
Genetic variants in SCN5A promoter are associated with
arrhythmia phenotype severity in patients with heterozygous
loss of function mutation:
SCN5A promoter variants and phenotype severity

Ji Kwon Park, MD, PhD*,†, Lisa J. Martin, PhD‡, Xue Zhang, MsPH, PhD‡, Anil G. Jegga,
DVM, MS§, and D. Woodrow Benson, MD, PhD†

*Department of Obstetrics and Gynecology, and Institute of Health Sciences, School of Medicine,
Gyeongsang National University, Jinju, Republic of Korea
†Division of Cardiology, Cardiovascular Genetics, Cincinnati Children’s Hospital Medical Center,
Cincinnati, Ohio, USA
‡Division of Human Genetics, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio,
USA
§Division of Biomedical Informatics, Cincinnati Children’s Hospital Medical Center, Cincinnati,
Ohio, USA

Abstract
Background—Heterozygous SCN5A mutations have been associated with varied arrhythmia
phenotypes; phenotype severity may range from asymptomatic ECG changes (mild phenotype) to
symptomatic arrhythmias resulting in syncope, cardiac arrest and sudden cardiac death (severe
phenotype) even among family members carrying the same mutation. Risk-stratification schemes
for SCN5A mutation carriers remain uncertain.

Objective—We used a family based approach to determine the role of SCN5A promoter variants
and DNA methylation in predicting phenotype severity in a kindred with loss-of-function SCN5A
mutation.

Methods—In a large kindred with a heterozygous SCN5A loss-of-function mutation (1936delC,
Q646RfsX5; 22 mutation carriers), we sought SCN5A promoter variants. In addition, we assessed
SCN5A and genome-wide DNA methylation profiles on genomic DNA derived from blood
(Illumina Human Methylation27 BeadChip).

Results—During systematic survey of 2.8kb SCN5A promoter region, we identified two SNPs in
complete linkage disequilibrium (rs41310749 and rs41310239). These promoter variants were
significantly associated with disease severity (mild vs. severe phenotype) (p=0.0007), as all three
patients with severe phenotype carried the two-SNP variant on both mutant and wild-type alleles.
Analysis did not support a role for methylation of SCN5A related genes.

© 2012 The Heart Rhythm Society. Published by Elsevier Inc. All rights reserved.

Correspondence to D. Woodrow Benson, MD, PhD, Division of Cardiology, ML7042, Children’s Hospital Medical Center, 3333
Burnet Avenue, Cincinnati, Ohio 45229-3039, USA. Fax: (513) 636-2410; Phone: (513) 636-7716; woody.benson@cchmc.org.

No authors declare any conflict of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Heart Rhythm. Author manuscript; available in PMC 2013 July 01.

Published in final edited form as:
Heart Rhythm. 2012 July ; 9(7): 1090–1096. doi:10.1016/j.hrthm.2012.02.023.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Conclusion—These family-based genetic findings suggest that the presence of specific promoter
variants increase the risk of a severe phenotype in heterozygous carriers of an SCN5A loss-of-
function mutation.

Keywords
Arrhythmia; Promoter; Genetic polymorphisms; Sudden cardiac death

Introduction
Mutations in SCN5A, the cardiac sodium channel gene, are associated with varied
arrhythmia phenotypes, e.g. long QT syndrome (LQTS), Brugada syndrome (BrS), sick
sinus syndrome (SSS), progressive atrioventricular (AV) conduction system disease,
ventricular fibrillation and dilated cardiomyopathy.1 Although these arrhythmia phenotypes
were originally considered distinct entities, overlap in the clinical presentation has been
frequently noted.2–4 The clinical heterogeneity associated with SCN5A mutations is partly
explained by corresponding differences in the degree and characteristics of sodium channel
dysfunction. For example, in LQTS the biophysical defects in mutant SCN5A protein lead to
a molecular gain-of-function phenotype while loss-of-function defects result in BrS and AV
conduction system disease.5

However, studies of channel dysfunction do not explain phenotype variation in family
members who carry the same SCN5A mutation but have wide-ranging electrocardiographic
(ECG) findings and different clinical manifestations. Varied phenotype severity, from
asymptomatic to life-threatening, is a challenging clinical problem. For example, in loss-of-
function mutation carriers, there is a consensus for device use for secondary prevention of
symptomatic arrhythmias,6, 7 but despite extensive study of this problem,8–14 risk
stratification of asymptomatic mutation carriers remains uncertain.

