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Supplementary Figures

1. Testing of the maximum amount of dsDNA subjected to digestion by Lambda
exonuclease.

2. Determination of EGFP expression background from donor templates.

3. Enhanced K1 rate with 5'-PT-modified dSDNA donor templates.

4. Comparison of gene-sized (1010 bp) Kl rates using odsDNA donors (40- and 50-nt
overhangs) at two genomic loci in HEK293T cells.

5. A representative agarose gel image showing the recovered, newly synthesized ssDNA
product in comparison to dsDNA for KI experiments.

6. Comparison of the KI rates for dsSDNA donor and odsDNA donors with shorter HA
lengths.

7. Comparisons of the KI rates for odsDNA donors with asymmetric overhangs.

8. Representative imaging of 1,110 bp donor Kl at the AAVS1 locus in HEK293T,
HepG2, K562, and Jurkat cells by fluorescence microscopy.

9. Comparison of the cell viability and gene Kl rates after nucleofection at AAVS1 locus
in HEK293T cells.

10. The nonlinear quadratic fitting curves showing the varied Kl rates across different

genomic loci with variable Trm of 3'-overhang of odsDNA.

11. Genomic PCR productions analysis of cells after gene KI.

12. Correct gene-sized target integration for junctions as visualized by agarose gel.

13. Sanger sequencing validation of the Junction PCR products at each locus after
targeted gene Kl in HEK293T cells.

14. Schematic diagram showing the reaction of Porcine Circovirus 2 (PCV2) with
sSDNA.

15. Purification and activity detection in vitro of Cas9 and Cas9-PCV2 fusion proteins.
16. Design of the Cas-PCV2/linker-directed tethering of odsDNA donors under two
different circumstances.

17. Enhanced KI efficiency with Cas9-PCV2 fusion protein-tethered 2,600 bp odsDNA

donor with 10-nt overhangs.



18. Design of the 3" esgRNA for tethering the odsDNA donor to the DSB sites for
improved target Kl in two different scenarios.

19. Testing of Kl efficiency and indels with esgRNA harboring variable lengths of OBS.
20. A general summary of steps for preparing GIS-seq library for paired-end analysis

as modified from a previous protocol.

Supplementary Tables
1. The list of sequences for CRISPR/Cas9 target sites tested in this study.

2. Sequences of the target insert in donor plasmids used as PCR templates in this study.
3. A list of primer sequences for preparing ssSDNA, dsDNA and odsDNA donors
(Including the odsDNA of asymmetric overhangs and odsDNA of HAs of 40bp and
20bp) through PCR amplification in this study.

4. A list of primer sequence for sgRNA or esgRNA synthesis in this study.

5. The template sequence of esgRNA was used in this study.

6. A list of primer sequence for genomic DNA PCR (full length and junctions) in this
study.

7. A list of sequences for testing of Cas9-PCV2 ssDNA linkers.

8. The sequences of fluorescent ssDNA strands for labeling.

9. The plasmid sequence for Cas9-PCV2 fusion protein expression and purification.
10. The odsDNA overhang sequences tested for various loci and the corresponding T
values.

11. The synthesized ssDNA sequences used for strand-annealing to form short dsSDNA
and odsDNA donors.

12. Primer sequences for indels detection by amplicon-seq analysis.

13. Primer sequences for off-target detection by GIS-seq.
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Fig. S1. Testing of the maximum amount of dsDNA subjected to digestion by
Lambda exonuclease. The variable amounts of PCR-amplified dsDNA (1,110 bp), as
indicated on top of each lane, without any modification, were subjected to digestion by
5 U Lambda exonuclease within 60 min. Noticeably, 3 ug of total 1,110 bp dsDNA
were completely digested as evidenced by the disappearance of both ~1,110 bp and
~500 bp dsDNA bands within 60 min.
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Fig. S2. Determination of EGFP expression background from donor templates.
Growing HEK293T cells were transfected with dSDNA or odsDNA donors from PCR-
amplified plasmids with varying lengths in the absence of Cas9 RNPs. The percentages
of EGFP-positive cells at different days post-transfection as indicated were recorded by
flow cytometry. The post-transfection day 15 and 21, when the EGFP background
intensities were considered as low as background levels, were selected for subsequent

studies for 1,110 bp and 2,600 bp templates, respectively.
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Fig. S3. Enhanced KI rate with 5’-PT-modified dsDNA donor templates. A side-by-
side comparisons between dsDNA and 5’-PT-modified 1,110bp dsDNA donor templates
(with 50bp homology arms on both sides) were performed for measuring KI efficiency
across four selective genomic loci (Lamin A/C, GAPDH, AAVS1, and HBB). 5'-PT-
modified donors constantly exhibited higher KI efficiencies than dsDNA donors

without modification.
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Fig. S4. Comparison of gene-sized (1010 bp) KI rates using odsDNA donors (40-
and 50-nt overhangs) at two genomic loci in HEK293T cells. It revealed that
0dsDNA donors with longer overhangs (40- and 50-nt) exhibited similar, or even

lower, KI rates, as compared with 5" PT-modified dsDNA donors (1).
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Fig. SS. A representative agarose gel image showing the recovered, newly

synthesized ssDNA product in comparison to dsDNA for KI experiments.
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Fig. S6. Comparison of the KI rates for dSDNA donor and odsDNA donors with
shorter HA lengths (40 bp and 20 bp).
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Fig. S7. Comparisons of the KI rates for odsDNA donors with asymmetric
overhangs. (A) KI rates for odsDNA donors with 10-nt overhang at non-PAM end and
the varying overhang lengths (5-, 10-, 15- and 20-nt) at PAM end. (B) KI rates for
odsDNA donors with the 10-nt overhang at PAM end and the varying overhang lengths
(5-, 10-, 15- and 20-nt) at non-PAM end. Lo, Left end of odsDNA; Ro, Right end of

odsDNA.
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HEK 293T Jurkat

Fig. S8. Representative imaging of 1,110 bp donor KI at the 4A4VSI locus in
HEK?293T, HepG2, K562, and Jurkat cells by fluorescence microscopy. The EGFP
displayed high expression intensities at the A4AVSI locus. BF, bright field. Image

quantifications were performed with ImagelJ. Scale bar=100 pm.
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Fig. S9. Comparison of the cell viability and gene KI rates after nucleofection at
AAVSI locus in HEK293T cells. Cell viability was determined by flow cytometry
analysis three days after nucleofection, and the KI rate was examined on basis of the
percentage of GFP-positive expression 15 days post-nucleofection. A representative
flow cytometry plot was shown for each nucleofection group for donor-only or RNP
transfections as indicated on the top of each panel. The RNP nucleofection containing
the 10-nt 3’-overhang odsDNA demonstrated the highest KI rate (~42%), as compared
to RNP/dsDNA complex (~19%).
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Fig. S10. The nonlinear quadratic fitting curves showing the varied KI rates across

different genomic loci with variable 7Tm of 3’-overhang of odsDNA. The 7, was

calculated based on the perfect base-pairing between 3’-overhang of the DSB and OBS

in the odsDNA donor. All the odsDNA donors with 1,010 bp in length harbored 50 bp

