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Summary: A genome-wide association study of 3,413 samples from different Latin 

American countries identifies a significant genetic loci associated with the differential 

development of chronic Chagas cardiomyopathy. 

 

Keywords: Chagas disease, cardiomyopathy, genetic association, GWAS, Latin 

American, meta-analysis, Trypanosoma cruzi 
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ABSTRACT 

Background: Chagas disease is an infectious disease caused by the parasite 

Trypanosoma cruzi and is endemic from Latin American countries. The goal of our 

study was to identify novel genetic loci associated with chronic Chagas 

cardiomyopathy development in Chagas disease patients from different Latin American 

populations. 

Methods: We performed a cross-sectional, nested case-control study including three 

sample collections from Colombia, Argentina and Bolivia. Samples were genotyped to 

conduct a genome-wide association study (GWAS). These results were meta-analyzed 

with summary statistic data from Brazil, gathering a total of 3,413 Chagas disease 

patients. To identify the functional impact of the associated variant and its proxies we 

performed an in silico analysis of this region.  

Results: The meta-analysis revealed a novel genome-wide statistically significant 

association with chronic Chagas cardiomyopathy development in rs2458298 (OR=0.90, 

95%CI=0.87-0.94, p-value=3.27x10
-08

), nearby the SAC3D1 gene. In addition, further 

in silico analyses displayed functional relationships between the associated variant and 

the SNX15, BAFT2 and FERMT3 genes, related to cardiovascular traits.  

Conclusions: Our findings support the role of the host genetic factors in the 

susceptibility to the development of the chronic cardiac form of this neglected disease.
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INTRODUCTION 

Chagas disease is an infectious disease caused by the parasitic protozoan 

Trypanosoma cruzi [1] that according to The World Health Organization (WHO) affects 

about 6-7 million people and its endemic areas are spread in 21 Latin American 

countries (www.who.int/health-topics/chagas-disease#tab=tab_1). Chagas disease is 

considered as an emerging infection as cases have been reported out of the endemic 

areas of transmission, mainly in United Stated and Europe, being this consequence of 

migration and globalization processes [1]. The disease comprises an acute phase, which 

occurs after the entry of the parasite into the host, and a chronic phase, which can occur 

even decades after the first contact with the infectious agent; however, approximately 

30% of patients evolve to this chronic phase [1]. The hypothesis of the implication of 

host genetic component in the differential susceptibility to Chagas’s disease arises from 

the high exposure to T. cruzi and the differential susceptibility to the infection in 

endemic areas, in addition to the remarkable variation in the disease progression during 

the chronic phase [1, 2]. In spite of the intensive investigation of the genetic basis of 

Chagas’ disease using the candidate gene strategy, its understanding remains elusive. 

These studies have analyzed specific genetic polymorphisms mainly located in genes 

involved in the immune response such as chemokines, cytokines and the major 

histocompatibility complex; however there are recognized important limitations to 

identify solid genetic associations [3, 4]. Some of these limitations include reduced 

sample sizes and the assessment of a limited number of variants, usually based on 

plausible biological pathways involved in the trait or disease, precluding replication [4]. 

In this sense, genome-wide association studies (GWAS) have contributed to the 

assessment of thousands of genetic variants associated with the susceptibility to 

http://www.who.int/health-topics/chagas-disease#tab=tab_1
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complex traits, taking a step forward in the understanding of its genetic basis [5]. 

Regarding Chagas disease, only one GWAS has been performed in Brazilian population 

in chronic Chagas cardiomyopathy showing suggestive associations [6]. 

In order to better elucidate the genetic basis of Chagas disease and chronic 

Chagas cardiomyopathy, herein we perform a large GWAS and a meta-analysis of Latin 

American populations that, in combination with complementary in-silico functional 

evidence, would provide further insights into the pathogenesis of this neglected disease. 

