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Why SNPs? 

 Human individually has ~4M genetic variants 

 Most of the variants belong to Single Nucleotide 
Polymorphism (SNP) 

 SNP is easy and cheap (cost-effective) to type (genotype) 

 Association analysis is a robust method to identify the 
susceptible variants for a disease 

 Genome-wide search for the variants (GWAS) is possible with 
SNP chip 



Genome-wide Association Study 



GWAS 

 To identify genetic variants that show the susceptibility 
(predisposition) to a disease 

 Applicable to complex diseases that are affected by multiple 
genetic factors as well as multiple environmental factors 

 Applicable to genetic variants (polymorphism) that have 
certain level of allele frequency (> 1% in population) 

 Therefore it needs a lot of sample for the analysis and a 
replication to validate the results 

 The SNPs identified from GWAS may not be a causative 
variant (surrogate marker) 



Thousands of loci for diseases were identified 
through GWAS 



SCD 

 Occurs in a broad spectrum of cardiac disorders, mostly 
coronary artery disease (~80%) 

 Frequent causes 
 Ventricular fibrillation 
 Myocardial infarction  
 Abnormalities of ECG traits 
 Physical stress 
 Inherited cardiac disorders 



 
1. VF GWAS 

 Genome-wide association study 
identifies a susceptibility locus at 
21q21 for ventricular fibrillation in 
acute myocardial infarction (Nat 
Genet 2010) 
 Discovery : 511 myocardial infarction 

patients with VF vs 457 myocardial 
infarction patients without VF 

 Replication: 146 SCD cases and 391 
controls 

 The Arrhythmia Genetics in The 
Netherlands (AGNES) study  

 



Coxsackie and Adenovirus Receptor (CXADR):  
a modifier of cardiac conduction 

J Am Coll Cardiol 2014 

 CXADR is a transmembrane protein at the tight junction 
of cardiomyocyte and has been known related to 
ventricular dysfunction 

 In human left ventricular samples, the risk allele was 
associated with lower CXADR transcript.  

 Hearts from CXADR+/- mice displayed  
 1) an earlier onset of ventricular arrhythmias (after 
 ligation of the left anterior descending artery)  
 2) slowing of ventricular conduction 



2. SCD GWAS 

 Identification of a Sudden Cardiac Death Susceptibility Locus at 2q24.2 
through Genome-Wide Association in European Ancestry Individuals 
(PLoS Genet 2011) 

 

Discovery : 1,283 cases vs  >20,000 controls  
Follow-up : 3,119 cases vs 11,146 controls 



SCD GWAS 

 Identification of a SNP in BAZ2B gene 
 bromodomain adjacent to zinc finger domain, 2B 
 Bromodomain proteins have been identified as integral 

components of chromatin remodeling complexes and 
frequently possess histone acetyltransferase activity 

 Not yet reported for the relation to heart diseases 

 The risk allele (P = 1.8x10¯¹º) has a frequency of 1.4% and 
increases risk for SCD by 1.92–fold per allele (95% CI 1.57–
2.34) 

 ~1,300 cases may be not enough for discovery GWAS of 
SCD, indicating the complexity of genetic architecture 



3. CAD GWASs 

 Large-scale association analysis identifies 
13 new susceptibility loci for coronary 
artery disease (Nat Genet 2011, 
CARDIoGRAM) 

 A genome-wide association study in 
Europeans and South Asians identifies 
five new loci for coronary artery disease 
(Nat Genet 2011, C4D Consortium) 

 Genome-wide association identifies a 
susceptibility locus for coronary artery 
disease in the Chinese Han population 
(Nat Genet 2011) 

 Large-scale association analysis identifies 
new risk loci for coronary artery disease 
(The CARDIoGRAMplusC4D Consortium) 
(Nat Genet 2013) 

 
GWAS: 63,746 CAD cases and 130,681 controls  



3. CAD GWASs identified 46 loci 

Nat Genet 2013 
J Atheroscler Thromb 2015 

 Identified 46 CAD SNPs: 12 associated 
with lipid traits, and 5 with blood 
pressure 

 Further 107 independent variants 
identified associated with CAD at a 5% 
false discovery rate 

