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Supplementary Fig. 1 | Single-step, 3-day protocol for generating the EXSISERS donor/targeting plasmid and the CRISPR-Cas9
plasmid. a, The donor/targeting plasmid is created by the digestion of the EXSISERS plasmid with the type IIS restriction enzyme Bbsl
(isoschizomer: Bpil). The resulting two fragments are assembled via isothermal Gibson assembly together with the 5- and 3’-homology arms,
generated via PCR from the genomic DNA flanking the genomic insertion site. The insertion site must be upstream of the amino acid cysteine,
serine, or threonine. The assembled product is transformed into a suitable E. coli cloning strain, and colonies are inoculated on a small scale (2
ml) for a plasmid miniprep. The homology arms and the Gibson assembly overlapping nucleotides are sequenced using a standard Sanger
protocol on miniprep plasmid DNA. Correct clones are re-inoculated in a 50-100 ml culture overnight for a plasmid midiprep/maxiprep culture at
30/37 °C. If the cell line of choice is endotoxin-sensitive, an endotoxin-free plasmid midi/maxiprep kit should be used to isolate the plasmid DNA.
b, The CRISPR-Cas9 cloning plasmid is digested with the type IIS restriction enzyme Bbsl. The resulting plasmid backbone is ligated with a
DNA oligonucleotide dimer. The dimer is created by annealing two complementary ssDNA with a corresponding 4 nt 5- and 3’-extension
complementary to the 5’- and 3’-overhangs from the digested plasmid backbone.
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Supplementary Fig. 2 | Schematic protocol for generating an EXSISERS cell line. As a summary, the procedure uses a customized
donor/targeting plasmid, a CRISPR-Cas9 plasmid, and a Cre/Flp-recombinase expressing plasmid. Both the DNA donor and the CRISPR-Cas9
plasmids are delivered to the cell line of choice via transfection or electroporation (nucleofection). 2-7 days later, the cells are selected with
puromycin (concentration for each cell line has to be determined with a classical kill curve, usually ranging from 2-50 ug/ml) for 3-7 days. The
cells are replated without puromycin, and the cells are transfected/electroporated with a plasmid expressing a suitable recombinase (Flp or Cre)
to remove the selection cassette. After a week of regeneration, the cells are counter-selected with ganciclovir (typically 2-10 uM) for at least a
week. During this time, the medium has to be changed at least every 2 days to avoid the accumulation of toxic ganciclovir triphosphate. Cells
that still contain the selection cassette will be eradicated during this selection. Only cells carrying EXSISERS but without the selection cassette
will survive. The surviving population is monoclonalized via limiting dilution or FACS, and clones are genotyped for their zygosity. If
heterozygous clones are chosen, the WT band must be sent for Sanger sequencing to exclude NHEJ-mediated insertions/deletions in the WT
allele. Additional small mutations can be co-introduced efficiently to the genomic site of interest on the EXSISERS donor construct if the
mutation is located within 100 nt of the CRISPR-Cas9-mediated double-strand break.
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Supplementary Fig. 3 | Anti-pan-tau immunofluorescence staining of unmodified HEK293T cells after MAPT induction and
densitometric quantification of tau isoforms. a, Immunofluorescence staining (anti-pan-tau) of unmodified HEK293T cells without (left) and
with (right) MAPT induction. b, Densitometric quantification of the immunoblot shown in Fig. 1c to determine the inclusion fraction of Exon 10
(ratio of 4R band (+exon 10) and 3R band (-exon 10)) in HEK293T cells, EXSISERS/1pr1onLuc-11FLues @ND EXSISERS yapr10nLuc-11FLic With the
IVS10+16 C>T mutation after MAPT induction. The latter resulted in a 3.7-fold increase of exon 10 inclusion. Please note that densitometric
quantification of tau isoforms has limited precision due to the partially overlapping bands. ¢, Quantification (mean value * s.d. (n = 3, biological
replicates)) of the corresponding dual-luciferase assay shown in Fig. 1d showed a 4.2-fold increased fractional exon 10 inclusion (computed by
adjusting for the relative brightness of the luciferases, see Extended Data Fig. 2c) after MAPT induction in EXSISERS,.sr1onLucFLuc [VS10+16
C>T cells compared to WT MAPT. *** denote p-values smaller than 0.001 in a two-tailed unpaired Student’s t-test (full statistical results are

available in Supplementary Table 1).

