Supplementary Information for
Allele specific repair of splicing mutations in cystic fibrosis through AsCasl2a genome
editing.

Maule et al.



pMG3272-26WT
pMG3272-26A>G

+25 nt
wi §0 —600bp

> ——

pMG3272-26WT

C C'TEeC k€ CTGG C TG GIGCAGG G TCCA ¥

\ A
\ \ \ \ \ f\ | ’\ | \ “\ A ) A | N/ An
bttt o o

pMG3272-26A>G

TC CAACTGG AATCTGAAG|TG TTTTCTATGGAAATATTTCACAG|6 CAGG AG TCCAA
A
/ \

i

\ ) 0 i
u \ 4] i fl 1 f\ AR " A
oot ol

Supplementary Figure 1. Validation of intron 19 splicing in pMG3272-26WT and pMG3272-
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26A>G CFTR minigene models.

a, Splicing pattern of CFTR wild type (pMG3272-26WT) and mutated (pMG3272-26A>G) minigene
models, transfected in HEK293T, by agarose gel electrophoresis analysis of RT-PCR products.
Black-solid arrow indicates aberrant splicing, white-empty arrow indicates correct splicing. b, Sanger
sequencing chromatogram of minigene splicing products from (a). Red lines represent the boundary

between exons.
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Supplementary Figure 2. SpCas9 and AsCasl2a sgRNA/crRNA functional screening for
splicing correction of 3272-26A>G minigene.

a,b, SpCas9-sgRNAs (a) and AsCasl2a-crRNAs (b) screening based on the ability to restore the
correct splicing pattern of CFTR 3272-26A>G minigene. Nucleases and sgRNAs single or in pair
were transfected in HEK293T with pMG3272-26 A>G, RT-PCR products were analyzed by agarose
gel electrophoresis. pMG3272-26WT was used as a reference for correct intron 19 splicing. c,d,
Agarose gel electrophoretic analysis of targeted deletions in 3272-26 A>G minigene after cleavage
by SpCas9 (c) and AsCas12a (d) sgRNA-pairs from (a) and (b), respectively, measured by PCR. The
bigger band represents non-edited minigene sequences, the smaller band is the expected deletion
product. e,f, Agarose gel electrophoresis of RT-PCR products (e) and PCR of targeted deletion (f) for
SpCas9-sgRNA pairs selected from (b) in HEK293 having stable genomic integration of 3272-

26A>G minigene (HEK293/pMG3272-26 A>G cells). g, Sanger sequencing chromatogram of correct



intron 19 splicing from 3272-26A>G integrated minigene after AsCas12a-crRNA+11 editing from

Fig.1b. Red line represents the boundary between exons 19-20.
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Supplementary Figure 3. Repair pattern after AsCasl2a-crRNA+11 cleavage and in silico
splicing score prediction.

a, Indels spectrum by TIDE analysis from HEK293/pMG3272-26A>G cells after AsCasl2a-
crRNA+11 editing from n=3 independent experiments. b, Splicing pattern of edited sites cloned into
the minigene plasmid. Minigenes were transfected in HEK293T cells and RT-PCR products were
analyzed by agarose gel electrophoresis. ¢, Prediction of the score change of AsCas12a-crRNA+14
modification on the mutated 3’splice site (ss) by bioinformatics tools (HSF and MaxEnt prediction
algorithms, see Methods section). Data are median with interquartile range. Statistical analysis was
performed using two-tailed Wilcoxon signed-rank test; ***P<0.001, ****P<0.0001. Score of wild

type sequence was given only as reference in the graph.
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Supplementary Figure 4. Specificity of AsCasl2a-crRNA+11 or crRNA+11/wt DNA editing:
unchanged wild-type CFTR splicing and GUIDE-seq analyses.

