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Figure S1. RNP stability comparison of WT-GeoCas9, GeoCas9(R1W1), and SpyCas9 using
DLS assay. Incubation at 37 °C can gradually lead to SpyCas9 RNP aggregation but does affect
WT-GeoCas9 or GeoCas9(R1W1) within 6 hours.

normalized mass percentage

normalized mass percentage

o
=

o
=)

o
~

o
)

o

0.8

0.6

0.4

0.2

WT-GeoCas9 RNP in PBS - DLS

assay
—0h
2h
4h
—6h
0.1 1 100 1000 10000
diameter (nm)
WT-GeoCas9 RNP in medium - DLS
assay
oh
2h
4h
—6h
0.1 1 10 100 1000 10000

diameter (nm)

normalized mass percentage

normalized mass percentage

0.8 4

0.6 1

0.4 4

0.2 4

0.8 4

0.6

04 1

0.2 4

GeoCas9(R1W1) RNP in PBS - DLS
assay

100 1000

diameter (nm)

GeoCas9(R1W1) RNP in medium -
DLS assay

10000

100 1000

diameter (nm)

10000

normalized mass percentage

normalized mass percentage

0.8

0.6

0.4

0.2 4

0.8

0.6

0.4

0.2

SpyCas9 RNP in PBS - DLS assay

10000

100

diameter (nm)

SpyCas9 RNP in medium - DLS
assay

0.1 1 10 100 10000

diameter (nm)

Incubation at 37 C for 0-6 hours.



Figure S2. Comparison of iGeoCas9 and SpyCas9 for their genome editing efficiency and RNP
stability. a. Gene-editing activity comparison of the two editors using the Ai9 tdTom NPC assay
with 10 different sgRNA, respectively (tdTom-g1 to g10 for iGeoCas9, and Spy-tdTom-g1 to g10
for SpyCas9, as listed in Table S2). SpyCas9 and iGeoCas9(C2) showed overall comparable
editing level across the 10 targets. NPCs (0.25 M cells in 20 uL buffer) were nucleofected 25 pmol
RNP. Editing efficiencies quantified based on the tdTom(+) signal. n = 4 for each group. Data are
presented in box plots where the lower bound of the lower whisker shows the minimum, the lower
bound of the box shows the lower quartile, the center of the box shows the median, the upper
bound of the box shows the upper quartile and the upper bound of the upper whisker shows the
maximum. b. Gene-editing activity comparison of the two editors after incubation at 37 °C for
certain time using the HEK293T EGFP assay. Incubation in PBS at 37 °C can gradually lead to
function loss for SpyCas9 RNP but does affect iGeoCas9(C2) within 12 hours. Editing efficiencies
quantified based on the EGFP(-) signal. EGFP-g6 was used for iGeoCas9(C2). n = 4 for each
group, data are presented as mean values with individual data points.
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Figure S3. Examples of flow quantification to determine the genome-editing activities by different
GeoCas9 RNPs in tdTom NPCs. FSC-A/SSC-A used to define live cells, FSC-A/FSC-H used to
define cell singlets, and FSC-A/RFP-A used to determine tdTom(+) cells.
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Figure S4. Comparison of WT-GeoCas9 and GeoCas9(R1W1) for their genome editing activities
in HEK293T cells to knock down EGFP using different spacer and PAM sequences.
GeoCas9(R1W1) shows substantially improved EGFP knock-down efficiency. n = 4 for each
group, data are presented as mean values with individual data points.
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Figure S5. Effect of volume ratio (aqueous/organic) and salt concentration on the packaging
efficiency of GeoCas9 RNP in LNP. n = 4 for each group, data are presented as mean values

with individual data points.
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Figure S6. Schematic of the whole procedure for LNP-based RNP delivery in cell culture.
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Figure S7. Co-delivery of GeoCas9 RNPs and ssDNA HDR templates to edit the chromophore

of EGFP to BFP in HEK293T cells.
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Figure S8. Effect of different anionic polymer additives on the packaging efficiency of RNPs in

LNPs. n = 4 for each group, data are presented as mean values with individual data points.
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Figure S9. The effect of cationic lipid, DOTAP, on RNP encapsulation rate under neutral pH. n =
4 for each group, data of encapsulation rate are presented as mean values * standard deviation.
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Figure S10. Cryo-EM images of FC8 and FX12 LNPs encapsulating iGeoCas9 RNPs.
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Figure S11. Flow analysis examples of genome-editing activities in the whole livers of Ai9 tdTom
mice and different cell types in the liver based on the LNP delivery of iGeoCas9 RNPs using
FX12m and FC8m formulations. Cell type analysis is based on immunostaining with
corresponding fluorescent-labelled antibodies (hepatocyte — CD95+, macrophage — F4/80+, and
endothelial cells — CD31+).

