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Expanded Methods and Results

1. Patients, study cohorts, and curation strategies for genetic variations

1) BrS cohort-I

BrS cohort-I consisted of 415 Japanese probands with BrS who underwent genetic testing for SCN54 mutations
and followed up between 1988 and 2013.! Genomic PCR followed by Sanger sequencing identified 55 rare
SCN5A variants in 60 probands (SCN5A(+)), which were categorized as missense (n=39), in-frame deletion
(n=1), nonsense (n=6), frame-shift truncation (n=6), and canonical splice site variations (n=3) (Supplemental
Table S1). Their pathogenesis was curated based on several human variation databases and seven in silico
phenotype prediction algorithms (SIFT, PolyPhen-2, Species, Paralogue, Grantham, Condel, MutationAssesor)
as originally described by Kapplinger et al.? The scores of seven algorithms for each mutation are listed in
Supplemental Table S4.

In our study, we first re-evaluated the frequency of all 55 variations using two global human variation
databases (gnomAD,® 1000 Genomes Project') and the Japanese whole-genome sequencing database
(4.7KJPN).° Nonsense, frame-shift truncation, and canonical splice site variations (n=15) were classified as null
variants of pathogenicity with very strong evidence (PVS1) according to the ACMG-AMP guidelines.® We then
performed a PubMed search for previous literature describing functional characterizations of the 55 variations
and found 21 publications (including five of our own) describing the loss-of-function (LOF) properties of 17
missense, one in-frame deletion, and four nonsense variations. Based on these database searches, 22 missense
variations were assigned as variants of unknown significance (VUSs) (Figure 1, Supplemental Table S1), and
they were subjected to functional analyses using patch clamp (Supplemental Figure S1).

In order to identify mutations in genes other than SCN54, whole-exome sequence was required. However,
the cohort-I patients only agreed to the genetic testing for SCN54 mutations at the time of enrollment, and some
of them have already passed away; therefore, we freshly recruited independent Japanese BrS probands to

perform whole-exome sequencing.

2) BrS cohort-II
In order to identify non-SCN5A genes associated with lethal arrhythmic events in BrS, we enrolled new
unrelated BrS patients (originally n=297) who had been diagnosed as “SCN54 mutation-negative” in advance
by genetic testing in clinical institutions all over Japan. After performing whole-exome sequencing in BrS-
probands and control Japanese (n=372) in our study and found 9 SCN54 mutation carriers whose mutations
were overlooked during the initial Sanger sequencings in each institution. Accordingly, we excluded 9 patients
from the new BrS cohort leaving 288 probands in the Japanese SCN54 mutation-negative BrS (BrS cohort-1I).
Genetic testing of BrS in Japan is performed preferentially for patients with symptoms or lethal
arrhythmic events, therefore, symptoms and the history of lethal arrhythmic events of cohort-1I were more

prevalent than in cohort-I (Table 1).



2. Electrophysiological analysis of 22 SCN54-VUSs

Functionally undetermined 22 VUSs listed in supplementary table S1 were subjects for the electrophysiological
analysis by patch-clamping in this study. Plasmids with these 22 VUSs were created by site-directed
mutagenesis using the QuikChange site-directed mutagenesis kit (Agilent Technologies, Santa Clara, CA) and
specific primers on wild-type (WT) SCN5A4 plasmid encoding human Navl.5 (NM_000335.5). Absence of
unwanted sequence errors was confirmed by Sanger sequencing.

Patch-clamp analysis for SCN54 mutations were performed as previously described.” Briefly, mammalian
cell line HEK293T (i.e. tsA-201) (4x10°) was passaged on 6 cm dishes, and 24 hrs later, transiently transfected
with pEGFP plasmids (0.8 pg) and WT or mutant SCN54 plasmids Nav1.5 (1.6 pg) using Lipofectamine LTX
(Thermo Fisher Scientific, Waltham, MA). Another 24 hrs later, cells were subjected to the patch-clamp
analysis. Whole-cell Ina currents and capacitances were recorded from the cells labelled with EGFP fluorescence
using Axopatch 200B amplifier (Molecular devices, Sunnyvale, CA). Series resistance errors were reduced by
60~70% using electronic compensation. Holding potentials were set at -120 mV, and pipette resistance was 2-
3 MQ. Bath solutions for In. recordings contained (in mmol/L): 36 NaCl, 109 N-methylglucamine, 4 KCI, 1.8
CaCly, 1 MgCl;, 10 HEPES and 10 glucose, with a pH of 7.35 adjusted with NaOH. Pipette solution for In,
recordings contained (in mmol/L): 10 NaF, 110 CsF, 20 CsCl, 10 EGTA, and 10 HEPES with a pH of 7.35
adjusted with CsOH. All signals were acquired at 20-50 kHz (Digidata 1332, Molecular devices) with Clampex
10 software (Molecular devices) and filtered at 5 kHz with a 4-pole Bessel low pass filter. Membrane currents
were analyzed with Clampfit 10 software (Molecular devices) and SigmaPlot (Systat Software Inc, CA).

Current-voltage relationship and voltage-dependent activation were determined by the test pulse stepped
to a voltage between -90 mV to +70 mV for 20 ms. Peak Na current density (peak current amplitude/cell
capacitance; pA/pF) of each mutation was calculated, and the % peak current density is a fraction of peak current
density of mutant Nal.5 against WT-Nav1.5. For assessment of steady-state inactivation, the membrane
potential was stepped to a voltage between -140 and -30 mV for 100 ms, and then peak Na current was measured
during a -20 mV test potential. Recovery from inactivation was assessed by a double-pulse protocol consisting
of a 500 ms prepulse to -20 mV, which was designed to fully inactivate all channels, followed by a variable-
duration interpulse interval (At) at -120 mV and a test pulse to -20 mV. The time from establishing the whole-
cell configuration to the onset of recording was consistent cell-to-cell to exclude the possible time-dependent
shift of steady-state inactivation. To determine activation parameters, the current-voltage relationship was fitted
to the Boltzmann equation: 1= (V-Vie) X Gmax x[1+exp(V-V12)/K]:, where | is the peak Na current during the
test pulse potential V. The parameters estimated by the fitting are Vv (reversal potential), Gmax (maximum
conductance), V1. (voltage for half-activation), and k (slope factor). Steady-state inactivation was fitted with
the Boltzmann equation: I/lmax = [1 + exp((V - V1,2)/K)]* to determine the membrane potential for half maximal
inactivation (V1) and the slope factor k. Recovery from inactivation was analyzed by fitting data with a double
exponential equation: I/lmax= Ao+ Atast X €XP(-t/Trast) + Asiow X EXP(-t/Tsiow), Where Imax is the maximum peak Na

current, Ag is a constant value, Arst and Asiow are fractions of fast and slow recovering components, respectively,
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and Trst and Tsiow are the time constants of fast and slow recovering components, respectively. One-way ANOVA
followed by post hoc Bonferroni correction was used to statistically analyze the channel properties among
multiple groups.

The original patch clamp data of the p.N406S were provided by Itoh et al.® and re-analyzed. The %peak
current density of p.N406S was 81.6+51.2 (n=20, p=0.153 vs WT), and it was assigned to non-LOF.

3. Evaluation of channel properties for predicting the lethal arrhythmic events

Three major Na channel properties of the patch clamp data; activation (shift of V12), inactivation (shift of V1),
and %peak current density, were used for univariate analysis using a Cox proportional hazards model in 28
functional SCN5A variants (L136P, R282H, R376H, N406S, Y416C, E428K, R689H, R693C, A735V, Q779K,
R814Q, R988Q, R1195H, H1200Y, E1225K, T12471, V1328M, V1405M, A1428S, R1432S, K1527R, R1644C,
R1644H, T1709M, E1784K, R1913C, R1919H, H1923D; Supplemental Table S2, S4). Receiver operating
characteristic analysis showed significant association (p=0.01) between %peak current density and lethal
arrhythmic events [area under the curve (AUC)=0.73 (95% ClI: 0.56-0.91), cut-off values 66.0%]. The optimal
cut-off value 66.0% was very close to the %peak current density border zone between LOF variants group and
non-LOF group (62.0%-65.6%, between A1428S and R988Q of the Figure 2). No significant relationships were
seen with activation [AUC=0.54 (95%CI: 0.20-0.72), p=0.77, cut-off value=-2.5 mV] or inactivation parameters
[AUC=0.60 (95%CI: 0.35-0.84), p=0.44, cut-off value=3.3 mV]. These data indicate that the %peak current
density is the most accurate channel property to predict the lethal events in BrS. The border zone %peak current
density of LOF variants and Non-LOF variants was 53.2% (R693C)-65.6% (R988Q) (Supplemental Table
S2).

