACRRD
AsCasl2a w/o nCas9 WT

TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCARTTGUTGECAGCTGECCCAGCTATTATGACART
TCATAGGRCATTTAGCTCAGCTGACRACCTGCCCACCARTTGCTGGCAGCTGECCCAGCTATTATGACRAD
AsCasl2?a w/o nCas9 8DNA

TCATAGGRACATTTAGCTCAGCTGACACCTGCCCACCALRTTGCTGEGCAGCTGECCCAGCTATTATGACRRD
TCATAGGRCATTTAGCTCAGCTGACRACCTGCCCACCARTTGCTGGCAGCTGECCCAGCTATTATGACRAD
AsCasl2a with nCas9 NC

TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCARTTGCTGECAGCTGECCCAGCTATTATGACALRT
TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCARTTGUTGECAGCTGECCCAGCTATTATGACALRT
AsCasl2a with nCas9 only Casl2a

TCATAGGRACATTTAGCTCAGCTGACACCTGCCCACCALRTTGCTGEGCAGCTGECCCAGCTATTATGACRRD
TCATAGGRCATTTAGCTCAGCTGACRACCTGCCCACCARTTGCTGGCAGCTGECCCAGCTATTATGACRAD
AsCasl2a with nCas9 WT

TCATAGGRACATTTAGCTCAGCTGACACCTGCCCACCALRTTGCTGEGCAGCTGECCCAGCTATTATGACRRD
TCATAGGRCATTTAGCTCAGCTGACRACCTGCCCACCARTTGCTGGCAGCTGECCCAGCTATTATGACRAD
AsCasl2a with nCas9 SDNA

TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCARTTGCTGECAGCTGECCCAGCTATTATGACALRT
TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCARTTGUTGECAGCTGECCCAGCTATTATGACALRT

enAsCas12a - Endogenous indel patterns on DNMT1 site2 OT2
enAsCasl2a_y/o_nCasQ_NG
TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCRATTGCTGGCAGC TGO CCAGCTATTATGACARC

TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCARTTGCTGECAGCTGEGCCCAGCTATTATGRACALC
enAsCas12a_y/o_nCasQ_only_Calea

TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCRATTGCTGGCAGC TGO CCAGCTATTATGACARC
TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCRATTGCTGGCAGC TGO CCAGCTATTATGACARC
enAsCasl2a_y/o_nCasQ_WT

TCATARGERCATT GCTCAGCTGACACCTGCCCACCRARATTGCTEGGCAGC TGO CCAGCTATTATGRCART
TCATAGERACATTTAGC TCAGCTGRACA————CCOCACCRAATTGCTEGGCAGC TGO CCAGCTATTATGRCART
TCATAGERACATTTAGC TCAGCTGRACACCTGC - ——CCRATTGCTEGGCAGCTGGC CCAGCTATTATGRCART
TCATAGGACATTTAGCTCAGCTGACA————— CCACCRATTGCTGECAGCTGGCCCAGCTATTATGRACARD
TCATAGERCATTTAGCTCA-————————————————————— GCTEECAGCTGGCCCAGCTATTATSRACRALC
enAsCasl?a w/o nCas9 S8DNA

TCATAGERCATTTAGCTCAGCTGACACCTGCCCACCRARATTGCTGGCAGCTGGCCCAGCTATTATGRCAAC
TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCRATTGCTGGCAGC TGO CCAGCTATTATGACARC
enAsCasl2a with nCas9 NC

TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCAATTGCTGECAGC TGO CCAGCTATTATGACARC
TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCARTTGCTGECAGCTGEGCCCAGCTATTATGRACALC
enAsCasl2a with nCas9 only CaslZa

TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCARATTGCTGEGCAGCTGGCCCAGCTATTATGRCALD
TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCRATTGCTGGCAGC TGO CCAGCTATTATGACARC
enAsCasl2a with nCas9 WT

TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCRATTGCTGGCAGC TGO CCAGCTATTATGACARC
TCATAGGACATTTAGCTCAGCTGACA————COCACCRATTGCTGGCAGC TGO CCAGCTATTATGACRARC
TCATAGGACATTTAGCTCAGCTGACACC TG ———CCRATTGCTGGCAGC TGO CCAGCTATTATGACARC
TCATAGGACATTTAGCTCAGCTGRACA————— CCACCRATTGCTGECAGCTGGCCCAGCTATTATGRACARC
TCATAGGACATTTA————————————————————————————— GECAGCTEGCCCAGCTATTATGRCALC
enAsCasl2a with nCas9 8DNA

TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCARTTGCTGEGCAGCTGECCCAGCTATTATGACAAC
TCATAGGACATTTAGCTCAGCTGACACCTGCCCACCARTTGCTGECAGCTGEGCCCAGCTATTATGRACALC

(wt)

(wt)

(wt)

(wt)

(wt)

(wt)

(wt)

(wt)

(wt)

(4bp Del)

(3bp Del)}

(Sbp Del)

(21bp Del)
(wt)

(wt)

(wt)

(4bp Del)

(3bp Del)}

(Sbp Del)}

(2%bp Del)
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AsCas12a - Endogenous indel patterns on DNMT1 site2 OT3

AsCaslZ?a w/o nCas9 NC

AAGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGGGEAAGGAGAGGCTCCCGA
AAGTCCAGTTTCCAGCTCAGCAGACACCAGCCTCTAGGGTCCCACAGCCAGGGGAAGGAGAGGCTCCCGR

AsCas12a_j}o_pﬂas9_0nly_Casl2a

AAGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGEEEAAGGAGAGGCTCCCGR
AAGTCCAGTTTCCAGCTCAGCAGACACCAGCCTCTAGGGTCCCACRAGCCAGEEEAAGGAGAGGCTCCCGR

Asﬂalea_y/o_pGasQ_HT

ALGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGGGGAAGGAGAGGCTCCCGA
AAGTCCAGTTTCCAGCTCAGCAGACACCAGCCTCTAGGGTCCCACAGCCAGGEGGAAGGAGAGGCTCCCGR

AsCasl2a w/o nCas9 8DNA

ARGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGSTCCCACRAGCCAGGEGEGRAAGGAGAGGCTCCCGR
ALGTCCAGTTTCCAGCTCAGCAGACACCAGCCTCTAGGGTCCCACRGCCAGEGGRAAGGAGAGGCTCCCGR
AsCasl2a with nCas9 NC

ARGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGGGGRAAGGAGAGGCTCCCGRA
AAGTCCAGTTTCCAGCTCAGCAGRACACCAGCCTCTAGGGTCCCACAGCCAGGEGRAAGGAGRGGCTCCCGR

AsCasl2a with nCas9 only CaslZa

AAGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGGGEAAGGAGAGGCTCCCGA
ALGTCCAGTTTCCAGCTCAGCAGACACCAGCCTCTAGGGTCCCACAGCCAGGGGAAGGAGAGGCTCCCGR

AsCasl2a with nCas9 WT

AAGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGEEEAAGGAGAGGCTCCCGR
AAGTCCAGTTTCCAGCTCAGCAGACACCAGCCTCTAGGGTCCCACRAGCCAGEEEAAGGAGAGGCTCCCGR

AsCasl2a with nCas9 8DNA

AAGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGGGGAAGGAGAGGCTCCCGRA
AAGTCCAGTTTCCAGCTCAGCAGRACACCAGCCTCTAGGGTCCCACAGCCAGGEGRAAGGAGRGGCTCCCGR

enAsCas12a - Endogenous indel patterns on DNMT1 site2 OT3

enAsCasl2a w/o _nCas9 NG

AAGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGETCCCACAGCCAGEEGAAGEGAGAGECTCCCGR

AAGTCCAGTTTCCAGCTCAGCAGACACCAGCCTCTAGGGTCCCACAGCCAGGEGARGEGAGAGEGCTCCCGR
enAsCalea_w/o_pCas9_only_casl2a

AAGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGETCCCACAGCCAGEEGAAGEGAGAGECTCCCGR

ALGTCCAGTTTCCAGCTCAGCAGACACCAGCCTCTAGGETCCCACAGCCAGEEGALAGEAGRAGECTCCCGR
enAsCasl2a_w/o_pCa39_HT

AAGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGGEGARGGAGRAGGCTCCCGR

ALGTCCAGTTTCCAGCTCAGCAGACA——————— CTAGGGTCCCACAGCCAGEGGAAGGAGAGGCTCCCGA
ALGTCCAGTTTCCAGCTCAGCAGA—————————————————— CACAGCCAGGGGAAGGAGAGGCTCCCGR
ALGTCCAGTTTCCAGCTCAGCAGACAC—————— CTAGGGTCCCACAGCCAGEGGRAAGGAGRAGGCTCCCGA
ALRGTCCAGTTTCCAGCTCAGCAGACA—————— TCTAGGGTCCCACAGCCAGGEEARGEAGAGGCTCCCGR

enAsCalea_w/o_pCasQ_SDNA

ALGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGGGEARGGAGAGGCTCCCGRA

AAGTCCAGTTTCCAGCTCAGCAGACACCAGCCTCTAGGETCCCACAGCCAGEEGAAGEAGAGECTCCCGA
enAsCas12a with nCas9 NC

ALGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGGGEARGGAGAGGCTCCCGRA

AAGTCCAGTTTCCAGCTCAGCAGACACCAGCCTCTAGGGTCCCACAGCCAGGGEARGEGAGAGGCTCCCGR
enAsCasl2a with nCas9 only CaslZa

AMAGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGGGEARGGAGAGGCTCCCGA

ARGTCCAGTTTCCAGCTCAGCAGARCACCAGCCTCTAGGSTCCCACAGCCAGEEGEGARGEAGRGESCTCCCGR
enAsCasl2a with nCas9 WT

ALRGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGGGEARGEGAGAGGCTCCCGR

AAGTCCAGTTTCCAGCTCAGCAGRACA——————— CTAGGGTCCCACAGCCAGEGGRAAGEAGAGGCTCCCGR
AAGTCCAGTTTCCAGCTCAGCAGACA ————— CTC-——GGTCCCACAGCCAGGEGAAGGAGAGECOTCCOGR
ALAGTCCAGTTTCCAGCTCAGCAGACACCAGC ——CTAGGGTCCCACAGCCAGGEGARGGAGRAGGCTCCCGR
ALGTCCAGTTTCCAGCTCAGCAGACACTA-—————————— ACCCACAGCCAGGEGEAAGGAGAGECTCCCGA

enAsCasl?a with nCas9% SDNA

AAGTCCAGTTTCCAGCTCAGCGGACACCAGCCTCTAGGGTCCCACAGCCAGGEGARGGAGAGGCTCCCGR
ALGTCCAGTTTCCAGCTCAGCAGACACCAGCCTCTAGEGTCCCACAGCCAGGEGARGEAGAGGCTCCCGR

(wt)

(wt)

(12)

(wt)

(wt)

(wt)

(wt)

(7bp Del)
(18bp Del)
(6bp Del)
(6bp Del)

(wt)

(wt)

(7bp Del)
(Bbp Del)
(Zbp Del)
(10kp Del)

(wg)



[Figure S9] Representative indel patterns from NGS analysis of each on-/off-target sites
on genomic DNA edited by single or co-transfection of chimeric crRNA guided Casl2a
and SpCas9 nickase (D10A). (A-C) List of indel patterns induced by the combination of
Casl2a and SpCas9 nickase (D10A) at each on-/off-target sites of CCRS5-sitel (A), AAVSI (B),
and DNMT1-site2 (C) locus in HEK293FT cell line. PAM sequences (NGG, TTTN) for SpCas9
and Cas12a effector are shown in orange and blue, and each protospacer region is shown in
purple and red color, respectively. The dashed line indicates deleted sequence relative to the
wild-type reference sequence. NC: negative control, only Casl2a: only protein treated, WT:
wild-type crRNA was treated with wt- or en-AsCas12a, 8DNA: chimeric crRNA (sequential
8DNA substitution at 3'-end of crRNA) was treated with wt- or en-AsCas12a. nCas9: nickase
Cas9 (D10A)), w/o: without.



Endogenous indel patterns from AAVS1 on-target (HeLa)

CTCCTIGCCAGRACCT CTARAGST T TECT TACGATGGAGCCAGAGAGGATCCTGGEAGEGAGRGCTTGGCAGE
CTCCTIGCCAGRACCT CTAAGSTTTGCTTACGATGGAGCCAGAGAGGATCCTGGEAGEGAGAGCTTIGGCAGE

AsCasl2a WT

CTCCTTIGCCAGRACCT CTAAGST T TECT TACGATGGAGCCAGAGAGGATCCTGGEAGEEAGAGCTTGGCAGE

CTCCTIGCCAGRACCTCTIA - —= GCTIGGCAGE
CTCCTTGCCAGRACCTCTARGSTTTEGCTTACGAT - LEEEAGAGCTTGECAGGE
CTCCTIGCCAGRACCTCTAAGETITECTTACGATGGAG - GEAGARGCTTGECAGE
CTCCTIGCCAGRACCTCTARGSTTTGCTTACGATGE - GRGEEAGAGCTTIGECAGE

AsCas12a SDNA

CTCCTIGCCAGRACCT CTARAGGT T TECT TACGATGGAGCCAGAGAGGATCCTEGGEAGEEAGAGCTTGGCAGE

CTCCTIGCCAGRACCTCTAAGSTTTECTTACGATGGAGCCAGA————= TCCTEGEAGEEAGRGITTGGECAGE
CTCCTIGCCAGRACCTCTARAGSTITGCTT————— —= ————GGCAGE
CTCCTIGCCAGRACCT CTARAGETITECT TACGAT GGAGCCAGAG-—GATCCTGEEAGEEAGAGCTIGGCAGE
CTCCTTGCCAGRACCTCTARAGSTTTEGCTTACGAT AGCTTGECAGE

en-AsCasl2a WT

CTCCTIGCCAGRACCT CTARMGET T TECT TACGATGGAGCCAGAGAGGATCCTGEEAGEEAGAGCTIGGCAGE

CTCCTTGCCAGRACCTCTAAGSTTTECTTACGATGGAG GEAGAGCTTGECAGS
CTCCTIGCCAGRACCTCT ARG TTTECTTACGATGGAGCCAG—————————— GEAGGEAGAGCTIGGCAGE
CTCCTIGCCAGRACCTCTAAGGTITEGCTTACGAT ——————————— === TCCTGGEAGEEAGAGITTGGCAGE
CTCCTIGCCAGRACCTCTARAGSTITECTTACGATGGAG —= AGCTTGGECAGE

en-AsCasl2a S8DNA

CTCCTTGCCAGRACCTCTARGST T TECT TACGATGGAGCCAGAGAGGATCCTEGGEAGEEAGAGCTTGGCAGE

CTCCTIGCCAGRACCTCTAAGETITECTTACGATGGAG - GEAGARGCTTGECAGE
CTCCTIGCCAGRACCTCTAAGETTTCGCTTACGATGGAGT - —--TTGGCAGE
CTCCTIGCCAGRACCTCTAAGSTITECTTACGATGGA: - BGCTTGECAGE
CTCCTIGCCAGRACCT CTARGSTTITGCTTACGATGGA e CAGG

(W)

(43bp
(20bp
{18bp
(18bp

Del)
Del)
Del)
Del)

(Sbp Del)

(37bp

Del)

(2bp Del)

(26bp

{18bp
{11bp
(14bp
(23bp

(18bp
(25bp
(23bp
(31bp

Del)

Del)
Del)
Del)
Del)

Del)
Del)
Del)
Del)



Endogenous indel patterns from AAVS7 OT1 (HeLa)

Hela NC
AACATAGRAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGARAGCTGCCCATCTGIGTACTC
AACATAGAAGTTTCCTTATGAT GRAGCCAGAGRAGCTGTGCTGCTCTGARAGCTGCCCATCTGTIGTACTC
AsCasl2a WT
AACATAGAAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGAAAGCTGCCCATCTGIGTACTC
AACATAGAAGTTTCCTTATGAT GAAGCCAGAGAAGCTGTGCTGCTCTGAAAGCTGCCCATCTGTIGTACTC
AsCasl2a SDHA

AACATAGRAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGARAGCTGCCCATCTGTIGTACTC
AR CATAGRAGTTTCCTTATGAT GRAGCCAGAGRAGCTGTGCTGCTCTGARAGCTGCCCATCTGTGTACTC

en-AzCaz12a WT

AACATAGRAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGARAGCTGCCCATCTIGIGTIACTC

AACATAGRAGTTTCCTITATGAT - ——-—————- GAAGCTIGIGCTGCTCTGAAAGCTGCCCATCTGTGTIACTC
AACATAGRAGTTTCCTTATGAT GAAGCC--AGAAGCTGTGCTGCTCTGARAGCTGCCCATCTGIGTIACTC
AACATAGRAGTTTCCITATGAT - ——-————————. AGCTGIGCTGCTCTGARAGCTGCCCATCTIGIGTIACTC
AACATAGRAGTTTCCTTAT GRA-—— - -~ ——————————————————————————— GCCCATCTIGIGIACTC

en-AsCasl2a SDHA

AACATAGRAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGARAGCTGCCCATCTGIGTACTC
AR CATAGRAGTTTCCTTATGAT GRAGCCAGAGRAGCTGTGCTGCTCTGARAGCTGCCCATCTGTGTACTC