 Together, these 153 variants explain 
approximately 10.6% of CAD heritability 

 Network analysis with 233 candidate 
genes (loci at 10% FDR) generated 
pathways related to CAD 



Pathway analysis from CAD GWAS genes 

 Four important pathways: Atherosclerosis 
signaling, LXR/RXR activation, FXR/RXR 
activation, Acute phase response signaling 

 Results suggests multiple cell types involved 
in CAD 

1) macrophages take up oxidized LDL (ox-LDL) 
through their cell surface scavenger receptors to 
form foam cells.  
2) Foam cells secrete proinflammatory cytokines, 
such as interleukin (IL)-1, IL-6 and matrix 
metalloproteinases, which can amplify the local 
inflammatory response and stimulate smooth 
muscle cell proliferation and initial migration 
toward the lesion.  
3) Regulation of collagen secretion by smooth 
muscle cells in the extracellular matrix is 
regulated by matrix metalloproteinases. 
Reduction of collagen in the extracellular matrix 
will destabilize the plaque.  
4) Metalloproteinases have a role in the 
maintenance of the extracellular matrix and 
remodeling, contributing to the transition of 
plaques from stable to vulnerable states  



Prediction of SCD using CAD SNPs 

 Employed 153 SNPs associated with CAD at 5% 
false discovery rate from The 
CARDIoGRAMplusC4D Consortium (Nat Genet 
2013) 

 Genetic risk score (GRS) formed from each 
individual using one’s 153 SNP-genotypes 

 Test whether the GRS predict the occurrence of 
CAD from three autopsy studies (The Helsinki 
Sudden Death Study, Tampere Coronary Study, 
Tampere Sudden Death Study) of 306 SCDs due to 
CAD, 113 other SCDs, and 616 controls 

 SCD due to CAD carried more risk alleles than 
controls (p<0.001) 

 One allele increase in GRS corresponded to an OR 
of 1.042 (one standard deviation in OR of 1.44) 

Eur Heart J. 2015  

http://www.ncbi.nlm.nih.gov/pubmed/?term=predicting+sudden+cardiac+death+using+common+genetic+varinats+for+coronary+artery+disease


Prediction of SCD using GWAS loci of CAD 

 Tested whether GRS (CAD) predict the 
risk for SCD in a population of 
patients at baseline (n=2321), the 
follow-up of 6.2 years, 48 all-cause 
SCDs and 39 SCDs due to CAD 
(Finnish Cardiovascular Study) 

 The GRS associated with the risk of 
all-cause SCD (HR 1.045, p=0.01) and 
SCD due to CAD (HR 1.049, p=0.01) 

 The figure indicates the higher risk of 
SCD in the group of high GRS than 
the group of low GRS 

 

 

Eur Heart J. 2015  

http://www.ncbi.nlm.nih.gov/pubmed/?term=predicting+sudden+cardiac+death+using+common+genetic+varinats+for+coronary+artery+disease
http://www.ncbi.nlm.nih.gov/pubmed/?term=predicting+sudden+cardiac+death+using+common+genetic+varinats+for+coronary+artery+disease
http://www.ncbi.nlm.nih.gov/pubmed/?term=predicting+sudden+cardiac+death+using+common+genetic+varinats+for+coronary+artery+disease


4. ECG GWASs 

 ECG traits constitute intermediate 
phenotypes of SCD 
 Prolonged QTc or QRS intervals is 

a risk factor for the VF and SCD 

 Several loci have been discovered 
independently in both genome-
wide linkage studies of Mendelian 
LQTS families and GWAS of QT 
interval duration in unselected 
populations 
 Variants in the 3′ untranslated region 

of the KCNQ1-encoded Kv7.1 
potassium channel modify disease 
severity in patients with type 1 long 
QT syndrome in an allele-specific 
manner (Eur Heart J 2012) 



QT interval GWASs identified 35 loci 

 Common variants at ten loci 
modulate the QT interval 
duration in the QTSCD Study 
(Nat Genet 2009) 

 Common variants at ten loci 
influence QT interval duration 
in the QTGEN Study (Nat Genet 
2009) 