a,b, RT-PCR products analysis after AsCas12a-crRNA+11 or +11/wt editing in HEK293/pMG3272-
26WT or A>G minigene (a) and in Caco-2 cells having WT CFTR sequence (b). Cells were
transduced with lentiviral vector carrying AsCasl2a-crRNA+11 or +11/wt and selected with
puromycin for 10 days. Images are representative of two independent experiments. ¢, d, GUIDE-seq
analysis for AsCpfl-crRNA (c) and SpCas9-sgRNA (d). The double strand breaks (DSBs) are
spontaneous cleavages grouped by the analysis as spurious cleavages (not resulting from AsCasl12a

or SpCas9 cleavages) that are nevertheless indicative of properly executed GUIDE-seq assay.
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Supplementary Figure 5. Characterization of CFTR splicing and editing pattern in primary
airway cells before and after AsCasl12a-crRNA+11 editing.

a, b, ¢, Left panels, chromatograms of RT-PCR products from Ctr (a), AsCasl2a-crRNA+11 (b),
AsCasl2a-crRNA+11-puro (c) samples of Fig. 3a, showing two different transcripts of 3272-
26A>G/AF508 primary airway cells. Red box indicates chromatogram area after exon19-exon20
junction. Right panels, chromatograms deconvolution analysis was used to evaluate the amount of
mutated splicing (inclusion of +25 nt from intron 19) before (a) and after (b,c) AsCas12a-crRNA+11
cleavage. d, Indels spectrum by TIDE analysis from 3272-26 A>G/AF508 primary airway cells after

AsCasl2a-crRNA+11 editing from n=3 independent experiments.
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Supplementary Figure 6. Deep sequencing analysis of in silico predicted off-target sites for
crRNA+11 in primary airway epithelial cells.

a, Deep sequencing analysis of the CFTR on-target locus after AsCasl2a-crRNA+11 transduction
(15 days) of the 3272-26 A>G primary airway cells. b, Percentage of deep sequencing reads of the
edited and non-edited 3272-26 A>G or WT alleles from (a). ¢, off-target analysis of in silico predicted
sites. All the predicted sites with 4 or less mismatches (12 sites) were analyzed in 3272-26A>G

primary airway cells treated as in (a).
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Supplementary Figure 7. CFTR splicing and functional characterization of 3272-26A>G
mutated CF patient’s organoids after genome editing with AsCasl2a-crRNA+11.

a, Chromatogram of RT-PCR products from Fig. 3c. Upper panel represent the mixed population of
MRNA transcripts of 3272-26A>G/4218insT organoids, the lower panel show transcripts after
AsCasl12a-crRNA+11 editing in these organoids. Red box indicates chromatogram area after exon19-
exon20 junction. b, Chromatogram deconvolution analysis was used to evaluate the amount of
mutated splicing (inclusion of +25 nt from intron 19) before and after AsCas12a-crRNA+11 cleavage.
¢, FIS assay of n=4 independent experiments; each line represents one well (n=25-300). Data are

means = SD.
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Supplementary Figure 8. Validation of intron 22 splicing in pMG3849+10kbWT and
pMG3849+10kbC>T CFTR minigene models.

a, Splicing pattern of CFTR wild type (pMG3849+10kbWT) and mutated (pMG3849+10kbC>T)
minigene models, transfected in HEK293T, by agarose gel electrophoresis analysis of RT-PCR
products. Black-solid arrow indicates aberrant splicing, white-empty arrow indicates correct splicing
and red triangle indicates a minigene splicing artifact. b, Scheme of minigenes splicing products. The
minigene splicing artifact was caused by the use of an alternative donor splice site in exon 22, causing
the inclusion of only 49 bases of exon 22 into the mature transcripts of the minigene models. ¢, Sanger
sequencing chromatogram of minigene splicing products from (a). Red lines represent the boundary

between exons.
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Supplementary Figure 9. Deep sequencing analysis of in silico predicted off-target sites for
crRNA+14 in organoids and primary airway epithelial cells.

a, Deep sequencing analysis of the CFTR on-target locus after AsCasl2a-crRNA+14 transduction
(15 days) of the 3849+10kbC>T primary airway cells. b, Percentage of deep sequencing reads of the
edited and non-edited 3849+10kbC>T or WT alleles in primary airway cells treated as in (a). c, off-
target analysis of in silico predicted sites. All the predicted sites with 4 or less mismatches (3 sites)
were analyzed in 3849+10kbC>T primary airway cells treated as in (b). d, Deep sequencing analysis
of the CFTR on-target locus after AsCas12a-crRNA+14 transduction (15 days) of the 3849+10kbC>T

organoids.