4. Sensitivity analyses using bootstrap method

We performed bootstrap methods to obtain 95% confidence intervals (Cls) for the annual event rates (Table
2) and the hazard ratios (HRs) (Table 3). We performed the analysis using 500 bootstrap resamples and obtained
500 HRs using Cox proportional hazard models, of which the mean values were point-estimates, and the 2.5
and 97.5" percentiles were 95% Cls. R statistical software (version 4.0.2),° R package “boot”,** ! and R package
“survival” were used.!? Note that we used seed number “123”. As shown in the Supplemental Table S6A,
bootstrapped annual event rates of all BrS patients, in silico-predicted pathogenic rare SCN5A variant carriers,
and in vitro-validated LOF SCN5A mutation carriers were 2.5%/year (95%CI: 1.85-3.12), 5.1%/year (95%Cl:
2.37-8.49), and 7.9%/year (95%CI: 3.99-14.60), respectively; compatible with the observation presented in
Table 2. Bootstrapped HRs (95%CI) of the variables evaluated by univariate analysis (Supplemental Table S6B)
were comparable to those in Table 3A, except that the bootstrap method was not effective in calculating the HR
of LAE by gender due to the small sample size of female patients (Male=403, Female=12). Multivariate analysis
showed that the HR of LOF-SCN5A mutations (HR=2.98, 95%CI: 1.31-6.08) was higher than that of in silico-
predicted rare SCN5A variations (HR=2.06, 95%CI: 1.004-4.16) (Supplemental Table S6C), consistent with the
data in Table 3B.



5. Whole-exome sequencing

Genomic DNA was extracted from peripheral blood lymphocytes of the Japanese probands of BrS cohort-11
(n=288) and controls (n=372) by standard protocols. All the procedures of sequencings and data processing
were performed as previously described.’®* The DNA yields were assessed by measurements using Qubit
fluorometer (Thermo Fisher Scientific) and Quant-IT dsDNA Assay Kit, Broad Range (Thermo Fisher
Scientific). The purity of the DNA was assessed by spectrophotometry (OD 260:280 and 260:230 ratios) using
a Nanodrop instrument (Thermo Fisher Scientific). After obtaining sheared genomic DNA of the target base
pair size by Covaris E220 (Covaris, Woburn, MA), individual sample libraries were prepared by using
Agilent SureSelect Exome Target Enrichment System (V4: case=12; V5: control=127; V5+UTRs: control=
208; V6: case=276, control=37) (Agilent Technologies, Santa Clara, CA), and sequenced on the Hiseq2500
platform (Illumina, San Diego, CA) with paired-end reads of 101 bp for insert libraries consisting of 150 to 200
bp fragments. Acquired sequence data were converted into Fastq format by bcl2fastq software, and aligned
and mapped to the human reference genome sequence hgl9/GRCh37 by Novoalign software. (Novocraft
Technologies, Kuala Lumpur, Malaysia) Aligned reads were sorted by Novosort software (Novocraft) and
subjected to the marking of PCR and optical duplication by MarkDuplicates in the Picard tools package.
Whole-exome data resulted in an average depth of 71 and a mean coverage of 95.4% at 10-fold. The Genome
Analysis Toolkit (GATK) v3.3-0 was used to perform local realignment (GATK IndelRealigner) and variant
call (GATK HaplotypeCaller) was implemented in an in-house workflow management tool. The candidate
variations causing nonsynonymous, stop-gain, stop-loss or splice site substitutions and insertions/deletions
(indels) occurring frameshift, in-frame or splice sites substitution were determined by using GATK. Single
nucleotide variations (SNVs) and indels were annotated using ANNOVAR software. Substitutions that met
the following criteria were selected as “deleterious”: (1) stop gain, stop loss, nonsynonymous, or splice site
mutations according to GENCODE basic version 19 downloaded from the UCSC genome browser; (2)
alternative allele frequencies at mutation loci <0.5% in the following databases: 1000 Genomes Project data
on all populations?*; the Genome Aggregation Database as ethnic matched databases (gnomAD)3; and SNV
allele frequency collected from whole-genome sequencing data of 4,773 healthy Japanese individuals
(4.7KJPN)?®; and (3) mutations not included in the UCSC segmental duplication region. Variations with minor
allele frequencies (MAF) >1% in any of the public databases (gnomAD, 1000 Genomes and 4.7KJPN) were
filtered out.

6. Gene-wise association test

To identify novel genes predisposing to BrS, gene-wise association tests were carried out to compare the
proportion of rare variations with MAF of less than 1.0%. After the collection of rare variations by whole-
exome sequencings, we removed common variants using the following criteria: alternative allele frequency
of more than 1.0% in any public databases (EXAC,** ESP6500,*® 1000 Genomes,* HGVD,! and ToMMo
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2KJPN?Y") or more than 1.0% in control samples in this study; call rate of less than 95% in the study samples;
and genotyping quality score of less than 99. We also removed variants not being any of nonsynonymous,
stop-gain, stop-loss, frameshift, nor splicing-affected based on the GENCODE basic v19 gene prediction.'®
For a single-gene wise association test, three different statistical tests: Combined Multivariate and
Collapsing (CMC),*® Madsen-Browning method,?° and SNP-set Kernel Association Test (SKAT-0),2! which
are implemented in Efficient and Parallelizable Association Container Toolbox (EPACTS version 3.3.0)
(Supplement Figure S6).22 CMC method was used to filter the genes as the burden test, while SKAT-O as
the combined test of burden and variance component. For weighing variants, MAF of control subjects were
used for the CMC and Madsen-Browning methods. Bonferroni adjustment was used for multiple testing
resulting in a cutoff of P<2.94x10 (=0.05/16,985) as a gene-wise significant level.

7. Rare variants of SCN5A-modulating BrS-associated genes

Among previously recognised 22 non-SCN5A BrS-associated genes, rare variations (MAF<1% or 0.3%) were
found in only 17 genes except 5 genes (ABCC9, ANK2, CACNB2, KCNE5, FGF12), but they were not enriched
in BrS cohort-1l (Supplement Table S7). Among the 17 non-SCN5A BrS-associated genes, we defined eight
genes (GPD1L, PKP2, MOG1, SCN10A, SCN1B, SCN2B, SCN3B, and SLMAP) as SCN5A-modulating BrS-
associated genes that are known to modulate cardiac Na channel function. We performed gene-wise rare
variation association test, but rare variants of neither 17 BrS-associated genes nor 8 SCN5A-modifying BrS-
associated genes were enriched in BrS cohort-11 (Supplemental Table S8). Kaplan-Meier analysis demonstrated
that the rare variations of neither 17 BrS-associated genes nor 8 SCN5A-modifying BrS-associated genes

affected the event-free survival (Figure 5, and Supplemental Figure S7).
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Supplemental Figure S1. Representative current traces of WT and 22 missense VUS Nav1.5 channels heterologously expressed in HEK293T cells.

Whole-cell Na currents were recorded by the test pulses (from -90 mV to +20 mV with 10 mV increment) from a holding potential of -120 mV, and the peak current density (=peak
current amplitude/cell capacitance) of each variant was calculated. Percentage peak current density, as a fraction of peak current density versus wild type (WT)-Nav1.5, was plotted in
the Figure 2. Statistical analysis revealed significant reduction of peak current density than WT, i.e. loss-of-function (LOF) properties, in 13 variations (G1420R—-R693C), but not in the
other 9 variations (Non-LOF; R988Q—R814Q). Further electrophysiological data are available in the Supplemental Table 2. The border zone %peak current density of LOF and Non-
LOF was 53.2% (R693C)- 65.6% (R988Q).
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Supplemental Figure S2. ECG parameters of patients with BrS of three subgroups classified by the Na channel function
properties. A. P wave duration, B. PQ interval, C. QRS duration, D. S duration, E. RR-interval, and F. Corrected QT interval by
Bazett’s formula (QTc) of three groups are shown. Patients carrying the LOF-SCN5A mutations exhibited significantly impaired
ECG conduction parameters compared with those with Non-LOF and/or SCN5A mutation non-carriers (SCN5A(-)). The
horizontal bar represents the median. Statistical analysis was performed using Kruskal-Wallis test and post-hoc Dunn's test for
multiple comparisons. P values with parentheses indicate statistical significance among three groups.
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Supplemental Figure S3. Electrophysiological and clinical findings among three groups of BrS cohort-1.