HAs on both ends and were designed against four genomic loci, including Lamin A/C

locus (A), GAPDH locus (B), AAVSI locus (C) and HBB locus (D).
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Fig. S11. Genomic PCR productions analysis of cells after gene KI. (A) Summary
of the primer design for the examination of the on-target indels by PCR amplification
across a panel of four genomic loci with variable length of dsSDNA and odsDNA donors
in HEK293T, HepG2, K562 and Jurkat cells. For each genomic locus, three pairs of
primers were designed, including a pair of full-length primers, as well as left and right
junction primers as indicated by the arrows. (B) Agarose gel visualization of the full-

length genomic PCR amplicons containing no or predicted insertion size as indicated

by the arrows. The markers and the donors used were labelled on the top for each panel.
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Fig. S12. Correct gene-sized target integration for junctions as visualized by
agarose gel. The 1010-bp and 2500-bp donors (including dsDNA, 5’-end modified
dsDNA, odsDNA with 5-nt, 10-nt, 15-nt, 20-nt and 30-nt overhangs, respectively)
designed to target across four genomic loci (Lamin A/C, GAPDH, AAVSI and HBB loci)
were co-delivered along with Cas9/sgRNA to the cell lines (HEK293T, HepG2, K562
and Jurkat cells). The junction PCR followed by 2% agarose gel electrophoresis was

carried out to verify the correct target insertion.
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Fig. S13. Sanger sequencing validation of the Junction PCR products at each locus

after targeted gene KI in HEK293T cells. Two gene-sized large-fragment (1010 and

2500 bp) donors were employed to conduct KI across the four genomic Lamin A/C,

GAPDH, AAVS1 and HBB loci as indicated.
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Fig. S14. Schematic diagram showing the reaction of Porcine Circovirus 2 (PCV2)
with ssDNA. PCV2 recognizes and cleaves ssDNA containing motif sequence
(AAGTATTACCAGAAA) in the presence of 1 mM Mg?*, and covalently attaches to
the ssDNA (2).
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Fig. S15. Purification and activity detection in vitro of Cas9 and Cas9-PCV2 fusion
proteins. (A) Verification of purified spCas9 protein by SDS-PAGE. (B) Verification
of purified Cas9-PCV2 fusion protein by SDS-PAGE. (C) The DNA cleavage assay for

the Cas9-PCV2 activity in vitro with a common DNA substrate.
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Fig. S16. Design of the Cas-PCV2/linker-directed tethering of odsDNA donors
under two different circumstances. When the nontarget strand is at forward strand,
Cas9-PCV2 attaches to the 3'-overhang (purple) on the right side of the odsDNA via
PCV2-linker, and the nontarget strand without PAM (blue) anneals to the 3'-overhang
(blue) on the left end of the odsDNA (upper panel). When the nontarget strand is at
reverse strand, Cas9-PCV2 attaches to the 3’-overhang (blue) on the left side of the
odsDNA via PCV2-linker, and the nontarget strand without PAM (purple) annealed to
the 3'-overhang (purple) on the right end of the odsDNA (lower panel). The structure
of Cas9 (no. 4CMP) and PCV2 (no. 2HWO) is adapted from PDB database.
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Fig. S17. Enhanced KI efficiency with Cas9-PCV2 fusion protein-tethered 2,600
bp odsDNA donor with 10-nt overhangs. Compared with non-tethered odsDNA
donor, the Cas9-PCV2 tethered odsDNA donor, harboring 10-nt base-paring between

3’-overhang of odsDNA and PCV?2 linker, exhibited the highest KI efficiency. Of note,

the KI rate varies with the variable length of overhangs.
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Fig. S18. Design of the 3’ esgRNA for tethering the odsDNA donor to the DSB sites
for improved target KI in two different scenarios. When the nontarget strand is at
forward strand, esgRNA annealed to the 3'-overhang (purple) on the right side of the
odsDNA, and the nontarget strand without PAM (blue) annealed to the 3'-overhang
(blue) on the left end of the odsDNA. When the nontarget strand is at reverse strand,
esgRNA annealed to the 3'-overhang (blue) on the left side of the odsDNA, and the
nontarget strand without PAM (purple) annealed to the 3'-overhang (purple) on the right
end of the odsDNA. The structure of Cas9 (no. 4CMP) from PDB database.
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Fig. S19. Testing of KI efficiency and indels with esgRNA harboring variable
lengths of OBS. For practical application, we designed a generic esgRNA with a fixed
extended sequence consisting of OBS. The variable lengths of spaced region ranging
from 23-nt to 16-nt in the 3'-overhang of odsDNA without base-pairing were selected
for optimizing the precise KI insertion. The KI efficiencies were determined by the
EGFP signal encoded by the 2,500 bp odsDNA donors. The indels frequencies were

examined by TIDE pipeline analysis as described before. Gray bar are indels rates.
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Fig. S20. A general summary of steps for preparing GIS-seq library for paired-
end analysis as modified from a previous protocol (3). The gene-sized donors
(dsDNA or odsDNA) were integrated into the host genomes by CRISPR RNP
nucleofection. The genomic DNA was extracted and fragmented to an average of ~350
bp. After end-repair and A-tailing, the Y-shaped adapters were ligated to the genomic
inserts. The target integration junctions were obtained by two rounds of nested PCR

amplification, respectively, and the off-target sites were examined by NGS sequencing.
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Table S1. The list of sequences for CRISPR/Cas9 target sites tested in this study. Four
target sites were selected by CHOPCHOP software (https://chopchop.cbu.uib.no/).

PAM sequences are underlined.

. Genomic GC content Self- —_
Target sites Target sequence location Strand (%) camplementarity MMO | MM1 | MM2 | MM3 | Efficiency
Lamin A/C | AGAGAAGTTATTT | CNMT:
156613925 + 30 0 0 0 1 16

locus TCTACAGTGG 5

AGCCCCAGCAAG | Chr12:
GAPDH locus AGCACAAGAGG | 6539186 + 60 1 0 6 9 26 49.17

PPP1R12C | ACAGTGGGGCCA | Chr19:

(AAVST) locus | CTAGGGACAGG | 55115754 |  * 65 2 SO I L

CTTGCCCCACAG Chr11:
HBB locus GGCAGTAACGG | 5226968 - 60 2 0 0 0 15 48.52

Table S2. Sequences of the target insert in donor plasmids used as PCR templates in

this study. Homology arm (HA) sequences are highlighted in yellow.

Lamin A/C locus donor sequence (EF-1a core promoter-EGFP 1110bp)

ctttggtttttttcttctgtatttgtitttctaagagaagttatttictataggtcttgaaaggagtgggtcaattggetccggtgceegtcagtgggcagag

cgcacatcgceccacagtccccgagaagttggggggaggagotcggcaattgatccggtgcctagagaaggtggcgeggggtaaactgggaaa
gtgatgtcgtgtactggctcegectttttcccgagggtgggegagaaccgtatataagtgcagtagtcgecgtgaacgttctttttcgcaacgggttt

gecgecagaacacaggaagcttgecaccatggtgagcaagggegaggagetgttcaccggggtggtgcccatectggtegagetggacgge
gacgtaaacggccacaagttcagegtgtccggegagggegagggcgatgecacctacggcaagetgaccetgaagttcatetgecaccaccgg
caagctgceegtgecctggeccaccctegtgaccacccetgacctacggegtgcagtgettcagecgetacceecgaccacatgaageageacg
acttcttcaagtccgecatgeccgaaggctacgtccaggagegeaccatcttcttcaaggacgacggceaactacaagaccegegecgaggtga
agttcgagggcgacaccctggtgaaccgcatcgagetgaagggeatcgacttcaaggaggacggcaacatcctggggeacaagetggagta
caactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgecacaacatcgaggacg
gcagcegtgcagetcgecgaccactaccageagaacaceeccatcggegacggeccegtgetgetgecegacaaccactacctgageacceca
gtccgecectgagcaaagaccccaacgagaagegegatcacatggtectgetggagttcgtgacecgecgecgggatcactctcggeatggacg
agctgtacaagtaagactctggtcagagatacctcagtggttttatactgaaggaaaaacacaagcaaaaaaaaaaaaaaagca

