Bacterial Strains Cas12a orthologs

Sulfuricurvum sp. PC08-66 Ss2Cas12a
Lachnospiraceae bacterium ND2006 LbCas12a
Pseudobutyrivibrio ruminis CF1b PrCas12a

_L Pseudobutyrivibrio xylanivorans strain DSM 10317 PxCas12a
Oribacterium sp. NK2B42 OsCas12a
EBUWrivibrio sp. NC3005 BsCas12a

Arcobacter butzleri L348 AbCas12a

Flavobacterium branchiophilum FL-15 FbCas12a
Bacteroidetes oral taxon 274 BoCas12a
Bacteroidales bacterium KA00251 BbCas12a
Thiomicrospira sp. XS5 TsCas12a
Anaerovibrio sp. RM50 As2Cas12a

_|7 Candidatus Peregrinibacteria bacterium GW2011 PbCas12a
EsCas12a

Treponema endosymbiont of Eucomonympha sp.

Candidate division WS6 bacterium C6Cas12a
Parcubacteria group bacterium GW2011 PgbCas12a
Candidatus Roizmanbacteria bacterium GW2011 RbCas12a
Uncultured bacterium (gcode 4) ACD 3C00058 U4Cas12a
Proteocatella sphenisci DSM 23131 PsCas12a
Sneathia amnii strain SN3 SaCas12a
Helcococcus kunzii ATCC 51366 HkCas12a
Succinivibrio dextrinosolvens H5 SdCas12a
_|: Acidaminococcus sp. BV3L6 AsCas12a
Candidatus Methanomethylophilus alvus Mx1201 MaCas12a
Synergistes jonesii strain 78-1 SjCas12a
P N Agathobacter rectalis strain 2789STDY5834884 ArCas12a
0.40 _|i Lachnospira pectinoschiza strain 2789STDY5834886 LpCas12a
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Figure S1. Phylogeny tree of non-redundant Casl2a orthologs and selected Casl2a loci for

genome editing. a Evolutionary relationships of the Casl2a bacterial strains. Candidates

synthesized for further functional experimentation were highlighted in red. b Schematic

showing the 5 naturally existed crRNA scaffolds from the 25 Cas12a bacterial strains in Figure

la. ¢ Maps of bacterial genomic CRISPR-Casl2a loci corresponding to the 12 candidates

selected to be tested.
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Figure S2. In vitro DNA cleavage assay for Cas12a PAM sequences. a Coomassie blue stained
SDS-PAGE of E. coli expressed BsCas12a stepwise purification as a representative. The black
triangle indicates Casl2a-Hisio fused protein. b (Upper) Schematic showing the 3 naturally
existed crRNA scaffolds used for in vitro DNA cleavage assay. (Lower) Depiction of workflow
of in vitro DNA cleavage assay. ¢ In vitro DNA cleavage assay using the 12 candidate Cas12a
proteins directed by crRNA scaffold 1, 2 and 5, respectively. The PCR-generated templates
contained 5°-T rich PAM sequences. N=A, T, G, C. M, DNA marker. d /n vitro DNA cleavage
analysis of the seven Casl2a nucleases possessing in vitro nuclease activity in Figure S2c¢ to

target various 5’ PAM sequences directed by crRNA scaffold 1. N=A, T, G, C. M, DNA marker.



BsCas12a BoCas12a ArCas12a AbCas12a

37 -.

5" -.
37-.

5" -.
37-.

5" -.
37-.

5" -.
37-.

3xHA
—

cac [ casiza Ml [GFP T pA
1 7
NLS NLS

GFP Cas12a-HA Merged

OsCas12a LpCas12a HkCas12a C6Cas12a

PAM
. .ACCTTTC CAT.
Lrrrrnrd (N
. TGGAAAG GTA.

Frrrrrerrrrrrerrrrerred
yUGUAGAUAACCACUAGCACUAGCCUUGCAA-3

AyCAUCUUUA-5"
crRNA scaffold 1

PAM
.GGCTTTC AAT.
Lrrrrnrd (N
.CCGAAAG TTA.

Lrrrrrerrrrrrerrrrerred
yUGUAGAUCCUCCCAGUCCCUUGGCUAUGGA-3

AyCAUCUUUA-5"
crRNA scaffold 1

PAM
.GCTTTTG TGT.
Lrrrrnrd (N
.CGAAAAC ACA.