Phenotypic variability has been partially explained by the modifying effects of compound
heterozygous mutations15 or other SCN5A variants on the mutant16 or wild-type allele.17

Among other genomic regions that modify regulatory functions, promoter elements play a
central role in transcriptional regulation.18, 19 Previously, multiple genetic variants, some
having altered in vitro activity, were identified in the SCN5A core promoter, supporting the
concept of inter-individual variability in transcription of the cardiac sodium channel gene.20

In Asian subjects, Bezzina et al. identified six SCN5A promoter variants in near-complete
linkage disequilibrium, that had a significant impact on channel expression in vitro and
accounted for a large proportion of variance in ECG measures of conduction in both normal
subjects and a cohort of BrS without an SCN5A mutation.21 Together, these studies support
the potential biologic importance of SCN5A promoter variants.

Another factor, which may help explain phenotypic variability, is DNA methylation.
Combined with protein modification, DNA methylation regulates transcription by
establishing a silent chromatin state in a cell and development specific manner, and serves as
a critical player in both normal and disease states.22 Such variation may help explain
phenotypic variability as genetically identical monozygotic twins exhibit methylation
differences.23 In arrhythmia disorders, methylation differences may help explain phenotypic
variability although their ability to predict phenotype severity have not been reported until
now.

To identify factors that influence phenotype severity associated with a heterozygous SCN5A
loss-of-function mutation, we sought genetic variants in SCN5A promoter and assessed
SCN5A and genome-wide DNA methylation profiles in a large kindred that exhibited a
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mixed phenotype (BrS and AV conduction disease) and marked variation in phenotype
severity.

Methods
Clinical studies

Relatives of a sudden cardiac death (SCD) victim were invited to participate in the study.
Informed consent was obtained from all participants in accordance with the Cincinnati
Children’s Hospital Medical Center Institutional Review Board. Participants were evaluated
by history, review of medical records, and 12-lead ECG; no subject underwent
pharmacologic testing or electrophysiologic study. To analyze phenotypic variability,
arrhythmia phenotypes were classified as mild or severe. Individuals without cardiac
symptoms were considered to have mild phenotype. Individuals with cardiac events, e.g.
syncope, cardiac arrest or SCD, were considered to have severe phenotype. Clinical studies
were performed without knowledge of genotype.

SCN5A mutation analysis
Genomic DNA was isolated from blood of study participants, and the polymerase chain
reaction (PCR) was used to amplify the coding region and flanking intronic sequence of
SCN5A, as described previously.24 Sequencing reactions were performed in the presence of
fluorescence-labeled dideoxynucleotides and additional primer for exon-specific sequencing
in both sense and antisense direction on isolated PCR product. The nucleotide and amino
acid designations were based on the SCN5A transcript NM_198056.2.

Identification of SCN5A promoter variants
The SCN5A promoter has been identified as an ~2.8kb segment of DNA that extends into
intron 1 of SCN5A and includes 2.1 kb of 5′ upstream sequence of exon 1, exon 1 (which is
142 bp and non-coding), and the proximal intron 1 regions that are relatively GC-rich
(60.6% GC content) and highly conserved compared to mouse and rat.25 Several studies
have identified single nucleotide polymorphisms (SNPs) that act as cis-acting elements in
the promoter sequence.20, 21, 25 We considered three strategies to identify SCN5A promoter
variants.

We performed a restriction enzyme map of SCN5A promoter of known SNPs but identified
only two SNPs that altered restriction fragment length; we concluded that this approach
would not be suitable for screening all known variants (Supplemental Table 1).20