There were no significant differences among three groups in terms of A. spontaneous type-1 ST elevation, C. atrial fibrillation, D.
VT/VF inducibility by programmed electrical stimulation (PES), E. Family history of sudden death and VF, and F. Aborted cardiac
arrest (ACA\) history. B. Late potential was more prevalent in LOF than in SCN5A(-). Statistical analysis was performed using
Fisher’s exact test with Bonferroni adjustment for multiple comparisons.
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Supplemental Figure S4. SCN5A status and the Kaplan-Meier analysis of 62 probands experienced lethal arrhythmic events.

A. SCNb5A status and the ICD discharges during the follow-up period of 62 probands. B. Kaplan-Meier analyses of lethal arrhythmic event (LAE)-free survival rate of 62 probands with (n=56) or
without (n=6) appropriated ICD discharges showed nearly superimposable curves during the follow-up period (log-rank P=0.62). These data support the notion that an appropriate ICD discharge
serves as a surrogate for sudden cardiac death in BrS. C. LOF-SCN5A carriers (n=13) experienced significantly earlier LAEs than SCN5A(-) (n=49), consistent with the findings in Fig 4C (log-rank
P=0.03). D, E. Estimated LAE-free period of each group. Note that no probands carrying Non-LOF SCN5A variations experienced LAEs during the follow up. These data suggest that the prognosis

of BrS patients can be discriminated based on LOF properties of the SCN5A variants.
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Supplemental Figure S5. Stratified Kaplan—Meier analysis of lethal arrhythmic event-free survival during 107 months of
follow-up in BrS cohort-I

To avoid the poor curve estimation in the Kaplan-Meier analysis due to small sample size and/or progressively enhanced suscetibility to
lethal arrhythmic events (LAEs) in the loss-of-function (LOF)-SCN5A mutation carriers after 107 months (Figure 4), stratification
analysis of LAE-survival during the first 107 months of follow-up was performend. A. LAE-free survival during the follow-up period
in BrS probands carrying SCN5A rare variations (SCN5A(+); n=60) and SCN5A(-) (n=355). Confidence bands indicate 95% pointwise
Cl. B. Time course of BrS patients with LOF-SCN5A mutations (LOF, n=45), and Non-LOF (n=15). Non-LOF probands have no LAEs
during the follow-up period. C. LAE-free survival of LOF (n=45) vs Non-LOF plus SCN5A(-) (n=370). These data are qualitatively
similar to the Kaplan—Meier analysis of the entire mean follow-up period of 72 months (ranging from 1 to 249 months). (Figure 4)
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Supplemental Figure S6. Manhattan plots for the gene-wise association tests

Results of gene-wise association of three different methods are shown; A. Burden test CMC, B. Madsen-Browning with adjusted
weighs of variants and C. a combined test of burden and variance-component, SKAT-O. No genes exceeded the Bonferroni-adjusted
gene-wise significance threshold (p=2.94x10; red lines) in three models.
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Supplemental Figure S7. Prognostic effects of rare variations of SCN5A-modulating BrS-associated genes.

Kaplan-Meier analysis was performed to evaluate the LAE-free survival of BrS cohort-1l probands with or without rare variants (A.
MAF<1%; B: MAF<0.3%) of 8 SCN5A-modulating BrS-associated genes (GPD1L, PKP2, MOG1, SCN10A, SCN1B, SCN2B, SCN3B,
and SLMAP). There were no significant differences in the prognosis of SCN5A(-) BrS probands regardless of the rare variations these
genes in either cut-off MAF values. Probands without age information (n=49) were excluded from these analyses.
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Supplemental Table S1. Allele frequency and functional outcomes of 55 SCN5A4 variations in BrS
cohort-I

(A) SCNS5A variations functionally characterized elsewhere previous

or null variations (n=33)

Minor allele frequency
Protein Position nucleotide Type of Location ™ or Reference %Peak INa density
(GRCh37) mutations non-T™M gnomAD gnomAD 1000 4.7KIPN (of WT)
(global) (East Asian) | Genomes |(Japanese)
R282H 3:38651314 c.GB45A DI-S5/S6 ™ 1.62E-05 5.80E-05 23 12%
R367H 3:38648200 ¢.G1100A DI-S5/S6 ™ NR 24 nonfunctional
R376H 3:38648173 c.G1127A DI-S5/S6 ™ 1.09E-05 NR A 25 30%
N406S 3:38647563 c.A1217G DI-S6 ™ NR 8 gating abnormality
F532C 3:38645498 €.T1595G IDL-HI non-TM 1.63E-05 2.33E-04 1.60E-03 26 100%
A735V 3:38639278 €.C2204T DI-S1 ™ 4.06E-06 5.80E-05 27 23%
L846R 3:38627432 €.T2537G DII-S5/S6 ™ e 28 nonfunctional
R878C 3:38627337 ¢.C2632T DII-S5/S6 ™ i 29 nonfunctional
R893H 3:38627291 ¢.G2678A missense DII-S5/S6 ™ 4.06E-06 2 nonfunctional
R1195H 3:38616870 c.G3584A IDL-II-lIE non-TM R 30 gating abnormality
V1328M 3:38601901 c.G3982A DII-S4/S5 ™ NR 31 gating abnormality
G1408R 3:38601661 c.G4222A DII-S5/S6 ™ 32 nonfunctional
A1428S 3:38598739 ¢.G4282T DII-S5/S6 ™ 2.84E-05 4.06E-04 2.00E-04 33 62%
R1644C 3:38592933 €.C4930T DIV-S4 ™ 4.06E-06 34 gating abnormality
R1644H 3:38592932 c.G4931A DIV-S4 ™ 35 late current
G1743R 3:38592636 ¢.G5227A DIV-S5/S6 ™ 36 nonfunctional
E1784K 3:38592513 €.G5350A C-Terminal non-TM NR 37 60%
del1380N 3:38601741 €.4140_4142delCAA | in-frame deletion DII-S5/S6 ™ 38 nonfunctional
Q55X 3:38674636 c.C163T N-terminal 39 null (PVS1), nonfunctional
R179X 3:38662410 €.C535T DI-S2/s3 4.07E-06 R 40 null (PVS1), nonfunctional
W904X 3:38627258 c.G2711A DII-S5/S6 41 null (PVS1), nonfunctional
R1623X 3:38592996 c.C4867T DIV-S4 42 null (PVS1), nonfunctional
W1095X 3:38620931 c.G3285A IDL-II-1IE
NR NR
Y1409X 3:38601656 ¢.C4227G DII-S5/S6
N291TfsX52 3:38651289 ¢.870delC DI-S5/S6
Not NR
R513VfsX8 3:38645556 €.1537delC IDL-HI
L1464WIsX5 | 3:38597973 e DIS6
frameshift
L1579SfsX53 | 3:38595850 | c.4732_4733dupAA DIV-S2/S3 NA null (PVS1)
11720SfsX67 3:38592706 ¢.5157delC DIV-S5/S6
V1764SfsX23 3:38592573 €.5290delG DIV-S6
IVS21+1G>A 3:38607899 €.3840+1G>A DII-S3 8.13E-06
IVS23+1G>A 3:38601636 €.4245+1G>A splice site DII-S5/S6
IVS24+1delG 3:38598721 €.4299+1delG DII-S5/S6 R
(B) SCN54 VUS (n=22)
Minor allele frequency
Protein (ggsc"r"g';) nucleotide Type of mutations Location nm?;w omAD omAD 000 Py | Reference
(global) (East Asian) Genomes | (Japanese)
R104Q 3:38671883 c.G311A N-terminal non-TM
L136P 3:38663966 €.T407C DI-S1 ™ NR
NR NR
L276Q 3:38651332 c.T827A DI-S5 ™ NR
Y416C 3:38647533 C.A1247G IDL-HI non-TM 4.06E-06
E428K 3:38647498 ©.G1282A DL non-TM 5.42E-05 1.06E-04 3.00E-04
R689H 3:38639416 ©.G2066A IDL-HI non-TM 1.02E-04 1.16E-04 2.00E-04 5.00E-04
R693C 3:38639405 €.C2077T IDL-HI non-TM 5.69E-05 5.80E-05
Q779K 3:38628092 €.C2335A DII-S2/S3 ™ NR NR e
R814Q 3:38627528 ©.G2441A DIl-s4 ™ 2.55E-05 5.30E-05 1.00E-04
R893C 3:38627292 ©.C2677T DII-S5/S6 ™ 7.22E-06 NR
R988Q 3:38622687 ©.G2963A DL non-TM 4.87E-05 5.44E-05 s
missense NA
H1200Y 3:38616856 ©.C3598T DL non-TM NR 1.00E-04
E1225K 3:38608067 ©.G3673A DIIl-S1/S2 ™ 4.06E-06
T12471 3:38608000 ©.C3740T DIll-S2 ™ 3.25E-05 "
V1405M 3:38601670 ©.GA213A DIIl-S5/S6 ™
G1420R 3:38508763 ©.G4258C DIIl-S5/S6 ™
R1432S 3:38598725 ©.G4296C DIII-S5/S6 ™ M NR
K1527R 3:38506003 ©.A4580G DIV-S1 ™ s
T1709M 3:38502737 ©.C5126T DIV-S5/S6 ™ 4.06E-06
R1913C 3:38592126 €.C5737T C-Terminal non-TM 4.06E-06
R1919H 3:38502107 C.G5756A C-Terminal non-TM 8.12E-06 2.00E-04
H1923D 3:38592096 c.C5767G C-Terminal non-TM NR NR