GAPDH locus donor sequence (EF-1a core promoter-EGFP 1110bp)
atggcctccaaggagtaagacccctggaccaccagecccageaagageactaggtettgaaaggagtgggtcaattggetcecggtgecegtea

gtgggcagagegceacatcgeccacagtccccgagaagttggggggaggggtcggeaattgatccggtgectagagaaggtggegeggggt
aaactgggaaagtgatgtcgtgtactggctcegectttitcccgagggtgggggagaaccgtatataagtgcagtagtcgecgtgaacgttettttt

cgcaacgggtttgccgecagaacacaggaagcettgecaccatggtgagecaagggegaggagetgttcaccggggtggtgeccatectggteg
agctggacggegacgtaaacggccacaagttcagegtgtceggegagggcegagggegatgecacctacggcaagetgaccctgaagtteat
ctgcaccaccggcaagctgeecgtgecctggeccaccctcgtgaccaccetgacctacggegtgcagtgcttcagecgetaccecgaccacat
gaagcagcacgacttcttcaagtccgccatgeccgaaggcetacgtccaggagegeaccatcttcttcaaggacgacggcaactacaagacccg
cgcegaggtgaagttcgagggegacaccetggtgaaccgeatcgagetgaagggcategacttcaaggaggacggcaacateetggggeac
aagctggagtacaactacaacagccacaacgtctatatcatggeccgacaagcagaagaacggeatcaaggtgaacttcaagatccgecacaac
atcgaggacggcagcegtgcagcetcgecgaccactaccagecagaacacccccatcggegacggecccgtgctgetgeccgacaaccactace

tgagcacccagtccgecctgagcaaagaccecaacgagaagegegatcacatggtectgetggagttcgtgaccgecgecgggatcactcte

ggcatggacgagctgtacaagtaagactctggtcagagatacctaagaggaagagagagaccctcactgetggggagtcecectgecacacteca
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gt

AAVSI locus donor sequence (EF-1a core promoter-EGFP 1110bp)

gttetgggtacttttatctgtccecteccaccccacagtggggecactaggtaggtettgaaaggagtgggtcaattggetceggtgccegteagtg
ggcagagcegceacatcgeccacagtcecccgagaagttggggggagggatcggcaattgatccggtgectagagaaggtggegeggggtaaa
ctgggaaagtgatgtcgtgtactggetcegectttttcccgagggtgggggagaaccgtatataagtgcagtagtcgecgtgaacgttetttttcge
aacgggtttgccgcecagaacacaggaagcettgecaccatggtgagcaagggegaggagcetgtticaccggggtggtgeccatectggtegage
tggacggcgacgtaaacggecacaagttcagegtgtccggegagggegagggcgatgecacctacggcaagetgaccctgaagttcatctge
accaccggceaagcetgeccgtgeectggeccaccctegtgaccacectgacctacggegtgeagtgcttcageecgetaceccgaccacatgaa

gcagcacgacttcttcaagtccgecatgeccgaaggctacgtccaggagegeaccatcttcttcaaggacgacggcaactacaagacccgege
cgaggtgaagtticgagggegacaccctggtgaaccgeatcgagetgaagggeategacttcaaggaggacggcaacatectggggcacaag
ctggagtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgecacaacatc
gaggacggcagcegtgcagetcgeecgaccactaccageagaacacceccatcggegacggececcgtgetgetgeccgacaaccactacctga
gcacccagtccgecctgagecaaagaccecaacgagaagegegatcacatggtectgetggagttcgtgaccgecgeecgggateactctegge
atggacgagctgtacaagtaagactctggtcagagatacctgacaggattggtgacagaaaagecccecatcecttaggectectecttecta

HBB locus donor sequence (EF-1a core promoter-EGFP 1110bp)

tcaaacagacaccatggtgcatctgactcctgaggagaagtctgecgttataggtcttgaaaggagtgggtcaattggetceggtgccegtcagt

gggeagagegeacatcgeccacagtcececgagaagttggggggaggggteggeaattgatccggtgectagagaaggtggegeggggtaa
actgggaaagtgatgtcgtgtactggceteecgectttttcccgagggtgggggagaaccgtatataagtgcagtagtcgecgtgaacgttctttttcg
caacgggtttgccgccagaacacaggaagcttgecaccatggtgagcaagggegaggagcetgttcaccggggtggtgcceatectggtegag
ctggacggcegacgtaaacggcecacaagttcagegtgtceggegagggegagggegatgecacctacggeaagetgacectgaagttcatctg
caccaccggcaagcetgeecgtgeectggeccaccctegtgaccaccctgacctacggegtgcagtgettcagecgetaccecgaccacatgaa
gcagcacgacttcttcaagtccgecatgeccgaaggcetacgtccaggagegeaccatcttcttcaaggacgacggceaactacaagacccgege
cgaggtgaagttcgagggcgacaccctggtgaaccgeatcgagetgaagggeatcgacttcaaggaggacggcaacatectggggeacaag
ctggagtacaactacaacagccacaacgtctatatcatggecgacaagcagaagaacggcatcaaggtgaacttcaagatccgecacaacate

gaggacggcagcegtgcagetegeecgaccactaccageagaacacceccatcggegacggeeccgtgetgetgeccgacaaccactacetga

gcacccagtccgecctgagcaaagaccecaacgagaagegegatcacatggtectgetggagttcgtgaccgecgecgggatcactctegge
atggacgagctgtacaagtaagactctggtcagagatacctctgecctgtggggcaaggtgaacgtggatgaagttggteggtgagacectg

Lamin A/C locus donor sequence (EF-1a promoter-EGFP 2600bp)

ctitggtttttttcttctgtatttgtitttctaagagaagttatttictatgcccggegagagatcacgtggggegeggaggeggtgetgctggggcacg
gecegtecagectecggeggcecatatttttgaggggctgttcatctecgttcacacgcetetgteccgecatgtttgtgagtggaagegecattacecectteca
agcgactgaaggctgcagggcectetggtggcccgeatggggagaccagacceegecaggceccgectttccgeactcagteccgggcttactttat
tttgtgagacagggtctcgectagaggetceggtgccegtcagtgggeagagegeacatcgeccacagtecccgagaagttgggeggageg

gtcggcaattgaaccggtgectagagaaggtggegeggggtaaactgggaaagtgatgtegtgtactggctecgectttttcccgagggtegeg
gagaaccgtatataagtgcagtagtcgecgtgaacgttctttttcgcaacgggtttgccgecagaacacaggtaagtgeegtgtgtggttccegeg
ggectggcectetttacgggttatggcccttgegtgecttgaattacttccacgeccctggetgcagtacgtgattettgatccegagettcgggttgg
aagtgggtgggagagttcgaggccttgegettaaggagecccttegectegtgettgagttgaggcttggectgggegetggggecgecgegt

gcgaatctggtggcaccttcgegectgtetegetgetttcgataagtetctagecatttaaaatttttgatgacctgetgegacgctttttttctggeaag
atagtcttgtaaatgcgggccaagatctgcacactggtattteggtttttgggoccgegggeggegacggggeccgtgegtececcagegeacatg
ttcggcgaggeggggcctgegagegeggecaccgagaatcggacgggggtagtctcaagetggecggcectgetetggtgectggectegeg
ccgeegtgtatcgecccgecctgggeggeaaggetggeccggteggcaccagtigegtgageggaaagatggecgetteceggecectgcetg