To rapidly genotype promoter variants at low cost, we performed a high-resolution DNA
melting (HRM) analysis followed by confirmation of variant sequences directly by Sanger
sequencing. We designed primers to cover the promoter region by dividing it into
overlapping amplicons with lengths <250 bp using Primer3 (v.0.4.0) (Supplemental Table
2). HRM analysis was performed using the 7500 Fast Real-Time PCR system (Applied
Biosystems). All variants calls were confirmed with direct sequencing. Additionally, to
reduce false negative calls, in each of 4 family members with and without the SCN5A
mutation, we sequenced PCR products without variant calls. For direct sequencing, we used
9 overlapping primer sets with about twice the length of designed primers in HRM and one
more primer set to give full coverage (Supplemental Table 3). As the screened SCN5A
promoter gene segment is relatively GC-rich, 10 M betaine 5 μL (final 2 M) and 2 μL 1,2-
propanediol (final 1.088 M) were used for enhanced amplification of GC-rich promoter
region. Sequencing reactions were performed in the presence of fluorescence-labeled
dideoxynucleotides and additional primer in both sense and antisense direction on isolated
PCR product.
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Haplotype construction
To determine the phase of the SCN5A alleles, haplotypes were manually constructed
according to Mendelian inheritance of genetic variants in SCN5A promoter and coding
sequence and compared with those of family members.

Analyzing SCN5A promoter variants against transcription factor-binding-site sequence
database

We downloaded the upstream 4 kb region of human SCN5A using the UCSC Genome
Browser.26 We used the wild type sequence and sequence containing the SNPs of interest to
create an altered sequence (replacing the SNP affected base pairs). The wild type and altered
sequences were then scanned for putative transcription factor binding sites (TFBSs) using
MatInspector (http://www.genomatix.de).27 We then compared the list of putative TFBSs in
both the sequences (with and without SNP) to identify potential loss or gain of TFBSs
because of the SNPs.

DNA methylation profiling
DNA methylation was assayed in 31 family members using Infinium Human Methylation27
BeadChip (Illumina, Inc., San Diego, USA) to identify candidate genes that are
differentially methylated. DNA was treated by sodium bisulfite administration to convert
unmethylated cytosines to uracil using EZ DNA Methylation-Direct kit (Zymo research,
Irvine, CA). Beta values were exported from the methylation module, and the quality of the
data was checked using R packages Meth27QC, HumMeth27QCReport, and
arrayQualityMetrics. Color adjustment, background correction, and normalization were then
performed using R package lumi.

In addition to the Illumina chip analysis, the 12 CpG dinucleotides in the SCN5A promoter
were examined by direct Sanger sequencing of PCR amplicons of bisulfite treated DNA.
MethPrimer (http://www.urogene.org/methprimer/index1.html) program was used to design
primers for PCR (Supplemental Table 4). PCR of bisulfite-converted DNA (100 ng/PCR
reaction) was carried out using Taq RED DNA Polymerase Master Mix (Apex BioResearch
products, Research Triangle Park, NC).

Statistical analyses
We examined the impact of both linkage and association on the cardiac phenotype in a large
kindred. For linkage, we examined whether SCN5A variants of interest were linked with
clinical phenotype severity. Using SUPERLINK v1.5
(http://cbl-fog.cs.technion.ac.il/superlink-online/), we performed two-point linkage analyses
between the SCN5A coding variant and disease. Briefly, this program utilizes the
framework of Bayesian networks to combine the Elston-Stewart and Lander-Green
approaches for computing the likelihood of a pedigree exactly, even in large pedigrees.28, 29

The linkage model assumed a disease mutant gene frequency of 1% and a domina nt mode
of inheritance with complete penetrance. We then used association analysis to examine not
only the presence of disease but also severity. To account for the familial structure of the
data, all association analyses were performed in SOLAR (Southwest Foundation for
Biomedical Research, San Antonio, TX, USA).30 Briefly, this package uses mixed models
where the fixed effects are the covariates (in this case the variants) and the random effects
are defined by the kinship coefficient. To test for associations with severity, we restricted
the analysis to individuals carrying an SCN5A mutation.

The primary analysis of data from the Human Methylation27 BeadChip focused on an
assessment of a subset of 41 CpG loci located in SCN5A and SCN5A related genes. As a
secondary analysis, we screened all probes. Differential methylation was assessed for each
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probe using R package Limma after probes on sex chromosomes and probes with detection
p value>0.01 were excluded. After adjusting for age and sex, comparisons were performed
between carriers and non-carriers of 1936delC and promoter SNP genotype, and between
severe and mild phenotypes in 1936delC carriers. Significance was considered at
alpha=0.0012 after Bonferroni correction for the subset of 41 probes. Multiple testing
correction for the genome-wide secondary analysis resulted in an alpha of 2×10−6.