 Genetic association study of QT 
interval highlights role for 
calcium signaling pathways in 
myocardial repolarization (Nat 
Genet 2014) 

 

 



East Asian GWAS for QT 

 A Common Variant in SLC8A1 Is Associated with the 
Duration of the Electrocardiographic QT Interval 

 

Am J Hum Genet. 2012  

 SLC8A1 is a sodium/calcium exchanger 
balancing the ion concentration for 
repolarization 

 The SNP for SLC8A1 (rs13017846) is 
highly common in Asians but not in 
Europeans, decreasing the QTc interval 



Protein-protein interaction network and 
possible roles of QT GWAS genes 

Analysis of protein-protein interaction 
indicates that newly identified QT genes are 
included in the network formed by previously 
known QT genes 

The depolarization and repolarization of cardiomyocyte are 
depicted and GWAS genes suggests the importance of 
calcium signaling 



RING Finger Protein RNF207, a Novel 
Regulator of Cardiac Excitation 

JBC 2014 

Morpholino knockdown of RNF207 in zebrafish resulted in 
slowing of conduction velocity 

RNF207 interacts a potassium channel, HERG 
and seems involved in the trafficking and 
localization of the channel 



A common genetic variant within SCN10A 
modulates cardiac SCN5A expression 

JCI 2014 

 A cardiac enhancer located in Scn10a, 
encompassing SCN10A functional variant 
rs6801957, interacts with the promoter of 
Scn5a, a sodium channel–encoding gene that 
is critical for cardiac conduction 
 

 The common SCN10A variant rs6801957 
modulated Scn5a expression in the heart.  
 

 In humans, the SCN10A variant rs6801957, 
which correlated with slowed conduction, was 
associated with reduced SCN5A expression 
 

 



QRS duration GWAS 

 Common variants in 22 loci are associated with QRS duration and 
cardiac ventricular conduction (Nat Genet 2010) 

 Meta-analysis in 40,407 individuals 
of European descent from 14 
studies 

 These loci map genes in pathways of 
established roles in ventricular 
conduction such as sodium 
channels, transcription factors and 
calcium-handling proteins 

 also point to previously unidentified 
processes, such as kinase inhibitors 
(CDKN1A , CDKN2C )  and genes 
related to tumorigenesis (LRIG1 , 
SETBP1 , DKK1 ) 



East Asian GWAS for QRS 

 Identification of three novel genetic variations associated 
with electrocardiographic traits (QRS duration and PR 
interval) in East Asians (Hum Mol Gent 2014) 



Summary for ECG GWAS 

Circulation research 2015 

 EKG GWAS studies have identified 
loci within or in the vicinity of genes 
already implicated in cardiac 
electric function and arrhythmia 

 However, they have also identified 
numerous loci that do not harbor 
known genes. This is an important 
(although often underappreciated) 
aspect of the utility of GWAS, in 
that it has the potential of 
uncovering new biological insights. 

 



Heritability of ECGs and GWAS coverage 

 Heritabilities, proportions of heritabilities explained by 
GWAS findings, and implications of cross-phenotype 
effects on PR interval (Hum genet 2015) 

 

 Heritability estimates: 34 % for QRS and 
Cornell voltage product to 49 % for 12-lead 
sum 

 Trait-specific GWAS findings for each trait 
explained a fraction of their heritability: 17 % 
for QRS, 4 % for QT, 2 % for PR, 3 % for 
Sokolow–Lyon index, and 4 % for 12-lead sum) 



Association of ECG SNPs with SCD 

PLoS Genet 2011 

Discovery : 1,283 cases vs  >20,000 controls  



Conclusion 

 SCD and SCD-related traits GWAS have successfully found 
a lot of SNPs that could influence the occurrence of SCD  

 They may highlight new molecular mechanisms underlying 
susceptible to SCD (or at least ventricular fibrilation) 

 These SNPs could provide candidate genes for the rare 
inherited cardiac disorders 

 These SNPs have a small effect on risk precluding their 
immediate clinical utility 

 Needs more discovery for the common genetic variants 
with a small effect as well as the rare variants with a large 
effect 
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