Liver
cell type

Hepatocyte
(CD95+)

Macrophage
(F4/80+)

Endothelial
(CD31+)

Negative control

FX12m formula

FC8m formula

1000~

FSC-A (1013)

10004 tdTom+: 0.067% 1000- tdTom+: 39.048%
~ ~
52l
< <
S =]
Liver =~ 500 Z 500
< <50
Q 9}
2 2
0.001 T 0.001-—
10° 100 100 100 10" 10" 10° 10°
tdTom-A
Negative control
100 feo  CD95_tdTom: 0.0379 10001
2 2 e
< < <
g S 3
' 500 ~ 500 ~ 500
< ‘ X 50 <
ORI 9] 2
i 2 i
0.001- T ey T 0.001 ~—rrrm—r-rrrmmf s 0.001-
10 100 100 100 10" 100 10" 100 100 100 100 100 100 100 10 10
CDO95 - AF647-A tdTom-A
1000 F4_80-tdfom: 0.248% 10001
~ ~
[52]
< <
g 2 o
= 500-| ~ 500
< <
Q Q
s 2
1
i
0,001 0001 -
100 10 100 10 10" 10" 10 10 10
tdTom-A
1000 10004 CD31-tdTom: 0.000% 1000
2 7 2 |
N S S 1
~ 500 Z 0 =~ 500
<7 <7 <
Q Q Q
g g | i

o e 0 10
CD31 - AF488-A

-12 -

. .
10

Y
10 10

F4_80+ - AF647-A

CD31 - AF488-A

tdTom+: 2.912%

1000

500

FSC-A (1013)

tdTom-A

1000

CD31-tdT¢m: 79.882%

@
<
8

FSC-A (103)

0.001 -
10

tdTom-A



Figure S12. Flow analysis examples of genome-editing activities in the whole lungs of Ai9 tdTom
mice and different cell types in the lungs based on the LNP delivery of iGeoCas9 RNPs using

FX12m and FC8m formulations. Cell type analysis is based

on immunostaining with

corresponding fluorescent-labelled antibodies (endothelial cells — CD31+, epithelial cells —
CD326+, and immune cells — CD45+).
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Figure S13. Flow analysis examples of genome-editing activities in different tissues (spleen,
kidney and heart) of Ai9 tdTom mice based on the LNP delivery of iGeoCas9 RNPs using FX12m

and FC8m formulations.
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Figure S14. Immune response assessment. a. Levels of different serum cytokines at 6 hours
post-injection, including interleukin 2 (IL2), interleukin 6 (IL6), tumor necrosis factor a (TNF-a),
and macrophage inflammatory protein 2 (MIP-2). b. Levels of different serum cytokines at 24
hours post-injection. c. Levels of different liver damage enzymes at 2 weeks post-injection,
including alanine aminotransferase (ALT), aspartate aminotransferase (AST), and
transglutaminase 2 (TGM2). Injections of PBS and LPS (lipopolysaccharide, 1 mg/kg) represent
negative and positive controls, respectively; RNP-only (RNP/enhDNA) injections are based on an
RNP dosage of 4.6 mg/kg; the remaining injections of empty LNP vectors or RNP:LNP complexes
follow the lipid or RNP dosages used for the corresponding mouse experiments. Overall, no
significant immune response regarding four cytokines and three liver damage enzymes is
observed after the injections of RNP, lipids or RNP:LNPs. LPS injections, as positive controls
here, induced significant immune responses at early time points, as indicated by the high levels
of three cytokines (IL6, MIP2, and TNF-a), but did not exhibit long-term immunogenicity, as
indicated by the normal levels of three liver damage enzymes. n = 3 for each group, data are
presented as mean values with individual data points and standard deviations.
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Protein sequences:
GeoCas9, SpyCas9, iCas12a, ThermoCas9, MLV-RT, MBP
SV40 NLS, bipartite NLS, CL7 tag, His tag, Linkers

HRV protease recognition site (|: protease cleavage position)

Expression construct of 2x-WT-GeoCas9-2x:

MSKSNEPGKATGEGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEEVSKDPELSKQF
SRNNNDRMKVGKAPKTRTQODVSGKRTSFELNHQKPIEQNGGVYDMDNISVVTPKRNIDIEGGGGGSLEVL

PKKKRKVGGSPKKKRKVSLEVLFQ|GPGS

Expression construct of 2x-GeoCas9(R1)-2x:

MSKSNEPGKATGEGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEEVSKDPELSKQF
SRNNNDRMKVGKAPKTRTQODVSGKRTSFELNHQKPIEQNGGVYDMDNISVVTPKRNIDIEGGGGGSLEVL

PKKKRKVGGSPKKKRKVSLEVLFQ|GPGS

Expression construct of 2x-GeoCas9(R1-K)-2x:
MSKSNEPGKATGEGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEEVSKDPELSKQF
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SRNNNDRMKVGKAPKTRTQODVSGKRTSFELNHQKPIEQNGGVYDMDNISVVTPKRNIDIEGGGGGSLEVL

PKKKRKVGGSPKKKRKVSLEVLFQ|GPGS

Expression construct of 2x-GeoCas9(R1-GR)-2x:
MSKSNEPGKATGEGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEEVSKDPELSKQF
SRNNNDRMKVGKAPKTRTQDVSGKRTSFELNHQKPIEQNGGVYDMDNISVVTPKRNIDIEGGGGGSLEVL

PKKKRKVGGSPKKKRKVSLEVLFQ|GPGS

Expression construct of 2x-GeoCas9(R1-GRK)-2x:
MSKSNEPGKATGEGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEEVSKDPELSKQF
SRNNNDRMKVGKAPKTRTQDVSGKRTSFELNHQKPIEQNGGVYDMDNISVVTPKRNIDIEGGGGGSLEVL
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PKKKRKVGGSPKKKRKVSLEVLFQ|GPGS