Frrrrrerrrrrrerrrrerred
yUGUAGAUUCUCCUGAAUACUAAGGUUAAAA-3

AyCAUCUUUA-5"
crRNA scaffold 1

PAM
.CAAATTG CTT.
Ferrrnd Il
.GTTTAAC GAA.

Lrrrrrrrrrrrrerrrrrreed
yYGUAGAUGGCACAUUAAUUCACUGUGUAGA-3

AyCAUCUUUA-5'
crRNA scaffold 1

PAM
.CTCGTTG GCC.
Lrrrrnrd (N
.GAGCAAC CGG.

Frrrrrerrrrrrerrrrerred
yYUGUAGAUGGCUCCACACCAUACAGCUCGGU-3"

AyCAUCUUUA-5"
crRNA scaffold 1

=3’
=57

=37
=57

=3’
=57

=37
=57

=37

=57

Cas12a-HA Merged

Cas12a-HA Merged

SaCas12a PxCas12a PsCas12a PrCas12a

M Ar Bs Hk Lp Pr Px As GFP Cas12a ortholog
—-u—-—_——_<550bp
— 4356 bp
<194 bp
23.7 14.7 15.6 15.5 8.3 indel (%)

M Ar Bs Hk Lp Pr Px As GFP Cas12a ortholog
E—————~—-4386bp
e . — — — e €293 bp

— <93 bp

20.1 18.9 20.7 3.7 23.9 221 225 indel (%)

M Ar Bs Hk Lp Pr Px As GFP Cas12a ortholog

g S —— VY ¢
— - €221 bp
- et «184 bp
30.8 29.9 37.6 15.8 46.4 32.3 34.3 indel (%)

M Ar Bs Hk Lp Pr Px As GFP Cas12a ortholog
o ——_—uw__4403bp
€220 bp
<183 bp
25 134 33 3.1 151 23 indel (%)

M Ar Bs Hk Lp Pr Px As GFP Cas12a ortholog

— — — — — o — g <386 bp

201 b
1985 b

15.5 5.2 indel (%)



Human CD34 target 1

ArCas12a

CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCTT————-——— GA-AGCCTAG-CCTGTCACCTGGAAATGTTTCAGACCT
CCACCCCAGCCAACGTTTCAACTCCAGAGACAACctttccaggtgacaggctaggCCTGTCACCTGGAAATGTTTCAGACCT
CCACCCCAGCCAACGTTTCAACTCCAGAGACA T-—-————- GA-AGCCTAG-CCTGTCACCTGGAAATGTTTCAGACCT
CCACCCCAGCCAACGTTTCAACTCCAGAGACAA -~~~ ——====— - —--TGTCACCTGGAAATGTTTCAGACCT
CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCTT—-—-——- - - AATGTTTCAGACCT
CCACCC —--agcctGA-AGCCTAG-CCTGTCACCTGGAAATGTTTCAGACCT
CCACCCCAGCCA~ oo o e - -CCTGTCACCTGGAAATGTTTCAGACCT
CCACCCCAGCCAACGTTTCAACTCCAGAGACA -~~~ ———===—— - - ACCTGGAAATGTTTCAGACCT
CCACCCCAGCCAACGTTTCAACTCCAGAGAC————————==—— - - (A 93 bp)
BsCas12a

CCACCCCAGCCAACGTTTCAACTCCAGAGACAACC--TTGAAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACC
CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCgaagGAAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACC
CCACCCCAGCCAACGTTTCAACTCCAGAGACA--C--TTGAAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACC

CCACCCCAGCCAACGTTTCAACTCCAGAGACAAC----TGAAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACC
CCACCCCAGCCAACGTTTCAACTCCAGAGACA -= AAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACC
CCACCCCAGCCAACGTTTCAACTCCAGAGACA - AGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACC
CCACCCCAGCCAACGTTTCAACTCCAGAGACA - GCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACC
CCACCCCAGCCAACGTTT - AAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACC
HkCas12a

CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCTTG-—————————————————————————————— AAGCCTAGCCTGT
CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCTTGececctgggatgcaaggctggttcaacatatgcaaat CTAGCCTGT
CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCTTGaagcctttg-——========—=————————— AAGCCTAGCCTGT
CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCTT ——————————————————————————————— AGCCTGT
CCACCCCAGCCAACGTTTCAACTCCAGAGACA -~~~ === == — - —————————————————— ggCTGT
CCACCCCAGCCAACGTTTCAACTCCAGA -~~~ - ——— - ———— e —————————————— CTAGCCTGT
LpCas12a

CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCTTGAAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACCAC
CCACCCCAGCCAACGTTTCAACTCCAGAGACAA aGAAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACCAC

CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCTcga AGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACCAC
CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCT TGGAAATGTTTCAGACCTTTCAACCAC
PrCas12a

CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCTTGAAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACCAC
CCACCCCAGCCAACGTTTCAACTCCAGAGACAAC GAAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACCAC

CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCT GCCTAGCCTGTCACCTGGARATGTTTCAGACCTTTCAACCAC
CCACCCCAGCCAACGTTTCAACTCCAGAGACA AAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACCAC
CCACCCCAGCCAACGTTTCAACTCCAGAGACAAC TGGAAATGTTTCAGACCTTTCAACCAC
CCACCCCAGCCAACGTTTCAACTCCAGAGACAA (A 118 bp)

PxCas12a

CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCTTGAAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACCAC
CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCT AGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACCAC

CCACCCCAGCCAACGTTTCAACTCCAGAGAC AGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACCAC
CCACCCCAGCCAACGTTTCAACTCCAGAGACA ggCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACCAC
CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCT GTCACCTGGAAATGTTTCAGACCTTTCAACCAC
CCACCCCAGCCAACGTTTCAACTCCAGAGACAACCT GGAAATGTTTCAGACCTTTCAACCAC
CCACCCCAGCCAACG AAGCCTAGCCTGTCACCTGGAAATGTTTCAGACCTTTCAACCAC

CCACCCCAGCCAACGTTTCAACTCC AGACCTTTCAACCAC



Human CD34 target 2

Mouse Nrl taregt 1

BsCas12a
GAAATGTTTCAGACCTTTCAACCACTAGCACTAGCCTTGCAACATCTCCCACTAAACCCTATACATCATCTTCTCCT

GAAATGTTTCAGACCTTTCAACCACTAGCACT -~ -TTGCAACATCTCCCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTAGCACTA———— GCAACATCTCCCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTAGCAC-————— TGCAACATCTCCCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTAGCA-—————————————— TCTCCCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTAG -~~~ ——— === CCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTA -~~~ ——————————— o m AACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTAG- ————————————— CCCTATACATCATCTTCTCCT
HkCas12a

GAAATGTTTCAGACCTTTCAACCACTAGCACTAGC----CTTGCAACATCTCCCACTAAACCCTATACATCATCTTC
GAAATGTTTCAGACCTTTCAACCACTAGCACT —————————— GCAACATCTCCCACTAAACCCTATACATCATCTTC
GAAATGTTTCAGACCTTTCAACCACTAGCACTAGCaagcCTTGCAACATCTCCCACTAAACCCTATACATCATCTTC
GAAATGTTTCAGACCTTTCAACCACTAGCACTA- ——————— TGCAACATCTCCCACTAAACCCTATACATCATCTTC
GAAATGTTTCAGACCTTTCAACCACTAGCA-———————— CTTGCAACATCTCCCACTAAACCCTATACATCATCTTC
GAAATGTTTCAGACCTTTCAACCACTAGCACTAGC-————————— ACATCTCCCACTAAACCCTATACATCATCTTC
GAAATGTTTCAGACCTTTCAACCACTAGCACTA- ——————————— ACATCTCCCACTAAACCCTATACATCATCTTC
GAAATGTTTCAGACCTTTCAACCACTAGCACTA - —————————————— AAACCCTATACATCATCTTC
LpCas12a

GAAATGTTTCAGACCTTTCAACCACTAGCACTAGCCTTGCAACATCTCCCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTAGCACTAGC----CAACATCTCCCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTAGCACTAGCTTG-~~~CATCTCCCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTAGCACTAGC———— AACATCTCCCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTAG-———————————————————— CACTAAACCCTATACATCATCTTCTCCT
—————————————————————————— (A 80 bp)-——----——=-—————————————CTATACATCATCTTCTCCT
—————————————— (A 83 bp)-——----———-—-——--AACATCTCCCACTAAACCCTATACATCATCTTCTCCT
PrCas12a

GAAATGTTTCAGACCTTTCAACCACTAGCACTAGCCTTGCAACATCTCCCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTAGCACTAGC--TGCAACATCTCCCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTAGCACTAGCCTTGCA--ATCTCCCACTAAACCCTATACATCATCTTCTCCT

