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ABSTRACT 

Coronary Heart Disease is a condition wherein there is a 

buildup of plaque in the coronary artery that creates a 

blockade reducing the supply of oxygen to the myocardial 

cells. As the muscle cells begin to undergo necrosis, the body 

is said to be in a state of Mycocardial Infarction. Even though 

the condition of Myocardial infarction (MI) is extensively 

associated with lifestyle, recent evidence has indicated the 

role of genetics in the widespread occurrence of disease. 

Linkage Disequilibrium study of the genes associated with 

myocardial infarction was the foundation for a more advanced 

study of pharmacogenetic implications for drug efficacy and 

toxicity. The study aided in identification of new drug targets 

and in the mapping of genetic associations in various 

populations that hence contribute to personalized medicine. In 

the present study, the authors performed genome-wide 

association studies to compare the genes associated with 

Myocardial Infarction (ACE, MIA3, GATA4, ESR1) in five 

populations. Linkage Disequilibrium (LD) analysis was 

performed to understand the association of various SNP’s 

present on these genes. Post-retrieval of SNP genotype data of 

various populations from NCBI’s 1000genomes browser, an 

LD plot was constructed using an online LD Link LD 

Analysis tool developed by National Cancer Institute. The 

results have indicated a dense map of single nucleotide 

polymorphisms (SNPs) which were linked to Myocardial 

Infarction and SNPs that are co-inherited in different 

populations. Further analysis of SNP’s using PharmGKB 

database suggested the SNP’s influence on drug therapy of 

prescribed drugs for Myocardial Infarction like Fluvastatin, 

Raloxifene, Letrozole, Warfarin, and Vancomycin.  

General Terms 

SNP Analysis, Linkage, Genome Wide Association Studies, 

Pharmacogenetic Implication Study. 

Keywords 
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1. INTRODUCTION 
Coronary Heart Disease (CHD) is a medical condition that 

develops over time with buildup of waxy plaque inside the 

coronary arteries. Subsequent buildup of plaque could rupture 

the arteries walls leading to the formation of a blood clot. If 

the clot reaches a large enough size, it could completely block 

blood flow through the artery and lead to a heart attack. In a 

heart attack, there is an abrupt shortage of blood flow to the 

heart. This leads to considerable tissue damage in the heart 

muscle cells that undergo necrosis in the prolonged condition 

of ischemia. Without any blood supply, the inherent cellular 

repair mechanisms for the heart muscle cells fail and are 

unable to maintain homeostasis. The muscle cells that stop 

functioning die because of necrosis and this state is referred to 

acute myocardial infarction. It is the state where the 

myocardial cells begin to die due to loss of repair function as 

the supply of nutrients through blood is hindered. Being one 

of the largest causes of mortality worldwide, a detailed study 

of the genes associated with the occurrence of the disease and 

their linkage was investigated.  

1.1 Genes considered for the study  
The genes that were considered for the study were found to 

play a role in the occurrence of Acute Myocardial Infarction. 

1.1.1 ACE: 
The gene codes for an enzyme that is responsible for 

converting Angiotensin from an inactive form to an active 

one. Abbreviated as ACE, it is linked to cases of Acute 

Myocardial infarction. The enzyme, in the body, catalyzes the 

conversion of Angiotensin I into an active peptide 

Angiotensin II. [1] The active protein, Angiotensin II plays an 

important role in the maturation of renal tissue as it stimulates 

the constriction of blood vessels and secretion of aldosterone. 

This mechanism controls the blood pressure [2] and fluid 

electrolyte balance. Certain studies have reported findings that 

have linked a 287bp ‘ALU’ repeat sequence in this gene to 

cardiovascular conditions. [3][4]  

1.1.2 MIA3: 
The gene MIA3 encodes for a protein MIA3, a member of the 

Melanoma inhibitory activity protein family. The protein is 

also referred to as Transport and Golgi organization protein 1 

(TANGO1). It is an enzyme that is involved in the packaging 

of molecules like Collagen VII into COPII vesicles out of the 

Endoplasmic Reticulum. [5] Transport of collagen indicates 

that the enzyme is involved in osteogenesis. Recent evidence 

has indicated that the gene coding for MIA3/TANGO1 
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contains one of 27 loci that are listed under an increased risk 

of coronary artery disease. [6] 