TM: Transmembrane region, D: Hydrophobic domain (DI-DIV) of Nav1.5, IDL: Interdomain linker region of Nav1.5, S: Transmembrane segment
(S1-S6) of each domain of Nav1.5, NR: Not registered, NA: Not available, PVS1: null variants with very strong evidence of pathogenicity (ACMG -
AMP)
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Supplemental Table S2. Electrophysiological properties of 22 SCN54 VUSs in BrS cohort-1

SCNBA Pe_ak INa Activation Steady-state inactivatiory Recovery from inactivation Functional
VUS () density, pA/pF category
(%WT) Vi, (MV) k (mV) Vi (MV) k (mV) Trag (MS) Tgow (MS) Atast Agow tyn (Ms)
\(/XI) 204.7+89.2 |-478+3.7; -40+0.8 |-859+54| 6.3+04 | 13.8+7.4 | 1005+61.6 |0.85+0.050.13+0.05 | 13.0+7.1 WT
G1420R 13+23
(12) (0.6%)*
L276Q 1.8+0.9
® (0.9%)* .
Non-functional (n=4)
R104Q 21+22
() (1.0%)*
R893C 6.6+4.3
9) (3.2%)*
37.7+233
E1225K + -35.0+2.71] -4.7+04 |-67.1+4.2%55+0.6* | 3.4+1.4% 379+332 {0.76+£0.13{0.20+0.13 | 3.3+ 1.31
(18) (18.4%)
T1709M 50.5 £ 29.2
+ -50.0+3.2{-44+08 |-89.7+41 6.1+1.0 | 13.9+3.6 {5157+446.5{0.86+0.07 { 0.13+0.07 | 11.5+2.3
9) (24.7%)
V1405M 55.5+42.1 LOF
; 459+57-46+10 |-855+6.3| 6.3+1.7 [26.1+17.7 | 106.4+118.3|0.73+0.12 | 0.24+0.11 {21.7+12.3
(14) (27.1%) (n=13)
Y416C 71.1+35.9 354+
-48.0+2.9-6.2+0.8%(-97.1+£6.5f 6.1+0.7 [46.6 +25.21] 136.8+83.2 {0.77 + 0.07*|0.21 + 0.07*
(12 (34.7%)* * * T 16.11
R1913C 79.8+41.8
" -43.7+30-45+0.7 |-886+4.8 6.6+0.9 [183+11.7 | 218.8+191.1|0.82+0.05|0.16+0.04 | 13.8 +6.8
(13) (39%)
96.7 +53.9
L136P p 427 +£37% -44+0.7 |-835+45| 6.1+0.7 | 12.0+4.1 {141.6+158.6 |0.84+0.06 | 0.13+0.05| 9.7 +2.7
(13) (47.2%)
R1432S 97 £47.6
+ -459+24{-45+05 |-881+25 6.2+06 | 225+6.5 {2224+181.2,0.86+0.05;0.13+0.05| 144+21
(12) (47.4%)

103.2 £ 53.
RI919H 03.22533 -523+4.0; -47+0.7 |-924+6.0 6.8+05 |17.6+11.1 | 159.7+66.1 |0.84+0.04 | 0.15+0.05 | 15.0+9.0

(11) (50.4%)*
108.9 +54.9
RE93C i |-549%28t -46+05 |-93.4+50t 6.4+0.6 |22.8+10.1 | 411.7+603.3 | 0.87 +0.04 | 0.12+0.03 | 18.8+8.2
9) (53.2%)
R988Q 13432771 | 512439 -48+04 |-900+56 7.2+08 | 139455 | 1459+ 450 | 0.80+0.06 | 0.19+0.06 | 13.4+56
(14) (65.6%)
+
R‘zg;’H 14(77'2 502;"2 -49.2+45 -3.8+0.6 [-86.9+3.4] 6.4+0.7 | 128+51 | 1023+52.3 |0.85+0.06 | 0.14+0.06 | 11.7+ 4.3
E‘g?'( 153('?5"‘; 89'8 51.6+45 -3.7+0.9 [-87.7+25]| 6.4+0.7 | 11.8+35 | 923+57.7 |0.84+0.04 | 0.14+0.04 | 10.0+3.0
Q77K 15772741 | 45 g+41| -43+10|-871+60 62+05 | 170490 | 10814474 |0.84+005 014+005 | 13.9+6.3
(10) (77%)
+37. Non-LOF
H1200¥ 166£37.1 | 512443 46404 |-887+46 67+07 | 140£37 | 1211540 | 0824004  0.16+004 | 125+3.7
(10) (81.1%) (n=9)
K1527R 17462650 | o) 01+33| 36405 |-87.2+38 6.6+0.3 | 148+60 | 107.8427.4 |086+011 | 0124011 | 12.8+7.8
7 (85.3%)
T1247| 179.5 + 48.3
(12) (87.7%) 522+21-44+07 [-87.3+3.0{7.7+06f| 17.1+4.8 | 180.6+57.2 |0.81+0.03 | 0.18 £0.03 | 156+ 4.3
H1923D 1891£62.7 | o5 a5 37405 |-864+47 65407 | 160+9.1 | 154.7+169.6 | 0.85+0.05 | 0.14+0.05 | 12.6+ 6.2
12) (92.4%)
R814Q 2225+89.3 .
(12) (108.7%) 52.7+3.0{-49+05%(-882+3.9|75+0.8f | 183+54 |273.3+1225/0.85+0.02 | 0.14+0.02 | 17.1+4.2

LOF and Non-LOF: Variants with or without significantly reduced peak current densities than WT, respectively. The border zone of LOF/
Non-LOF was between 53.2% (R693C) and 65.6% (R988Q). Statistical analysis was performed using one-way ANOVA followed by
Bonferroni’s post-hoc comparison test. * <0.05; 1+ <0.01; £ <0.001, LOF: loss-of-function
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Supplemental Table S3. Experimental conditions of the current and previous patch clamp studies