cagggagctcaaaatggaggacgeggegetcgggagagegggegggtgagtcacccacacaaaggaaaagggcctttccgtectcagecg
tcgcttcatgtgactccacggagtaccgggegecgteccaggeacctegattagttctcgagettttggagtacgtegtetttaggttggggogags
ggttttatgcgatggagtttccccatactgagtgggtggagactgaagttaggecagettggcacttgatgtaattctccttggaatttgecctttttga
gtttggatcttggttcattctcaagectcagacagtggttcaaagtttttttcttccatttaaggtgtcgtgaaaactaccccaagetggectctgagge
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caccatggctgtgagcaagggcgaggagetgttcaccggggtggtgeccateetggtegagetggacggegacgtaaacggecacaagttca
gegtgtecggegagggegagggcegatgecacctacggeaagetgaccetgaagtteatetgeaccaccggeaagetgeeegtgeeetggec

caccctegtgaccaccetgacctacggegtgeagtgettcagecgetaceccgaccacatgaageageacgacttettcaagtccgecatgece
gaaggctacgtccaggagegeaccatcttcttcaaggacgacggcaactacaagaccegegecgaggtgaagttcgagggegacacectggt
gaaccgcatcgagcetgaagggeatcgacttcaaggaggacggeaacatectggggeacaagetggagtacaactacaacagecacaacgtet
atatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgecacaacatcgaggacggeagegtgeagetcgeegaccea

ctaccagcagaacacccccatcggegacggececgtgctgetgeccgacaaccactacctgageaccecagtccgecctgageaaagaccee

aacgagaagcgegatcacatggtectgetggagttcgtgacegecgecgggatcactetcggeatggacgagetgtacaagtaaaagettggg
gatcaattctctagagctcgetgatcagectegactgtgecttctagttgeccagecatetgttgtttgececteececgtgecttecttgacectggaa
ggtgccactcecactgtectttcctaataaaatgaggaaattgeatcgeattgtctgagtaggtgteattetattetggggggtegetegggcagg

acagcaagggggaggattgggaagacaatagcaggeatgetggggatgeggtgggctetatggettctgaggeggaaagaaccagetggge
ccagtggttttatactgaaggaaaaacacaagcaaaaaaaaaaaaaaagea

Table S3. A list of primer sequences (5'—3’) for preparing , and
donors through PCR amplification in this study. “*” represents

phosphorothioate (PT) modification, “P” represents phosphorylation modification.

Lamin A/C locus | EF-1a core promoter-EGFP (1110bp) primers or
EF-1a promoter-EGFP-ploy A signal (2600bp) primers

L50-0-F ctttggtttttttcttctgtatttgtttttctaagagaagttattttcta

L50-0-P-R P-tgctttttttttttttttgcttgtgtttttcctticagtataaaac

L50-0-P-F P-ctttggtttttttcttctgtatttgtttttctaagagaagttattttcta

L50-0-R tgcetttttttttttttttgettgtgtttttccttcagtataaaac

L-50-F ctttggtttttttcttctgtatttgtttttctaagagaagttattttctaTAGGTCTTGAA
AGGAGTGGG

L-50-R tgctttttttttttttttgcttgtgtttttccttcagtataaaaccactgAGGTATCTCTG
ACCAGAGTC

L-50S-F ctttggtttttttcttctgtatttgtttttctaagagaagttattttctaT*A*G*G*T*CT
TGAAAGGAGTGGG

L-50S-R tgctttttttttttttttgcttgtgtttttccttcagtataaaaccactgA*G*G*T*A*TC
TCTGACCAGAGTC

L-40S-F ctttggtttttttcttctgtatttgtttttctaagagaagt*t*a*t*t*ttctaTAGGTCTT
GA

L-40S-R tgctttttttttttttttgcttgtgtttttccttcagtata*a*a*a*c*cactgAGGTATC
TCT

L-30S-F ctttggtttttttcttctgtatttgtttttc*t*a*a*g*agaagttattttcta

L-30S-R tgctttttttttttttttgcttgtatttttc*c*t*t* c*agtataaaaccactg

L-20S-F ctttggtttttttcttctgta*t*t*t* g*tttttctaagagaag

L-20S-R tgctttttttttttttttget*t* g* t* g *tttttccttcagtat

L-15S-F ctttggtttttttctt*c*t* g*t*atttgtttttctaag

L-15S-R tgettttttttttttt*t*t* g*c* ttgtgtttttcctte

L-14S-F ctttggtttttttct*t*c*t*g*t
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L-14S-R

tgetttttttttttt*t*t*t* g*c

L-13S-F ctttggtttttttc*t*t*c*t* gt

L-13S-R tgCttttttttttt* te e t*t* g

L-12S-F ctttggttttttt*c*t*t*c*tgt

L-12S-R tgetttttttttt* t* t*t*t*tge

L-11S-F ctttggtttttt*t*c*t*t*ctgt

L-11S-R tgettttttttt* t* t*t* t* ttge

L-10S-F ctttggttttt*t*t*c*t*tctgtatttgttttt

L-10S-R tgCtttttttt* t:t* tEt* tetgettgtgttttt

L-9S-F ctttggtttt*t*t*t*c*ttctgt

L-9S-R tgettttttt* t e t* t*ttttge

L-8S-F ctttggttt*t*t*t*t*cttctgt

L-8S-R tgetttttt* t e t*t* tttttge

L-5S-F ctttgg*t*t*t*t*tttcttctgtatttg

L-5S-R tgettt tF ekt e ttttttttgettgte

L40-0-F tttcttctgtatttgtttttctaagagaagttattttcta

L40-0-R ttttttttgcttgtgtttttccticagtataaaaccactg

L40-5-F tttett*c*t* g* t*atttgtttttctaagagaagttattttcta
L40-5-R tttttt* t*t* g*c*ttgtgtttttccttcagtataaaaccactg
L40-10-F tttcttctgta*t*t*t* g*ttttctaagagaagttattttcta
L40-10-R ttttttttget*t* g*t* g*tttttccttcagtataaaaccactg
L40-15-F tttcttctgtatttgt*t*t*t*t* ctaagagaagttattttcta
L40-15-R ttttttttgettgtgt *t*t*t*t* ccttcagtataaaaccactg
L40-20-F tttcttctgtatttgtttttc *t*a*a* g*agaagttattttcta
L40-20-R ttttttttgettgtgtttttc*c*t*t*c*agtataaaaccactg
L20-0-F ctaagagaagttattttctaTAGGTC

L20-0-R ccttcagtataaaaccactgAGGTAT

L20-5-F ctaaga*g*a*a*g*ttattttctaTAGGTC

L20-5-R ccttca*g*t*a*t*aaaaccactgAGGTAT
L20-10-F ctaagagaagt*t*a*t*t*ttctaTAGGTC
L20-10-R ccttcagtata*a*a*a*c*cactgAGGTAT
L20-15-F ctaagagaagttattt*tctaTAGGTC