MATERIALS AND METHODS 

Study populations, sample collection and ethical considerations 

Samples from three different Latin American countries: Colombia, Bolivia and 

Argentina were included in this study and meta-analyzed with data from the previous 

GWAS in a Brazilian population, comprising a total of 3,699 genomic DNA recruited 

samples. The description of sample origin is available elsewhere [7]. Chagas disease 

cases were defined by their serological status using recombinant antigen and a 

commercial indirect hemagglutination test for ELISA assays. Participants were 

classified in seropositive and seronegative for T. cruzi antigens and comparisons were 

performed among them in order to assess susceptibility to the infection in the 

Colombian and Argentinian cohort. The Bolivian and Brazilian cohorts were only 

composed by seropositive individuals. In addition, all the seropositive patients recruited 

in this study were subjected to electrocardiogram, echocardiogram, and chest 

radiography to identify cardiac involvement. For the assessment of the chronic Chagas 

cardiomyopathy susceptibility, those patients with cardiac abnormalities were compared 
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to asymptomatic individuals. Data included from the Brazilian cohort was described 

elsewhere [6]. Sample size and demographic information are summarized in Table 1. 

The study was approved by the Ethics Committees from the Industrial 

University of Santander and Cardiovascular Foundation, Colombia (Act No. 15/2005), 

the Vall D'Hebron University Hospital, Barcelona, Spain (PR (AMI) 297/2016), and the 

National Hospital of Clinics, National University of Cordoba, Argentina (CIEIS HNC 

118/2012 and 2/16/2017). The Ethics Committees for the Brazilian cohort was 

described elsewhere [6]. Protocols used in the study followed the principles of the 

Declaration of Helsinki and all individuals included in the study signed written 

informed consents. 

Genotyping, quality control and imputation 

Genomic DNA from blood samples from the Colombia, Bolivian and 

Argentinian cohorts were isolated using the QIAamp MidiDNA Kit following 

manufacturer's recommendations. The samples were genotyped using the Global 

Screening Array Platform (Illumina Inc., San Diego, CA, USA). Quality controls (QCs) 

of genotyped data and consistency of sex assignment were performed using Plink v.1.9 

[8]. Individuals and variants with missing genotype rate<5% were excluded. Single 

nucleotide polymorphisms (SNPs) with different call rates between cases and controls 

(p-value<0.05), or deviating from Hardy-Weinberg equilibrium (HWE) with a p-

value≤1x10
-06

 in the control group were removed. 

A principal component analysis (PCA) was performed using Plink1.9 to 

compare our data with the data from “The 1000 Genomes  roject” (1KG ). The 
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genomic inflation factor (λ) was calculated to control the type I error rate with the 

package “gap” for R version 3.6.1.  

After QCs, genotyped data were imputed with the Michigan Imputation Server 

using the admixed American population from 1KGP phase 3 as reference panel [9]. 

After imputation, variants were filtered out by their minor allele frequency (MAF<1%) 

and the imputation quality metric Rsq<0.3.  

Statistical analysis 

For each case-control collection, association testing for imputed allele dosages 

was performed using a mixed model with EMMAX [10] implemented in EPACTS 

(https://genome.sph.umich.edu/wiki/EPACTS). Given the common environmental 

exposure to triatomine vectors of individuals living together in endemic areas, related 

individuals were maintained in the analysis. In this sense, genotyped data were used to 

calculate the pairwise identity by descent (IBD) proportion (PI_HAT), duplicated 

individuals were removed (PI_HAT>0.8) and related individuals were considered with a 

PI_HAT≥0.4. EMMAX calculates the kinship matrix to include it as a covariate in the 

statistical analysis, as well as sex and age. The summary-level statistics of each cohort, 

including the Brazilian cohort, were meta-analyzed using METASOFT [11] under a 

fixed and random-effect models based on variants’ heterogeneity (Cochran’s Q test p-

value). As most of imputed variants (>95%) did not show heterogeneity (Cochran’s Q 

test p-value>0.05), those analyzed under a random-effect model were omitted from 

further analysis. Conservative suggestive associations were established at a p-

value<1x10
-06

 and genome-wide significance at p-value<5x10
-08 

as usually
 
employed for 

GWAS. The SNPnexus software (https://www.snp-nexus.org/v4/) was used to annotate 

https://genome.sph.umich.edu/wiki/EPACTS
https://www.snp-nexus.org/v4/
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the suggestive and significant signals, and LocusZoom (http://locuszoom.org/) for the 

regional association plots. 