Mutation cIFaZZin?coart]ie:Jln cell al([g]: nS;:nukr;it cgii; ruebslfsri]cthn tr-rairrlefe?::fttizrn First author Year | Reference
Current study HEK293T NM_000335 no 24-48 hr
Q55X HEK293T NM_000335 no ND Makita 2007 39*
R179X HEK293 NM_000335 betal 24-48 hr Kawamura 2009 40
W904X ND NM_000335 ND ND Makiyama 2010 41
R1623X HEK293 NM_000335 betal 24-72 hr Benson 2003 42
R367H HEK293T NM_000335 no ND Takehara 2004 24*
L846R HEK293T NM_000335 betal 24-72 hr Watanabe 2011 28*
R878C HEK293 M77235 no/betal 24 hr Zhang 2008 29
R893H ND ND ND ND Kapplinger 2015 2
del1380N HoF HEK293 ND no ND Yang 2017 38
G1408R COSs-7 ND no/betal ND Kyndt 2001 32
G1743R HEK293 NM_000335 no 24-48hr Valdivia 2004 36
R282H HEK293 NM_000335 betal ND ltoh 2005 23
R376H HEK?293 ND betal 48hr Rossenbacker | 2004 25
A735V HEK293 ND no ND de la Roche 2019 27
Al1428S HEK293 ND no ND Zhu 2015 33
E1784K HEK293T NM_000335 betal 24-72 hr Makita 2008 37*
N406S HEK293 NM_000335 betal ND ltoh 2005 8
R1195H HEK293 NM_000335 no 24 hr Medeiros-Domingo| 2009 30
V1328M HEK293 NM_000335 no 48-72 hr Turker 2016 31
Non-LOF
R1644C HEK293 ND betal ND Frustaci 2005 34
R1644H HEK293T ND no ND Wang 1996 35
F532C HEK293T NM_000335 betal 24-72 hr Otagiri 2008 26*

HEK293: Human Embryonic Kidney 293 cell, ND: Not described, *: Our previous studies
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Supplemental Table S4. Genetic, functional, clinical characteristics, and in silico prediction data of 55 SCN5A rare variations in BrS cohort-1

Minor allele frequency In silico predictions
Functional Gpsz:::)": nucleotide protein dbsNP Type of Location Functional consequences Reference | Probands | History dt’:ﬁg Overall o . o0 - oen o
subgroups (GRCha7) mutation (% Iy, density vs WT, gating) (n) of ACA =) LAE g(g;':al) (EGEZ?AS‘M) o Y SIFT 0y2 en. Species | Paralogue | Grantham | Condel As:[ea;:r:
3:38674636 | c.C163T p.Q55X nonsense | N-terminal nonfunctional 39 1 NR NR NR NR NA NA - - - - -
338671883 | c.G311A PR104Q 15199473554 | missense | N-terminal nonfunctional Thisstudy | 1 NR NR NR NR oD) | 1000(PD) 1 1 43 0684 (D) | 352(H)
3:38663066 | c.T407C p.L136P 15199473557 | missense DIS1 49%, gating abnormality Thisstudy | 27 NR NR NR NR 00) |0.739(PoD) [} ) %8 0576 (D) | 2135(M)
3:38662410 | c.C535T PRI79X nonsense | DFS2/S3 nonfunctional 40 1 yes yes yves | 407E-08 NR NR NR NA NA - - - - -
338651332 | c.T827A p.L276Q 15199473081 | missense DIS5 nonfunctional This study 1 yes yes NR NR NR NR o) | 1.000(PD) 1 1 13 | 06950) | 361(H)
338651314 | c.G845A p.R282H 15199473083 | missense | DFS5/S6 12% ) B yes yes | 162E-05 | 580E-05 NR NR 0.040) | 1.000(PD) o 0 29 0588 (D) | 1535(1)
3:38651289 | c.870delC | p.N291TIsX52 frame shift | DFS5/S6 null (PVS1) 1 yes yes NR NR NR NR NA NA - - - - -
3:38648200 | c.G1100A P.R36TH 1528937318 | missense | DIS5/S6 % 1 yes yes NR NR NR NR 0D) | 1.000(PD) 1 1 29 0692 (D) | 343(M)
338648173 | c.Gl127A P.R376H 15199473101 | missense | DFS5/S6 30% 2 1 yes yes yes | 109E-05 NR NR NR o) | 1.000(PD) o 0 29 0572(0) | 278(M)
338647533 | c.A1247G p.Y416C 15372395204 | missense DL-HI 36%, gating Thisstudy | 1 4.06E-06 NR NR NR oD) | 1.000(PD) 1 1 194 065(D) | 3.005(M
3:38645556 | c.1537delC | p.R513VisX8 frame shit_| DL+ null (PVS1) 1 NR NR 2.00E-04 NR NA NA - - - - -
3:38630405 | c.C2077T P.R693C 15375306544 | missense DL-HI 5%, gating This study 1 yes yes yes | 569E-05 | 580E-05 NR NR 0T | 0.660(PoD) [} 0 180 | 0547(0) | 1.95M
3:38630278 | c.C2204T p.AT35V 1137854611 | missense DIFS1 23%, gating abnormality 27 1 yes yes yes | 406E-06 | 580E-05 NR NR D) 0.049(8) 1 1 64 0692 (D) | 383(H)
338627432 | c.T2537G p.LB46R missense | DIFS5/56 nonfunctional 28 1 yes yes NR NR NR NR 0D) | 0999(PD) 1 1 102 | 0762(0) | 456(H)
3:38627337 | c.C2632T P.R878C missense | DIFS5/S6 nonfunctional 29 1 NR NR NR NR 0D) | 1.000(PD) 1 o 180 | 0747(0) | 448(H)
3:38627202 | c.C2677T P.R893C 15199473171 | missense | DIFS5/S6 nonfunctional This study 1 yes yes | 7.22E-06 NR NR NR 0oD) | 1.000(PD) 1 1 180 | 0756 (D) | 4455 (H)
3:38627201 | c.G2678A P.R893H 15199473172 | missense | DIFS5/S6 nonfunctional 2 1 4.06E-06 NR NR NR 0D) | 1.000(PD) 1 1 29 0.731(D) | 4455 (H)
3:38627258 | c.G2711A PWS04X nonsense | DIFS5/S56 nonfunctional 4 1 NR NR NR NR NA NA - - - - -
3:38620031 | c.G3285A p.W1095X nonsense | IDL-IHII null (PVS1) 1 NR NR NR NR NA NA - - - - -
3:38608067 | c.G3673A p.E1225K | 15199473204 | missense | DIFSUS2 19%, gating abnormality Thisstudy | 20 4.06E-06 NR NR NR o) | 1.000(PD) [} 1 56 0.706(0) | 3.805 (H)
(f:(,) 3:38601741 | © 4;:‘%;’;42 p.del1380N deletion | DII-S5/S6 nonfunctional ] 1 NR NR NR NR NA NA - - - - -
3:38601670 | c.G4213A pV140sM | 15199473230 | missense | DIIS5/S6 28%, gating abnormality Thisstudy | 1 NR NR NR NR o) | 1.000(PD) 1 1 21 0694(D) | 38(H)
3:38601661 | c.G4222A p.GlL40BR | rs137854612 | missense | DII-S5/S6 nonfunctional 2 1 NR NR NR NR 0D) | 1.000(PD) 1 0 125 | 0711(0) | 4655(H)
3:38601656 | c.C4227G p.Y1400X nonsense | DII-S5/S6 null (PVS1) 1 NR NR NR NR NA NA - - - - -
3:38598763 | c.G4258C p.GL420R | 5199473611 | missense | DII-S5/S6 nonfunctional This study 1 NR NR NR NR 0D) | 1.000(PD) 1 1 125 | 0803(0) | 501(H)
3:38598739 | c.04282T pAL428S | 15200034939 | missense | DIFS5/S6 62% 3 1 yes yes yes | 284E-05 | 406E-04 | 200E-04 NR 0D) | 1.000(PD) 1 1 99 0593 (D) | 244(M)
3:38598725 | c.G4296C p.R1432S missense | DIIS5/S6 49% This study 1 NR NR NR NR 00) |0.947(PoD) 1 0 110 | 0605(0) | 2755 (M)
3:38597973 °'4339;|4396d p.L146AW(SX5 frame shitt | DIFS6 null (PVS1) 1 NR NR NR NR NA NA - - - - -
3:38595850 | © 4;3?);1733 p.L1579SfsX53 frame shift | DIV-52/53 null (PVS1) 1 NR NR NR NR NA NA - - - - -
3:38592996 | c.C4867T p.R1623X nonsense | DI-54 null (PVS1) 2 1 yes yes NR NR NR NR NA NA - - - - -
3:38502737 | c.C5126T p.T1700M | 15199473207 | missense | DIV-S5/S6 28% This study 1 yes yes | 406E-06 NR NR NR 0D) | 1.000(PD) 1 1 81 0.751(0) | 514(H)
3:38502706 | c5157delC | p.11720SfsX67 frame shift | DIV-S5/S6 null (PVS1) 1 yes yes NR NR NR NR NA NA - - - - -
3:38502636 | c.G5227A PGL743R | 5199473629 | missense | DIV-S5/S6 nonfunctional 36 1 yes yes NR NR NR NR o) | 1.000(PD) 1 ) 125 | 0758(0) | 3585(H)
3:38592513 | c.G5350A pE1784K | rs137854601 | missense | C-Terminal 60%, gating abnormality 37 > yes yes yes NR NR NR NR 0D) |0.820(PoD) 1 0 56 0595 (D) | 2125(M)
3:38592126 | c.C5737T PRIGISC | rs755182182 | missense | C-Terminal 40%, gating abnormality This study 1 4.06E-06 NR NR NR o) | 1.000(PD) 1 1 180 068(0) | 38L(H)
3:38592107 | c.G5756A PRIGIOH | rs141107387 | missense | C-Terminal 52%, gating abnormality Thisstudy | 1 8.12E-06 NR 2.00E-04 NR 0.050) | 0.914(PoD) 1 0 29 0,603 (D) | 2.985(M)
3:38592573 | c.5290delG_| p.va76asisx23 frame shit | DIV-S6 null (PVS1) 1 NR NR NR NR NA NA - - - - -
3:38607899 | VS21+1G>A - splice donor | DIIFS3 null (PVS1) 1 yes yes yves | 83E-08 NR NR NR NA NA - - - - -
3:38601636 | VS23+1G>A - splice donor | DII-S5/S6 null (PVS1) 1 NR NR NR NR NA NA - - - - -
3:38598721 | VS24+1delG - splice donor | DII-S5/S6 null (PVS1) 1 NR NR NR NR NA NA - - - - -
3:38647563 | CAIL217G p.N40GS 15199473568 | missense DFS6 gating abnormality s 1 NR NR NR NR 00D) | 0999(PD) 1 1 6 0674 (D) | 2875(M)
3:38647498 | c.G1282A p.E428K 15199473111 | missense DL-HI normal This study 1 5.42E-05 | 106E-04 NR 300E-04 | 007(M | 0.0418) [} 0 56 0557(0) | 104()
3:38645498 | c.T1595G p.F532C 15199473573 | missense DLHI normal 2 1 163E-05 | 233E-04 NR 160E-03 | 001(D) | 0999(PD) 1 0 205 | 0.636(D) | 2935(M
3:38630416 | c.G2066A P.RE89H 15199473145 | missense DL-HI normal This study 1 1026-04 | 116E-04 | 200E-04 | 5.00E-04 | 0.04() | 0.004(B) [} ) 29 0553(0) | 0.71(N)
3:38628992 | c.C2335A p.QT79K 15199473583 | missense | DIFS2/S3 normal Thisstudy | 1 NR NR NR NR 0.18(T) | 0005(8) o 0 53 0558 (D) | 059 (N)
3:38627528 | c.G2441A P.R814Q 15199473584 | missense DIFS4 normal This study 1 yes yes | 255E-05 | 530E-05 NR 100E04 | 0©) | 0.999(PD) 1 1 43 0.742 (D) | 4755 (H)
3:38622687 | c.G2963A P.R988Q 1759584454 | missense | DL normal Thisstudy | 1 487E-05 | 544E-05 NR NR 0010) | 0.0018) o 0 43 0533 (D) | 1.055(L)
N;‘:'I;F 3:38616870 | c.G3584A PRI1GSH | 5199473506 | missense | IDL-IHII gating abnormality 30 1 NR NR NR NR o) | 1.000(PD) 1 1 29 0,667 (D) | 361 (H)
3:38616856 | c.C3508T p.H1200Y | 151416591678 | missense | IDL-IHII normal Thisstudy | 1 NR NR NR L00E-04 | 0.010) | 0.002(8) o 0 83 0523 (D) | 0695 (N)
3:38608000 | c.C3740T p.T12471 1764018276 | missense | DIIS2 normal Thisstudy | 1 yes yes | 3.25E-05 NR NR NR 0o0) [ 0.938(PoD) 0 1 89 0,667 (D) | 3.295(M)
3:38601901 | c.G3982A p.V1328M missense | DIS4/S5 gating abnormality B 1 NR NR NR NR oD) | 098s(PD) [} 0 2 0585(0) | 151()
3:38596003 | c.A4580G pKIS27R | 5199473270 | missense | DN-S1 normal Thisstudy | 1 NR NR NR NR 087(n | 0077(8) [} 0 26 061(D) | 215(M
3:38502083 | c.C4930T pRI64C | 15199473287 | missense | DN-54 gating abnormality ) 1 4.06E-06 NR NR NR 0D) | 1.000(PD) 1 1 180 | 0782(0) | 4.975(H)
3:38592932 | c.04931A p.R1644H missense | DI-54 late current 35 1 NR NR NR NR 0D) | 0995(PD) 1 1 29 0.705(D) | 369 (H)
3:38592006 | c.C5767G p.H1923D missense | C-Terminal normal This study 1 NR NR NR NR 013(T) | 0200(8) 0 ) 81 0552 (D) | 1.795(1)