AsCas12a editing of CFTR 3849+10kbC>T organoids

TECATCETGT
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCAT
TCCATCTGT
TCCATCTGT
TECATCETGT
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCA
TCCATCTGT
TCCATCTG
TCCATCTGT
TCCATCTGT
TCCAT
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCATCTG
TCCATCT
TCCA
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCATCETGT
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCA
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCATCTGT
TCCATCETGT

A wt sequence
e edited sequences

sequence v
3849+10kDWT o [ CAAGAGTCT
3849+10kbC>T CAAGAGTCT

6 610 CAAGAGTCT
9 401 CAAGAGTCT
22 371 CAAGAGTCT
8 364 CAAGAGTCT
5 284 CAAGAGTCT
3 248 CAAGAGTCT
7 158 CAAGAGTCT
10 156 CAAGAGTCT

- 42 151 CAAGAGTCT

o 40 138 CAAGAGTCT

E— 23 127 CAAGAGTCT

© 2 087 CAAGAGTCT

i 22 054 CAAGAGTCT

2 044 CAAGAGTCT

6 039 CAAGAGTCT

29 033 CAAGAGTCT

45 033 CAAGAGTCT

4 030 CAAGAGTCT

“1 011 CAAGAGTCT

26 011 CAAGAGTCT

20 005 CAAGAGTCT

L 24 004 CAAGAGTCT
3849+10kbWT 71.21[CAAGAGTCT
3849+10kbC>T CAAGAGTCT
6 650 CAAGAGTCT

7 473 CAAGAGTCT

8 314 CAAGAGTCT

4 261 CAAGAGTCT

45 251 CAAGAGTCT

5 225 CAAGAGTCT

o~ 3 171 CAAGAGTCT

Q2 4 09 CAAGAGTCT

E‘ 12 078 CAAGAGTCT

s 10 068 CAAGAGTCT

24 039 CAAGAGTCT

10 035 CAAGAGTCT

40 021 CAAGAGTCT

44 021 CAAGAGTCT

1 012 CAAGAGTCT

18 005 CAAGAGTCT

L 14 001 CAAGAGTCT
HSF
201 ek

o

:O_\/ 0_ ...................... B e L R TR

@

2 | — ey

€ 20

£ 4

o 407

I3

& -60A

P [

@0 801 . .