Functional annotation of associated variants 

An in-silico approach was used to investigate the potential biological 

consequences of the associated variant. The LDlink tool [12] was used to calculate 

proxies in high linkage disequilibrium (LD) with the top signal (r
2
>0.8) and different 

databases were queried. The Open Targets Genetic was used to assess their functional 

implication (https://genetics.opentargets.org/), and complemented with PheWeb version 

1.1.17 (http://pheweb.sph.umich.edu/SAIGE-UKB/) to assess these variants in previous 

Phenome-Wide Association Studies (PheWAS). We used HaploReg v4.1 [13] to 

evaluate regulatory genomic regions and Capture HiC Plotter [14] to assess long-

distance physical interactions. RegulomeDB (https://regulomedb.org/regulome-search/) 

and GTEx (https://gtexportal.org/home/) were used to evaluate expression-quantitative 

trait loci (eQTLs) in relevant tissues. 

RESULTS 

A total of 3,413 postQCs samples from four independent Latin American 

cohorts from Colombia, Bolivia, Argentina and Brazil, were included in this study. The 

Supplementary Table 1 summarizes the pre and post QC information within each 

dataset. After QCs and imputation, 7,846,902 SNPs for the Colombian and 8,408,292 

SNPs for the Argentinian cohorts were analyzed correcting by age, sex and kinship in 

the case of susceptibility to the infection by T. cruzi analysis, while in the case of 

chronic Chagas cardiomyopathy development, a total of 8,218,190 SNPs were tested in 

http://locuszoom.org/
https://genetics.opentargets.org/
http://pheweb.sph.umich.edu/SAIGE-UKB/
https://regulomedb.org/regulome-search/
https://gtexportal.org/home/
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the meta-analysis including the Colombia, Bolivian, Argentinian and Brazilian 

populations.  

Population structure 

Given the ethnic admixture of Latin American populations, the first two 

principal components were used to evaluate the genetic heterogeneity existing in the 

samples included in this study and in comparison with the admixed American 

subpopulation from 1KGP (Supplementary Figure 1). The results of these analyses 

showed that the heterogeneity present in our samples is consistent with the observed in 

the admixed American subpopulation of 1KGP. Despite of this, the Argentinian and 

Bolivian sample collections seemed to be more homogenous, while a considerable 

genetic variability with the Brazilian cohort was detected, reinforcing the high degree of 

genetic admixture of this population. In the association analyses within each cohort, the 

effect of population structure was taken into account by using a mixed-model of 

association [10]. 

Differential susceptibility to Trypanosoma cruzi infection 

Individuals from the Colombian and Argentinian cohorts were classified and 

compared according to their serological status in seropositive and seronegative for T. 

cruzi infection. No statistically relevant results were identified in the association test in 

the Argentinian population, mainly due to the reduced sample size of this cohort. 

However, in the case of the Colombian cohort we detected seven suggestive 

associations (p-value<1x10
-06

) contained in four different loci due to the LD (Table 2, 

Supplementary figure 2). The strongest association is an intronic variant of the EBF2 

gene (rs147475322; p-value=2.15x10
-07

, Odds Ratio [OR]=1.20, 95% Confidence 
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Interval [95%CI] 0.76-1.90). The other three SNPs are located in an intronic region of 

CD247 gene (rs554994388) and map downstream and upstream of SIK1 (rs229347) and 

IL18 (rs4937075) genes, respectively (Table 2). Remarkably, a different SNP within the 

IL18 gene was previously associated in a candidate gene assessment [7]; however, this 

variant was nominally associated in our study and did not reach the suggestive level of 

significance. 

 Differential susceptibility to the development of Chronic Chagas Cardiomyopathy  

In order to identify novel genetic variants associated with differential chronic 

Chagas cardiomyopathy development seropositive samples were stratified according to 

their cardiological status, and patients with cardiac abnormalities were compared to 

asymptomatic individuals in the association test.  

After QCs, genotype imputation and filtering, a case-control association analysis 

from GWAS data was performed in the Colombian, Bolivian and Argentinian samples 

comprising a total of 2,309 individuals (981 chronic cardiac patients and 1,328 

asymptomatic individuals). After correcting by age, sex and kinship, deviations in 

genomic inflation factors were not observed (Supplementary Table 1, supplementary 

figure 3). Next, summary statistics from every cohort, including the Brazilian data, was 

meta-analyzed by an inverse variance-weighted effect size and those shared by at least 

two data sets were considered. Additionally, we did not observe inflation in the meta-

analysis (λ=1.03). As result, one statistically significant associated signal was identified 

at GWAS-level (p-value<5x10
-08

) and 22 suggestive associations (p-value<1x10
-06

) in 

three different autosomal loci (Table 3; Figure 1). The strongest association (rs2458298; 

p-value=3.27x10
-08

, OR=0.90, 95% CI 0.87-0.94), is located in chromosome 11 in an 

intronic region of the NAALADL1 gene. This signal is followed by several proxy 
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variants in high or moderate LD (r
2
>0.4) located nearby NAALADL1, SAC3D1 and 

SNX15 genes (Figure 2). Regarding the rest of the suggestive signals, they are located in 

intergenic regions closed to CDH8 and KLF4 genes (Table 3). 