L20-15-R ccttcagtataaaacc*a*c*t*g*AGGTAT
L20-20-F ctaagagaagttattttctaT*A*G*G*T*C
L20-20-R ccttcagtataaaaccactgA*G*G*T*A*T
L50-10-F ctttggttttt*t*t*c*t*tctgtatttgtttttctaagagaagttattttcta
L50-0-R tEgHcHt e ttttttttttttgcttgtgtttttcettcagtataaaac
L50-10-F ctttggttttt*t*t*c*t*tctgtatttgtttttctaagagaagttattttcta
L50-5-R tgettt* t* Rt > tettttttgettgtgtttttccttcagtataaaac
L50-10-F ctttggttttt*t*t*c*t*tctgtatttgtttttctaagagaagttattttcta
L50-10-R tgctttttttt* t* t* t*t*tttgcttgtgtttttccttcagtataaaac
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L50-10-F

ctttggttttt*t*t*c*t*tctgtatttgtttttctaagagaagttattttcta

L50-15-R tgcttttttttttttt*t*t* g* c*ttgtgtttttccttcagtataaaac

L50-10-F ctttggttttt*t*t*c*t*tctgtatttgtttttctaagagaagttattttcta

L50-20-R tgctttttttttttttttget™t* g*t* g*tttttccttcagtataaaac

L50-0-F cHFe*t* g* gtttttttcttetgtatttgtttttctaagagaagttattttcta

L50-10-R tgetttttttt* t e t* t* tttgettgtgtttttccttcagtataaaac

L50-5-F ctttgg*t*t*t*t*tttcttctgtatttgtttttctaagagaagttattttcta

L50-10-R tgctttttttt* t* t* t* t* tttgcttgtgtttttccttcagtataaaac

L50-15-F ctttggtttttttctt*c*t* g*t*atttgtttttctaagagaagttattttcta

L50-10-R tgctttttttt* t* t* t* t* tttgcttgtgtttttccttcagtataaaac

L50-20-F ctttggtttttttcttctgta*t*t*t* g*tttttctaagagaagttattttcta

L50-10-R tgctttttttt* t*t* t* t*tttgcttgtgtttttecttcagtataaaac

GAPDH locus EF-1a core promoter-EGFP primers

G50-0-F atggcctccaaggagtaagac

G50-0-P-R P-actgagtgtggcagggac

G50-0-P-F P-atggcctccaaggagtaagac

G50-0-R actgagtgtggcagggac

G-50-F atggcctccaaggagtaagacccctggaccaccagecccagcaagagecac TAGG
TCTTGAAAGGAGTGGG

G-50-R actgagtgtggcagggactccccageagtgagggtetctctettcctctt AGGTATC
TCTGACCAGAGTC

G-50S-F atggcctccaaggagtaagacccctggaccaccagecccagecaagagecacT*A*G
*G*T*CTTGAAAGGAGTGGG

G-50S-R actgagtgtggcagggactccccagcagtgagggtctctctcttectctt A*G*G* T
*A*TCTCTGACCAGAGTC

G-40S-F atggcctccaaggagtaagacccctggaccaccagecccag*c*a*a*g*ageacT
AGGTCTTGA

G-40S-R actgagtgtggcagggactccccageagtgagggtctctet*c*t*t*c*ctcttAGG
TATCTCT

G-30S-F atggcctccaaggagtaagaccectggacca*c*c*a*g*ccccagecaagageac

G-30S-R actgagtgtggcagggactccccageagtga*g*g*g*t* ctetctcttectett

G-20S-F atggcctccaaggagtaagac*c*c*c*t*ggaccaccageccca

G-20S-R actgagtgtggcagggactcc*c*c*a*g*cagtgagggtctctc

G-15S-F atggcctccaaggagt*a*a*g*a*ccectggaccaccag

G-15S-R actgagtgtggcaggg*a*c*t*c*cccagecagtgagggt

G-10S-F atggcctccaa™*g*g*a* g*taagaccecetggace

G-10S-R actgagtgtgg*c*a*g*g*gactccccageagtg

G-5S-F atggcc*t*c*c*a*aggagtaagacccct

G-5S-R actgag*t*g*t*g*gcagggactccccag

AAVSI locus EF-1a core promoter-EGFP primers

AS50-0-F gttctgggtacttttatctgtceee

A50-0-P-R P-taggaaggaggaggcctaagg
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AS50-0-P-F

P-gttctgggtacttttatctgtcece

A50-0-R taggaaggaggaggcctaagg

A-50-F gttctgggtacttttatctgtccectecaccccacagtggggccactagg TAGGTCT
TGAAAGGAGTGGG

A-50-R taggaaggaggaggcctaaggatgggggcttttctgtcaccaatcctgtc AGGTAT
CTCTGACCAGAGTC

A-30S-F gttctgggtacttttatctgtcccctecacc*c*c*a*c*a

A-30S-R taggaaggaggaggcctaaggatgggggactt*t*t*c*t*g

A-20S-F gttctgggtacttttatctgt*c*c*c*c*t

A-20S-R taggaaggaggaggcctaagg*a*t*g*g*g

A-15S-F gttetgggtactttta*t*c*t*g*t

A-15S-R taggaaggaggaggcc*t*a*a*g*g

A-10S-F gttetgggtac*t*t*t*t*atctg

A-10S-R taggaaggagg*a*g*g*c*ctaag

A-5S-F gttetg* g* g*t*a*cttttatctg

A-5S-R taggaa*g*g*a*g*gaggcctaag

HBB locus EF-1a core promoter-EGFP primers

H50-0-F tcaaacagacaccatggtgcatc

H50-0-P-R P-cagggcctcaccaccaactt

H50-0-P-F P-tcaaacagacaccatggtgcatc

H50-0-R cagggcctcaccaccaactt

H-50-F tcaaacagacaccatggtgcatc

H-50-R cagggcctcaccaccaactt

H-30S-F tcaaacagacaccatggtgcatctgactcct*g*a*g*g*a

H-30S-R cagggcctcaccaccaacttcatccacgttc*a*c*c*t*t

H-20S-F tcaaacagacaccatggtgca™*t*c*t*g*act

H-20S-R cagggcctcaccaccaacttc*a*t*c*c*a

H-15S-F tcaaacagacaccatg*g*t*g*c*atc

H-15S-R cagggcctcaccacca*a*c*t*t*c

H-10S-F tcaaacagaca*c*c*a*t*ggtgcatc

H-10S-R cagggcctcac*c*a*c*c*aactt

H-5S-F tcaaac*a*g*a*c*accatggtgcatc

H-5S-R cagggc*c*t*c*a*ccaccaactt

Lamin A/C loucs

EF-la promoter-EGFP-ploy A signal (2600bp) primers for
esgRNA

L-12S-F ctttggttttttt*c*t*t*c*tgtatttgtttttctaagag
L-9S-R attgagatagatgagatagatgcttttttt™ t* t*t*t*tttt
L-10S-R attgagatagatgagatagatgctttttttt*t*t*t*t*ttt
L-11S-R attgagatagatgagatagatgcttttttttt*t*t*t*t*tt
L-12S-R attgagatagatgagatagatgctttttttttt*t*t*t*t*t
L-13S-R attgagatagatgagatagatgcttttttttttt*t*t*t*t* g
L-14S-R attgagatagatgagatagatgctttttttttttt*t*t*t*g*c
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L-15S-R

attgagatagatgagatagatgcttttttttttttt*t*t*g*c*t

L-16S-R

attgagatagatgagatagatgctttttttttttttt*t* g*c*t*t

Table S4. A list of primer sequence (5'—3") for sgRNA or esgRNA synthesis in this

study.
Lamin A/C sgRNA primers
L-gRNA-F TAATACGACTCACTATAGagagaagttattttctacag
L-gRNA-R TTCTAGCTCTAAAACCTGctgtagaaaataacttctct
GAPDH sgRNA primers
G-gRNA-F TAATACGACTCACTATAGagccccagcaagageacaag
G-gRNA-R TTCTAGCTCTAAAACCTGcttgtgctcttgetgggget
AAVSI sgRNA primers
A-gRNA-F TAATACGACTCACTATAGacagtggggccactagggac
A-gRNA-R TTCTAGCTCTAAAACCTGgtccctagtggecccactgt
HBB sgRNA primers
H-gRNA-F TAATACGACTCACTATAGcttgecccacagggeagtaa
H-gRNA-R TTCTAGCTCTAAAACCTGttactgccctgtggggcaag
Lamin A/C esgRNA primers
L-esgRNA-F TAATACGACTCACTATAGAGAG
L-esgRNA-R TCTATCTCATCTATCTCAATCC

