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Supplemental Figure S1. The verification and comparison of the target efficiency between the Cas9
and Cas12a at the A4VS1 locus. T7E1 analyses showing that the gRNA of Cas9 is more efficient than
that of Cas12a when the same A4VS1 site was targeted. The result was presented as mean + SD, n=2, *
P <0.05, ** P<0.01, *** P<0.001, unpaired Student’s t-test.
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5'junction (Cas12a HITI) 5'junction (Cas9 HITI)
AAVST locus: 5'=CCCCACAGTGGGGCCACTAGGGACAGGATTGGTGACAGAAA =3'  AAVST locus: 5'= CACAGT GGGGCCACTAIGGGACAGGAT TGGTGACAGAAAAGC =3'
3'=GGGGTGTCACCCCGGTGATICCCTGTCCTAACCACTGTCTTT =5 3'= GTGTCACCCCGGTGATIOCCCTGTCCTAACCACTGTCTTTTCG =5'
D2 vector: 5'=TTTCTGTCACCAATCCTGTCCCT AGT G GCTCGAGGCTGGCAC =3’ D1 vector: 5' TAGTTTCTGTCACCAATCCTGTCOC{TAGTGGCTCGAGGCTGG =3
3'=AAAGACAGTGGT TAGGACAGGG CGAGCTCCGACCGTG =5' 3'= ATCAAAGACAGTGGT TAGGACAGGGIATCACCGAGCTCCGACC =5'
6/13 (46.15%) 5'=CCCCACAGTGGGGCCAGTGGCTCGAGGCTGGCAC - 3' 5'= CACAGTGGGGCCACTAGTAGTGGCTCGAGGCTGG =3’
2/13 (15.38%) 5'=CCCCACAGTGGGGCCACTGGCTCGAGGCTGGCAC - 3' 5'= CACAGTGGGGCCACTAGTAGTGGCTCGAGGCTGG —3'
1/13 (7.69%) 5'=CCCCACAGTGGGGC-——~~——=--=~~~ TGGCAC=3' 5'= CACAGTGGGGCCACT-GT-GTGGCTCGAGGCTGG =3’
113 (7.69%) 5'=TCTTC -——-~-~ (del 174 bp) ————---- TGGCAC=3' 5'= CACAGTGG-------=------~ CTCGAGGCTGG =3’
113 (7.69%) 5'=ATGGC - - -~~~ (del 201 bp) ——--=---~ TCGAGG=3' 5'= CACAGTGGGGCCACT----GTGGCTCGAGGCTGG =3’
1/13 (7.69%) 5'=ACAGC - —-—~~ (del 128 bp) ——=——-—~ TCGAGG = 3' 5'= CACAGTGGGGCCACTAG----==-===-~ AGGCTGG =3
5'= CACAGTGGAGCCACT-GTAGTGGCTCGAGGCTGG =3’
5'= CACAGTGGGGCCACTAG- - (del 132 bp)-- TTCAC =3’
5'= CACAGTG ---~(del 39 bp) --- CCGACTGGAAAGC =3’
5'= GGTACTTTT -~(del 36 bp) --TGGCTCGAGGCTGG —3'
5'= GGTCC--(del 185 bp)--TAGTGGCTCGAGGCTGG =3’
5'= CCAGGGCCGG- -~~~ (del 112 bp) == ———~~ TGA =3
5'junction (Cas12a MITI) 3’ junction (Cas12a MITI)
AAVST locus: 5'=CCCCACAGTGGGGGCACT AGGGACAGGAT TGGTGACAGAAA=3' D3 vector: 5'=TTTCTGTCACCAATCCTGTCCGCACTACTCGAGGCTGGCACG=3'
3'=GGGGTGTCACCCCGGTGATICCCTGTCCTAACCACTGTCTTT =5 3'=AAAGACAGTGGT TAGGACAGGGGT GATIGAGCTCCGACCGTGC=5'
D3 vector: 5'=TTTCTGTCACCAATCCTGTCCOCACTACTCGAGGCTGGCACG=3' AAVST locus: 5'=CCCCACAGTGGGGCCACTAGGGACAGGAT TGGTGACAGAAA=3'
3'=AAAGACAGTGGTTAGGACAGGGGT GATGAGCTCCGACCGTGC =5' 3'=GGGGTGTCACCCCGGTGATICCCTGTCCTAACCACTGTCTTT=5'
7/10 (70%) 5'=CCCCACAGTGGGGCCACTACTCGAGGCTGGCACG=3' 5'=TTTCTGTCACCAATCCTG - ——-— GG ---TTGGTGACAGAAA=3'
1/10 (10%) 5'=CCCCACAGTGGGGCCAATCCTCGAGGCTGGCACG=3' 5'=TTTCTGTCACCAATCCTGTC - - -ACAGGATTGGTGACAGAAA=3'
1/10 (10%) 5'=CCTCC~(del 15 bp)--~CACTACTCGAGGCTGGCACG=3' 5'=TTTCTGTCACCAATCCTGTC - - -A-AGGATTGGTGACAGAAA=3'
1/10 (10%) 5'=-CCCCACAGTGGGGCC-C--CTCGAGGCTGGCACG=3' 5'=TTTCTGTCACCAATCCT - - — - (del about 157 bp) =3
5'=TTTCTGTCACCAATCCT - -———-~ -AGGATTGGTGACAGAAA=3'
5 TTTCTGTCA = = = = m e e e e e AA=3'