ACA: aborted cardiac arrest, ICD: implantable cardioverter defibrillator, F/U: follow-up, gnomAD: The Genome Aggregation Database, 4.7KJPN: ToMMo-4.7KJPN database, SIFT: Sorting Intolerant From Tolerant, PolyPhen-2: Polymorphism
Phenotyping v2, CADD: Combined Annotation-Dependent Depletion, M-CAP: Mendelian Clinically Applicable Pathogenicity, VUS: variants of unknown significance, NA: not applicable, NR: Not registered, PD: probably damaging, PoD:
possibly damaging, P:Pathogenic, B: benign, D: deleterious, T: tolerated, DC: disease causing, H: high, M: middle, L: low, N: neutral, Asterisks: mutations identified in multiple probands, but there were no close familial relationship among
them.
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Supplemental Table S5. ECG parameters of patients of different subgroups in BrS-cohort-I

P wave duration (ms) PQ interval (ms) QRS duration (ms) S duration (ms)
Patient subgroups (n)
Il Il I V2 V5 I V5
LOF (45) 1225+ 25.8 221.4+48.0 105.0 £ 27.0 112.8+215 106.8 £ 24 38.4+26.4 48.0+24.4
Non-LOF (15) 101.5+24.7 192.7 £ 30.6 92.1+13.7 97.9+16.9 90.5+18.9 455+28.1 40.4 £15.7
SCNb5A (-) (355) 93.3+14.8 175.8 £25.2 86.1 +16.7 93.7+14.8 87.1+16.8 31+209 33.6+194
2 LOF vs Non-LOF vs SCN5A(-) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.02 <0.0001
TE LOF vs Non-LOF 0.011 0.11 0.65 0.047 0.02 1 0.71
. LOF vs SCN5A (-) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.16 <0.0001
S amplitude (mV) RR interval (ms) QTc (ms)
Patient subgroups (n)
Il V5 I Il V2 V5
LOF (45) 03+04 0.7+£1.0 921.5+196.4 390.9 +35.6 405.2+45.9 392.1+345
Non-LOF (15) 0.3%£0.2 05+04 867.7+179.9 404.2 + 33.9 410.4 +46.4 399.3+32.1
SCNB5A (-) (355) 0.5%+09 0.7+£13 896.7 + 153.9 385.6 + 28.8 389.3+35.6 383.5+29.7
9 LOF vs Non-LOF vs SCNb5A (-) 0.76 0.01 0.90 0.12 0.01 0.06
E LOF vs Non-LOF NA 1 NA NA 1 NA
. LOF vs SCN5A (-) NA 0.01 NA NA 0.047 NA
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Statistical analysis was performed using Kruskal-Wallis test followed by Dunn’s test. SCN5A(-): SCN5A mutation non-carriers, NA: Not Applicable.