Table SS. The template sequence of esgRNA (5'—3’") was used in this study (4)
(Different colors to distinguish , target sequence, stem-loop region of

sgRNA, )

Template sequence of esgRNA

GAGAGAAGTTATTTTCTACAGGTTTTAGAGCTAG
AAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGC
ACCGAGTCGGTGC

Table S6. A list of primer sequence (5'—3") for genomic DNA PCR (full length and
junctions) in this study. All primers were designed in the Primer-BLAST section of
NCBI website (Primer designing tool (https://www.ncbi.nlm.nih.gov/tools/primer-

blast/index.cgi).
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Lamin A/C Primers used in genotyping PCR
Lamin A/C 5' FP tgctacctcecttctagggge

Lamin A/C 3' FP cgaccactaccagcagaacac

Lamin A/C 5' RP cagtttaccccgecgcecac

Lamin A/C 3' RP gctggcggagaagectctat

Lamin A/C 2500KI | Primers used in genotyping PCR
Lamin A/C 5' FP tgctacctcecttctagggge

Lamin A/C 3' FP tccttgaccctggaaggtgcca

Lamin A/C 5' RP gtctggtctecccatgeggg

Lamin A/C 3' RP gctggcggagaagectctat

GAPDH Primers used in genotyping PCR
GAPDH 5' FP ctcctectgacttcaacagegac

GAPDH 3' FP cgaccactaccagcagaacac

GAPDH 5' RP cagtttaccccgegecac

GAPDH 3' RP agtaactggttgagcacagggt

AAVSI Primers used in genotyping PCR
AAVS1 S' FP ttctcctgtggattegggte

AAVS1 3' FP ctggagtacaactacaacagcc

AAVSI 5" RP accttctctaggcaccggat

AAVSI 3" RP ctctetggcetccatcgtaag

HBB Primers used in genotyping PCR
HBB 5' FP tttgaagtccaactcctaageca

HBB 3' FP ctggagtacaactacaacagcc

HBB 5'RP cagtttaccccgegecac

HBB 3' RP gtcagtgcectatcagaaacccaa

Table S7. A list of sequences (5'—3’) for testing of Cas9-PCV2 ssDNA linkers. Upper-
case letters are target sequences recognized by PCV2 and lower-case letters are

sequences annealed to the 3'-overhang of odsDNA.

Lamin A/C | Cas9-PCV2 ssDNA linker sequences

PCV2-5 AAGTATTACCAGAAAtgctt

PCV2-10 AAGTATTACCAGAAAtgcttttttt

PCV2-15 AAGTATTACCAGA A Atgctttttttttttt

PCV2-20 AAGTATTACCAGA A Atgctttttttttttttttge

PCV2-30 | AAGTATTACCAGAA Atgctttttttttttttttgcttgtgttttt
PCV2-40 AAGTATTACCAGA A Atgctttttttttttttttgcttgtgtttttccttcagtat
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PCV2-50 AAGTATTACCAGA A Atgctttttttttttttttgcttgtgtttttccttcagtataaaaccactg

Table S8. The sequences (5'—3") of fluorescent ssDNA strands for labeling.

Name sequences

PCV2-linker- | 5’ BHQ1-TAAGTATTACCAGAAA/i6FAMdT/cctcttgtcccacagatatce
QF cagaaccctgaccctgecgtgtaccagcet

esgRNA-RC | 5'Cy5-AAAAAAAGCATCTATCTCATCTATCTCAAT

Table S9. The plasmid sequence for Cas9-PCV2 fusion protein expression and

purification. Cas9-PCV?2 protein-coding sequences are underlined.

pET28b-3xNLS-Cas9-NLS-PCV2-6xHis

agcgcctgatgeggtattttctecttacgcatctgtgeggtatttcacaccgcaatggtgeactctcagtacaatctgetctgatgccgeatagttaagecagtatacac

tcegctatcgetacgtgactgggtcatggetgcgecccgacaccegecaacacccgetgacgegeectgacgggcttgtetgeteccecggeatecgettacagac
aagctgtgaccgtctccgggagetgcatgtgtcagaggttttcaccgtcatcaccgaaacgegegaggeagetgeggtaaagetcatcagegtggtegtgaage
gattcacagatgtctgectgttcatccgegtecagetegttgagtttctccagaagegttaatgtctggctictgataaagegggcecatgttaagggeggttttttectgt
ttggtcactgatgcctccgtgtaagggggattictgticatgggggtaatgataccgatgaaacgagagaggatgctcacgatacgggttactgatgatgaacatge
ccggttactggaacgttgtgagggtaaacaactggeggtatggatgcggcgggaccagagaaaaatcactcagggtcaatgecagegcettcgttaatacagatgt
aggtgttccacagggtagccagcagceatcctgegatgcagatccggaacataatggtgcagggcgetgacttccgegtttccagactttacgaaacacggaaac
cgaagaccattcatgttgttgctcaggtcgcagacgttttgcagcagceagtegettcacgttcgetcgegtatcggtgattcattctgctaaccagtaaggceaaccce
gccagectagecgggtectcaacgacaggageacgatcatgcgeaccegtggggecgecatgecggegataatggectgcettctcgecgaaacgtttggtegc
gggaccagtgacgaaggcttgagegagggcegtgcaagattccgaataccgcaagegacaggecgatcatcgtcgegetccagegaaageggtectegecga
aaatgacccagagcgcetgecggceacctgtectacgagttgcatgataaagaagacagtcataagtgcggegacgatagtcatgeccegegeccaccggaagga
getgactgggttgaaggetctcaagggcatcggtecgagatcccggtgcctaatgagtgagetaacttacattaattgegttgegetcactgecegctttccagtegg
gaaacctgtcgtgccagetgceattaatgaatcggecaacgegeggggagaggcggtttgcgtattgggcgccagggtggtttttcttttcaccagtgagacgggc
aacagctgattgcccttcaccgectggecctgagagagttgcagecaageggtecacgetggtttgeccccageaggegaaaatectgtttgatggtggttaacggc
gggatataacatgagctgtcttcggtatcgtcgtatcccactaccgagatatccgeaccaacgegeageccggactcggtaatggegegceattgegeecagegee
atctgatcgttggcaaccagcatcgcagtgggaacgatgecctcattcageatttgeatggtttgttgaaaaccggacatggeactccagtegecttceegtteceget
atcggcetgaatttgattgcgagtgagatatttatgccagecagecagacgcagacgegecgagacagaacttaatgggeccgctaacagegegatttgetggtea
cccaatgcgaccagatgctccacgeccagtegegtaccgtcttcatgggagaaaataatactgttgatggetetetggtcagagacatcaagaaataacgecgga
acattagtgcaggcagcttccacagcaatggcatcctggtcatccageggatagttaatgatcageccactgacgegttgegegagaagattgtgcaccgecgctt
tacaggcttcgacgecgcttegttctaccatcgacaccaccacgetggeacccagttgatcggegegagatttaatcgecgegacaatttgegacggegegtgca
gggcecagactggaggtggcaacgccaatcageaacgactgtttgcccgecagttgttgtgeccacgeggttgggaatgtaattcagetccgecategecgctteca
ctttttccegegttttcgecagaaacgtggetggectggttcaccacgcgggaaacggtctgataagagacaccggceatactctgegacatcgtataacgttactggtt
tcacattcaccaccctgaattgactctcttccgggegcetatcatgecataccgegaaaggttttgcgecattegatggtgtececgggatetcgacgcetcteecttatgeg
actcctgcattaggaagcageccagtagtaggttgaggecgttgagecaccgecgecgcaaggaatggtgcatgcaaggagatggegeccaacagteccecgg
ccacggggcectgecaccatacccacgecgaaacaagegcetcatgageccgaagtggegageccgatettccccateggtgatgtcggegatataggegeceag
caaccgcacctgtggegecggtgatgccggecacgatgegtccggegtagaggatcgagatctcgatcccgegaaattaatacgactcactataggggaattgt