Supplemental Figure S2. Analyze the validity and accuracy of two junctions. (A) PCR analysis of 5'
and 3' junctions of cells with Cas12a HITI, Cas12a MITI, and Cas9 HITI targeted integrations at the
AAVSI locus in HeLa cells. Genomic PCR products amplified from pooled HeLa cells transfected with
three groups of plasmids. The first group contained the Cas12a HITI donor (D2), A4VS1 CrRNAT1 and
the Casl2a targeting vector (Cr); the second group included the Cas12a MITI donor (D3), AAVSI
CrRNA1, A44VS1 CrRNAL.1, and the Casl2a targeting vector (A1); and the third group had the Cas9
HITI donor (D1), A4VS1 gRNA1 and Cas9 targeting vector (C1). M is the 1kb plus ladder maker. (B)
The representative TA cloning sequence analysis at the 5' target junction of 44VS1 targeted integration
events mediated by Cas12a HITT strategy after PCR-based amplification. (C) The representative TA
cloning sequence analysis at the 5' target junction of AAVS] targeted integration events mediated by
Cas9 HITI strategy. (D and E) The representative TA cloning sequence analysis at the 5' and 3' target
junction of 44VS1 targeted integration events mediated by Cas12a MITI strategy.
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Cas12a MITI 5" junction (Cas12a MITI)
5’ unc CLTA locus: 5'~ GBCCCCGCTGGTGCACTGAAGAGCCACCCTGTGGAAA —3
2 junction 3' CCGGGGCGACCACGTIGACTTCTCGGTGGGACACCTTT —5'
D4  D4+A2 D4 vector: 5'=TTTCCACAGGGTGGCTCTTCAGGTGCACAGGCCGGCC —3

3'-AAAGGTGTCCCACCGAGAAGTCCACGTGTCCGGCCGG —5'

M

- - 14/19 (73.68%) 5'— GGCCCCGCTGGTGCACAGGCCGGCC—3'
RS 1119 (5.26%) 5'=GGCCCCGCTGGCGCACAGGCCGGCC—3'
e 1119 (5.26%) 5'=GGCC--———- GTGCACAGGCCGGCC—3'
Q PS/P6 1119 (5.26%) 5'= GGCCCCGCTG —T-———————— GGGC-3'
1119 (5.26%) 5'=GGCCCCGCTGGTGCA - - — - - CGGCC-3'
1119 (5.26%) 5'=GGCC—=——————————————— GGCC—3'

Cas9 HITI 5'junction(Cas9 HITI)

T CLTAlocus: 5'= GGCCCCGCTG|GTGCACTGAAGAGCCACCCTGTGGAAA —3'
5'junction 3"~ CCGGGGCGACICACGTGACTTCTCGGTGGGACACCTTT —5'

DS D5+C2 D5 vector: 5'=TAAGTGGCTCTTCAGTGCACICAGCGGAGGCCGGCCGAC —3'
3'= ATTCACCGAGAAGTCACGTGIGTCGCCTCCGGCCGGCTG —5'

M
! 6/16 (37.50%) 5'-GGCCCCGCTGCAGCGGAGGCCGGCCGAC —3'