Expression construct of 2x-GeoCas9(R1W1)-2x:
MSKSNEPGKATGEGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEEVSKDPELSKQF
SRNNNDRMKVGKAPKTRTQDVSGKRTSFELNHQKPIEQNGGVYDMDNISVVTPKRNIDIEGGGGGSLEVL

PKKKRKVGGSPKKKRKVSLEVLFQ|GPGS

Expression construct of 2x-GeoCas9(R1WP1)-2x:
MSKSNEPGKATGEGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEEVSKDPELSKQF
SRNNNDRMKVGKAPKTRTQDVSGKRTSFELNHQKPIEQNGGVYDMDNISVVTPKRNIDIEGGGGGSLEVL
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lIIIIIIIIIIIIIIIIIIIIIIIII‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIGSP
KKKRKVGGSPKKKRKVSLEVLFQ|GPGS

Expression construct of 1x-GeoCas9(R1W1)-2x:

MKSSHHHHHHGS SKSNEPGKATGE GKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEE
VSKDPELSKQFSRNNNDRMKVGKAPKTRTQDVSGKRTSFELNHQKPIEQNGGVYDMDNISVVTPKRNIDI
EGGGGGSGGS

NSSSNNNNNNNNNNLGIELEVLFQ|GPGS GGSNA

GSPKKKRKVGGSPKKKRKV

Expression construct of 2x-WT-ThermoCas9-2x:

MSKSNEPGKATGEGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEEVSKDPELSKQF
SRNNNDRMKVGKAPKTRTQODVSGKRTSEFELNHQKPIEQNGGVYDMDNISVVTPKRNIDIEGGGGGSLEVL

VGGSPKKKRKVSLEVLFQ|GPGS
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Expression construct of 2x-ThermoCas9(R1W1)-2x:

MSKSNEPGKATGEGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEEVSKDPELSKQF
SRNNNDRMKVGKAPKTRTQODVSGKRTSFELNHQKPIEQNGGVYDMDNISVVTPKRNIDIEGGGGGSLEVL

VGGSPKKKRKVSLEVLFQ|GPGS

Expression construct of 2x-SpyCas9-2x:

MSKSNEPGKATGEGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEEVSKDPELSKQF
SRNNNDRMKVGKAPKTRTQODVSGKRTSFELNHQKPIEQNGGVYDMDNISVVTPKRNIDIEGGGGGSLEVL

SPKKKRKVEDPKKKRKVSLEVLFQ|GPGS

Expression construct of 2x-iCas12a-2x:

MSKSNEPGKATGEGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEEVSKDPELSKQF
SRNNNDRMKVGKAPKTRTQODVSGKRTSFELNHQKPIEQNGGVYDMDNISVVTPKRNIDIEGGGGGSLEVL
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SLEVLFQ|GPGS

Expression construct of SpyCas9-based prime editor (PE2):

MSKSNEPGKATGEGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFESFDDFRETFWEEVSKDPELSKQF
SRNNNDRMKVGKAPKTRTQODVSGKRTSFELNHQKPIEQNGGVYDMDNISVVTPKRNIDIEGGGGGSLEVL

SSGSETPGTSESATPESSGGSSGGSSTLNIEDEYRLHETSKEPDVSLGSTWLSDEPOAWAETGGMGLAVR
QOAPLITPLKATSTPVSIKQYPMSQEARLGIKPHIQRLLDOQGILVPCQSPWNTPLLPVKKPGTNDYRPVQD
LREVNKRVEDIHPTVPNPYNLLSGLPPSHOWYTVLDLKDAFFCLRLHPTSQPLFAFEWRDPEMGISGQLT
WTRLPQGEFKNSPTLENEALHRDLADFRIQHPDLILLQYVDDLLLAATSELDCQOGTRALLOTLGNLGYRA
SAKKAQICQOKQVKYLGYLLKEGOQRWLTEARKETVMGOPTPKTPROLREFLGKAGFCRLFIPGFAEMAAPL
YPLTKPGTLENWGPDQOKAYQETKQALLTAPALGLPDLTKPFELFVDEKQGYAKGVLTOQKLGPWRRPVAY
LSKKLDPVAAGWPPCLRMVAATAVLTKDAGKLTMGOPLVILAPHAVEALVKQPPDRWLSNARMTHYQALL
LDTDRVQFGPVVALNPATLLPLPEEGLOHNCLDILAEAHGTRPDLTDQPLPDADHTWYTDGSSLLOEGOR
KAGAAVTTETEVIWAKALPAGTSAQRAELIALTQALKMAEGKKLNVYTDSRYAFATAHTHGEIYRRRGIWL
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TSEGKEIKNKDEILALLKALFLPKRLSTI IHCPGHQKGHSAEARGNRMADQAARKAATITETPDTSTLLIEN
SSPSGGSKRTADGSEFESPKKKRKVGSSLEVLFEQ|GPGSHHHHHH
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Table S1. Primer sequences. All primers for lllumina MiSeq (next generation sequencing, NGS)
were ordered with (5’ -GCTCTTCCGATCT-3") at the 5" end for library preparation and indexing.