gagcggataacaattccectctagaaataattttgtttaactttaagaaggagatatacatgccaaagaaaaaaagaaaggtttctcgtgcggatectaaaaagaaac




tctttagtaatgagatggctaaggtggatgactctttcttccataggctggaggag

tcctttttggtggagoaggataaaaagcacgagegecacccaatctttggca

acaatcagcttttcgaagagaacccgatcaacgcatccggagttgacgccaaagcaatectgagegcetaggctgtccaaatcceggeggctcgaaaaccteate

agccaggaggaattttacaaatttattaagcccatcttggaaaaaatggacggcaccgaggagetgctggtaaagettaacagagaagatctgtt

cgceactttcgacaatggaagcatcccccaccagattcacctgggcegaactgcacgetatcctcaggeggcaagaggatttctaccectttttgaaagataacaggg

tctggagagea

gagaatatcgttatcgagatggcccgagagaaccaaactacccagaagggacagaagaacagtagggaaaggatgaagaggattgaagagggtataaaaga

actggggtcccaaatccttaaggaacacccagttgaaaacacccagcttcagaatgagaagcetctacctgtactacctgcagaacggcagggacatgtacgtgga

tcaggaactggacatcaatcggctctccgactacgacgtggatcatatcgtgccccagtcttttctcaaagatgattctattgataataaagtgttgacaagatccgat

aaaaatagagggaagagtgataacgtcccctcagaagaagttgtcaagaaaatgaaaaattattggeggcaget,

gctgaacgccaaactgatcacacaacggaa

agcaatattatgaattttttcaagaccgagattacactggccaatggagagattcggaagcgaccacttatcgaaacaaacggagaaacaggagaaatcgtgtgg

gtatcctcccgaaaaggaacagcgacaagcetgatcgecacgcaaaaaagattgggaccccaagaaatacggceggattcgattctectacagtegettacagtgtac

tggttgtggccaaagtggagaaagggaagtctaaaaaactcaaaagegtcaaggaactgcetgggcatcacaatcatggagegatcaagettcgaaaaaaaccee

gctaacctcgataaggtgctttctgcttacaataagcacagggataageccatcagggagcaggcagaaaacattatccacttgtttactctgaccaacttgggege

cggecggcagceagectcgagtccccgagceaaaaaaaacggtegtageggteeg ccgcataaacgttgggtttttaccctgaataatccgagcgaagatg

cgcaaaaaaatccgtgatctgecgattagectgttcgattatttcattgttggtgaagaaggtaacgaagaaggtcgtacaccgeatctgecagggttttgcaaattttgt

taaaaaacagacctttaacaaagtgaaatggtatctgggtgcccgttgccatattgaaaaagcaaaaggcaccgatcagcagaacaaagaatattgtagcaaaga

aggcaacctgctgatggaatgtggtgcaccgegtagecagggtcagegtcaccaccaccaccaccactgagatccggetgetaacaaageccgaaaggaage
tgagttggctgctgccaccgetgageaataactageataaccecttggggcectctaaacgggtettgaggggttttttgctgaaaggaggaactatatccggattgg

cgaatgggacgcgcecctgtageggegceattaagegeggegggtgtggtggttacgegeagegtgaccgetacacttgecagegecctagegeccgetecttte
gctttctteecttectttctegecacgticgecggcetttcccegtcaagetctaaatcgggggctecctttagggttecgatttagtgctttacggeacctcgaccccaaa
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aaacttgattagggtgatggttcacgtagtgggccatcgecctgatagacggtttttcgecctttgacgttggagtccacgttetttaatagtggactcttgttccaaact
ggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgccgatttcggectattggttaaaaaatgagetgatttaacaaaaatttaacgcgaattt
taacaaaatattaacgcttacaatttaggtggcacttttcggggaaatgtgcgeggaacccectatttgtttatttttctaaatacattcaaatatgtatccgetcatgaatta
attcttagaaaaactcatcgagcatcaaatgaaactgcaatttattcatatcaggattatcaataccatatttttgaaaaagecgtttctgtaatgaaggagaaaactcac
cgaggcagttccataggatggcaagatcctggtatcggtetgegattccgactcgtccaacatcaatacaacctattaatttccectegtcaaaaataaggttatcaa
gtgagaaatcaccatgagtgacgactgaatccggtgagaatggcaaaagtttatgcatttctttccagacttgttcaacaggccagcecattacgcetcgtcatcaaaat
cactcgcatcaaccaaaccgttattcattcgtgattgcgectgagcgagacgaaatacgegatcgetgttaaaaggacaattacaaacaggaatcgaatgcaaccg
gcgcaggaacactgecagegcatcaacaatattttcacctgaatcaggatattcttctaatacctggaatgcetgttttcccggggatcgeagtggtgagtaaccatge
atcatcaggagtacggataaaatgcttgatggtcggaagaggcataaattccgtcagecagtttagtctgaccatctcatctgtaacatcattggeaacgctacctttg
ccatgtttcagaaacaactctggegcatcgggcttcccatacaatcgatagattgtcgeacctgattgeccgacattatcgegageccatttatacccatataaatcag
catccatgttggaatttaatcgeggectagagcaagacgtttcccgttgaatatggcetcataacaccecttgtattactgtttatgtaagcagacagttttattgttcatga
ccaaaatcccttaacgtgagttttcgttccactgagegtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgecgegtaatetgetgettgcaaa
caaaaaaaccaccgctaccageggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggettcagcagagegcagataccaaatactgte
cttctagtgtageegtagttaggcecaccacttcaagaactctgtagecaccgectacatacctegetctgetaatectgttaccagtggetgctgccagtggcgataag
tcgtgtcttaccgggttggactcaagacgatagttaccggataaggegcageggtegggcetgaacggggegticgtgcacacageccagettggagegaacga
cctacaccgaactgagatacctacagecgtgagetatgagaaagegecacgettcccgaagggagaaaggcggacaggtatccggtaageggcagggtegga
acaggagagcgcacgagggagcttccagggggaaacgcectggtatctttatagtcctgtegggtttcgecacctetgacttgagegtegatttttgtgatgctegte
agggggecggagectatggaaaaacgecagcaacgeggcctttttacggttcctggecttttgctggecttttgctcacatgttctttecctgegttatccectgattetg

tggataaccgtattaccgcectttgagtgagetgataccgetcgecgecagecgaacgaccgagegeagegagtcagtgagegaggaageggaag

Table S10. The odsDNA overhang sequences (5'—3') tested for various loci and the

corresponding Tm values.

Locus Overhang DNA sequence T (°C)
length (nt)

5 ctttg 14

8 ctttggtt 22

9 ctttggttt 24

10 ctttggtttt 26

11 ctttggttttt 28

12 ctttggtttttt 30

13 ctttggttttttt 32

Lamin A/C 14 ctttggtttttttc 36
15 ctttggtttttttct 38

16 ctttggtttttttctt 40

17 ctttggtttttttcttc 44

18 ctttggtttttttcttct 46

19 ctttggtttttttcttctg 50

20 ctttggtttttttcttctgt 52

30 ctttggtttttttcttctgtatttgtettt 64

5 atggc 16

GAPDH 10 atggcctceca 32
15 atggcctccaaggag 48
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20 atggcctccaaggagtaaga 60
30 atggcctccaaggagtaagacccctggacc 68
5 gttct 14
10 gttctgggta 30
AAVSI 15 gttctgggtactttt 42
20 gttctgggtacttttatctg 56
30 gttctgggtacttttatctgtccectecac 62
5 tcaaa 12
10 tcaaacagac 28
HBB 15 tcaaacagacaccat 42
20 tcaaacagacaccatggtgc 60
30 tcaaacagacaccatggtgcatctgactcc 64

Table S11. The synthesized ssDNA sequences (5'—3’) used for strand-annealing to

form short dSDNA and odsDNA donors (* indicates phosphorothioate modification and

the insertion sequences are highlighted in red).