1000 bp - 3/16 (18.75%) 5'-GGCCCCGCTGCCAGCGGAGGCCGGCCGA —3'
650 bp - 2116 (12.50%) 5'—GGCCCCGCTGGCCAGCGGAGGCCGGOCE —3'
300 bp - E P5/P6 116 (6.25%) 5'—=GGCCCCGCT - -~ - GGAGGCCGGCCGAC —3'
L
~

100 bp - 1/16 (6.25%) 5'-GGCCCCGCTGAAGCGG- GGCCGGCCGAC -3’

S 116 E6.25%) 5'=GGCCCCGCTGAAG- - -A- GCCGGCCGAC =3’

1/16 (6.25%) 5'—=TCATCTCCCT- - (del 23 bp) ~~CGGCCGAC —3'

1/16 (6.25%) 5'=GGCGGCTGTGTG-~-~--A- GCCGGCCGAC =3’
Supplemental Figure S3. Detection of target integration at the 5' junction at the CLTA4 locus. Genomic
PCR products amplified from pooled HEK293T cells transfected with CLTA donor and the
corresponding Cas12a or Cas9 targeting vector and the TA cloning sequence analysis at the 5' junction
of CLTA targeted integration events after PCR-based amplification. A2 represents the Cas12a co-
expression plasmid with the CLT4 CrRNA array. C2 represents the CLT4 gRNA and Cas9 co-
expression plasmid. PS5 and P6 primers are utilized to amplify the 5' junction. The right panel is the
representative TA cloning sequence results of the 5' target junction of CLTA integration using the
Cas12a MITI or Cas9 HITI strategy.
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5" junction (Cas12a MITI)
GREBI1L locus: 5'=CTTTCTTACTGGACGTICACGTATGAGCTTTTGAAGAGACCAAAACTAG —3'

| Sevibeetueiioiy

D6 vector: 5'-TTAATTTGGTCTCTTCAAAAGCTCATCACGT AAGGCCGGCCGACTATA-3'

3'=AATTAAACCAGAGAAGT TTTCGAGTAGTGCATTCCGGCCGGCTGATAT =5

#1 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA =3’
#2 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA =3’
#3 5'-CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA -3’
#4 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA =3’
#5 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA =3’
#6 5-CTTTCTTACTGGACGTCACGTACGGCCGGCCGACTATA =3’
#7 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA =3’
#8 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA =3’
#9 5'—=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA -3’
#10 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA —3'
#11 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA —3'
#12 5'=CTTTCTTACTGGACGTCACACGTAAGGCCGGCCGACTATAA =3’
#13 5'=-CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA =3’
#14 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA =3’
#15 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA -3’
#16 5'-CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA =3’
#17 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA —3'
#18 5'=CTTTCTTACTGGACGTCACGTGGTAAGGCCGGCCGACTATAA=3'
#21 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA =3’
#22 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA —3'
#23 5'=-CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA =3
#24 5'=CTTTCTTACTGGACGTCACGTAAGGCGGGCCGACTATA —3'

Supplemental Figure S4. Tagging the GREBIL gene in pig fetal fibroblasts (PFFs) cells using the

MITT approach. (A) Strategy for targeting GREBIL locus in PFF cells. (B) PCR identification of
positive PFF clones bearing predicted integration of 3XFLAG-F2A-tdTomato. (C) The 5' junction

sequences of positive PFF clones.
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Supplemental Figure S5. Immunostaining results of tdTomato positive HepG2 cells. The tdTomato
positive HepG?2 cells bearing 3XFLAG-2A-tdTomato integration in CLTA were fixed, stained with anti-

FLAG antibody and examined by fluorescence microscopy. Scale bar, 200 um
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Supplementary Tables

Supplementary Table S1. The primers for donor construction. All sequences are in the 5' to 3'