Primer name

AAVS1-1-fwd

AAVS1-1-rev

AAVS1-2-fwd

AAVS1-2-rev

AAVS1-3-fwd

AAVS1-3-rev

AAVS1-4-fwd

AAVS1-4-rev

EMX1-1-fwd

EMX1-1-rev

EMX1-2-fwd

EMX1-2-rev

EMX1-3-fwd

EMX1-3-rev

EMX1-4-fwd

EMX1-4-rev

CFTR-G542-fwd

CFTR-G542-rev

CFTR-W1282-fwd

CFTR-W1282-rev

BS-272-fwd

BS-273-rev

PCSK9-ext-fwd

PCSK9-ext-rev

PCSK9-fwd

PCSK9-rev

SFTPC-ext-fwd

SFTPC-ext-rev

SFTPC-fwd

SFTPC-rev

Sequence (5’->3)
ACGTAACCTGAGAAGGGAATCCCT
ATCCCCGTTCCCCTGCATCCCCCTT
AGCTCAGGTTCTGGGAGAGGGTAG
TAGTCTCCTGATATTGGGTCTAAC
TGGAAGATGCCATGACAGGGGGCT
TTGCGTCCCGCCTCCCCTTCTTGTA
AGGACCGGCTGGAGGGGCTCAACAT
CCTTACCATTCCCCTTCGACCACC
CCTCTACATTCTACTTCTCTGTGT
TGCACCCTATCCTGGACTTCCTAA
CTCAGGAACAAGGTCGCAGCTTCA
TTGGGGCTAAACTCCAACCCTCCCCT
TCGGAGAGTTAATGTTCAGTGTGG
TGGCTACGACCTTAAAAGCCCTCT
CACCTGGCCAATAGATGCTGACCT
GGACCAGGGTAGATTGCTCAATTTT
agaaggaagatgtgcctttcaaattcag
cagaatataaagcaatagagaaatgtctg
ttataggtgggcctcttgggaagaactgg
gcagagtaatatgaatttcttgagtac
GCTCCTGGGCAACGTGCTGGTTATTG
TTGATGACCTCCTCGCCCTTGCTCAC
agcatggggatgtggccaagttaag
gtaatgtgccctatggtggcagtca
ccaacaggtcactgctcatcttcaccaaga
gcatgctacactgagatgaggtcatgctggg
tagcgatggtgtctgctcgctcact
aaaccatgaagctggcacatggact
tgtcacccaagatgtgctcatacctgt

acttgtctctctgcttcccttgetet
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Application
AAVS1-1 target (short read lllumina MiSeq)
AAVS1-1 target (short read lllumina MiSeq)
AAVS1-2 target (short read lllumina MiSeq)
AAVS1-2 target (short read lllumina MiSeq)
AAVS1-3 target (short read lllumina MiSeq)
AAVS1-3 target (short read lllumina MiSeq)
AAVS1-4 target (short read lllumina MiSeq)
AAVS1-4 target (short read lllumina MiSeq)
EMX1-1 target (short read Illlumina MiSeq)
EMX1-1 target (short read Illlumina MiSeq)
EMX1-2 target (short read Illlumina MiSeq)
EMX1-2 target (short read Illlumina MiSeq)
EMX1-3 target (short read Illlumina MiSeq)
EMX1-3 target (short read Illlumina MiSeq)
EMX1-4 target (short read Illlumina MiSeq)
EMX1-4 target (short read Illlumina MiSeq)
CFTR-G542 target (short read Illlumina MiSeq)
CFTR-G542 target (short read Illlumina MiSeq)
CFTR-W1282 target (short read lllumina MiSeq)
CFTR-W1282 target (short read lllumina MiSeq)
PCR validation for editing at the tdTomato target
PCR validation for editing at the tdTomato target
PCSKO target (extended amplicon)
PCSKO target (extended amplicon)
PCSKO target (short read Illlumina MiSeq)
PCSKO target (short read Illlumina MiSeq)
SFTPC target (extended amplicon)
SFTPC target (extended amplicon)
SFTPC target (short read lllumina MiSeq)

SFTPC target (short read lllumina MiSeq)