Lamin A/C dsDNA
HDR indel-F

CTTTGGTTTTTTTCTTCTGTATTTTTTTTTCTAAGAGA
AGTTATTTTCTAgaattcCAGTGGTTTTATACTGAAGGAA
AAACACAAGCAAAAAAAAAAAAAAGCAT

Lamin A/C dsDNA

ATGCTTTTTTTTTTTTTTGCTTGTGTTTTTCCTTCAGT

HDR indel-R ATAAAACCACTGgaattcTAGAAAATAACTTCTCTTAGA
AAAAAAAATACAGAAGAAAAAAACCAAAG

Lamin A/C | T*T*T*C*T*TCTGTATTTTTTTTTCTAAGAGAAGTTAT

odsDNA HDR | TTTCTAgaattcCAGTGGTTTTATACTGAAGGAAAAACA

indel-F CAAGCAAAAAAAAAAAAAAGCAT

Lamin A/C | T*T*T*T*T*TTTGCTTGTGTTTTTCCTTCAGTATAAAA

odsDNA HDR | CCACTGgaattcTAGAAAATAACTTCTCTTAGAAAAAAA

indel-R AATACAGAAGAAAAAAACCAAAG

GAPDH  dsDNA | ATGGCCTCCAAGGAGTAAGACCCCTGGACCACCAGC

HDR indel-F CCCAGCAAGAGCACgaattcAAGAGGAAGAGAGAGAC
CCTCACTGCTGGGGAGTCCCTGCCACACTCAGT

GAPDH  dsDNA [ ACTGAGTGTGGCAGGGACTCCCCAGCAGTGAGGGT

HDR indel-R CTCTCTCTTCCTCTTgaattcGTGCTCTTGCTGGGGCTG

GTGGTCCAGGGGTCTTACTCCTTGGAGGCCAT

GAPDH odsDNA
HDR indel-F

A*G*G*A*G*TAAGACCCCTGGACCACCAGCCCCAGC
AAGAGCACgaattctAAGAGGAAGAGAGAGACCCTCAC
TGCTGGGGAGTCCCTGCCACACTCAGT

GAPDH odsDNA
HDR indel-R

G*C*A*G*G*GACTCCCCAGCAGTGAGGGTCTCTCTC
TTCCTCTTgaattcGTGCTCTTGCTGGGGCTGGTGGTCC
AGGGGTCTTACTCCTTGGAGGCCAT
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Table S12. Primer sequences (5'—3') for indels detection by amplicon-seq analysis.

(Red is the index sequence.)

Lamin A/C Indel F | CCCTACACGACGCTCTTCCGATCTGAAGCCAAAGAA
AAATAACCCTT

Lamin A/C Indel R | GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCGGT
TTTAAGGCAGATGTGGA

GAPDH indel F CCCTACACGACGCTCTTCCGATCTCCCTGACAACTCT
TTTCATCTTC

GAPDH indel R GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCA
AGGGGTCTACATGGCAA

[Scomm AATGATACGGCGACCACCGAGATCTACACTCTTTCCC
TACACGACGCTCTTC

SIPO1 CAAGCAGAAGACGGCATACGAGATCGTGATGTGACT
GGAGTTCAGACG

SIP02 CAAGCAGAAGACGGCATACGAGATACATCGGTGACT
GGAGTTCAGACG

SIPO3 CAAGCAGAAGACGGCATACGAGATGCCTAAGTGACT
GGAGTTCAGACG

SIP04 CAAGCAGAAGACGGCATACGAGATTGGTCAGTGACT
GGAGTTCAGACG

SIPOS CAAGCAGAAGACGGCATACGAGATCACTGTGTGACT
GGAGTTCAGACG

SIP06 CAAGCAGAAGACGGCATACGAGATATTGGCGTGACT
GGAGTTCAGACG

SIPO7 CAAGCAGAAGACGGCATACGAGATGATCTGGTGACT
GGAGTTCAGACG

SIP08 CAAGCAGAAGACGGCATACGAGATTCAAGTGTGACT
GGAGTTCAGACG

SIP09 CAAGCAGAAGACGGCATACGAGATCTGATCGTGACT
GGAGTTCAGACG

SIP10 CAAGCAGAAGACGGCATACGAGATAAGCTAGTGACT
GGAGTTCAGACG

Table S13. Primer sequences (5'—3") for off-target detection by GIS-seq. (Red is the

index sequence.)

GIS-101 5Phos-GATCGGAAGAGC*C*A

GIS-102-L AATGATACGGCGACCACCGAGATCTACACGTAAGGAGAC
ACTCTTTCCCTACACGACGCTCTTCCGATC*T

GIS-102-G AATGATACGGCGACCACCGAGATCTACACTAGATCGCAC
ACTCTTTCCCTACACGACGCTCTTCCGATC*T
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GIS-200

AATGATACGGCGACCACCGAGATCTAC

GIS-201-L CTCTAGGCACCGGATCAATTGCCGAC

GIS-202-L CCCCAACGAGAAGCGCGATCACA

GIS-203(GIS- | AATGATACGGCGACCACCGAGATCTAC

200)

GIS-204-L CCTCTCTATGGGCAGTCGGTGACCAACTTCTCGGGGACT
GT

GIS-205-L CCTCTCTATGGGCAGTCGGTGAGTCCTGCTGGAGTTCGT
GA

GIS-201-G GCACCGGATCAATTGCCGACCCCT

GIS-202-G GTCCGCCCTGAGCAAAGACCCCAA

GIS-204-G CCTCTCTATGGGCAGTCGGTGAAACTTCTCGGGGACTGT
G

GIS-205-G CCTCTCTATGGGCAGTCGGTGAATCACATGGTCCTGCTG
G

GIS-301 CAAGCAGAAGACGGCATACGAGATTCGCCTTAGTGACTG
GAGTCCTCTCTATGGGCAGTCGGTGA

GIS-302 CAAGCAGAAGACGGCATACGAGATCTAGTACGGTGACT
GGAGTCCTCTCTATGGGCAGTCGGTGA

GIS-303 CAAGCAGAAGACGGCATACGAGATTTCTGCCTGTGACTG
GAGTCCTCTCTATGGGCAGTCGGTGA

GIS-304 CAAGCAGAAGACGGCATACGAGATGCTCAGGAGTGACT
GGAGTCCTCTCTATGGGCAGTCGGTGA

GIS-305 CAAGCAGAAGACGGCATACGAGATAGGAGTCCGTGACT
GGAGTCCTCTCTATGGGCAGTCGGTGA

GIS-306 CAAGCAGAAGACGGCATACGAGATCATGCCTAGTGACTG
GAGTCCTCTCTATGGGCAGTCGGTGA

GIS-307 CAAGCAGAAGACGGCATACGAGATGTAGAGAGGTGACT
GGAGTCCTCTCTATGGGCAGTCGGTGA

GIS-308 CAAGCAGAAGACGGCATACGAGATCCTCTCTGGTGACTG

GAGTCCTCTCTATGGGCAGTCGGTGA
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