B

Endogenous indel patterns from AAVS1 on-target (K562)

E562_NC

CTCCTTGCCAGAACCTCTARGGT T TECTTACGATGEAGCCAGAGAGGATCCTEGEAGECAGAGCTTGECRAGE
CTICCTIGCCAGRACCTCTARGGTTTGCTTACGATGGAGCCAGAGAGGAT CCTEGERAGEGAGAGITTGECAGE (WE)

AsCasl2a WT

CTCCTTGCCAGARACCTCTAAGET T TECTTACGATGEAGCCAGAGAGGATCCTEGEAGECAGAGCTTGECAGE

(wt)
(wt)
(wt)
(8bp Del)
{Zbp Del)
(1lbp Del)
(33bp Del)
(wt)

CTICCTIGCCAGRACCTCTARGETTTEGCTTACGATGGAGCCAG GATCCTIGGGRAGEGAGAGCTIGGECAGE (4bp Del)
CTICCTIGCCAGRACCTCTARGGTTTECTTACGAT GGAGCCAGA——GEATCCTEGEAGECAGAGITTGECAGE (Z2bp Del)

CTICCTIGCCAGARCCTCTARGETTTGCTTACGATGGRAG- - AGAGCTIGECRGE (1%bp

Del)

CTICCTIGCCAGRACCTCTARGGTTTECTTACGAT GRAGCCAG--AGEATCCTEEERGEGAGAGITTGECAGE (Zhbp Del)

AsCasl2a SDNA

CTCCTTGCCAGRACCTCTALGET T TECTTACGATGRAGCCAGAGAGGATCCTEGEAGECAGAGCTTGECAGSE

CTCCTIGCCAGAACCTCTARGGTTTGCTTACGATGGAGCCAGAG——GATCCTGGEAGEGAGAGCTTGECAGG (2bp Del)

CTCCTTGCCACGARACCTCTALAGETTTECTTACGATGGAG- ——— AGRGCTTGECAGG (1Sbp
CTICCTIGCCAGRACCTCTARGGTTTEGCTTACGATGGAGC ———= TIGECAGG (25bp
CTCCTIGCCAGAACCTCTAAGGTTTECTTACGATGGAG- ——— AGCTTGGCAGE (23bp

en-AsCasl2a WT

CTICCTIGCCAGARCCTCTARGET TTECT TACGATGGAGCCAGAGAGGATCCTEGEAGECAGRGCTTGECAGE

CTCCTIGCCAGRACCTCTARGGTTTECTTACGATGRAG- ——————————— = === ——— GEAGRAGCTTIGECAGE (1%bp
CTCCTIGCCAGARACCTCTARGGTTTECTTACGATGGAGT TTGECAGGE (25bp
CTICCTIGCCAGRACCTCTARGGTTTGCTTACGATGGAG- ———= BGCTTGGECAGE (23bp
CTCCTTGCCAGRACCTCTARGSTTTECTTACGATES LAGGCERAGAGCTTGECAGE (18bp

en-AsCas12a 8DNA

CTCCTTGCCAGARACCTCTAAGET T TECTTACGATGEAGCCAGAGAGGATCCTEGEAGECAGAGCTTGECAGE
CICCTIGCCAGRACCTCTARGEGTTTEGCTTACGATGGAG- ———= AGRGCTIGECAGG (1Sbp
CTCCTIGCCAGAACCTCTALGGTTTEGCTTACGATGGAGC ——— TIGECAGG (25bp

Del)
Del)
Del)

Del)
Del)
Del)
Del)

Del)
Del)

CTCCTIGCCAGARCCTCTARGETTTGCTTACGAT GGAGCCAGRG——GATCCTEEERAGEGAGRGCTTIGECAGE (Z2bp Del)

CTICCTIGCCAGRACCTCTARGGTTTECTTACGATGGAG- —-—— BRGCTTGECAGE (23bp

Del)



Endogenous indel patterns from AAVST OT1 (K562)

K562 NC
AACATAGAAGTTTCCTTATGATCGAAGCCAGAGAAGCTETGCTGCTCTGARAGCTGCCCATCTGTGTACTC
ARACATAGRAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTICTGARAGCTGCCCATCTGIGTACTC (WE)
AsCasl2a WT
AACATAGRAGTTTCCTTATGATGAAGCCAGAGAAGCTETGCTGCTCTGARAGCTGCCCATCTGTGTACTC
AACATAGAAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGAAAGCTGCCCATCTGIGTACTC (wt)
A=Casl2a SDHA
ANCATAGAAGTTTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGAMAGCTGCCCATCTGTIGTACTC

AARCATAGAAGTTTICCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGAAAGCTGCCCATCTGIGTACTC (WE)

en-AsCasl2a WT

AACATAGAAGT TTCCTTATGATGAAGCCAGAGAAGCTGTGCTGCTCTGAARGCTGCCCATCTGTIGTACTC

AACATAGRAGTTTCCTTATGATGAR - ————————————— GCTGCTICTGAARGCTGCCCATCTGIGTIACTIC (l4bp Del)
AARCATAGAAGTTICCTTATGATGAA - ———————————————— GCTCTGARAGCTGCCCATCTGIGTACTIC (17bp Del)
ANCATAGRAGTTTCCTTAT GATGRAGCC——-AGRAGCTGTGCTGCTCTGRAARGCTGCCCATCTGIGTACTIC (2hp Del)
AACATAGAAGTTICCTTATIGA-———————————————— TGCTGCTCTGARAGCTGCCCATCTGIGTACTC (17bp Del)

en-AsCa=s12a 8DNA

AACATAGAAGTTTCCTTATGATGAAGCCAGAGAAGCTCTGCTOCTCTGARAGCT GCCCATCTOTETACTE (i)

[Figure S10] Representative indel pattern from NGS analysis of endogenous genomic
locus in various cell lines edited by wt-Cas12a or en-Cas12a using chimeric DNA-RNA
guide. (A, B) List of indel patterns induced by wt-AsCas12a and en-AsCas12a using wt- or 8
DNA chimeric guide on A4VSI locus in HeLa (A) or K562 (B) cell lines. PAM sequence
(TTTN) for AsCasl2a is shown in blue and protospacer is shown in red, respectively. The
dashed line indicates deleted sequence relative to the wild-type reference sequence. NC:
negative control, WT: wild-type crRNA was treated with wt- or en-AsCas12a, 8 DNA: chimeric
crRNA (sequential 8 DNA substitution at 3'-end of crRNA) was treated with wt- or en-
AsCasl2a.

Information of the nucleotide sequence for AsCas12a used in this study

1. CMV-wt-AsCas12a

ATGACACAGTTCGAGGGCTTTACCAACCTGTATCAGGTGAGCAAGACACTGCGGTTTGAGCTGAT
CCCACAGGGCAAGACCCTGAAGCACATCCAGGAGCAGGGCTTCATCGAGGAGGACAAGGCCCG
CAATGATCACTACAAGGAGCTGAAGCCCATCATCGATCGGATCTACAAGACCTATGCCGACCAGT

GCCTGCAGCTGGTGCAGCTGGATTGGGAGAACCTGAGCGCCGCCATCGACTCCTATAGAAAGGA
GAAAACCGAGGAGACAAGGAACGCCCTGATCGAGGAGCAGGCCACATATCGCAATGCCATCCAC
GACTACTTCATCGGCCGGACAGACAACCTGACCGATGCCATCAATAAGAGACACGCCGAGATCTA
CAAGGGCCTGTTCAAGGCCGAGCTGTTTAATGGCAAGGTGCTGAAGCAGCTGGGCACCGTGAC