Functional analysis 

To explore functional features of the genomic association obtained from the 

meta-analysis in chronic Chagas cardiomyopathy, several databases were queried. 

Regarding the top associated variant rs2458298, although is located in an intronic 

region of NAALADL1, it is closer to the transcription start site (TSS) of SAC3D1, being 

this considered as its nearest gene. PheWAS information from Open Targets Genetics 

revealed a risk association of this SNP with cardiovascular traits such as hypertension 

(p-valuePheWas=7.4x10
-06

) and high blood pressure (p-valuePheWas=5.8x10
-06

) in the UK 

Biobank database, as well as with abdominal aortic aneurysm (p-valuePheWas=1.9x10
-03

) 

in a subset of patients. Significant eQTLs, (i.e. locus that explain part of the variance in 

gene expression in specific tissues) were described identifying rs2458298 as correlated 

with SNX15 expression in heart atrial appendage (p-value=9.9x10
-10

) and heart left 

ventricle (p-value=1.3x10
-11

). The same SNP was also correlated with the expression of 

FERMT3 in a lymphoblastoid cell line. Using the Capture Hi-C Plotter platform, 42 

interactions of this SNP with different gene regions across chromosome 11 were 

identified in the experiments done by Mifsud and colleagues [15] in a lymphoblastoid 

cell line (GM12878). One of those relevant promoter interactions is with the BATF2 

gene, which has been previously implicated in T. cruzi infection [16]. All these results 

are summarized on Table 4. 

DISCUSSION 
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Several suggestive loci have been identified in association with differential 

susceptibility to T. cruzi infection in our study. Among these variants, highlight those 

located in intergenic regions near IL18 and CD247 given their implication in the 

immune response [17, 18].  IL18 encodes the interleukin-18, a proinflammatory 

cytokine that is involved in the innate and adaptive response, and is critical for T cell 

differentiation into interferon-γ (IFN-γ) producing Th1-type T cells and for IFN-γ 

production by NK cells [18]. IFN-γ is a key player in the acute T. cruzi infection and a 

pathogen resistance gene, aiding the control of T. cruzi parasitism by stimulating 

surrounding cells to produce TNF-α and other inflammatory mediators leading to the 

generation of peroxynitrite [19]. Additionally, IFN-γ gene expression has been reported 

to increase in chronic cardiac patients in several studies conducted in Latin American 

populations, indicating an important role of this molecule in the pathogenesis of the 

chronic cardiac form through the induction of inflammatory damage [20]. Here, we 

confirm the association of this gene with the differential susceptibility to T. cruzi 

infection; although given the directed nature of candidate gene studies, different SNPs 

of the same locus were reported [7, 21]. 

Regarding CD247, this gene encodes a subunit of the T-cell receptor CD3 complex that 

plays an important role in antigen recognition [17]. In Chagas disease, previous works 

have confirmed lower expression of CD3 in isolated blood cells from individuals with 

high exposure to the parasite in Colombian populations [22]. Finally, genetic variants in 

the CD247 were also previously associated with autoimmunity [23-25] pointing to the 

existence of shared genes in autoimmune and infectious diseases as described elsewhere 

[26]. In this way, our results reinforce the potential implication of IL18 and CD247 

during immune response against T. cruzi.  
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Remarkably, a statistically significant association at genomic level was 

identified near the SAC3D1 gene region (rs2458298) with the development of chronic 

Chagas cardiomyopathy. SAC3D1, also known as SHD1, has been identified as a 

transcriptional regulator of STAT5 [27], also associated with cardioprotection in humans 

[28]. Additionally, the STAT-5 signaling by IL-2, IL-7 and IL-15 receptors has been 

shown to be perturbed in peripheral and heart-infiltrating T cells in chronic Chagas 

cardiomyopathy [29]. 