Click here to go back to the Table of Contents




EXSISERS jjap710NLuc-11FLUC
IVS10+16 C>T

MW (kDa) 293T WT #2 #3 #1 #4
C e ] J— R
8 52— C— - - — S— Sm— 4R
2
J 33— - - = B -
O
m 52
gi) 38 I—-—————————-I
-  + - 4+ = + = 4+ = % = 4+ MAPT
induction

Supplementary Fig. 4 | Inmunoblots from additional clones carrying EXSISERS in exon 10, 11 and the IVS10+16 C>T mutation
homozygously. Pan-tau and OLLAS (indicative for MAPT exon 10) immunoblot from additional homozygous EXSISERS 293T clones with
MAPT IVS10+16 vs. unmutated EXSISERS and WT HEK293T cells (dephosphorylated lysate). Clone #1 is used in Fig. 1c.
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Supplementary Fig. 5 | Full immunoblots from additional clones carrying EXSISERS in exon 10, 11, and the IVS10+16 C>T mutation
homozygously. Pan-tau immunoblot from additional homozygous EXSISERS,asr1onLuc-11rLue 293 T clones with MAPT 1IVS10+16 vs. unmutated
EXSISERS and WT HEK293T cells (dephosphorylated lysate). Unspliced products (probably from de novo translation) could only be detected
with massive overexposure and contrast enhancement. Please note the large number of bands visible upon overexposure, which are also
present in unmodified HEK293T cells.
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Supplementary Fig. 6 | Inmunoblots of HEK293T parental cells and different clones of HEK293T with unmodified MAPT locus. MAPT
was induced in the parental HEK293T cells and in subclones with unmodified MAPT locus. 4R and 3R bands are identified via pan- and
3R-tau-specific antibodies (dephosphorylated lysate).
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Supplementary Fig. 7 | Characterization of EXSISERS srr10nuc ClOnal cell line with an alternative insertion site. Location of the
alternative insertion site (2" insertion) with the insertion site used in EXSISERSurrioniuctiriee: ANti-pan-tau immunoblot analysis of
EXSISERS 4pr10.n0e IN comparison to unmodified HEK29T revealed no apparent change in the patterning of tau after CRISPR-mediated
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Supplementary Fig. 8 | Effects of 5-iodotubercidin on tau in unmodified HEK293T cells. a, Inmunoblot analysis (anti-4R- and anti-3R-tau)
of dephosphorylated cell lysates shows a concentration-dependent inclusion of exon 10 (resulting in expression of 4R-tau) as a function of the
kinase inhibitor 5-iodotubercidin (ITU). b, Immunoblot analysis (pan-tau) showed an ITU concentration-dependent relative inclusion of exon 10
(dephosphorylated cell lysate).
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Supplementary Fig. 9 | MAPT-independent validation of enhancing RfxCas13d activity by extending the spacer length. Normalized
NLuc luciferase signal (mean value of 3 biological replicates + s.d.) 48 hours post-transfection from samples transfected with NLuc-PEST and
RfxCas13d-NLS expressing plasmids with an NLuc-targeting crRNA containing the indicated spacer length or non-targeting control (-). Results
of ANOVA with Bonferroni MTC shown, where **** denotes p-values < 0.0001 (full statistical results are available in Supplementary Table 1).
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b, Replication of key aspects of Fig. 5e with

protein-only controls on an independent clone of EXSISERS, s pr1oniuc-11FLe: €5 Repetition of dRfxCas13d-based effectors on an independent

EXSISERS yspr10nLuc-11rLue 1SV10+16 C>T clonal line with non-targeting crRNA controls (NTC). Data points represent the mean value of 3
biological replicates + s.d. Only the most relevant results of one-way ANOVA with Bonferroni MTC are shown, where *** and **** denote

(d)RfxCas13d-NLS fusion chimeras on the MAPT pre-mRNA. G-rich/SR-rich domains were fused to nuclease-inactivated versions of
p-values smaller than 0.001 and 0.0001 (full statistical results are available in Supplementary Table 1).

