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Figure S1. Assessment of percentage spliced-in (PSI) in targeted RT-PCR and long-read sequencing data.
Schematic showing the method for assessing PSI for poison exons. For each poison exon, at least 500 high-
quality reads mapping to SCN1A are first filtered for reads that cover the nearest adjacent constitutively spliced
exons with at least a 10-nt overlap. These reads are further filtered for reads that cover any part of the poison
exon. PSI is calculated as the percent of reads that include any part of the poison exon region divided by the
reads that cover the adjacent canonical exons. This method ensures that reads terminating in the middle of the
poison exon and reads covering only one of the flanking canonical exons are not included in the analysis. In the
case of 1N, the 228-nt region at the 5’ end of the poison exon was designated the poison exon region, which
allows for both smaller and larger splice isoforms to be included in the calculation of PSI (Figure S7 shows that
essentially all splice isoforms of 1N share the same 5’ end sequence). In the case of 22N, exon 22 was used as

an adjacent exon rather than exon 21, given alternative splicing of exon 21. Created with BioRender.
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Figure S2. qRT-PCR results for untreated and ASO-treated HEK293T cells expressing a minigene
carrying the 22N-related variant.

(A) Locations of primers for canonical or 22N splice products, as well as the constitutive rat insulin splice
junction. Created with BioRender.

(B) qRT-PCR result for the canonical splice product, normalized over the constitutively spliced rat insulin exon,
displayed as delta Ct values. Kruskal-Wallis test with Dunn’s multiple comparisons test, p = 0.043; no ASO vs.
ASO1, ns (p =0.064), no ASO vs. ASO2, p = 0.026; no ASO vs ASO (scr), ns.

(C) qRT-PCR result for the 22N-containing splice product, normalized over the constitutively spliced rat insulin
exon, displayed as delta Ct values. Kruskal-Wallis test with Dunn’s multiple comparisons test, p = 0.00047; no

ASO vs. ASO1, p=0.022; no ASO vs ASO2, ns; no ASO vs. ASO (scr), ns.
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Figure S3. Sanger sequencing confirmation of iPSCs carrying the 1N patient variant.

(A, B) Sanger sequencing traces for a PCR product amplifying the region of the 1N patient variant, using both
forward (A) and reverse (B) primers, demonstrating heterozygosity of the chr2:166060831 C>T variant in the
patient-derived iPSC line. Sequence at the top of each trace refers to the positive (+) strand of chromosome 2.
(C) Sanger sequencing trace of a healthy control iPSC line showing homozygosity of the wild type variant

(nucleotide = C).
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Figure S4. Images of iNeurons from control and patient-derived iPSCs.

(A-B) iNeurons at differentiation day 7 from control (A) and Dravet syndrome patient carrying the 1N-related
variant (B). Note that iNeurons were grown in the absence of glia to minimize the contamination of our data
from glial SCN14 transcripts.

(C-D) iNeurons at differentiation day 14 from control (C) and Dravet syndrome patient carrying the 1N-related

variant (D).
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Figure S5. Comparison of relative 1N inclusion in iNeurons derived from control vs. 1N-related variant
patient iPSCs.
Data from Figure 3B, shown with separate columns for replicates from distinct control iPSC lines,

demonstrating that IN inclusion was uniformly low across three non-isogenic control iPSC lines compared to

the 1N-related patient variant line.
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Figure S6. The 1N poison exon is polymorphic and contains multiple alternative donor splice sites.

(A) Coverage map over the 1N poison exon region of reads from targeted RT-PCR and long-read sequencing of
IN-related variant patient iNeurons. Shown are 1N poison exon splice isoforms of various lengths, with the
identical acceptor splice site with the 3’ end of upstream adjacent intron, but with different donor splice sites
with the 5’ end of the downstream intron. Across reads from all patient iNeuron samples, at least five different
IN splice isoforms are seen, ranging from 75 to 685 nt (lengths: 75, 162, 228, 371, 685 nt). Each of the five
alternative donor splice sites contain the sequence GT. Of note, all isoforms of 1N contain the same PTC.

(B) In silico analysis with the Alternative Splice Site Predictor (ASSP) (Wang M, Marin A. Characterization
and prediction of alternative splice sites. Gene. 2006;366(2):219-227) predicted 4 of 5 observed alternative

donor splice sites.
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Figure S7. ddPCR results for untreated and ASO-treated iNeurons carrying the 1N-related variant.

(A) Primer and Tagman probe locations for assessing canonical or 1N-containing transcripts. Of note, the
reverse primer within 1N is designed to capture all alternatively spliced isoforms of 1N. Created with
BioRender.

(B) Abundance of SCNIA4 canonical transcripts. Each value (copies/ulL) was first normalized to TBP
(copies/ul), then normalized to the mean of samples in the WT condition (n=6-7 biological replicate wells of
iNeurons per condition; Kruskal-Wallis test with Dunn’s multiple comparisons test, p = 0.006; patient (no ASO)
vs WT, p =0.001; patient (no ASO) vs patient (ASO_EK), ns; patient (no ASO) vs patient (ASO_SS), ns;
patient (no ASO) vs patient (ASO_scr), ns; in the patient (no ASO) condition, one sample was excluded due to a

significant result on Grubb’s outlier test, p < 0.05).