CACAACCGAGCACGAGAACGCCCTGCTGCGGAGCTTCGACAAGTTTACAACCTACTTCTCCGGC
TTTTATGAGAACAGGAAGAACGTGTTCAGCGCCGAGGATATCAGCACAGCCATCCCACACCGCAT
CGTGCAGGACAACTTCCCCAAGTTTAAGGAGAATTGTCACATCTTCACACGCCTGATCACCGCCG
TGCCCAGCCTGCGGGAGCACTTTGAGAACGTGAAGAAGGCCATCGGCATCTTCGTGAGCACCTC
CATCGAGGAGGTGTTTTCCTTCCCTTTTTATAACCAGCTGCTGACACAGACCCAGATCGACCTGTA
TAACCAGCTGCTGGGAGGAATCTCTCGGGAGGCAGGCACCGAGAAGATCAAGGGCCTGAACGA
GGTGCTGAATCTGGCCATCCAGAAGAATGATGAGACAGCCCACATCATCGCCTCCCTGCCACACA
GATTCATCCCCCTGTTTAAGCAGATCCTGTCCGATAGGAACACCCTGTCTTTCATCCTGGAGGAGT
TTAAGAGCGACGAGGAAGTGATCCAGTCCTTCTGCAAGTACAAGACACTGCTGAGAAACGAGAA
CGTGCTGGAGACAGCCGAGGCCCTGTTTAACGAGCTGAACAGCATCGACCTGACACACATCTTC
ATCAGCCACAAGAAGCTGGAGACAATCAGCAGCGCCCTGTGCGACCACTGGGATACACTGAGGA
ATGCCCTGTATGAGCGGAGAATCTCCGAGCTGACAGGCAAGATCACCAAGTCTGCCAAGGAGAA
GGTGCAGCGCAGCCTGAAGCACGAGGATATCAACCTGCAGGAGATCATCTCTGCCGCAGGCAAG
GAGCTGAGCGAGGCCTTCAAGCAGAAAACCAGCGAGATCCTGTCCCACGCACACGCCGCCCTG
GATCAGCCACTGCCTACAACCCTGAAGAAGCAGGAGGAGAAGGAGATCCTGAAGTCTCAGCTGG
ACAGCCTGCTGGGCCTGTACCACCTGCTGGACTGGTTTGCCGTGGATGAGTCCAACGAGGTGGA
CCCCGAGTTCTCTGCCCGGCTGACCGGCATCAAGCTGGAGATGGAGCCTTCTCTGAGCTTCTAC
AACAAGGCCAGAAATTATGCCACCAAGAAGCCCTACTCCGTGGAGAAGTTCAAGCTGAACTTTCA
GATGCCTACACTGGCCTCTGGCTGGGACGTGAATAAGGAGAAGAACAATGGCGCCATCCTGTTT
GTGAAGAACGGCCTGTACTATCTGGGCATCATGCCAAAGCAGAAGGGCAGGTATAAGGCCCTGA
GCTTCGAGCCCACAGAGAAAACCAGCGAGGGCTTTGATAAGATGTACTATGACTACTTCCCTGAT
GCCGCCAAGATGATCCCAAAGTGCAGCACCCAGCTGAAGGCCGTGACAGCCCACTTTCAGACCC
ACACAACCCCCATCCTGCTGTCCAACAATTTCATCGAGCCTCTGGAGATCACAAAGGAGATCTAC
GACCTGAACAATCCTGAGAAGGAGCCAAAGAAGTTTCAGACAGCCTACGCCAAGAAAACCGGCG
ACCAGAAGGGCTACAGAGAGGCCCTGTGCAAGTGGATCGACTTCACAAGGGATTTTCTGTCCAA
GTATACCAAGACAACCTCTATCGATCTGTCTAGCCTGCGGCCATCCTCTCAGTATAAGGACCTGGG
CGAGTACTATGCCGAGCTGAATCCCCTGCTGTACCACATCAGCTTCCAGAGAATCGCCGAGAAGG
AGATCATGGATGCCGTGGAGACAGGCAAGCTGTACCTGTTCCAGATCTATAACAAGGACTTTGCC
AAGGGCCACCACGGCAAGCCTAATCTGCACACACTGTATTGGACCGGCCTGTTTTCTCCAGAGAA
CCTGGCCAAGACAAGCATCAAGCTGAATGGCCAGGCCGAGCTGTTCTACCGCCCTAAGTCCAGG
ATGAAGAGGATGGCACACCGGCTGGGAGAGAAGATGCTGAACAAGAAGCTGAAGGATCAGAAAA
CCCCAATCCCCGACACCCTGTACCAGGAGCTGTACGACTATGTGAATCACAGACTGTCCCACGAC
CTGTCTGATGAGGCCAGGGCCCTGCTGCCCAACGTGATCACCAAGGAGGTGTCTCACGAGATCA
TCAAGGATAGGCGCTTTACCAGCGACAAGTTCTTTTTCCACGTGCCTATCACACTGAACTATCAGG
CCGCCAATTCCCCATCTAAGTTCAACCAGAGGGTGAATGCCTACCTGAAGGAGCACCCCGAGAC
ACCTATCATCGGCATCGATCGGGGCGAGAGAAACCTGATCTATATCACAGTGATCGACTCCACCG
GCAAGATCCTGGAGCAGCGGAGCCTGAACACCATCCAGCAGTTTGATTACCAGAAGAAGCTGGA
CAACAGGGAGAAGGAGAGGGTGGCAGCAAGGCAGGCCTGGTCTGTGGTGGGCACAATCAAGG
ATCTGAAGCAGGGCTATCTGAGCCAGGTCATCCACGAGATCGTGGACCTGATGATCCACTACCAG
GCCGTGGTGGTGCTGGAGAACCTGAATTTCGGCTTTAAGAGCAAGAGGACCGGCATCGCCGAGA
AGGCCGTGTACCAGCAGTTCGAGAAGATGCTGATCGATAAGCTGAATTGCCTGGTGCTGAAGGA
CTATCCAGCAGAGAAAGTGGGAGGCGTGCTGAACCCATACCAGCTGACAGACCAGTTCACCTCC
TTTGCCAAGATGGGCACCCAGTCTGGCTTCCTGTTTTACGTGCCTGCCCCATATACATCTAAGATC
GATCCCCTGACCGGCTTCGTGGACCCCTTCGTGTGGAAAACCATCAAGAATCACGAGAGCCGCA
AGCACTTCCTGGAGGGCTTCGACTTTCTGCACTACGACGTGAAAACCGGCGACTTCATCCTGCA
CTTTAAGATGAACAGAAATCTGTCCTTCCAGAGGGGCCTGCCCGGCTTTATGCCTGCATGGGATAT
CGTGTTCGAGAAGAACGAGACACAGTTTGACGCCAAGGGCACCCCTTTCATCGCCGGCAAGAGA
ATCGTGCCAGTGATCGAGAATCACAGATTCACCGGCAGATACCGGGACCTGTATCCTGCCAACGA
GCTGATCGCCCTGCTGGAGGAGAAGGGCATCGTGTTCAGGGATGGCTCCAACATCCTGCCAAAG
CTGCTGGAGAATGACGATTCTCACGCCATCGACACCATGGTGGCCCTGATCCGCAGCGTGCTGC
AGATGCGGAACTCCAATGCCGCCACAGGCGAGGACTATATCAACAGCCCCGTGCGCGATCTGAA
TGGCGTGTGCTTCGACTCCCGGTTTCAGAACCCAGAGTGGCCCATGGACGCCGATGCCAATGGC
GCCTACCACATCGCCCTGAAGGGCCAGCTGCTGCTGAATCACCTGAAGGAGAGCAAGGATCTGA
AGCTGCAGAACGGCATCTCCAATCAGGACTGGCTGGCCTACATCCAGGAGCTGCGCAACAAAAG
GCCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAAAAGAAAAAGEIBIIIBEB TACCCATACGATGTT



CCAGATTACGCTTATCCCTACGACGTGCCTGATTATGCATACCCATATGATGTCCCCGACTATGCC
Cyon: wt-AsCas12a (WT), Yellow: nucleoplasmin NLS, [EICSHEIBESI, Gray: HA-tag