An in silico functional assessment of the most associated variant and its proxies 

was performed in order to acknowledge the interactions and processes where they are 

involved. Interestingly, physical contact of chromatin regions in this genetic location 

revealed interaction with BATF2. This gene encodes a transcription factor (TF) that has 

been related with Chagas disease, regulating the IL-23-Th17 pathway and suggesting an 

immunoregulatory function during T. cruzi infection in a mouse model [16]. On the 

other hand, the top signal has been associated with several cardiovascular traits in 

PheWas data from UK Biobank. Additionally, this variant is an eQTL of SNX15 in heart 

atrial appendage and heart left ventricle. This gene encodes a member of the sorting 

nexin protein family, which has been related with cardiovascular diseases [30]. 

Additionally, the associated variant was also an eQTL for FERMT3 (Fermitin Family 

Member 3) in lymphoblastoid cell lines. The FERMT3 belongs to the Kindlins family 

and it encodes a protein that plays an important role in the regulation of thrombosis, as 

well as in maintaining the cytoskeleton of erythrocytes [31]. This gene was previously 

associated with serum triglyceride levels, considered as a risk factor for coronary heart 

disease [32]. Although, the diagnosis of chronic Chagas cardiomyopathy involves the 
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exclusion of other cardiomyopathies, the association with this gene may implicate 

common pathways among them. 

Regarding other suggestive signals, stand out those located in chromosome 9 

near to KLF4, which encodes the Kruppel-like factor 4, a TF related with cardiac 

mitochondrial homeostasis in a mouse model [33], as well as with a high expression of 

the inducible nitric oxide synthase and nitric oxide (NO) production in different cell 

types [34]. Taking into account that higher production of NO has been reported in 

chronic Chagas cardiomyopathy severity [35], it would be possible a relationship 

among KLF4 and chronic Chagas cardiomyopathy through the NO production.  

This study has certain limitations. First, is a cross-sectional assessment and the 

posterior seroconversion or development of cardiac events cannot be ruled out. In this 

case the inclusion of cases in the control group will biased the results towards the null 

hypothesis of no association, weakening the risk of a false positive result. Second, the 

associated genes have been nominated as related with the disease through an in-silico 

functional assessment in publicly available non-endemic populations. Further functional 

analyses will guarantee the acceptance or rebuttal of these hypotheses. Finally, the small 

sample size in the overall study but especially in the Chagas disease susceptibility 

assessment, bounds the statistical power for detecting lower frequency variants or with 

smaller effects. This is the reason why suggestive variants were highlighted, including 

their potential functional relevance. 

The main strength of our study is that we reveal a consistent and reproducible 

association with chronic Chagas cardiomyopathy in four Latin American populations. 

Genetic studies in admixed populations are challenging given their differential ancestry 

proportions [36]; which is further complicated when taking also into account the genetic 
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diversity of the infectious agent [37]. This heterogeneity has been previously observed 

in a related parasitic disease such as Leishmania [38]. Further studies evaluating the 

human-parasite genetic interactions may improve the knowledge of disease 

pathogenesis.  

Finally, the inclusion of underrepresented populations in genetic studies is a great 

opportunity to broaden the knowledge of complex diseases and deepen their molecular 

mechanisms [39], which is especially important in Chagas disease, due to its significant 

socio-economic burden in both endemic and non-endemic countries [40]. 

CONCLUSION 

In summary, in this work we describe the results of a genome-wide meta-

analysis of Chagas disease in Latin American populations, identifying a novel locus 

near the gene region of SAC3D1 in association with the development of chronic Chagas 

cardiomyopathy. Although larger studies are needed to validate our findings, this study 

provides important novel leads to understand the pathogenesis of this neglected disease.  
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Figure legends 

Figure 1. Manhattan plot of the association test in chronic Chagas cardiomyopathy 

meta-analysis results. Y and X axes refer the –log10 transformed p-values and positions 

in chromosomes, respectively. The red horizontal line refers the genome-wide 

association threshold, stablished at p<5x10
-08

, and the blue one refers the suggestive 

threshold (p<1x10
-06

). 

Figure 2. Regional association plot for the genome-wide significant signal. The –log10 

transformed p-values of associated variants are plotted by position. The genomic 

position indicated correspond the top variant associated in this region. The rest of the 

variants are colored in function of their degree of linkage disequilibrium (LD) with the 

associated signal. LD is based on pairwise r2 values from the American population from 

the 1000 Genomes Project. The blue line correspond the estimated recombination rates. 