GAAATGTTTCAGACCTTTCAACCACTAGCACTA-——-TGCAACATCTCCCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAACCACTAGCACTA ———————— aATCTCCCACTAAACCCTATACATCATCTTCTCCT
GAAATGTTTCAGACCTTTCAAC————————————————————————— CACTAAACCCTATACATCATCTTCTCCT
ArCas12a

CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTTGGCT-ATGGAATATGTTAATGACTTTGATTTGATGAAGTTCG
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTTGGCTaATGGAATATGTTAATGACTTTGATTTGATGAAGTTCG
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTT-GCT-ATGGAATATGTTAATGACTTTGATTTGATGAAGTTCG
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTT -~ -T-ATGGAATATGTTAATGACTTTGATTTGATGAAGTTCG

CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCT—————————— gATATGTTAATGACTTTGATTTGATGAAGTTCG
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTT———————————— tTGTTAATGACTTTGATTTGATGAAGTTCG
BsCas12a

CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTTGGCTATGGAATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCC————— CTATGGAATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCT————————— AATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTT—————————— aATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCC——————— == ACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGC T T T~~~ —————— === —————mm e GATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTT——————————— == ———————— ttTTTGATGAAGTTCGA
HkCas12a

CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTTGGCTATGGAATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTTGGCT-——-AATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCC—————— ATGGAATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTTGGC——————————— TTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTT——————————— ATGTTAATGACTTTGATTTGATGAAGTTCGA
LpCas12a

CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTTGGCTATGGAATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTT————— TGGAATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCT————————————— TGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTC———————— === ATGACTTTGATTTGATGAAGTTCGA
PrCas12a

CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTTGGCTATGGAATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCT————————— AATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCC—————————————— aGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTT—————————————— TTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAAT ————————————————— TTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAAT G-~ ——————————————— CTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCC -~~~ —————————— oo AGTTCGA
PxCas12a

CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTTGGCTATGGAATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCT-~--TATGGAATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTT———————— AATATGTTAATGACTTTGATTTGATGAAGTTCGA
CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCC————————~— AATATGTTAATGACTTTGATTTGATGAAGTTCGA

CTCAGTCCCAGAATGGCTTTCCCTCCCAGTCCCTTGGCT -~~~ oo m oo AAGTTCGA



Figure S3. Six new Casl2a proteins mediated robust genome editing in mammalian cells. a
(Upper) Diagram of Casl2a expression vector driven by the CAG promoter. (Lower)
Immunofluorescence staining of the tested 12 HA-tagged Cas12a proteins in human HeLa cells.
NLS, nuclear localization signal. Scale bars, 20 um. b (Left) Schematic showing the sequence
of crRNAs targeting one human and two mouse gene sites with the requisite 5’-TTTN PAM.
(Right) TTEI analysis of targeted indel frequencies generated by the six Casl2a orthologs as
indicated. AsCasl2a was used as positive control. GFP, an empty backbone vector without
Casl2a protein expression. M, DNA marker. ¢ (Leff) Schematic showing the sequence of
crRNA targeting one human and one mouse gene sites with the requisite 5’-TTN PAM. (Right)
T7EI analysis of targeted indel frequencies generated by the six Casl2a orthologs and
AsCasl2a as indicated. GFP, an empty backbone vector without Cas12a protein expression. M,
DNA marker. d-f Representative targeted human CD34 sequences observed in Figure 1b and
Figure S3b, and targted mouse Nr/ sequences observed in Figure S3¢c. The PAM sequences
were colored red. Green dashes and blue lowercases indicated deletions and insertions,

respectively.



HkCas12a

HkCas12a

Human AAVS1 target site 1
GTGGAAAACTCCCTTTGTGAGAATGGTGCGTCC---TAGGTGTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTCTC

GTGGAAAACTCCCTTTGTGAGAATGGTGCGTCCctaTAGGTGTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTCTC
GTGGAAAACTCCCTTTGTGAGAATGGTGCGcac——-—acccccatttCCAGGTCGTGGCCGCCTCTACTCCCTTTCTC
GTGGAAAACTCCCTTTGTGAGAATGGTGCGTC-—--TAGGTGTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTCTC
GTGGAAAACTCCCTTTGTGAGAATGGTGCG -~ ===~ -GGTGTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTCTC
Human AAVST1 target site 2

GTGGAAAACTCCCTTTGTGAGAATGGTGCGTCCTAGGTGTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTCTCTTT
GTGGAAAACTCCCTTTGTGAGAATGGTGCGTCC--GGTGTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTICTCTTT
GTGGAAAACTCCCTTTGTGAGAATGGTGCG TCTACTCCCTTTCICTTT
Human AAVST target site 3

TGCGTCCTAGGTGTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTCTCTTTCTCCATCCTTCTTTCCTTAAAGAGTC
TGCGTCCTAGGTGTTCACCAGGTCGTGGCCGCCTCTACT -CCTTTCTCTTTCTCCATCCTTCTTTCCTTAAAGAGTC
TGCGTCCTAGGTGTTCACCAGGTCGTGGCCGCCT ~~ACTCCCTTTCTCTTTCTCCATCCTTCTTTCCTTAAAGAGTC

TGCGTCCTAGGTGTTCACCAGGTCGTGGCCGCCTC CCTTTCTCTTTCTCCATCCTTCTTTCCTTAARAGAGTC
Human AAVST1 target site 4

AGGAGGGGGGTGTCCGTGTGGAAAACTCCCTTT———————————————————————————— GTGAGAATGGTGCGTIC
AGGAGGGGGGTGTCCGTGTGGAAAACTCCCTITTtgttcgecagttaatagtttgecgcaacgGTGAGAATGGTGCGTC
AGGAGGGGGGTGTCCGTGTGGAAAACTCCCTTT—————=======———————————————— GAGAATGGTGCGIC
AGGAGGGGGGTGTCCGTGTGGAAAACT ~———— ——=—————————————————————————— acAATGGTGCGTC

Human AAVS1 target site 5
GGCGCTCAGGCTTCCCTGTCCCCCTTCCTCGTCCAC--CATCTCATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGG

GGCGCTCAGGCTTCCCTGTCCCCCTTCCTCGTCCACCaCATCTCATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGG
GGCGCTCAGGCTTCCCTGTCCCCCTTCCTC - ATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGG
GGCGCTCAGGCTTCCCTGTCCCCCTTCCTCG - TGCCCCTGGCTCTCCTGCCCCTTCCCTACAGG
Human AAVST target site 6

TCCGTGTGGAAAACTCCCTTTGTGAGAATGGTGCGTCCTAGGTGTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTC
TCCGTGTGGAAAACTCCCTTTGTGAGAAT -~ TGCGTCCTAGGTGTTCACCAGGTCGTGGCCGCCTCTACTCCCTITTC

TCCGTGTGGAAAACTCCCTTTGTGAGAATG CTAGGTGTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTC
TCCGTGTGGAAAACTCCCTT GCGTCCTAGGTGTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTC
TCCGTGTGGAAAACTCCCTTTGTGAGAACY GTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTC
TCCGTGTGGAAAACTCCCTTTGTGA GTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTC

Human AAVS1 target site 7
CTCTCCTGCCCCTTCCCTACAGGGGTTCCTGGCT-CTGCTCTTCAGACTGAGCCCCGTTCCCCTGCATCCCCGTTCC

CTCTCCTGCCCCTTCCCTACAGGGGTTCCTGGCTECTGCTCTTCAGACTGAGCCCCGTTCCCCTGCATCCCCGTTCC

CTCTCCTGCCCCTTCCCTACAGGGGTTCCTG - CTCTTCAGACTGAGCCCCGTTCCCCTGCATCCCCGTTCC
CTCTCCTGCCCCTTCCCTACAGGGGTTCCTG - agCTTCAGACTGAGCCCCGTTCCCCTGCATCCCCGTTCC
CTCTCCTGCCCCTTCCCTACAGGGGTTCCTG - GACTGAGCCCCGTTCCCCTGCATCCCCGTTCC

Human CCR5 target site 1
GCTTGTCATGGTCATCTGCTACTCGGGAATCCTAAAAACTCTGCTTCGGTGTCGAAATGAGAAGAAGAGGCACAGGG

GCTTGTCATGGTCATCTGCTACTCGGGAATCCTAAAAA GCTTCGGTGTCGAAATGAGAAGAAGAGGCACAGGG
GCTTGTCATGGTCATCTGCTACTCGGGAATCCTAA TGCTTCGGTGTCGAAATGAGAAGAAGAGGCACAGGG
GCTTGTCATGGTCATCTGCTACTCGGGAATCCTA TGCTTCGGTGTCGAAATGAGAAGAAGAGGCACAGGG
GCTTGTCATGGTCATCTGCTACTCGGGAATCCTAA TCGGTGTCGAAATGAGAAGAAGAGGCACAGGG