Supplemental Table S6. Sensitivity analyses using bootstrap method

A. LAEs in BrS-I subgroups classified by different SCN5A functional properties

Subgroups

Annual event rate
[%year (95% ClI)]

All BrS 2.48 (1.85-3.12)
SCN5A(-) 2.17 (1.62-2.83)
SCNb5A (+) 5.19 (2.37-8.49)
LOF 8.29 (3.99-14.61)
Non-LOF 0

Non-LOF+SCN5A (-)

2.10 (1.46-2.74)

B. Univariate analysis

Variables

HR (95% CI)

History of aborted cardiac arrest

6.77 (4.16-11.42)

LOF-SCN5A mutations

3.10 (1.57-5.76)

In silico-predicted rare SCN5A variants

2.09 (1.11-3.72)

History of syncope

2.04 (0.86-4.5)

Male

NA

VT/VF by programmed electrical stimulation

1.76 (1.04-2.97)

Family history of sudden cardiac death

1.09 (0.50-1.98)

Documented atrial fibrillation

1.82 (0.95-3.15)

Late potential positive

1.54 (0.80-3.58)

Spontaneous type-I ST elevation

1.38 (0.81-2.76)

QRS (V5)=2120 ms

2.53 (1.22-4.88)

P (I)2120 ms

2.67 (1.41-4.63)

C. Multivariate analysis

Variables

LOF-SCN5A mutations
[HR (95% CI)]

In silico -predicted rare
SCNb5A variants [HR (95% CI)]

History of aborted cardiac arrest

6.65 (3.5-11.94)

6.75 (3.88-12.41)

SCNb5A status

2.98 (1.31-6.08)

2.06 (1.004-4.16)

QRS (V5)2120 ms

1.13 (0.44-2.63)

1.25 (0.43-2.96)

Documented atrial fibrillation

0.99 (0.47-1.83)

0.96 (0.47-1.82)

NA: data not available
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Supplemental Table S7. Rare variations (MAF<1%) of non-SCN5A BrS-associated genes identified by whole-exome sequencing in BrS cohort-
11 (n=288) and controls (n=372)

Position Reference Alternative Minor allele frequency
Chromosome (GRCh37) allele allele Gene* call rate Cases (n) Controls (n) | Type of variant Amino acid dbSNP ClinVar gromAD- gromAD
global East Asian 1000Genomes 4.7KIPN
2,229,579 G A 99.7% 0 1 missense A154T 1.2.E-05 none none none
2,566,783 C T 99.7% 1 0 missense A223V none none none none
2,676,738 C T 99.7% 0 4 missense T558M rs572234918 Uncertain significance 1.2.E-04 9.3.E-04 6.0.E-04 6.0.E-04
2,760,761 C G 100.0% 2 2 missense P1323A rs201551454 Uncertain significance 5.7.E-05 3.6.E-04 2.0.E-04 2.8.E-03
- 2,788,865 G T CACNALC 100.0% 1 1 missense G1783C 781633980 1.2.E-05 none none 1.6.E-03
2,789,572 G A 97.8% 1 1 missense A1830T 2.5.E-04 none none none
2,791,780 T A 96.6% 0 1 missense 'Y1908N none none none none
2,797,760 G A 99.9% 0 1 missense E2061K 1.2.E-05 none none none
7 81,746,437 A G CACNA2D1 99.6% 0 1 missense 1150T 4.0.E-06 none none none
3 32,200,533 G A GPDI1L 99.9% 2 0 missense D262N rs746057191 1.4.E-05 none none 1.0.E-04
73,615,370 G A 99.3% 0 1 nonsense R1022X 2.7.E-05 none none none
73,615,517 C T 99.3% 2 0 missense G973R 9.2.E-05 none none none
73,615,589 G A 99.3% 2 2 missense R949wW rs755614529 1.3.E-04 9.8.E-04 none 1.8.E-03
73,616,270 G A 99.7% 1 0 missense L722F rs774364558 8.3.E-06 1.1.E-04 none 2.0.E-04
15 73,617,719 C T HCNa 98.2% 1 0 missense D553N rs104894485 Pathogenic 3.6.E-05 none 2.0.E-04 8.0.E-04
73,622,030 [} T 100.0% 1 0 missense VA492| 1s772144022 1.6.E-05 5.4.E-05 none 2.0.E-04
73,622,056 C T 99.6% 0 1 missense R483Q rs998387579 Uncertain significance 45.E-04 none 1.0.E-04
73,660,028 G A 97.2% 1 1 missense A195V rs201375192 Uncertain significance 3.7.E-04 4.9.E-03 8.0.E-04 9.0.E-04
1 112,525,026 T C KCND3 100.0% 1 0 missense Y108C 4.0.E-06 5.4.E-05 none 1.0.E-04
n 74,168,313 C T KCNE3 100.0% 0 1 missense R99H rs121908441 Conflicting interpretations of pathogenicity 9.2.E-05 2.0.E-04 6.0.E-04 9.0.E-04
74,168,599 T C 98.5% 0 1 missense T4A rs200856070 Conflicting interpretations of pathogenicity 1.3.E-04 1.8.E-03 6.0.E-04 9.0.E-04
150,647,198 G A 100.0% 1 0 missense ABLOV rs774109163 4.0.E-06 none none none
150,656,677 G A 98.7% 1 0 missense T1521 4.0.E-06 none none none
! 150,656,690 G A KCNH2 98.7% 0 1 missense R148W rs139544114 | Conflicting interpretations of pathogenicity 1.1.E-03 none none 2.0.E-04
150,656,717 C T 100.0% 0 1 missense G139R 8.0.E-06 none none none
21,919,112 G A 100.0% 0 1 missense R274C 3.2.E-05 none none 5.0.E-04
2 21,926,454 T C Kenag 100.0% 0 1 missense K33E none none none 5.0.E-04
32,949,098 C T 96.4% 3 4 missense D812N rs200947767 Uncertain significance 5.3.E-05 2.0.E-04 4.0.E-04 2.7.E-03
. 32,949,229 T G PKP2 98.4% 1 3 missense K768T rs201487421 Uncertain significance 5.6.E-05 7.7.E-04 6.0.E-04 3.7.E-03
33,030,829 T C 99.9% 2 0 missense S329G 1779173447 1.1E-05 none none 3.0.E-04
33,031,089 G A 100.0% 2 2 missense T242M rs201580443 Uncertain significance 1.2.E-04 1.2.E-03 2.0.E-04 1.3.E-03
7 8,192,348 T Cc MOGL 99.7% 0 1 missense L51P none none none none
8,192,767 G A 100.0% 0 3 missense G129D none none none none
38,739,034 C T 100.0% 0 1 missense G1893S none none none none
38,739,106 G A 100.0% 0 4 missense R1869C rs141648641 Likely benign 9.1.E-04 1.5.E-03 2.0.E-04 1.9.E-03
38,739,123 (o} T 100.0% 2 0 missense R1863Q rs191869263 2.4.E-05 2.7.E-04 2.0.E-04 5.0.E-04
38,739,175 G T 100.0% 1 1 missense L18461 rs1001583386 none none none 2.3.E-03
38,739,595 T Cc 100.0% 0 3 missense 11706V none none none none
38,739,664 G A 100.0% 5 2 missense P1683S rs146999807 Benign 9.0.E-04 8.4.E-03 2.4.E-03 6.1.E-03
3 38,739,687 G A SCN10A 100.0% 0 1 missense P1675L rs564943632 4.0.E-06 none 6.0.E-04 3.0.E-04
38,740,013 G C 98.1% 0 1 nonsense Y1566X none none none none
38,740,041 G GA 98.1% 1 0 frameshift S1559FfsX4 4.0.E-06 none none 1.0.E-04
38,752,339 C T 97.3% 2 0 missense R1380Q rs149155352 Uncertain significance 7.1.E-05 none 2.0.E-04 1.4.E-03
38,753,757 G T 99.9% 1 0 missense N1328K rs1204063286 none none none 4.0.E-04
38,753,897 T C 99.1% 0 1 missense M1282V rs1006794198 none none none 5.0.E-04
38,760,283 G A 99.7% 4 5 missense T1181M rs150773437 Benign 7.2.E-04 9.3.E-03 2.2E-03 3.2.E-03
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Supplemental Table S7 (continue)