T1-OFT1-fwd

T1-OFT1-rev

T1-OF T2-fwd

T1-OFT2-rev

T1-OF T3-fwd

T1-OFT3-rev

T1-OF T4-fwd

T1-OF T4-rev

T1-OF T5-fwd

T1-OFT5-rev

T1-OF T6-fwd

T1-OFT6-rev

T1-OF T7-fwd

T1-OFT7-rev

T1-OF T8-fwd

T1-OFT8-rev

T2-OFT1-fwd

T2-OFT1-rev

T2-OFT2-fwd

T2-OFT2-rev

T2-OFT3-fwd

T2-OFT3-rev

T2-OF T4-fwd

T2-OFT4-rev

T2-OF T5-fwd

T2-OFT5-rev

T2-OFT6-fwd

T2-OFT6-rev

T2-OFT7-fwd

T2-OFT7-rev

T3-OF T1-fwd

T3-OFT1-rev

T3-OF T2-fwd

agctcatcttaaggtgctgtgtttacc

tgagattggctcacctttcaggggcet

taaagccagccaggcttgtgtcectt

tttgagtccttgagtgggaagagtcc

tctgcttaataaacaatgtagtcctc

cctgagattgtgaacaacatctatcg

tggaacctgccagaagcctggcatca

ctaggattcaaacctacgtctggcaa

ccaaattccaaattttggttgcttc

gatccctttggtgtgttgaggaatgc

gagggaatcttctcagcaaaagatag

gttctcaaagtcccataatgtatgce

cccatgtgtgtacacttgtacacat

gcatcccatcttgaatggaaatgaag

cctcagtagtaaaagaatttgtagg

ctcctagaattatctcaagatctcc

acctccgatgtaggccacagagaag

agctcctaccccaacaacatccgcet

aagtaaaataaggcaactggaacac

aggctgaggcagaagaatcgcttgaa

gatagaagcattttaagggctttca

ccaaaatggatatattgcctccageg

attcattgcagagggcgagagcctc

gagttgtgcctgcatcatgctgatg

cgaaggaagggagagaaggagggaa

atgagggcactctgctgggttcctta

taggaaaataaggtggcctgaggtg

ctcctttggtcaatgcaagctctaa

tcattgcagagggcgagagcctcca

agttgtgcctgcatcatgctgatgce

cccacatgctcaacactgctggaat

agcttcttcttgctccaggaagtgg

aggagttcgagaccagcctggccaa
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T1 off-target site 1 (short read lllumina MiSeq)
T1 off-target site 1 (short read lllumina MiSeq)
T1 off-target site 2 (short read lllumina MiSeq)
T1 off-target site 2 (short read lllumina MiSeq)
T1 off-target site 3 (short read lllumina MiSeq)
T1 off-target site 3 (short read lllumina MiSeq)
T1 off-target site 4 (short read lllumina MiSeq)
T1 off-target site 4 (short read lllumina MiSeq)
T1 off-target site 5 (short read lllumina MiSeq)
T1 off-target site 5 (short read lllumina MiSeq)
T1 off-target site 6 (short read lllumina MiSeq)
T1 off-target site 6 (short read lllumina MiSeq)
T1 off-target site 7 (short read lllumina MiSeq)
T1 off-target site 7 (short read lllumina MiSeq)
T1 off-target site 8 (short read lllumina MiSeq)
T1 off-target site 8 (short read lllumina MiSeq)
T2 off-target site 1 (short read lllumina MiSeq)
T2 off-target site 1 (short read lllumina MiSeq)
T2 off-target site 2 (short read lllumina MiSeq)
T2 off-target site 2 (short read lllumina MiSeq)
T2 off-target site 3 (short read lllumina MiSeq)
T2 off-target site 3 (short read lllumina MiSeq)
T2 off-target site 4 (short read lllumina MiSeq)
T2 off-target site 4 (short read lllumina MiSeq)
T2 off-target site 5 (short read lllumina MiSeq)
T2 off-target site 5 (short read lllumina MiSeq)
T2 off-target site 6 (short read lllumina MiSeq)
T2 off-target site 6 (short read lllumina MiSeq)
T2 off-target site 7 (short read lllumina MiSeq)
T2 off-target site 7 (short read lllumina MiSeq)
T3 off-target site 1 (short read lllumina MiSeq)
T3 off-target site 1 (short read lllumina MiSeq)

T3 off-target site 2 (short read lllumina MiSeq)




T3-OFT2-rev

T3-OFT3-fwd

T3-OFT3-rev

T3-OF T4-fwd

T3-OF T4-rev

T3-OF T5-fwd

T3-OFT5-rev

T3-OFT6-fwd

T3-OFT6-rev

T3-OFT7-fwd

T3-OFT7-rev

T3-OFT8-fwd

T3-OFT8-rev

T3-OFT9-fwd

T3-OFT9-rev

agctatctcacaagtagaattggag

acatctacgccaaggtccgcaagaga

caaatacgacctgtttcccaaacatg

gcactgagtcacatattctaagaaa

caaaacctctctcaatcaagaacacg

cacacacacatatatatgtatacccac

actcaccaaggggggacatgggtgaa

cacctgaggtcaggagttcaagagca

gatctgtatggtcacttcttctatcc

agtctttccaggctaaggggttccat

tatgctcatttacctcaagactgtcc

ggtttcattttgggaaagaaatcttc

ggagttcgagaccagcctgaactaca

ccagcatggtctcaacatggcgaaa

ctgcaatcaaaaaaaagagattggc

T3 off-target site 2 (short read lllumina MiSeq)
T3 off-target site 3 (short read lllumina MiSeq)
T3 off-target site 3 (short read lllumina MiSeq)
T3 off-target site 4 (short read lllumina MiSeq)
T3 off-target site 4 (short read lllumina MiSeq)
T3 off-target site 5 (short read lllumina MiSeq)
T3 off-target site 5 (short read lllumina MiSeq)
T3 off-target site 6 (short read lllumina MiSeq)
T3 off-target site 6 (short read lllumina MiSeq)
T3 off-target site 7 (short read lllumina MiSeq)
T3 off-target site 7 (short read lllumina MiSeq)
T3 off-target site 8 (short read lllumina MiSeq)
T3 off-target site 8 (short read lllumina MiSeq)
T3 off-target site 9 (short read lllumina MiSeq)

T3 off-target site 9 (short read lllumina MiSeq)
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Table S2. sgRNA sequences (Alt-R modifications by IDT: 2’-O methylation and phosphorothioate
linkage with the last 3 nucleotides at both 3’- and 5’-ends; m stands for 2’-O methylation, and *
stands for phosphorothioate linkage; spacer sequences are shown in bold). *Note: by IVT —
sgRNA prepared by in vitro transcription.