Results
Genotype-phenotype: a family based analysis

A large kindred was ascertained due to SCD of the proband (IV-10, age 21 years) (Figure 1).
There were no abnormal findings on autopsy, but postmortem genetic analysis identified an
SCN5A heterozygous mutation (1936delC, Q646RfsX5) (Figure 2A). The truncation
mutation has been previously reported as a loss-of-function mutation causing BrS.31

SCN5A-Q646RfsX5 was identified in 21 other family members including two others with a
severe phenotype: syncope in a brother (IV-11, age 21 years) (Figure 3G), and cardiac arrest
in a cousin (IV-13, age 30 years) found to have BrS (Figure 3D). The proband’s grandfather
(II-4) died suddenly at age 57 years; he was an obligate mutation carrier but could not be
evaluated. Other mutation carriers had a mild phenotype characterized by absent symptoms
and ECG findings of 1st degree AV block alone (n=11), intraventricular conduction delay
(IVCD) alone (n=4) or in addition to 1st degree AV block (n=2) and right bundle branch
block (RBBB) plus 1st degree AV block (n=1) (Figure 3). No individual had evidence of
progressive AV block. All mutation carriers had an abnormal ECG, typically prolonged PR
interval and/or QRS duration demonstrating that Q646RfsX5 exerted a functional effect.

Given the size of the family, we performed linkage analysis and found that 1936delC,
exhibited significant evidence of both linkage (LOD=6.1) and association with disease
(p<0.0001), but the 1936delC variant did not distinguish mild from severe phenotype
(p=1.0).

SCN5A promoter variants
During systematic survey of 2.8kb promoter region of SCN5A, two SNPs (c.-194-1854
C>T, rs41310749; c.-194-865 T>C, rs41310239) (Figure 2B) were identified. As previously
reported, these two SNPs were in strong linkage disequilibrium.20 The minor alleles of
rs41310749 and rs41310239 segregated together in all of the 27 individuals who carried the
variants (Figure 1).

The promoter variants exhibit lower evidence of linkage (LOD=3.0) compared to
individuals carrying 1936delC but significant evidence of association with disease
(p=0.00001). None of the six family members with the two SNP haplotype on one allele but
without the 1936delC mutant variant showed a phenotype. Nearly all 18 family members
with mild phenotype (except individual III-7) carried the two SNP haplotype only on the
mutant allele with 1936delC (Figure 1). Restricting the analysis to all mutation carriers, the
promoter variants are significantly associated with disease severity (mild vs. severe
phenotype) (p=0.0007). All three members with the 1936delC mutant and severe phenotype
carried the two SNP haplotype on both mutant and wild-type alleles. Although all three
individuals with severe phenotype were young (< 40 years), it is possible that young
individuals with a mild phenotype would develop the severe phenotype in time. Thus, using
an age restrictive (>40 years) definition of mild phenotype, the two SNP promoter haplotype
was still associated with phenotype severity (p = 0.003).
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Effects of SCN5A promoter variants rs41310749 and rs41310239
Comparison of putative TFBSs in sequences with and without the SNPs with MatInspector,
we found that two-SNP variant results in generation of novel binding sites for retinoid X
receptor (RXR) heterodimer and vertebrate homolog of enhancer of split (Hes1) complex.
Yang et al. compared activity of wild-type promoters to promoters modified by introducing
minor allele SNP variants in both mouse neonatal cardiomyocytes and Chinese hamster
ovary (CHO) cells.20 They identified a trend toward reduced activity for the two SNP
haplotype (rs41310749 and rs41310239).20

Genome-wide DNA methylation profiles and SCN5A DNA methylation
Among 31 samples analyzed, chip data from one sample failed quality control and was
excluded. For the 41 CpG loci in SCN5A, SCN5A related genes (FSHR, KCNE1, KCNQ1,
NOS1, SCN1B, TCAP and SCN5A) or other BrS loci, e.g. GPD-1L, CACNA1C, CACNB2,
SCN1B, KCNE3 and SCN3B, no significant differential methylation was detected between
20 carriers and 10 non-carriers of 1936delC. Further among 1936delC carriers, no
differences were noted between 17 individuals with mild and 3 individuals with severe
phenotypes (data not shown). When considering methylation patterns across the genome, we
identified two CpG loci cg02288165 and cg08632701 in the genes SIGLEC-1 (sialic acid
binding Ig-like lectin 1, member of the immunoglobulin superfamily) and SETD4
(Su(var)3–9, Enhancer-of-zeste domain-containing protein 4) which were differentially
methylated between individuals with severe and mild phenotypes after adjusting for age and
sex. Finally, analyses of methylation status of the 12 CpG dinucleotides in the SCN5A
promoter by direct sequencing identified no differences between carriers and non-carriers of
1936delC, or between mild and severe phenotypes in 1936delC carriers (data not shown).