Position Reference | Alternative . . . . Minor allele frequency
Chromosome (GRCha?) allele allele Gene * call rate Cases (n) Controls (n) | Type of variant Amino acid dbSNP Clinvar gromAD- gromAD
global East Asian 1000Genomes 4.7KIPN
38,760,318 C T 98.1% 0 1 splicing ¢.3508-1C>T none none none none
38,770,142 C T 99.3% 0 1 missense R844H rs562091549 2.4.E-05 none 2.0.E-04 5.0.E-04
38,770,188 G A 100.0% 1 0 missense R829C rs755974168 4.0.E-06 none none 1.0.E-04
38,770,244 (o T 100.0% 0 1 missense G810E none none none none
38,770,349 G A 100.0% 1 0 missense T7751 rs150501065 1.7.E-04 2.3.E-03 4.0.E-04 4.0.E-04
38,783,842 C T 97.3% 0 1 missense M6821 none none none none
38,793,756 T G 98.1% 0 1 missense Q570P none none none 2.0.E-04
8 38,793,972 C T SCN10A 99.0% 1 0 missense R498Q 1.9.E-04 2.6.E-04 4.0.E-04 none
38,798,298 A [} 99.3% 6 4 missense F386C rs78555408 Benign 4.9.E-04 6.7.E-03 1.8.E-03 3.7.E-03
38,798,514 G T 99.1% 2 0 missense Q363K rs772926214 2.0.E-05 2.2.E-04 none 6.0.E-04
38,812,783 C T 98.5% 0 1 missense V196l 4.0.E-06 none none none
38,812,804 A G 99.3% 0 1 missense W189R rs1379282429 none none none 5.0.E-04
38,833,581 T G 97.5% 0 1 missense N117H rs774462243 6.0.E-05 8.5.E-04 none 6.0.E-04
38,835,449 G A 100.0% 3 1 missense P18L rs190176472 Benign 3.3.E-04 4.5.E-03 6.0.E-04 6.0.E-03
35,524,682 C T 100.0% 0 1 missense R163W 4.8.E-05 1.6.E-04 none none
35,524,755 G A 100.0% 7 6 missense R187H rs72558026 Conflicting interpretations of pathogenicity 1.4.E-03 9.6.E-03 4.8.E-03 7.1.E-03
19 35,524,868 C T SCN1B 100.0% 1 0 missense R225C 1.2.E-04 none 2.0.E-04 none
35,524,980 G A 100.0% 0 1 missense c262Y rs369032304 Uncertain significance 1.6.E-04 2.2.E-03 none 1.0.E-04
35,530,138 C T 99.4% 0 1 missense T189M 1.9.E-04 1.9.E-03 6.0.E-04 5.0.E-04
118,038,968 G A 100.0% 0 1 missense R94W rs760016611 1.8.E-05 5.0.E-05 none none
n 118,038,998 G A SCN28 100.0% 0 1 missense R84C rs760669515 Uncertain significance 6.4.E-05 1.6.E-04 none 4.0.E-04
1 123,513,271 C T SCNB 100.0% 2 2 missense Vviiol rs147205617 | Conflicting interpretations of pathogenicity 3.1.E-04 2.6.E-03 4.0.E-04 2.4.E-03
123,516,452 A G 96.6% 0 2 missense V21A rs749596563 1.2.E-05 16.E-04 none 2.1E-03
83,640,592 T G 99.4% 0 1 missense S278R none none none 1.0.E-04
7 SEMA3A -
83,643,590 C T 98.7% 1 0 missense E249K none none none none
57,743,404 C G 97.8% 1 0 missense T9S none none none none
57,902,725 A [} 99.4% 1 1 missense E727A rs765326482 6.0.E-05 8.2.E-04 none 1.6.E-03
3 57,902,737 G A SLMAP 99.4% 0 2 missense R731Q rs141277984 2.0.E-05 none none 9.0.E-04
57,908,734 G A 98.4% 0 1 missense R793Q rs55766107 2.1.E-05 none none none
57,913,071 G A 97.6% 0 1 missense AB15T rs1210310709 7.2.E-06 none none none
49,661,513 C T 100.0% 1 1 missense P30L rs200868666 4.0.E-06 5.4.E-05 2.0.E-04 7.0.E-04
49,674,674 C T 99.9% 1 0 missense T286M 7.2.E-05 1.1E-04 none none
49,674,854 A G 99.9% 1 0 missense Q293R rs172147855 1.8.E-04 1.1E-03 8.0.E-04 5.0.E-04
49,674,962 G A 99.7% 1 1 missense G329D rs1438186663 none none none 4.0.E-04
49,684,674 GA G 99.7% 0 1 frameshift D407AfsX27 none none none 2.0.E-04
49,684,714 G A 96.3% 1 0 nonsense W420X rs746740271 none none none 1.0.E-04
49,685,946 Cc T 100.0% 1 2 missense R459C rs762730503 3.2.E-05 4.4.E-04 none 2.0.E-04
19 49,686,061 A G TRPMA4 100.0% 0 1 missense E497G rs753611182 2.4.E-05 22.E-04 none 5.0.E-04
49,686,103 T A 99.4% 0 4 missense L511Q rs200508171 Uncertain significance 5.5.E-05 4.1.E-06 2.0.E-04 3.7.E-03
49,691,902 C T 100.0% 0 1 missense S583F none none none none
49,693,975 C T 99.9% 1 0 missense R719W 4.0.E-05 none none none
49,699,988 C G 97.9% 0 2 missense S480R rs749938388 1.1.E-04 1.4.E-03 none 8.0.E-04
49,703,600 A G 100.0% 1 4 missense 1897V rs201172677 4.0.E-07 4.9.E-04 2.0.E-04 3.0.E-03
CGGAGCCCG
49,705,251 gi&glﬁ?g C 99.4% 0 4 frameshift L996PfsX8 rs765535147 Uncertain significance 6.0.E-05 3.0.E-04 none 1.3E-03
CT

*; Rare variations of other BrS-associated genes (ABCC9, ANK2, CACNB2, KCNES5, FGF12) were absent in cases or controls
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Supplemental Table S8. Gene-wise rare variant association test for non-SC/N54 BrS-associated
genes with limited or disputed evidence

BrS-associated genes Cases (n=288) Controls (n=372)
Non-SCN5A SCNsA-modifying | (o | frequency | n P-values
genes (n=17)* genes (n=8)
CACNALC 1.7% 5 3.8% 11 0.45
CACNA2D1 0.0% 0 0.3% 1 1.00
GPDI1L GPDI1L 0.7% 2 0.0% 0 0.19
HCN4 2.8% 8 1.7% 5 0.26
KCND3 0.3% 1 0.0% 0 0.44
KCNE3 0.0% 0 0.7% 2 0.51
KCNH2 0.7% 2 0.7% 2 1.00
KCNJ8 0.0% 0 0.7% 2 0.51
PKP2 PKP2 2.8% 8 3.1% 9 0.81
MOG1 MOG1 0.0% 0 1.4% 4 0.14
SCN10A SCN10A 10.4% 30 11.1% 32 0.50
SCN1B SCN1B 2.8% 8 3.1% 9 0.81
SCN2B SCN2B 0.0% 0 0.7% 2 0.51
SCN3B SCN3B 0.7% 2 1.4% 4 0.70
SEMA3A 0.3% 1 0.3% 1 1.00
SLMAP SLMAP 0.7% 2 1.7% 5 0.48
TRPM4 2.8% 8 7.3% 21 0.09
total 77 110

Statistical analysis was performed with Fisher’s exact test. *; Rare variations of other BrS-associated genes (ABCC9, ANK2, CACNB2, KCNES5,
FGF12) were absent in cases or controls.
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