Nearby genes to the associated and suggestive signals are showed in the bottom of the 

plot.
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Tables 

Table 1. Demographical characteristics and classification of data collections. 

 Seropositive Seronegative 

 Colombia Bolivia Argentina Brazil
*
 Colombia 

  CCC ASY CCC ASY CCC ASY CCC ASY 
  

  

Subjects, N 577 442 97 518 100 62 207 306 1,104 

Sex 

(% females) 
280 (48 %) 282 (64%) 57 (59%) 364 (70%) 65 (65%) 40 (65%) 81 (39%) 154 (53%) 672 (61%) 

Age (Mean±SD) 67.4±14.3 57.2±15.6 50.7±9.4 46.4±9.5 58.2±9.4 47.5±14.0 - - 49.5±16.7 

The sample sizes refer to data passing the genotyping quality controls. 

Abbreviations: CCC, chronic chagas Cardiomyopathy; ASY, asymptomatic. 

* Data set from Deng et al, 2013 
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Table 2. Suggestive* signals associated with susceptibility to Trypanosoma cruzi infection in the Colombian cohort. 

Chr Locus Bp SNP SNP status Rsq 
Effect 

allele 

Allele 

Freq 
p-value 

OR 

(95% CI) 
Function 

1 CD247 167431884 rs554994388 Imputed 0.50 G 0.03 5.35E-07 
1.33 

(1.19-1.49) 
Intronic 

8 EBF2 25979367 rs147475322 Imputed 0.86 A 0.03 2.15E-07 
1.20 

(0.76-1.90) 
Intronic 

11 IL18 112127040 rs4937075 Imputed 0.77 C 0.77 8.34E-07 
1.02 

(0.86-1.21) 
Intergenic 

21 SIK1 43428190 rs229347 Imputed 0.88 A 0.60 8.93E-07 
1.07 

(1.04-1.10) 
Intergenic 

*Suggestive associations were considered with a p-value≤1E-06 

Associated loci were determined in order to the LD of contained variants and the most significant SNP of each loci were reported in the table. 

The r-squared metric (Rsq) indicates the correlation between input genotypes and imputed dosages. 

Abbreviations:  Allele Freq allele frequency; bp base pair; chr chromosome; CI confidence interval; OR odds ratio; SNP info SNP information. 
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Table 3. Genome-wide significant association and suggestive* signals associated with chronic Chagas cardiomyopathy development 

in the meta-analysis. 

Chr Locus Bp SNP SNP status Rsq 
Effect 

allele 

Allele 

Freq 
p-value Q p-value OR (95% CI) Function 

5 CDH8 18718887 rs10472156 Imputed 0.81 A 0.73 0.72 8.89E-07 
1.10 

(1.06-1.14) 
Intergenic 

9 KLF4 107479876 rs10759240 Genotyped - C 0.54 0.98 4.68E-07 
0.92 

(0.89-0.95) 
Intergenic 

11 SAC3D1 65047341 rs2458298 Imputed 0.95 G 0.26 0.98 3.27E-08 
0.90 

(0.87-0.94) 
Intronic 

*Suggestive associations were considered with a p-value≤1E-06 

Associated loci were determined in order to the LD of contained variants and the most significant SNP of each loci were reported in the table. 

In boldface the genome-wide significant signal.  

The r-squared metric (Rsq) indicates the correlation between input genotypes and imputed dosages. 

Abbreviations:  Allele Freq allele frequency; bp base pair; chr chromosome; CI confidence interval; OR odds ratio; p-value Q Cochran’s Q test; rsq r-square; SNP info 

SNP information. 
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Table 4. In silico functional analysis of the associated variant with chronic Chagas cardiomyopathy development. 

Chr SNP Nearest gene eQTLs 
C-HiC 

Genes 
PheWAS 

11 rs2458298 
SAC3D1 

NAALADL1 

SNX15
a
 

BATF2 in GM12878
b
 Hypertension, high blood pressure and abdominal aortic aneurysm 

FERMT3
b
 

a
eGENE in heart atrial appendage and heart left ventricle 

b
lymphoblastoid cell line 

Queried data bases were Open Targets Genetics, GTEx, RegulomeDB, Capture HiC Plotter, and PheWEB 

Abreviations: Chr chromosome; C-HiC capture Hi-C; eQTL expression quantitative trait loci; PheWAS phenome-wide association study. 