(C) Abundance of SCNI/4 1N-containing transcripts. Each value (copies/ul) was first normalized to TBP
(copies/ul), then normalized to the mean of samples in the WT condition (n=6-7 biological replicate wells of
iNeurons per condition; Kruskal-Wallis test with Dunn’s multiple comparisons test, p < 0.0001; patient (no
ASO) vs WT, p = 0.03; patient (no ASO) vs patient (ASO_EK), ns; patient (no ASO) vs patient (ASO_SS), ns;
patient (no ASO) vs patient (ASO_scr), ns; in the patient (no ASO) condition, one sample was excluded due to a
significant result on Grubb’s outlier test, p < 0.05).

(D) Abundance of total SCN1A4 1N-containing transcripts. Each value (copies/ulL) was first normalized to TBP
(copies/ul), then normalized to the mean of samples in the WT condition. (n=6-7 biological replicate wells of
iNeurons per condition; Kruskal-Wallis test with Dunn’s multiple comparisons test, p = 0.01; patient (no ASO)
vs WT, p = 0.04; patient (no ASO) vs patient (ASO_EK), ns; patient (no ASO) vs patient (ASO_SS), ns; patient
(no ASO) vs patient (ASO_scr), ns; in the patient (no ASO) condition, one sample was excluded due to a

significant result on Grubb’s outlier test, p < 0.05).



Table S1. Sequences and target information for ASOs used in this study

Name Sequence without chemical modifications
SCN1A 22N ASO1 |GCTTGAAAGAGGCTGAAATC
SCNI1A 22N ASO2 |CTACATCTTACAAAGTTTTG

SCN1A 22N scr GGCTAGGTTAAGTGACACAA

SCN1A 1IN ASO_SS | GATGAGAGCAAAACTCCATCTGAA

SCNIA_IN_ASO_EK | AAGATCGCGCCATTGCACTCCAGC

SCNIA 1IN ASO scr | GTCAATCAAACAACTAGTCGGAGA

Target
SCN14 intron 22:22N junction
SCN14 22N:intron 22 junction

Scrambled version of
SCN1A 22N _ASO2

SCNI4 intron 1:1N splice
junction

5 end of SCNIA4 1N, overlaps
with the 1N patient variant

Scrambled version of
SCN1A IN ASO SS
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Table S2. Primer and probe sequences used for qRT-PCR and ddPCR

Primer / probe name Primer or Probe Sequence Location Experiment
SCNI1A test F2 GATGACGACGAAAATGGCC | SCNIA exon 1 Targeted PCR and long-
C read sequencing
SCNIA test R2 AAGGAAGCATTGGTGGGAG | SCNIA exon 6 Targeted PCR and long-
G read sequencing
SCNI1A test F3 GTAGCACTGTGGGACATCGG | SCNIA4 exon 17 | Targeted PCR and long-
read sequencing
SCNI1A test R3 CACCAATAAACAGGTTCAA | SCNIA exon 23 | Targeted PCR and long-
GGTGA read sequencing
SCN1A ex22 F1 GGATGGATATAATGTATGCA | SCNi1A4 exon 22 | qRT-PCR
GC
SCN1A 22NPE:ex23 R1 | GGAGTTCCACAAAGTTTTG | SCNIA qRT-PCR
22N:exon 23
junction
SCN1A ex22:ex23 F1 CCAGAAATGTGGAACTCCA | SCNIA exon qRT-PCR
G 22:exon 23
junction
SCN1A ex23 R2 AGAAGGACCCAAAGATGAT | SCNIA4 exon23 | qRT-PCR
G
ins2 F1 GGTTCTCACTTGGTGGAAGC | Rat insulin 2 qRT-PCR
exon
SCN1A ins2:ex22 R1 CTTTGAATGTGGCCTTGTGG | Rat insulin 2 qRT-PCR
exon:SCNI1A4
exon 22 junction
22NPE var F1 GCCTCTTTCAAGCTCCAAGA | SCNI4 intron 22 | Site-directed mutagenesis
CCTAAAC (22N) of 22N minigene
SCN1A dd exl FI AAGATGACGACGAAAATGG | SCNIA exon 1 ddPCR
C
SCN1A dd IN RI CCTGAGTGATGAGAGCAAA | SCNIA IN ddPCR
AC
SCN1A dd exl:ex2 Rl | CCTTCCCTTTATTCAATACTA | SCNIA exon ddPCR
TAAAAGTTTTCTTATTG l:exon 2
junction
SCN1A dd exl int2 CAGAGCCCCTGGAGGACCT | SCNIA exon 1 ddPCR
(PrimeTime probe, FAM) | G
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