2. pET28-wt-AsCas12a
EAICAICAICAISANSAI T GTACCCCTACCGACCTECCCEACTACEBEE GAATTGCCTCCAAAAAAG

AAGAGAAAGGTAATGACACAGTTTGAAGGCTTCACCAATCTCTACCAGGTCAGCAAGACGCTACG
TTTTGAGCTTATCCCGCAGGGAAAAACCCTGAAACACATTCAGGAACAGGGGTTCATAGAGGAAG
ATAAGGCGCGTAACGACCATTATAAAGAACTGAAGCCTATAATCGACCGTATTTATAAAACGTACGC
GGATCAGTGCCTGCAGCTGGTTCAGCTGGATTGGGAGAATCTGTCCGCGGCTATTGATAGCTATC
GCAAAGAGAAGACCGAGGAAACCCGTAACGCACTGATTGAAGAGCAGGCGACCTATCGGAATGC
GATCCATGATTACTTCATCGGCCGCACCGACAACCTGACCGATGCAATTAACAAACGTCACGCAG
AGATTTACAAAGGTCTGTTTAAAGCAGAGTTATTCAATGGCAAGGTTCTGAAACAGCTGGGTACGG
TCACCACCACCGAACACGAAAACGCACTGCTGAGGAGCTTTGATAAATTTACCACATATTTCAGCG
GTTTCTATGAAAATCGTAAGAATGTATTTAGCGCCGAAGATATTTCCACCGCAATTCCTCATCGTATT
GTGCAGGATAATTTTCCGAAGTTTAAAGAAAATTGTCATATTTTTACCCGTCTGATCACCGCGGTAC
CGAGCCTGCGAGAGCATTTTGAAAACGTTAAGAAAGCCATTGGAATTTTTGTCAGTACCAGCATTG
AAGAAGTGTTTTCGTTCCCGTTCTATAACCAACTGCTGACCCAGACCCAGATTGATCTGTACAATC
AGCTGCTGGGGGGCATAAGCCGCGAGGCAGGTACCGAAAAGATAAAGGGACTCAATGAGGTGCT
GAATCTGGCAATTCAGAAGAATGATGAGACGGCTCATATCATTGCTAGCCTGCCGCATCGTTTCATT
CCCCTGTTTAAGCAAATCCTGAGCGATCGCAATACACTGAGCTTTATCCTCGAAGAGTTTAAATCG
GACGAAGAAGTTATCCAGAGCTTTTGCAAATACAAAACCCTGCTGCGGAACGAAAATGTGCTGGA
GACCGCTGAAGCACTGTTTAATGAACTGAACTCGATCGACCTCACCCATATTTTTATATCCCACAAA
AAACTGGAAACCATAAGCAGCGCTCTGTGTGACCATTGGGATACCCTGCGCAACGCCCTGTATGA
ACGGCGTATCAGCGAGCTGACCGGGAAAATCACCAAATCCGCAAAGGAAAAAGTTCAGCGTAGT
CTGAAACACGAGGACATCAACCTGCAAGAAATTATTAGCGCAGCAGGTAAAGAGCTGAGCGAAGC
ATTCAAACAGAAAACCAGCGAAATCCTGAGCCATGCCCATGCTGCACTGGATCAGCCGCTGCCG
ACCACCCTGAAAAAACAGGAGGAAAAGGAGATTCTGAAAAGCCAACTGGACAGCCTGCTGGGCC
TGTATCACCTGCTGGACTGGTTTGCAGTCGATGAGAGCAACGAGGTTGATCCTGAGTTCTCCGCT
CGTCTGACCGGAATCAAGCTGGAGATGGAACCGAGTCTGTCGTTTTACAATAAAGCGCGTAATTA
CGCGACCAAGAAACCGTATAGCGTGGAAAAATTCAAACTGAACTTTCAGATGCCGACCCTTGCAA
GCGGATGGGACGTTAACAAAGAAAAAAACAATGGGGCAATTCTGTTTGTGAAAAATGGCCTCTATT
ATCTGGGTATCATGCCGAAACAGAAAGGGCGCTACAAAGCCCTGTCATTTGAGCCGACCGAGAAA
ACCTCAGAGGGTTTCGACAAGATGTACTACGATTATTTCCCGGATGCGGCAAAAATGATACCCAAA
TGTAGCACCCAACTGAAGGCAGTTACAGCCCACTTTCAGACCCATACCACCCCGATCCTGCTGTC
GAACAATTTTATAGAGCCGCTGGAAATTACCAAAGAGATTTATGATCTGAATAATCCGGAAAAGGAG
CCCAAGAAATTTCAGACGGCGTATGCAAAAAAGACCGGGGATCAGAAAGGTTATCGTGAAGCGCT
GTGCAAATGGATTGACTTTACCCGTGACTTTCTGTCAAAATATACCAAAACGACGAGCATTGATCT
GAGCAGCCTACGTCCGAGCAGCCAATATAAGGATCTGGGCGAATATTACGCCGAACTGAATCCGC
TGCTCTACCATATTTCCTTCCAACGAATCGCTGAAAAAGAAATAATGGACGCCGTTGAAACCGGCA
AACTGTATCTGTTTCAAATCTACAACAAAGATTTCGCCAAAGGCCATCACGGTAAGCCGAACCTGC
ATACCCTGTATTGGACCGGTCTGTTTAGCCCGGAGAATCTGGCCAAAACCAGCATCAAGCTGAAC
GGACAGGCAGAACTGTTTTACCGCCCCAAAAGCCGTATGAAAAGGATGGCACACCGCCTGGGCG
AAAAAATGCTGAATAAGAAACTCAAAGATCAGAAAACGCCGATACCGGATACCCTTTATCAGGAGC
TGTATGATTATGTTAACCACCGGCTGAGCCATGACCTGAGCGACGAAGCGCGTGCACTGCTGCC
GAACGTGATTACCAAGGAAGTCTCGCATGAAATTATTAAAGATCGGCGCTTCACCAGTGATAAATTT
TTCTTCCATGTACCGATCACCCTGAATTATCAAGCCGCAAATAGCCCTTCCAAATTTAATCAACGCG
TGAATGCGTACCTGAAAGAGCATCCGGAGACCCCAATTATTGGCATAGACCGAGGAGAACGCAAT
CTCATTTATATCACCGTCATTGATAGCACCGGTAAGATCCTGGAACAGCGTAGCCTGAATACCATTC
AGCAGTTTGACTACCAGAAAAAGCTGGACAACAGAGAAAAGGAACGTGTAGCCGCCCGGCAGGC
TTGGAGTGTGGTGGGTACTATCAAGGATCTGAAGCAGGGGTATCTCTCCCAAGTTATCCATGAAAT
TGTCGATCTAATGATTCACTATCAAGCAGTAGTGGTACTGGAAAATCTGAATTTCGGTTTCAAAAGC
AAACGTACAGGGATCGCTGAAAAAGCCGTTTATCAGCAGTTCGAGAAAATGCTGATAGACAAGCT



GAATTGCCTGGTTCTGAAAGATTATCCGGCAGAGAAGGTGGGCGGTGTGCTGAACCCGTACCAG
CTGACTGATCAATTTACGAGCTTTGCAAAAATGGGAACGCAGAGCGGTTTCCTGTTCTATGTTCCG
GCGCCATATACCAGCAAGATAGACCCGCTGACAGGTTTCGTAGATCCGTTTGTCTGGAAAACCATT
AAAAATCATGAAAGTCGCAAACATTTTCTGGAGGGCTTTGATTTTCTGCACTATGACGTGAAAACC
GGCGACTTCATTCTGCATTTTAAAATGAACCGTAATCTGTCCTTTCAGCGCGGCCTGCCTGGCTTT
ATGCCGGCGTGGGACATTGTTTTTGAAAAGAATGAGACACAGTTTGATGCCAAAGGTACCCCCTT
TATTGCGGGGAAACGCATTGTGCCCGTTATAGAAAATCACCGCTTCACCGGACGGTATAGGGACT
TGTACCCGGCAAATGAATTGATAGCGCTGCTGGAGGAGAAAGGTATTGTCTTTCGGGATGGATCA
AACATCCTGCCGAAGCTGCTGGAGAACGATGACAGCCACGCAATAGACACCATGGTAGCGCTGA
TCCGAAGCGTGCTGCAGATGCGTAACAGTAATGCGGCTACGGGGGAAGACTACATTAATAGCCCG
GTCCGTGATCTGAACGGCGTTTGTTTCGATAGCAGATTTCAAAATCCGGAGTGGCCGATGGATGC
CGATGCCAATGGAGCTTACCATATCGCTCTCAAAGGTCAGCTCCTACTGAACCATTTGAAAGAATC
AAAAGATCTGAAACTGCAGAACGGCATCTCGAATCAGGACTGGCTGGCCTACATTCAAGAACTGA
GAAACGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATG
ACAAG

EEECREEE, VagentaiFANEg, Yellow: SV40 NLS, Cyon: enAsCas12a (WT), Gray: 3X FLAG

Information of the amino acid sequence for AsCas12a used in this study

3. CMV-wt-AsCas12a

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKELKPIIDRIYKTYADQCLQLVQ
LDWENLSAAIDSYRKEKTEETRNALIEEQATYRNAIHDYFIGRTDNLTDAINKRHAEIYKGLFKAELFNG
KVLKQLGTVTTTEHENALLRSFDKFTTYFSGFYENRKNVFSAEDISTAIPHRIVQDNFPKFKENCHIFTR
LITAVPSLREHFENVKKAIGIFVSTSIEEVFSFPFYNQLLTQTQIDLYNQLLGGISREAGTEKIKGLNEVLN
LAIQKNDETAHIIASLPHRFIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALFN
ELNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRSLKHEDINLQEIISAA
GKELSEAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWFAVDESNEVDPEF
SARLTGIKLEMEPSLSFYNKARNYATKKPYSVEKFKLNFQMPTLASGWDVNKEKNNGAILFVKNGLYY
LGIMPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPDAAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFI
EPLEITKEIYDLNNPEKEPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSSQ
YKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGLFSPE
NLAKTSIKLNGQAELFYRPKSRMKRMAHRLGEKMLNKKLKDQKTPIPDTLYQELYDYVNHRLSHDLSD
EARALLPNVITKEVSHEIIKDRRFTSDKFFFHVPITLNYQAANSPSKFNQRVNAYLKEHPETPIIGIDRGE
RNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSVVGTIKDLKQGYLSQVIHEIVD
LMIHYQAVVVLENLNFGFKSKRTGIAEKAVYQQFEKMLIDKLNCLVLKDYPAEKVGGVLNPYQLTDQFT
SFAKMGTQSGFLFYVPAPYTSKIDPLTGFVDPFVWKTIKNHESRKHFLEGFDFLHYDVKTGDFILHFK
MNRNLSFQRGLPGFMPAWDIVFEKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLE
EKGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLQMRNSNAATGEDYINSPVRDLNGVCFDSRFQN
PEWPMDADANGAYHIALKGQLLLNHLKESKDLKLQNGISNQDWLAYIQELRNKRPAATKKAGQAKKK
KE8YPYDVPDYAYPYDVPDYAYPYDVPDYA