Clinical follow-up
In March 2007, 11 mutation carriers were identified among first degree relatives of the
proband (Figure 1, center-left side of pedigree). Among mutation carriers, only individual
IV-11 was under the care of a cardiologist for symptomatic sinus bradycardia and treated
with a pacemaker (PM). Members of the family lived broadly in the United States. Given the
results of the genetic testing and the family history of sudden death, most sought counsel of
a cardiologist. Over the ensuing six months, 7 of the 11 living mutation carriers received an
implantable cardiac defibrillator (ICD) based on advice of their cardiologist. In October
2009, individual IV-13 experienced a cardiac arrest and was treated with an ICD.
Subsequently, 15 members of his family (descendants of II-5) underwent genetic testing and
9 SCN5A mutation carriers were identified (Figure 1, right side of pedigree). These family
members also lived broadly in the United States. Given the experience of their relatives and
more conservative use of ICD in recommendations for SCN5A mutation carriers no other
family members underwent ICD implantation. In December 2011, Individual IV-13, a
cardiac arrest survivor, experienced an appropriate ICD discharge.

Discussion
Studies by Bezzina et al. suggested that SCN5A promoter variants, which slowed
conduction in normal subjects and exacerbated conduction slowing in those with BrS, might
be candidate modulators of variability in risk of SCD.21 Findings in our family-based
genetic study implicate SCN5A promoter variants as modifiers of severe arrhythmia risk in
carriers of SCN5A loss-of-function mutations. We found all mutation carriers had an
abnormal ECG phenotype, but coinheritance of a two SNP promoter haplotype in the
homozygous state was significantly associated with clinical phenoytpe severity. The
presence of the promoter variants on either the mutant or wild-type allele alone did not
predict disease severity, but all three family members with severe arrhythmia phenotype
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carried the two-SNP variant on both mutant and wild-type alleles suggesting the presence of
these elements as risk factors for a severe phenotype in heterozygous carriers of an SCN5A
loss-of-function mutation.

Compared to wild-type, a trend toward reduced promoter activity for the two SNP haplotype
(rs41310749 and rs41310239) has been reported.20 In the case where promoter variants are
present only on the wild-type allele, the reduction in wild-type protein abundance is
predicted to be clinically insignificant. Similarly, the presence of the promoter variants only
on the mutant allele would be predicted to be clinically insignificant as reduction in loss of
function mutant protein is unlikely to alter the phenotype. However, when promoter variants
are present on both wild-type and mutant alleles, we speculate that reduction in amount of
wild-type channel is additive to the effect of the mutant loss of function allele thereby
increasing the risk of a severe phenotype. This possibility is similar to findings by Leoni et
al,32 who reported that variation in phenotype severity in heterozygous SCN5A knock-out
mice, correlated with wild-type channel protein expression. Such a possibility was also
suggested for a haplotype of 6 SCN5A promoter variants found in an Asian population,21

and 3′ untranslated region variants found in LQT1-associated KCNQ1 mutation carriers.33

The two SNP haplotype (rs41310749 and rs41310239) is common, occurring in 17–22% of
white controls.20 Bioinformatic analysis identified that rs41310749 and rs41310239 result in
generation of novel binding sites for RXR heterodimer and Hes1 complex, respectively.
RXRs are expressed in virtually every tissue of the body, and they form obligate
heterodimers with many other Nuclear Receptor superfamily members, e.g. peroxisome
proliferator-activated receptor gamma (PPARγ).34 As such, RXRs play unique modulatory
and integrative roles across multiple metabolic systems and are master regulators of gene
networks that control cell growth, differentiation, survival and death. Because of the large
number of heterodimer partners, creation of an RXR heterodimer binding site has the
potential for wide-ranging biologic effects. Hes1 on the other hand belongs to the basic
helix-loop-helix (bHLH) family of transcription factors and is part of Notch signaling
pathway. As a transcriptional repressor of genes that require a bHLH protein for their
transcription it too has the potential for wide-ranging biologic effects.