sgRNA name

Sequence (5’->3) | Alt-R

UGUUUAUUGCAGCUUAUAAUGGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC

tdTom-g1 No
9 UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

tdTom-a2 UAAAGCAAUAGCAUCACAAAUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC No
9 UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

tdTom-a3 CACUGCAUUCUAGUUGUGGUUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC No
9 UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

tdTom-a4 UUUUUUAAAGCAAGUAAAACCGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC No
9 UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

GGUUACAAAUAAAGCAAUAGCGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC

tdTom-g5 No
9 UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

GAUAAGAUACAUUGAUGAGUUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC

tdTom-g6 No
9 UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

tdTom-a7 AUAACUUCGUAUAGCAUACAUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC No
¢ UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

tdTom-a8 AUAACUUCGUAUAAUGUAUGCGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC No
¢ UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

tdTom-a9 UCUAGAGGAUCAUAAUCAGCCGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC No
¢ UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

GUUUUACUUGCUUUAAAAAACGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC

tdTom-g10 No
9 UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

AAUAAAGCAAUAGCAUCACAAGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC

tdTom-g11 No
9 UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

tdTom-a12 GAUACAUUGAUGAGUUUGGACGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC No
¢ UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

tdTom-a13 GGCUGAUUAUGAUCCUCUAGAGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC No
¢ UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

tdTom-a14 UAGAGGAUCUGCGACUCUAGAGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC No
¢ UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

GCGACUCUAGAGGAUCAUAAUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC

tdTom-g15 No
9 UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

CCCACACCUCCCCCUGAACCUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC

tdTom-g16 No
9 UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

tdTom-a17 GCAUUCUAGUUGUGGUUUGUCGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC No
¢ UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

tdTom-a18 ACCUCCCACACCUCCCCCUGAGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC No
¢ UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

tdTom-g19 GGACAAACCACAACUAGAAUGGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC No
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tdTom-g20

tdTom-g21

tdTom-g22

tdTom-g3(ms)

tdTom-
g3(22ms)

tdTom-
g3(23ms)

tdTom-
g3(24ms)

EGFP-g1

EGFP-g2

EGFP-g3

EGFP-g4

EGFP-g5

EGFP-g6

EGFP-
g6(23ms)

rEGFP-R1

rEGFP-R2

rEGFP-R3

rEGFP-R4

UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

GCUUUAUUUGUAACCAUUAUAGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC
UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

CCUGAACCUGAAACAUAAAAUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC
UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

UAUUGCAGCUUAUAAUGGUUAGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC
UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

mC*mA*mC*UGCAUUCUAGUUGUGGUUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUU
UCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUC

*mC*mU*mU

mU*mC*mA*CUGCAUUCUAGUUGUGGUUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCU
UUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAU
C*mC*mU*mU

mU*mU*mC* ACUGCAUUCUAGUUGUGGUUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGC
UUUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCA
UC*mC*mU*mU

mU*mU*mU*CACUGCAUUCUAGUUGUGGUUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGG
CUUUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCC
AUC*mC*mU*mU

ACGACUUCUUCAAGUCCGCCAGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC
UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

ACCUGAGCACCCAGUCCAAGCGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC
UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

CAAGCUGGAGUACAACUACAAGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC
UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

GGGCACGGGCAGCUUGCCGGUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC
UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

UUGAAGAAGAUGGUGCGCUCCGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC
UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

AUGCGGUUCACCAGGGUGUCGGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUGCC
UAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

mC*mG*mA*UGCGGUUCACCAGGGUGUCGGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGC
UUUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCA
UC*mC*mU*mU

mC*mG*mC*GAAAAGCAUUGUACGCCAUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCU
UUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAU
C*mC*mU*mU

mU*mG*mU* ACGCCAUAUGUCAAAGUGGGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCU
UUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAU
C*mC*mU*mU

mC*mA*mC*UUUGGUGACCACUUUGACAUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGC
UUUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCA
UC*mC*mU*mU

mU*mU*mG*GUGACCACUUUGACAUAUGGGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGC
UUUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCA
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AAVS1-g1

AAVS1-g2

AAVS1-g3

AAVS1-g4

EMX1-g5

EMX1-g6

EMX1-g7

EMX1-g8

CFTR-g1

CFTR-g2

HM-tdTom-
g3(23)

HM-tdTom-
g7(23)

UM-tdTom-
g3(23)

UM-tdTom-
g7(23)