4. pET28-wt-AsCas12a

BEEEEE  YPYDVPDYAE L PPKKKRKVMTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKA
RNDHYKELKPIIDRIYKTYADQCLQLVQLDWENLSAAIDSYRKEKTEETRNALIEEQATYRNAIHDYFIG

RTDNLTDAINKRHAEIYKGLFKAELFNGKVLKQLGTVTTTEHENALLRSFDKFTTYFSGFYENRKNVFS
AEDISTAIPHRIVQDNFPKFKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEVFSFPFYNQLLTQT

QIDLYNQLLGGISREAGTEKIKGLNEVLNLAIQKNDETAHIIASLPHRFIPLFKQILSDRNTLSFILEEFKSD
EEVIQSFCKYKTLLRNENVLETAEALFNELNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELT
GKITKSAKEKVQRSLKHEDINLQEIISAAGKELSEAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKS
QLDSLLGLYHLLDWFAVDESNEVDPEFSARLTGIKLEMEPSLSFYNKARNYATKKPYSVEKFKLNFQM

PTLASGWDVNKEKNNGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPDAAKM
IPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEKEPKKFQTAYAKKTGDQKGYREALCK



WIDFTRDFLSKYTKTTSIDLSSLRPSSQYKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIY
NKDFAKGHHGKPNLHTLYWTGLFSPENLAKTSIKLNGQAELFYRPKSRMKRMAHRLGEKMLNKKLKD
QKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVITKEVSHEIIKDRRFTSDKFFFHVPITLNYQAAN
SPSKFNQRVNAYLKEHPETPIIGIDRGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAA
RQAWSVVGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVLENLNFGFKSKRTGIAEKAVYQQFEKMLIDKL
NCLVLKDYPAEKVGGVLNPYQLTDQFTSFAKMGTQSGFLFYVPAPYTSKIDPLTGFVDPFVWKTIKNH
ESRKHFLEGFDFLHYDVKTGDFILHFKMNRNLSFQRGLPGFMPAWDIVFEKNETQFDAKGTPFIAGKR
IVPVIENHRFTGRYRDLYPANELIALLEEKGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLQMRNSNA
ATGEDYINSPVRDLNGVCFDSRFQNPEWPMDADANGAYHIALKGQLLLNHLKESKDLKLQNGISNQD
WLAYIQELRNDYKDHDGDYKDHDIDYKDDDDK



Information of the nucleotide sequence for en-AsCas12a used in this study
5. CMV-en-AsCas12a

ATGACACAGTTCGAGGGCTTTACCAACCTGTATCAGGTGAGCAAGACACTGCGGTTTGAGCTGAT
CCCACAGGGCAAGACCCTGAAGCACATCCAGGAGCAGGGCTTCATCGAGGAGGACAAGGCCCG
CAATGATCACTACAAGGAGCTGAAGCCCATCATCGATCGGATCTACAAGACCTATGCCGACCAGT
GCCTGCAGCTGGTGCAGCTGGATTGGGAGAACCTGAGCGCCGCCATCGACTCCTATAGAAAGGA
GAAAACCGAGGAGACAAGGAACGCCCTGATCGAGGAGCAGGCCACATATCGCAATGCCATCCAC
GACTACTTCATCGGCCGGACAGACAACCTGACCGATGCCATCAATAAGAGACACGCCGAGATCTA
CAAGGGCCTGTTCAAGGCCGAGCTGTTTAATGGCAAGGTGCTGAAGCAGCTGGGCACCGTGAC
CACAACCGAGCACGAGAACGCCCTGCTGCGGAGCTTCGACAAGTTTACAACCTACTTCTCCGGC
TTTTATAGGAACAGGAAGAACGTGTTCAGCGCCGAGGATATCAGCACAGCCATCCCACACCGCAT
CGTGCAGGACAACTTCCCCAAGTTTAAGGAGAATTGTCACATCTTCACACGCCTGATCACCGCCG
TGCCCAGCCTGCGGGAGCACTTTGAGAACGTGAAGAAGGCCATCGGCATCTTCGTGAGCACCTC
CATCGAGGAGGTGTTTTCCTTCCCTTTTTATAACCAGCTGCTGACACAGACCCAGATCGACCTGTA
TAACCAGCTGCTGGGAGGAATCTCTCGGGAGGCAGGCACCGAGAAGATCAAGGGCCTGAACGA
GGTGCTGAATCTGGCCATCCAGAAGAATGATGAGACAGCCCACATCATCGCCTCCCTGCCACACA
GATTCATCCCCCTGTTTAAGCAGATCCTGTCCGATAGGAACACCCTGTCTTTCATCCTGGAGGAGT
TTAAGAGCGACGAGGAAGTGATCCAGTCCTTCTGCAAGTACAAGACACTGCTGAGAAACGAGAA
CGTGCTGGAGACAGCCGAGGCCCTGTTTAACGAGCTGAACAGCATCGACCTGACACACATCTTC
ATCAGCCACAAGAAGCTGGAGACAATCAGCAGCGCCCTGTGCGACCACTGGGATACACTGAGGA
ATGCCCTGTATGAGCGGAGAATCTCCGAGCTGACAGGCAAGATCACCAAGTCTGCCAAGGAGAA
GGTGCAGCGCAGCCTGAAGCACGAGGATATCAACCTGCAGGAGATCATCTCTGCCGCAGGCAAG
GAGCTGAGCGAGGCCTTCAAGCAGAAAACCAGCGAGATCCTGTCCCACGCACACGCCGCCCTG
GATCAGCCACTGCCTACAACCCTGAAGAAGCAGGAGGAGAAGGAGATCCTGAAGTCTCAGCTGG
ACAGCCTGCTGGGCCTGTACCACCTGCTGGACTGGTTTGCCGTGGATGAGTCCAACGAGGTGGA
CCCCGAGTTCTCTGCCCGGCTGACCGGCATCAAGCTGGAGATGGAGCCTTCTCTGAGCTTCTAC
AACAAGGCCAGAAATTATGCCACCAAGAAGCCCTACTCCGTGGAGAAGTTCAAGCTGAACTTTCA
GATGCCTACACTGGCCCGGGGCTGGGACGTGAATCGGGAGAAGAACAATGGCGCCATCCTGTTT
GTGAAGAACGGCCTGTACTATCTGGGCATCATGCCAAAGCAGAAGGGCAGGTATAAGGCCCTGA
GCTTCGAGCCCACAGAGAAAACCAGCGAGGGCTTTGATAAGATGTACTATGACTACTTCCCTGAT
GCCGCCAAGATGATCCCAAAGTGCAGCACCCAGCTGAAGGCCGTGACAGCCCACTTTCAGACCC
ACACAACCCCCATCCTGCTGTCCAACAATTTCATCGAGCCTCTGGAGATCACAAAGGAGATCTAC
GACCTGAACAATCCTGAGAAGGAGCCAAAGAAGTTTCAGACAGCCTACGCCAAGAAAACCGGCG
ACCAGAAGGGCTACAGAGAGGCCCTGTGCAAGTGGATCGACTTCACAAGGGATTTTCTGTCCAA
GTATACCAAGACAACCTCTATCGATCTGTCTAGCCTGCGGCCATCCTCTCAGTATAAGGACCTGGG
CGAGTACTATGCCGAGCTGAATCCCCTGCTGTACCACATCAGCTTCCAGAGAATCGCCGAGAAGG
AGATCATGGATGCCGTGGAGACAGGCAAGCTGTACCTGTTCCAGATCTATAACAAGGACTTTGCC
AAGGGCCACCACGGCAAGCCTAATCTGCACACACTGTATTGGACCGGCCTGTTTTCTCCAGAGAA
CCTGGCCAAGACAAGCATCAAGCTGAATGGCCAGGCCGAGCTGTTCTACCGCCCTAAGTCCAGG
ATGAAGAGGATGGCACACCGGCTGGGAGAGAAGATGCTGAACAAGAAGCTGAAGGATCAGAAAA
CCCCAATCCCCGACACCCTGTACCAGGAGCTGTACGACTATGTGAATCACAGACTGTCCCACGAC
CTGTCTGATGAGGCCAGGGCCCTGCTGCCCAACGTGATCACCAAGGAGGTGTCTCACGAGATCA
TCAAGGATAGGCGCTTTACCAGCGACAAGTTCTTTTTCCACGTGCCTATCACACTGAACTATCAGG
CCGCCAATTCCCCATCTAAGTTCAACCAGAGGGTGAATGCCTACCTGAAGGAGCACCCCGAGAC
ACCTATCATCGGCATCGATCGGGGCGAGAGAAACCTGATCTATATCACAGTGATCGACTCCACCG
GCAAGATCCTGGAGCAGCGGAGCCTGAACACCATCCAGCAGTTTGATTACCAGAAGAAGCTGGA
CAACAGGGAGAAGGAGAGGGTGGCAGCAAGGCAGGCCTGGTCTGTGGTGGGCACAATCAAGG
ATCTGAAGCAGGGCTATCTGAGCCAGGTCATCCACGAGATCGTGGACCTGATGATCCACTACCAG
GCCGTGGTGGTGCTGGAGAACCTGAATTTCGGCTTTAAGAGCAAGAGGACCGGCATCGCCGAGA
AGGCCGTGTACCAGCAGTTCGAGAAGATGCTGATCGATAAGCTGAATTGCCTGGTGCTGAAGGA
CTATCCAGCAGAGAAAGTGGGAGGCGTGCTGAACCCATACCAGCTGACAGACCAGTTCACCTCC
TTTGCCAAGATGGGCACCCAGTCTGGCTTCCTGTTTTACGTGCCTGCCCCATATACATCTAAGATC
GATCCCCTGACCGGCTTCGTGGACCCCTTCGTGTGGAAAACCATCAAGAATCACGAGAGCCGCA