Human CCRS target site 2
TGTTTATTTTCTCTTCTGGGCTCCCTACAACATTGTCCTTCTCCTGAACACCTTCCAGGAATTCTTTGGCCTGAATA

TGTTTATTTTCTCTTCTGGGCTCCCTACAACATTGT - ~aTCTCCTGAACACCTTCCAGGAATTCTTTGGCCTGAATA

TGTTTATTTTCTCTTCTGGGCTCCCTACAACATTGT CTCCTGAACACCTTCCAGGAATTCTTTGGCCTGAATA
TGTTTATTTTCTCTTCTGGGCTCCCTACAACATTG TCCTGAACACCTTCCAGGAATTCTTTGGCCTGAATA
TGTTTATTTTCTCTTCTGGGCTCCCTACAACATTG gCTGAACACCTTCCAGGAATTCTTTGGCCTGAATA

TGTTTATTTTCTCTTCTGGGCTCCCTACA CTGAACACCTTCCAGGAATTCTTTGGCCTGAATA
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Figure S4. Increased genome-wide coverage of HkCas12a with altered PAMs. a Representative

sequences of mutated alleles in the human AA4VSI and CCRS loci indicated HkCas12a-crRNA1

edited the human genome recognizing 5’-YTN, 5’-TYN, 5’-TTYN and 5’-TCCN PAMs. The

PAM sequences were colored red. Green dashes and blue lowercases indicated deletions and

insertions, respectively. b (Leff) Cas12a target sequences with indicated PAM sequences in the

human CD34, RNF2 and CCRS loci. (Right) T7EI analysis indicated that HkCas12a-crRNA1

targeted the human genome recognizing 5’-CTN and 5’-TYYN PAMs. Red triangles indicate

cleavage bands. mock, an U6 empty vector without crRNA expression. M, DNA marker. ¢ (Lef?)

Schematic showing the crRNA targeting human CD34 site 11. (Right) T7EI assay indicated that

HkCas12a induced targeted indels directed by 5’-TTCN PAM. GFP, an empty backbone vector

without Cas12a protein expression. M, DNA marker.
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Figure S5. crRNA scaffold alters targeted indel efficiencies of Casl2a proteins. a Schematic

showing the five crRNA scaffolds. Scaffold 1, 2 and 5 cover all cases of naturally existed
crRNA scaffolds in this study, while scaffold 6 and 7 are two artifacts not found in nature. b
Efficiencies of targeted indel mutations in the MeCP2 locus in mES cells mediated by the five
crRNA scaffolds with individual Casl2a-family protein were calculated by T7EI assay.

Cognate crRNA was indicated with a “c” on the column. mock, an U6 empty vector without

crRNA expression.
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Figure S6. crRNA scaffold optimization and screening. a-b 256 crRNA scaffolds with all
possible 4 nt-loop were used for genome editing screening with PrCas12a (a) and BsCas12a (b)
in the NVrl locus in mES cells and T7EI assay was applied. Enhanced indels compared with
scaffold 1 were labelled. -, an U6 empty vector without crRNA expression. M, DNA marker. c-
d Target indels produced in the MeCP2 locus in mES cells by PrCas12a (c) and BsCas12a (d)
with ctRNA scaffolds bearing mutations within 3 nt-, 4 nt- or 5 nt-loop. Enhanced indels
compared with scaffold 1 were labelled. -, an U6 empty vector without crRNA expression. M,

DNA marker.
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Figure S7. Enhanced targeted efficiency with optimized crRNA scaffold. a Efficiencies of GFP
disruption in human 293FT cells mediated by BsCas12a with crRNA scaffold 4n96 and 1. Error
bars indicate standard errors of the mean (s.e.m.), n = 3. * and *** mean p value < 0.05 and
0.001, respectively. mock, an U6 empty vector without crRNA expression. b T7EI analysis of
targeted mutation efficiencies induced at six different endogenous loci by scaffold 4n96 and 1
combined with BsCas12a. Error bars indicate s.e.m., n = 3. * means p value < 0.05 and **
means p value <0.01. ¢ T7EI analysis of targeted mutation efficiencies induced at two different
endogenous loci by scaffold 4n96 and 1 combined with individual Cas12a. Error bars indicate

s.e.m., n = 3. * means p value < 0.05 and ** means p value < 0.01.
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Figure S8. Conserved residues in PAM-interacting (PI) domain of Casl2a proteins. The three
residues in the PI domain responsible for PAM recognition are indicated with red asterisk. In

HkCas12a, L.642 equivalent to K592 of LbCas12a, is not conserved.