Our studies did not support a role for differential methylation of SCN5A or related genes in
explaining variation in phenotype severity. However, we studied methylation profiles in
blood derived DNA. We recognize that DNA methylation patterns may be tissue specific.
Unfortunately, the optimal cell type, i.e. Purkinje cells, atrial myocytes or ventricular
myocytes, were not available in the family members we studied. Additionally, our
methylation studies were based on a small sample, thus we would only expect to detect
differences of large effect. Indeed, we did identify statistically significant differential
methylation of two genes, even with our small sample size. Nonetheless, given the large
number of statistical comparisons and the lack of biologic plausibility of these genes, the
significance of this finding is unknown.

Recently, Probst et al. studied large kindreds and found a lack of concordance between
phenotype and SCN5A mutation carrier status;35 they interpreted their results as indicating
that genetic background may play a powerful role in the pathophysiology of BrS. Results of
our study and those of others20, 21 suggest that SCN5A promoter variants are a type of
genetic background. However, genetic variation in the SCN5A promoter does not explain
phenotype variation in all BrS families; for example, mutations in the SCN5A gene are
identified in only ~20% of patients with BrS.30 These limitations aside, identification of
predictors of phenotype variation among SCN5A mutation carriers would provide the
opportunity to develop primary prevention strategies for individuals at high risk of cardiac
events (SCD, cardiac arrest or syncope). Given that current treatment is limited to ICD
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implantation, with its inherent complications in young patients, risk stratification in
asymptomatic mutation carriers would be of great clinical utility.

Conclusion
Based on findings of this study, further examination of the relationship between genetic
variants known or suspected to modulate sodium channel expression and clinical phenotypes
resulting from SCN5A loss-of-function mutations seems warranted. Ultimately, these data
might be useful in risk stratification in individual patients.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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AV atrioventricular

bHLH basic helix-loop-helix

BrS Brugada syndrome

ECG electrocardiogram

Hes1 vertebrate homolog of enhancer of split

HRM high resolution melting

ICD implantable cardiac defibrillator

IVCD intraventricular conduction delay

LQTS long QT syndrome

PCR polymerase chain reaction

PM pacemaker

RBBB right bundle branch block

RXR retinoid X receptor

SCD sudden cardiac death

SNP single nucleotide polymorphism

SSS sick sinus syndrome

TFBS transcription factor binding site
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Figure 1.
A large kindred segregating an SCN5A mutation (del1936C, Q646RfsX5) and two promoter
variants (rs41310749 and rs41310239). Phenotypes (designated as mild or severe) and
genotypes are indicated. Square symbols indicate males and round symbols indicate females.
Slashed symbols indicate decreased individuals; Roman numerals indicate generations in the
family. Arrhythmia phenotypes were classified as mild or severe. Individuals without
cardiac symptoms were considered to have mild phenotype. Individuals with cardiac events,
e.g. syncope, cardiac arrest or sudden cardiac death (SCD), were considered to have severe
phenotype: SCD in a proband (IV-10, age 21 years), syncope in a brother (IV-11, age 21
years), and cardiac arrest in a cousin (IV-13, age 30 years).

Park et al. Page 11

Heart Rhythm. Author manuscript; available in PMC 2013 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Sequencing of SCN5A mutation and SCN5A promoter variants. Automated DNA-
sequencing electrophoretograph reveal heterozygous nucleotide change (A) and the two
promoter variants (B).
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Figure 3.
Electrocardiograms. (A) Lead V1 tracing showing intraventricular conduction delay (IVCD)
in a 53 year old female (III-11). (B) Lead V1 tracing showing 1st degree atrioventricular
(AV) block in a 50 year old female (III-9). (C) Lead V1 and V2 tracing showing right
bundle branch block in a 69 year old male (III-7). (D) Lead V1 and V2 tracing showing
typical features of Brugada syndrome in a 30 year old male (IV-13). (E) Lead V1 tracing
showing 1st degree AV block and IVCD in a 56 year old female (III-13). (F) Lead V1
tracing showing 1st degree AV block in a 20 year old male (V-2). (G) Lead II tracing
showing marked sinus bradycardia (cycle length >1500ms) and 1st degree AV block in a 21
year old male (IV-11). Electrocardiographic traces were obtained at standard recording
conditions of 25 mm/s and 10 mm/mV.
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