AGCACTTCCTGGAGGGCTTCGACTTTCTGCACTACGACGTGAAAACCGGCGACTTCATCCTGCA
CTTTAAGATGAACAGAAATCTGTCCTTCCAGAGGGGCCTGCCCGGCTTTATGCCTGCATGGGATAT
CGTGTTCGAGAAGAACGAGACACAGTTTGACGCCAAGGGCACCCCTTTCATCGCCGGCAAGAGA
ATCGTGCCAGTGATCGAGAATCACAGATTCACCGGCAGATACCGGGACCTGTATCCTGCCAACGA
GCTGATCGCCCTGCTGGAGGAGAAGGGCATCGTGTTCAGGGATGGCTCCAACATCCTGCCAAAG
CTGCTGGAGAATGACGATTCTCACGCCATCGACACCATGGTGGCCCTGATCCGCAGCGTGCTGC
AGATGCGGAACTCCAATGCCGCCACAGGCGAGGACTATATCAACAGCCCCGTGCGCGATCTGAA
TGGCGTGTGCTTCGACTCCCGGTTTCAGAACCCAGAGTGGCCCATGGACGCCGATGCCAATGGC
GCCTACCACATCGCCCTGAAGGGCCAGCTGCTGCTGAATCACCTGAAGGAGAGCAAGGATCTGA
AGCTGCAGAACGGCATCTCCAATCAGGACTGGCTGGCCTACATCCAGGAGCTGCGCAACAAAAG
GCCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAAAAGAAAAAGEIBIIIBB TACCCATACGATGTT
CCAGATTACGCTTATCCCTACGACGTGCCTGATTATGCATACCCATATGATGTCCCCGACTATGCC

Cyon: en-AsCas12a (WT), Yellow: nucleoplasmin NLS, |[EICCHMIBREI, Gray: HA-tag

6. pET28-en-AsCas12a
EEICAICRISRISRISHI C T cTACCCCTACGACCTECOOCEACTACEBEEGAATTGCCTCCAAAAAAG

AAGAGAAAGGTAATGACACAGTTTGAAGGCTTCACCAATCTCTACCAGGTCAGCAAGACGCTACG
TTTTGAGCTTATCCCGCAGGGAAAAACCCTGAAACACATTCAGGAACAGGGGTTCATAGAGGAAG
ATAAGGCGCGTAACGACCATTATAAAGAACTGAAGCCTATAATCGACCGTATTTATAAAACGTACGC
GGATCAGTGCCTGCAGCTGGTTCAGCTGGATTGGGAGAATCTGTCCGCGGCTATTGATAGCTATC
GCAAAGAGAAGACCGAGGAAACCCGTAACGCACTGATTGAAGAGCAGGCGACCTATCGGAATGC
GATCCATGATTACTTCATCGGCCGCACCGACAACCTGACCGATGCAATTAACAAACGTCACGCAG
AGATTTACAAAGGTCTGTTTAAAGCAGAGTTATTCAATGGCAAGGTTCTGAAACAGCTGGGTACGG
TCACCACCACCGAACACGAAAACGCACTGCTGAGGAGCTTTGATAAATTTACCACATATTTCAGCG
GTTTCTATCGTAATCGTAAGAATGTATTTAGCGCCGAAGATATTTCCACCGCAATTCCTCATCGTATT
GTGCAGGATAATTTTCCGAAGTTTAAAGAAAATTGTCATATTTTTACCCGTCTGATCACCGCGGTAC
CGAGCCTGCGAGAGCATTTTGAAAACGTTAAGAAAGCCATTGGAATTTTTGTCAGTACCAGCATTG
AAGAAGTGTTTTCGTTCCCGTTCTATAACCAACTGCTGACCCAGACCCAGATTGATCTGTACAATC
AGCTGCTGGGGGGCATAAGCCGCGAGGCAGGTACCGAAAAGATAAAGGGACTCAATGAGGTGCT
GAATCTGGCAATTCAGAAGAATGATGAAACGGCTCATATCATTGCTAGCCTGCCGCATCGTTTCAT
TCCCCTGTTTAAGCAAATCCTGAGCGATCGCAATACACTGAGCTTTATCCTCGAAGAGTTTAAATC
GGACGAAGAAGTTATCCAGAGCTTTTGCAAATACAAAACCCTGCTGCGGAACGAAAATGTGCTGG
AGACCGCTGAAGCACTGTTTAATGAACTGAACTCGATCGACCTCACCCATATTTTTATATCCCACAA
AAAACTGGAAACCATAAGCAGCGCTCTGTGTGACCATTGGGATACCCTGCGCAACGCCCTGTATG
AACGGCGTATCAGCGAGCTGACCGGGAAAATCACCAAATCCGCAAAGGAAAAAGTTCAGCGTAG
TCTGAAACACGAGGACATCAACCTGCAAGAAATTATTAGCGCAGCAGGTAAAGAGCTGAGCGAAG
CATTCAAACAGAAAACCAGCGAAATCCTGAGCCATGCCCATGCTGCACTGGATCAGCCGCTGCC
GACCACCCTGAAAAAACAGGAGGAAAAGGAGATTCTGAAAAGCCAACTGGACAGCCTGCTGGGC
CTGTATCACCTGCTGGACTGGTTTGCAGTCGATGAGAGCAACGAGGTTGATCCTGAGTTCTCCGC
TCGTCTGACCGGAATCAAGCTGGAGATGGAACCGAGTCTGTCGTTTTACAACAAAGCGCGTAATT
ACGCGACCAAGAAACCGTATAGCGTGGAAAAATTCAAACTGAACTTTCAGATGCCGACCCTTGCA
CGTGGATGGGACGTTAACCGTGAAAAAAACAATGGGGCAATTCTGTTTGTGAAAAATGGCCTCTAT
TATCTGGGTATCATGCCGAAACAGAAAGGGCGCTACAAAGCCCTGTCATTTGAGCCGACCGAGAA
AACCTCAGAGGGTTTCGACAAGATGTACTACGATTATTTCCCGGATGCGGCAAAAATGATACCCAA
ATGTAGCACCCAACTGAAGGCAGTTACAGCCCACTTTCAGACCCATACCACCCCGATCCTGCTGT
CGAACAATTTTATAGAGCCGCTGGAAATTACCAAAGAGATTTATGATCTGAATAATCCGGAAAAGGA
GCCCAAGAAATTTCAGACGGCGTATGCAAAAAAGACCGGGGATCAGAAAGGTTATCGTGAAGCG
CTGTGCAAATGGATTGACTTTACCCGTGACTTTCTGTCAAAATATACCAAAACGACGAGCATTGATC
TGAGCAGCCTACGTCCGAGCAGCCAATATAAGGATCTGGGCGAATATTACGCCGAACTGAATCCG
CTGCTCTACCATATTTCCTTCCAACGAATCGCTGAAAAAGAAATAATGGACGCCGTTGAAACCGGC
AAACTGTATCTGTTTCAAATCTACAACAAAGATTTCGCCAAAGGCCATCACGGTAAGCCGAACCTG
CATACCCTGTATTGGACCGGTCTGTTTAGCCCGGAGAATCTGGCCAAAACCAGCATCAAGCTGAA