direction

Primer name

Sequence

D1/D3-linker-F

D1/D3-linker-R

D2-linker-F

D2-linker-R

D4-linker-F

D4-linker-R

D5-linker-F

DS5-linker-R

Dé6-linker-F

D6-linker-R

D7-linker-F

D7-linker-R

CTAGTTTCTGTCACCAATCCTGTCCCTAGTGGC

TCGAGCCACTAGGGACAGGATTGGTGACAGAAA

CTAGTTTCTGTCACCAATCCTGTCCCCACTAC

TCGAGTAGTGGGGACAGGATTGGTGACAGAAA

TATGttaattaal TTCCACAGGGTGGCTCTTCAGGTGCAcAGGCCGG

CCTgTGCACCTGAAGAGCCACCCTGTGGAAAttaattaaCA

TATGttaattaaGTGGCTCTTCAGTGCACCAGCGGAGGCCGG

CCTCCGCTGGTGCACTGAAGAGCCACttaattaaCA

TATGttaattaaTTTGGTCTCTTCAAAAGCTCATCACGTaAGGCCGG

CCTtACGTGATGAGCTTTTGAAGAGACCAAAttaattaaCA

CGCGCCAGGATCTCTGGCTCCATCGTAAGCAAAACGCGTGTCGACA

GATCTGTCGACACGCGTTTTGCTTACGATGGAGCCAGAGATCCTGG

Supplementary Table S2. The primers for CrRNAs construction. All oligos are in the 5' to 3'

direction.

Primer name

Sequence

AAVSI-CrRNAL-F

AAVSI-CrRNAI-R

agatTGTCACCAATCCTGTCCCTAGTG

2aaaCACTAGGGACAGGATTGGTGACA



AAVSI-CrRNA1.1-F

AAVSI-CrRNA1.1-R

AAVSI1-sgRNAI1-F

AAVSI-sgRNA1-R

CLTA-CrRNA-array-F

CLTA-CrRNA-array-R

CLTA-sgRNA-F

CLTA-sgRNA-R

GREBIL-CrRNA-array-F

GREBIL-CrRNA-array-R

AAVSI-CrRNA-array-F1

AAVSI-CrRNA-array-F2

AAVSI-CrRNA-array-R1

agatTGTCACCAATCCTGTCCCCACTA

2aaaTAGTGGGGACAGGATTGGTGACA

CACCGTCACCAATCCTGTCCCTAG

AAACCTAGGGACAGGATTGGTGAC

agatCACAGGGTGGCTCTTCAGTGCAC aatttctactcttgtagatCACA

GGGTGGCTCTTCAGGTGCA

2aaaTGCACCTGAAGAGCCACCCTGTGatctacaagagtagaaattGT

GCACTGAAGAGCCACCCTGTG

CACC GTGGCTCTTCAGTGCACCAG

AAAC CTGGTGCACTGAAGAGCCAC

agatGTCTCTTCAAAAGCTCATACGTGaatttctactcttgtagatGTCT

CTTCAAAAGCTCATCACGT

2aaaACGTGATGAGCTTTTGAAGAGACatctacaagagtagaaattCA

CGTATGAGCTTTTGAAGAGAC

agatTGTCACCAATCCTGTCCCTAGTGAATTTCTACTCTTGT

AGATTGTCACCAATCCTGTCC

CCACTAaatttctactcttgtagast CTTACGATGGAGCCAGAGAGGAT

aatttctactcttgtagast CTTACGATGGAGCCAGAGATCCT

22aaAGGATCTCTGGCTCCATCGTAAGatctacaagagtagaaatt ATC

CTCTCTGGCTCCAT
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CGTAAGatctacaagagtagaaat TAGTGGGGACAGGATTGGTGAC

AAVSI-CrRNA-array-R2 AATCTACAAGAGTAGAAATTCACTAGGGACAGGATTGGT

GACA

Supplementary Table S3. Primers used for Knock-in detection

Primer name Sequence

P1 TGCCATCTCTCGTTTCTTAGGATG
P2 cagaTcgataaaacacatgcgtcaattt

P3 GCGTTTCGGTGATGACGGTG

P4 CTGCCAAGCTCTCCCTCCCAG
P5 GGGACAAATAGGCAGTTGCT

P6 tcetegeecttgetcaccat

P7 CTCTGAATGCCAGGGAGAAC

P8 TCTGTTCCACATACACTTCATTC
P9 CCCGGTGCCTGAGATaaacG

P10 CGGCTGTCACATCTTGGTTT

P11 TCCAAAGCATCTCCTCAGGC
P12 CAGGACGGGGCTGGCTACTG

Supplementary Table S4. Primers used for T7E1 assay

Primer name Sequence

AAVSI-TTEl-sur-F TGCCATCTCTCGTTTCTTAGGATG
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AAVSI-TTE1-sur-R

CTGCCAAGCTCTCCCTCCCAG

10
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