Supplementary Fig. 10 | Replication of key aspects of Cas13d-based splicing suppression and enhancement. a. Binding sites of

RfxCas13d-NLS to create RNA-guided splice suppressors (G-rich) or enhancers (SR-rich).
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Supplementary Fig. 11 | Analysis of fluorescent variants of EXSISERSprr.0mng Cells. @, Immunoblot against pan-tau, OLLAS
(mNeonGreeng, 55 in exon 10) of indicated clones; WT indicates EXSISERS, neoncreen C€lls without any further mutations; het. indicates
heterozygous clones (but homozygous for EXSISERS insertion) for the IVS10+16 C>T mutation within the intron downstream of exon 10; homo.
indicates homozygous clones (also homozygous for EXSISERS insertion) for the IVS10+16 C>T mutation within the intron downstream of exon
10. The lysate was not dephosphorylated. b, Epifluorescence images of EXSISERS,pr1omve Cells with the IVS10+16 C>T mutation
homozygously integrated into exon 10. Fluorescent signals without and with tau-induction did not reach sufficient levels to be readily detected
without additional immunofluorescence staining.
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Supplementary Fig. 12 | Genotyping results of EXSISERS4pr10na0 ClONes. Genotyping indicated 3 homozygous (+/+) and 4 heterozygous
(-/+) clones for EXSISERS insertion; one heterozygous clone showed an additional NHEJ-induced deletion. M: 1 kb DNA ladder.
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Supplementary Fig. 13 | Confirmation of diploid karyotype and cell line identities. a, G-banding of EXSISERS,.rr1onLucitirLee HIPSCs
confirm the normal female diploid karyotype after CRISPR-Cas9-mediated insertion of EXSISERS in MAPT exon 10 and 11. b,
Immunocytochemistry of OCT4A, NANOG, and SOX2 to confirm pluripotency markers of EXSISERS,prionuciiree UMan iPSCs. c,
Immunocytochemistry of Nestin, PAX6, SOX2, and TUBB3 to confirm neural precursor cell identity of EXSISERS,4p7-10nLuc11FL0c SMNPCs.
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Supplementary Fig. 14 | Confirmation of neuronal identity in EXSISERS,p1.10nLucFLuc11 human iPSC-derived neurons. Cells with a, WT
background or b, IVS10+16 C>T mutation were stained at day 70 of in vitro differentiation via ICC against TUBB3 and MAP2.
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Supplementary Fig. 15 | Uncropped images. a, Uncropped immunoblots. All lysates were dephosphorylated with A protein phosphatase
except immunoblots for Fig. 6e, Extended Data Fig. 1, Extended Data Fig. 3b, Extended Data Fig. 8d, Extended Data Fig. 8m, Extended Data
Fig. 9d, and Supplementary Fig. 11a. b, Uncropped agarose gel electrophoresis images of semiquantitative RT-PCR analyses.
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Supplementary Fig. 15 continued
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Supplementary Fig. 15 continued
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Supplementary Fig. 15 continued
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Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
b . F1 32,841 65.6 G456
S . P2 30,3445 9245 B0.7
ol blue cells 1 0.0 0.0

[ 25% greenest cells in reference sarmple (0 ) 0 0.0 0.0
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Tube: 1-3
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
b . F1 33,664 B7.3 67.3
S . P2 1,034 922 B2.1
ol blue cells 7 0.0 0.0

[ 25% greenest cells in reference sarmple (0 ) 0 0.0 0.0
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Tube: 2-1
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 33,280 GE.6 G6.6
L . =3} 30,631 92.0 61.3
[l blue cells 10,907 356 218

[ 25% greenest cells in reference sample (0 mb) 2873 24.5 5.3
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Tube: 2-2
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 3,672 B63.3 63.3
L . =3} 289,691 937 59.4
[l blue cells 10,287 346 208

[ 25% greenest cells in reference sample (0 mb) 2,654 25.8 5.3
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Tube: 2-3
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 36,314 726 726
L . =3} 33,324 91.8 GE.6
[l blue cells 13,576 407 272