CGGACAGGCAGAACTGTTTTACCGCCCCAAAAGCCGTATGAAAAGGATGGCACACCGCCTGGGC
GAAAAAATGCTGAATAAGAAACTCAAAGATCAGAAAACGCCGATACCGGATACCCTTTATCAGGAG
CTGTATGATTATGTTAACCACCGGCTGAGCCATGACCTGAGCGACGAAGCGCGTGCACTGCTGCC
GAACGTGATTACCAAGGAAGTCTCGCATGAAATTATTAAAGATCGGCGCTTCACCAGTGATAAATTT
TTCTTCCATGTACCGATCACCCTGAATTATCAAGCCGCAAATAGCCCTTCCAAATTTAATCAACGCG
TGAATGCGTACCTGAAAGAGCATCCGGAGACCCCAATTATTGGCATAGACCGAGGAGAACGCAAT
CTCATTTATATCACCGTCATTGATAGCACCGGTAAGATCCTGGAACAGCGTAGCCTGAATACCATTC
AGCAGTTTGACTACCAGAAAAAGCTGGACAACAGAGAAAAGGAACGTGTAGCCGCCCGGCAGGC
TTGGAGTGTGGTGGGTACTATCAAGGATCTGAAGCAGGGGTATCTCTCCCAAGTTATCCATGAAAT
TGTCGATCTAATGATTCACTATCAAGCAGTAGTGGTACTGGAAAATCTGAATTTCGGTTTCAAAAGC
AAACGTACAGGGATCGCTGAAAAAGCCGTTTATCAGCAGTTCGAGAAAATGCTGATAGACAAGCT
GAATTGCCTGGTTCTGAAAGATTATCCGGCAGAGAAGGTGGGCGGTGTGCTGAACCCGTACCAG
CTGACTGATCAATTTACGAGCTTTGCAAAAATGGGAACGCAGAGCGGTTTCCTGTTCTATGTTCCG
GCGCCATATACCAGCAAGATAGACCCGCTGACAGGTTTCGTAGATCCGTTTGTCTGGAAAACCATT
AAAAATCATGAAAGTCGCAAACATTTTCTGGAGGGCTTTGATTTTCTGCACTATGACGTGAAAACC
GGCGACTTCATTCTGCATTTTAAAATGAACCGTAATCTGTCCTTTCAGCGCGGCCTGCCTGGCTTT
ATGCCGGCGTGGGACATTGTTTTTGAAAAGAATGAGACACAGTTTGATGCCAAAGGTACCCCCTT
TATTGCGGGGAAACGCATTGTGCCCGTTATAGAAAATCACCGCTTCACCGGACGGTATAGGGACT
TGTACCCGGCAAATGAATTGATAGCGCTGCTGGAGGAGAAAGGTATTGTCTTTCGGGATGGATCA
AACATCCTGCCGAAGCTGCTGGAGAACGATGACAGCCACGCAATAGACACCATGGTAGCGCTGA
TCCGAAGCGTGCTGCAGATGCGTAACAGTAATGCGGCTACGGGGGAAGACTACATTAATAGCCCG
GTCCGTGATCTGAACGGCGTTTGTTTCGATAGCAGATTTCAAAATCCGGAGTGGCCGATGGATGC
CGATGCCAATGGAGCTTACCATATCGCTCTCAAAGGTCAGCTCCTACTGAACCATTTGAAAGAATC
AAAAGATCTGAAACTGCAGAACGGCATCTCGAATCAGGACTGGCTGGCCTACATTCAAGAACTGA
GAAACGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATG
ACAAG

EEECREEE . MagentaiFANEg, Yellow: SV40 NLS, Cyon: en-AsCas12a (WT), Gray: 3X FLAG

Information of the amino acid sequence for en-AsCas12a used in this study

7. CMV-en-AsCas12a

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKELKPIIDRIYKTYADQCLQLVQ
LDWENLSAAIDSYRKEKTEETRNALIEEQATYRNAIHDYFIGRTDNLTDAINKRHAEIYKGLFKAELFNG
KVLKQLGTVTTTEHENALLRSFDKFTTYFSGFYRNRKNVFSAEDISTAIPHRIVQDNFPKFKENCHIFTR
LITAVPSLREHFENVKKAIGIFVSTSIEEVFSFPFYNQLLTQTQIDLYNQLLGGISREAGTEKIKGLNEVLN
LAIQKNDETAHIIASLPHRFIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALFN
ELNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRSLKHEDINLQEIISAA
GKELSEAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWFAVDESNEVDPEF
SARLTGIKLEMEPSLSFYNKARNYATKKPYSVEKFKLNFQMPTLARGWDVNREKNNGAILFVKNGLYY
LGIMPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPDAAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFI
EPLEITKEIYDLNNPEKEPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSSQ
YKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGLFSPE
NLAKTSIKLNGQAELFYRPKSRMKRMAHRLGEKMLNKKLKDQKTPIPDTLYQELYDYVNHRLSHDLSD
EARALLPNVITKEVSHEIIKDRRFTSDKFFFHVPITLNYQAANSPSKFNQRVNAYLKEHPETPIIGIDRGE
RNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSVVGTIKDLKQGYLSQVIHEIVD
LMIHYQAVVVLENLNFGFKSKRTGIAEKAVYQQFEKMLIDKLNCLVLKDYPAEKVGGVLNPYQLTDQFT
SFAKMGTQSGFLFYVPAPYTSKIDPLTGFVDPFVWKTIKNHESRKHFLEGFDFLHYDVKTGDFILHFK
MNRNLSFQRGLPGFMPAWDIVFEKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLE
EKGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLQMRNSNAATGEDYINSPVRDLNGVCFDSRFQN
PEWPMDADANGAYHIALKGQLLLNHLKESKDLKLQNGISNQDWLAYIQELRNKRPAATKKAGQAKKK
KE8YPYDVPDYAYPYDVPDYAYPYDVPDYA



8. pET28-en-AsCas12a

BEEEEE\ YPYDVPDYAE L PPKKKRKVMTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKA
RNDHYKELKPIIDRIYKTYADQCLQLVQLDWENLSAAIDSYRKEKTEETRNALIEEQATYRNAIHDYFIG

RTDNLTDAINKRHAEIYKGLFKAELFNGKVLKQLGTVTTTEHENALLRSFDKFTTYFSGFYRNRKNVFS
AEDISTAIPHRIVQDNFPKFKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEVFSFPFYNQLLTQT

QIDLYNQLLGGISREAGTEKIKGLNEVLNLAIQKNDETAHIIASLPHRFIPLFKQILSDRNTLSFILEEFKSD
EEVIQSFCKYKTLLRNENVLETAEALFNELNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELT
GKITKSAKEKVQRSLKHEDINLQEIISAAGKELSEAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKS
QLDSLLGLYHLLDWFAVDESNEVDPEFSARLTGIKLEMEPSLSFYNKARNYATKKPYSVEKFKLNFQM

PTLARGWDVNREKNNGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPDAAKM
IPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEKEPKKFQTAYAKKTGDQKGYREALCK
WIDFTRDFLSKYTKTTSIDLSSLRPSSQYKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIY

NKDFAKGHHGKPNLHTLYWTGLFSPENLAKTSIKLNGQAELFYRPKSRMKRMAHRLGEKMLNKKLKD
QKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVITKEVSHEIIKDRRFTSDKFFFHVPITLNYQAAN

SPSKFNQRVNAYLKEHPETPIIGIDRGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAA
RQAWSVVGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVLENLNFGFKSKRTGIAEKAVYQQFEKMLIDKL

NCLVLKDYPAEKVGGVLNPYQLTDQFTSFAKMGTQSGFLFYVPAPYTSKIDPLTGFVDPFVWKTIKNH

ESRKHFLEGFDFLHYDVKTGDFILHFKMNRNLSFQRGLPGFMPAWDIVFEKNETQFDAKGTPFIAGKR
IVPVIENHRFTGRYRDLYPANELIALLEEKGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLQMRNSNA
ATGEDYINSPVRDLNGVCFDSRFQNPEWPMDADANGAYHIALKGQLLLNHLKESKDLKLQNGISNQD

WLAYIQELRNDYKDHDGDYKDHDIDYKDDDDK
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