[Te} —eoleo—

-100 22

23 15 1&
crRNA+14 TAAAATGG[T|lcAGTAAGACACCCTGAAA
TGCAGTATTAAAATGGIC/IGAGTAAGACACCCTGAAA
TGCAGTATTAAAATGG|TIGAGTAAGACACCCTGAAA
TGCAGTATTA- - - - - - TIGAGTAAGACACCCTGAAA
TGCAGTA - - - - - - - - - TIGAGTAAGACACCCTGAAA
-------------------- -|-AGTAAGACACCCTGAAA
TGCAGTAT - ----- - - TIGAGTAAGACACCCTGAAA
TGCAGTATTA - - - - - GTIGAGTAAGACACCCTGAAA
TGCAGTAT---AATGG|TIGAGTAAGACACCCTGAAA
TGCAGTATTA- - - - - - -IGAGTAAGACACCCTGAAA
TGCAGTATT------ - -|--GTAAGACACCCTGAAA
GGG - - - - - - - - - - -|-AGTAAGACACCCTGAAA
TGCAGTAT - ------- -|-AGTAAGACACCCTGAAA
————————————————————— -|-AGTAAGACACCCTGAAA
TGCAGTATT - -AATGG|TIGAGTAAGACACCCTGAAA
----------------- -|----AAGACACCCTGAAA
TGCAGTATT- -AATGG|TIGAGTAAGACACCCTGAAA
TGC----- - AAAATGG|ITGAGTAAGACACCCTGAAA
-------------------- |- -=---=---CACCCTGAAA
TGC- - ------=----- -|-AGTAAGACACCCTGAAA
TGCAGTATTA- - - -GG|TIGAGTAAGACACCCTGAAA
TGCA - ---------- GTIGAGTAAGACACCCTGAAA
————————————————— |--------CACCCTGAAA
—————————————————— -|-AGTAAGACACCCTGAAA
--------------------- -|--GTAAGACACCCTGAAA
TGCAGTATTAAAATGG|C/IGAGTAAGACACCCTGAAA
TGCAGTATTAAAATGG|TIGAGTAAGACACCCTGAAA
TGCAGTATTA- - - - - - TIGAGTAAGACACCCTGAAA
TGCAGTATTA - - - - - - -|IGAGTAAGACACCCTGAAA
TGCAGTA - ------ - GITGAGTAAGACACCCTGAAA
TGCAGTATTA----GG|TIGAGTAAGACACCCTGAAA
TGCA- - - - - - - - -~ -|l--GTAAGACACCCTGAAA
TGCAGTATTA- - - - - GTIGAGTAAGACACCCTGAAA
TGCAGTAT---AATGG|TIGAGTAAGACACCCTGAAA
TGCAGTATT-AAATGG|TIGAGTAAGACACCCTGAAA
TGCAGT - - - - - - - - - - -|-AGTAAGACACCCTGAAA
TGCAGTATTA---- - - -|---TAAGACACCCTGAAA
--------------------- -l--GTAAGACACCCTGAAA
TGCAGTAT - ----- - - -|l-AGTAAGACACCCTGAAA
TGCAGTATT - - - - - - - -|l--GTAAGACACCCTGAAA
TGCA-----=-=-=-=---- -|l-AGTAAGACACCCTGAAA
TGCA----------- GTIGAGTAAGACACCCTGAAA
ffffffffffffffff -|-AGTAAGACACCCTGAAA
TGCAG- - - - ------- |- -GTAAGACACCCTGAAA
MaxEnt
Awl sequence
Medited sequences
1007 dekk
53
<
- 0- ....................... N
2
§ 1001
3]
£ 200
&
E'CB-SOO- et
n ]
-400




Supplementary Figure 10. AsCasl2a editing of CFTR 3849+10kbC>T organoids and in silico
splicing score prediction.

a, SINTHEGO ICE analysis of AsCasl2a-crRNA+14 editing in two independent organoids samples.
Predicted repair outcomes are represented with their abundance. b, Prediction of the score change of
AsCasl2a-crRNA+14 modification on the mutated 5’splice site (ss) by bioinformatics tools (HSF
and MaxEnt prediction algorithms, see Methods section). Data are median with interquartile range.
Statistical analysis was performed using two-tailed Wilcoxon signed-rank test; ***P<0.001. Score

of wild type sequence was given only as reference in the graph.
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Supplementary Figure 11. SpCas9-sgRNA correction of 3849+10kb splicing defect in a
minigene model and CF patient derived intestinal organoids.

a, Screening of SpCas9-sgRNA single or in pairs in pMG3849+10kbC>T transfected in HEK293T
cells. RT-PCR products were analyzed by agarose gel electrophoresis. Black-solid arrow indicates
aberrant splicing, white-empty arrow indicates correct splicing and red-arrow indicates a minigene
splicing artifact. b, Agarose gel electrophoretic analysis of targeted deletions in pMG3849+10kbC>T
after cleavage of SpCas9-gRNA pairs. ¢, RT-PCR products and d, targeted deletions in Caco-2 cells
transduced with a SpCas9-sgRNA lentiviral vectors and 10 days of puromycin selection. e, Editing
in patient organoids analyzed by agarose gel electrophoresis. f, Confocal images of calcein labelled
CF 3849+10kbC>T organoids at T=0 min transduced with 0.25, 0.5 or 1 RTU of SpCas9-sgRNAs-
95/+119. Scale bar = 200 um. g, Quantification of steady-state organoid area; each dot represents the
average area of organoids from one well (3-30 organoids per well) from n=1 experiment. Data are
means = SD. Statistical analysis was performed using one-way ANOVA; **P<0.01, ****P<0.0001.

h, GUIDE-seq analysis of sgRNA-95 and sgRNA+1109.