UM-gPCSK9

UM-gSFTPC

SpyCas9-

UC*mC*mU*mU

mA*mC*mC*CCACAGUUGGAGGAGAAUCGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCU
UUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAU
C*mC*mU*mU

mMA*mG*mG* AUCCUCUCUGGCUCCAUCGGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCU
UUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAU
C*mC*mU*mU

mA*mU*mC*CACAGGAGAACGGGGUGUCGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCU
UUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAU
C*mC*mU*mU

mG*mC*mG* ACUCCAAUGCGGAAGAGAGUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGC
UUUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCA
UC*mC*mU*mU

mG*mU*mU* AUUACUUAAUUAUCUGCCAGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCU
UUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAU
C*mC*mU*mU

mU*mU*mC*GGGAAAACCAAUGUGUUGGGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCU
UUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAU
C*mC*mU*mU

mC*mC*mA* AGGUGGGGAAGGUUUGCAGGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCU
UUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAU
C*mC*mU*mU

mU*mU*mU*CAAAGACUUGCCCAAAUCCAGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGC
UUUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCA
UC*mC*mU*mU

mC*mC*mU*CCACUCAGUGUGAUUCCACCGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGC
UUUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCA
UC*mC*mU*mU

mC*mA*mC*UCCAAAGGCUUUCCUUCACUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGC
UUUCUGCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCA
UC*mC*mU*mU

mU*mU*mC*ACUGCAUUCUAGUUGUGGUUGUCAUAGUUCCCMCmUmGmAmgmamamamUmCmAmMGGGUUAC
UAUGAUAAGGGCUMUMUMCmUMGMCmCmUMAMAMGMGMCMAMGMAMCUGACCCGCGGCGUUGGGGAUCGCC
UGUCGMCMCMCMGMCMUMUMUmMUGGCGGGCAUMUCCCCAUC*mC*mU*mU

mG*mA*mA*UAACUUCGUAUAGCAUACAUGUCAUAGUUCCCMCmUmGmAmgmamnamamUmCmAmMGGGUUAC
UAUGAUAAGGGCUMUMUMCmUMGMCmCmUMAMAMGMGMCMAMGMAMCUGACCCGCGGCGUUGGGGAUCGCC
UGUCGMCMCMCMGMCMUMUMUmMUGGCGGGCAUMUCCCCAUC*mC*mU*mU

GUUCACUGCAUUCUAGUUGUGGUUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCU
GCCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

GAAUAACUUCGUAUAGCAUACAUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUG
CCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

GAGGAGACCCAGAGGCUACAGAUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUG
CCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

GCUCUGCUCAUGGGCCUCCACAUGUCAUAGUUCCCCUGAgaaaUCAGGGUUACUAUGAUAAGGGCUUUCUG
CCUAAGGCAGACUGACCCGCGGCGUUGGGGAUCGCCUGUCGCCCGCUUUUGGCGGGCAUUCCCCAUCCUU

mA*mA*mG*UAAAACCUCUACAAAUGGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
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tdTom (g9 in
Fig S4a)

Spy-tdTom-g1

Spy-tdTom-g2

Spy-tdTom-g3

Spy-tdTom-g4

Spy-tdTom-g5

Spy-tdTom-g6

Spy-tdTom-g7

Spy-tdTom-g8

Spy-tdTom-
g10

LbCas12a-
tdTom

Spy-EGFP-g1

pegRNA-GtB

UCAACUUGAAAAAGUGGCACCGAGUCGGUGCMU*mU*mU*U

mC*mA*mG*CCAUACCACAUUUGUAGGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGCMU*mU*mU*U

mU*mC*mA*AUGUAUCUUAUCAUGUCGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGCMU*mU*mU*U

mU*mU*mU*UCACUGCAUUCUAGUUGGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGCMU*mU*mU*U

mU*mA*mU*GUUUCAGGUUCAGGGGGGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGCMU*mU*mU*U

mA*mA*mA*CCUCUACAAAUGUGGUAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGCMU*mU*mU*U

mU*mU*mG*UUUAUUGCAGCUUAUAAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGCMU*mU*mU*U

mU*mU*mU*UAUGUUUCAGGUUCAGGGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGCMU*mU*mU*U

mA*mU*mA* AGAUACAUUGAUGAGUUGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGCMU*mU*mU*U

mA*mU*mU*UUAUGUUUCAGGUUCAGGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGCMU*mU*mU*U

mU*mA*mA*UUUCUACUAAGUGUAGAUUUGCAGCUUAUAAUGGUUACA*mA*mA *mU

mA*mG*mC*ACTGCACGCCATAGGTCGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGCMU*mU*mU*U

mG*mG*mC*UGAAGCACUGCACGCCAUGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUU
AUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUGACCACCCUGAGCCACGGCGUGCAGUGCUUC*mA*mG*
mC

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Table S3. ssDNA sequences (HDR templates and enhancer ssDNA with Alt-R modifications by
IDT; * stands for phosphorothioate linkage).

ssDNA name | Sequence (5’->3)

g*g*g*cgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagectgeccgtgecctggecca
rEGFP-RD1 ctttggtgaccactttAaGCCaCggAgtacaatgcttttcgegectacceccgaccacatgaagcagcacgacttette
aagtccgccatgcccgaaggctacgtccaggag*c*g*c

g*c*g*ctcctggacgtagccttcgggcatggecggacttgaagaagtcgtgectgettcatgtggtecggggtagegeg
rEGFP-RD2 aaaagcattgtacTccGtGGCtTaaagtggtcaccaaagtgggccagggcacgggcagettgecggtggtgecagatg
aacttcagggtcagcttgccgtaggtggcatcg*c*c*c

g*g*g*cgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagectgecccgtgecctggecca
rEGFP-RD3 ctttggtgaccactttAacTCaCggAgtacaatgcttttcgegectacceccgaccacatgaagcagcacgacttette
aagtccgccatgcccgaaggctacgtccaggag*c*g*c