[ 25% greenest cells in reference sample (0 mb) 3,390 25.0 b.8
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Tube: 3-1
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 36,487 730 730
L . =3} 33,518 91.9 67.0
[l blue cells 13,853 413 277

[ 25% greenest cells in reference sample (0 mb) 3,877 28.0 7.8
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Tube: 3-2
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 35,011 0.0 0.0
L . =3} 31,748 q0.7 63.49
[l blue cells 12,571 39.6 251

[ 25% greenest cells in reference sarmple (0 ) 3,568 284 71
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Tube: 3-3
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 36,508 730 730
L . =3} 33,5949 92.0 67.2
[l blue cells 12,999 387 260

[ 25% greenest cells in reference sample (0 mb) 3,584 27.6 7.2
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Tube: 4-1
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 35,9749 720 720
L . =3} 32,951 91.6 65.49
[l blue cells 11,813 359 236

[ 25% greenest cells in reference sample (0 mb) 3,613 30.6 7.2
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Tube: 4-2
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 38,3831 6.8 V6.8
L . =3} 35,430 92.3 704
[l blue cells 13,042 36.8 261

[ 25% greenest cells in reference sample (0 mb) 3,835 28.4 i
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Tube: 4-3
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 36,844 T3T 73T
L . =3} 34,074 92.5 63.2
[l blue cells 11,426 335 229

[ 25% greenest cells in reference sample (0 mb) 3,406 28.8 b.8
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Tube: 51
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 35,5495 71.2 7.2
L . =3} 32114 90.2 64.2
[l blue cells 12,533 39.0 251

[ 25% greenest cells in reference sarmple (0 ) 4,349 347 8.y
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Tube: 5-2
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 34,256 63.5 B3.5
L . =3} 30,754 g9.8 61.5
[l blue cells 8,173 266 163

[ 25% greenest cells in reference sample (0 mb) 2,589 M7 5.1
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Tube: 5-3
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 35,340 roT w0
L . =3} 32,4451 91.8 64.9
[l blue cells 11,486 354 230

[ 25% greenest cells in reference sample (0 mb) 4,080 35.5 8.2
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Tube: B-1
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 36,8149 736 736
L . =3} 33,834 91.9 67.7
[l blue cells 11,301 334 228

[ 25% greenest cells in reference sample (0 mb) 3,139 27.8 B.3
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Tube: B-2
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 38,056 Te.1 V6.1
L . =3} ah6,187 92.5 70.4
[l blue cells 13,360 38.0 267

[ 25% greenest cells in reference sample (0 mb) 3,759 28.1 7.5
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Tube: B-3
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 358,671 71.3 1.3
L . =3} 32,645 91.5 65.3
[l blue cells 12,535 384 251

[ 25% greenest cells in reference sample (0 mb) 3,769 301 7.5
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Tube: 7-1
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 35,214 r0.4 704
L . =3} 32,074 911 4.1
[l blue cells 12,629 394 253

[ 25% greenest cells in reference sarmple (0 ) 4,300 34.0 8.6
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Tube: 7-2
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 36,968 734 7349
L . =3} 34,266 927 63.9
[l blue cells 12,362 381 247

[ 25% greenest cells in reference sarmple (0 ) 4,145 335 8.3
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Tube: 7-3
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 37,669 Ta.3 5.3
L . =3} 34,931 927 £9.9
[l blue cells 11,294 323 228

[ 25% greenest cells in reference sample (0 mb) 3,698 327 7.4
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Tube: 2-1
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 35017 0.0 0.0
L . =3} 32,068 91.6 4.1
[l blue cells 8,702 271 174

[ 25% greenest cells in reference sample (0 mb) 3,209 36.9 b.4
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Tube: 8-2
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 31,4349 G629 F2.9
L . =3} 28,428 90.4 56.49
[l blue cells 8,560 340 183

[ 25% greenest cells in reference sample (0 mb) 3,882 40.2 7.8
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Tube: 8-3
Fopulation #Events %Parent %Total
._ All Events a0,000 RS 1000
L . =21 33,953 B7.9 67.9
L . =3} a11ov 91.6 622
[l blue cells 10,177 327 204

[ 25% greenest cells in reference sample (0 mb) 4,344 42.7 8.7
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