g*c*g*ctcctggacgtagccttecgggcatggecggacttgaagaagtcgtgectgettcatgtggtcggggtagegeg
rEGFP-RD4 aaaagcattgtacTccGtGAgtTaaagtggtcaccaaagtgggccagggcacgggcagecttgecggtggtgecagatg
aacttcagggtcagcttgccgtaggtggcatcg*c*c*c

t*c*t*ctgaaccccagcccaccccaatgctccaggectectgggatacceccgaagagtgagtttgeccaagcagtea
AAVS1-D1 ccccacagttggaggaAGCTTcacccaaaaggcagectggtagacagggectggggtggectctegtggggtecagge
caagtaggtggcctggggcctctgggggatg*c*ra*g

g*g*g*tggccactgagaaccgggcaggtcacgcatccccececttecctecccaccececctgecaagetectecctecca
AAVS1-D2 ggatcctctctggctcAAGCTtaagcaaaccttagaggttctggcaaggagagagatggctccaggaaatgggggtyg
tgtcaccagataaggaatctgcctaacagga*g*g*t

g*a*g*ctagcacagactagagaggtaaggggggtaggggagctgcccaaatgaaaggagtgagaggtgacccgaat
AAVS1-D3 ccacaggagaacCAAGCTtccaggcaaagaaagcaagaggatggagaggtggctaaagccagggagacggggtactt
tggggttgtccagaaaaacggtgatgatgcag*g*c*c

c*g*g*aagaggggaagtcgagggagggatggtaaggaggactgcatgggtcagcacaggctgccaaagccagggcce
AAVS1-D4 agttaaagcgactccaatgcggaagCTTACaggtcgaaggggaatggtaaggaggcctggggcagagtggtcageac
agagtggctaagcccagggccagttgaagecggctccaattcggaag*t*g*rg

t*g*t*atactacctcctccacattctcagagctcaccacacaacccctgecctatcatgatatgcatcaaactttgt
EMX1-D1 tgttattacttaattaAGCTTGatgtccaaacatcaatctgtagaccagcagtatgecgtctctcagggagatcttaa
aatacagattcctgggtttcacccaggagatt*c*t*c

c*t*t*cagaccgcggcccaggaggccgatggtgggtgagtgggagagtcccggagagcaggggggcagagagetgg
EMX1-D2 ttttcgggaaaaccaatgtAAGCTTccccaaacatccaccctececgetecggatccaagttectectgagaactgaaacga
catcccgggacgaatgggagagttaggctgagctacaca*c*c*g

g*g*g*cctggctgtcttgggatgtttctcggcaaccttggeccecgacttctccaagtcacacgtgectcectectacce
EMX1-D3 aaggtggggaaggtAAgcTTtaagcaaactggcttccgeegttgetegecgecttecgggagggageccaceccggetg
ctggaataccgaggacagttttcccgggcag*g*g*g

a*c*c*tggcagataccacaaaaccagagaatgtaattactagaataagaattgttgtgggtagccttgcecctectcet
EMX1-D4 ttgaagatttcaaagacttgcccaaGCTTTaatccgaaaaaacaaaaatgctacaatgtcatctgeccttgggcaaga
gtttctgccacttaaaaataaatgtttactgataacatgaggatat*c*t*t

a*a*t*tcagattgagcatactaaaagtgactctctaattttctatttttggtaataggacatctccaagtttgcag
CFTR-G542-D1 agaaagacaatatagttcttGgagaaggAggaatTacactgagtggaggtcaacgagcaagaatttctttagcaagg
tgaataactaattattggtctagcaagcatttgctgtaaatgtcat*t*c*a

t*g*a*atgacatttacagcaaatgcttgctagaccaataattagttattcaccttgctaaagaaattcttgctegt
CFTR-G542-D2 tgacctccactcagtgtAattccTccttctcCaagaactatattgtctttctctgcaaacttggagatgtectatta
ccaaaaatagaaaattagagagtcacttttagtatgctcaatctga*a*t*t

CFTR-W1282-D3 a*t*c*agggaagagtactttgttatcagcttttttgagactactgaacactgaaggagaaatccagatcgatggtg
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CFTR-W1282-D4

Enhancer ssDNA
(enhDNA, 100 nt)

ssDNA (200 nt, for
Figs. S11 & S21)

tgtcttgggattcaataactttAcaacaAtgGaggaaagcctttggagtgataccacaggtgagcaaaaggacttag
ccagaaaaaaggcaactaaattatattttttactgctatttgatac*t*t*g

c*a*a*gtatcaaatagcagtaaaaaatataatttagttgccttttttctggctaagtccttttgectcacctgtggt
atcactccaaaggctttcctCcaTtgttgTaaagttattgaatcccaagacacaccatcgatctggatttctectte
agtgttcagtagtctcaaaaaagctgataacaaagtactcttccct*g*a*t

t*t*a*gctctgtttacgtcccagecgggcatgagagtaacaagagggtgtggtaatattacggtaccgagcactate
gatacaatatgtgtcatacggac*a*c*g

a*g*g*gcgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagectgecccgtgecce
tggcccactttggtgaccactttaacttggggagtacaatgcttttcgecgctaccccgaccacatgaagcagcacga
cttcttcaagtccgccatgcccgaaggctacgtccaggagecgcacc*a*t*c
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