1.1.3 GATA4: 
Encoding for a member of the protein family of zinc-finger 

motif transcription factors that recognize and bind to the 

sequence ‘GATA’ on promoters of many genes, the gene 

GATA4 is involved in signal transduction. The protein is 

involved in regulation of the transcription of genes related to 

embryogenesis, normal testicular development, and 

maturation of myocardial cells. [7] Further evidence of the 

gene’s relevance is that certain mutations in this gene are 

linked to congenital heart disease, hypoplasia of the 

ventricular myocardium, and cardiac septal defects. [8] Gene 

expression studies for the gene have found that alterations in 

the expression have been linked to several cancers. [9] 

1.1.4 ESR1: 
The gene codes for an estrogen receptor that plays a role in 

transcription regulation. Once the respective ligand binds to 

the receptor, through subsequent signal transducers, the 

domains coding for genes that are associated with DNA 

binding proteins and other transcription activators, are 

expressed. Even though the receptor’s products are mainly 

associated with sexual development, there has been evidence 

linking the receptor to function in other tissues such as bone 

[10]. Alterations in gene expression have indicated that the 

receptor is also involved in the development of certain cancers 

[11], osteoporosis, and heart disease [12] [13]. 

The aforementioned genes perform their function in adequacy 

in healthy individuals. However, the function of the gene 

could be altered with mutations, like Single Nucleotide 

Polymorphisms (SNPs) that have been widely studied for the 

past few decades. Their importance in diseases and recently in 

influencing disease risk and effectiveness of drug therapy 

inspired this study. The objective of this study is to correlate 

genetic linkage and inheritance patterns between SNP variants 

seen in the genes associated with acute myocardial infarction 

across various populations of the world. This is possible 

through genome-wide association studies of a set of genetic 

variants in different individuals from various populations of 

the world to investigate the possibility of a variant’s 

association with disease. This information can be used to 

detect, treat, and prevent a majority of the human diseases 

including cancers, diabetes, heart disease, etc [14]. The 

phenomenon of two genes, which are close together, being 

inherited, is known as Linkage. Linked genes are inherited 

together to the next generation without any or fewer chances 

of recombination. Linkage Disequilibrium is one such 

phenomenon wherein there exists a non-random association 

between two alleles at different loci such that they are 

inherited together to the following generation. These two 

alleles are inherited together more commonly than expected. 

The alleles which are said to be in Linkage Disequilibrium are 

correlated and the degree of correlation is inversely 

proportional to the distance between the alleles. [15] In this 

study, SNP variants were considered as markers instead of 

alleles to investigate the patterns of Linkage Disequilibrium. 

A thorough Linkage Disequilibrium study offers a solid 

foundation for a pharmacogenetic implication study wherein 

the SNP variants are investigated to check for classes of drugs 

that are influenced by the SNP across evidence collected from 

pharmacological research. 

2. METHODOLOGY 

2.1 SNP Genotype Data Retrieval  
The aim of researchers behind the 1000 Genomes Project in 

2008 was to build an entire database that would feature 

genomic data from individuals of various populations that 

would aid in the study of genetic variation across populations. 

Data on offer from 1000genomes is a key asset to advanced 

research in pharmacogenetics, bioinformatics, and medicine. 

[16] For this study, EBI’s 1000genomes browser hosted on 

National Center for Biotechnology Information (NCBI) 

website was used. SNP genotype data for the four genes 

shortlisted for the study, aggregated for all sample populations 

was retrieved. The list of SNPs was then subjected to Linkage 

Disequilibrium analysis to investigate into the association 

studies of SNP variants and investigate into the degree of 

Linkage Disequilibrium. 

2.2 Linkage Disequilibrium Analysis 
LD link (version 2.0) is a complete package of interactive web 

applications that can be used for analyzing the phenomenon of 

linkage disequilibrium in a varied list of population groups 

from a given set of SNP genotype data. [17]. The LD link LD 

matrix application is used to generate an interactive heat map 

matrix of pair wise linkage disequilibrium statistics for a 

population group. 

For each LD analysis, specific reference populations were 

used among the 5 different populations African (AFR), Mixed 

American (AMR), East Asian (EAS), European (EUR), and 

South Asian (SAS) available in LD Link. 

The LD result is generated in two formats, an LD heat map 

plot that is used for preliminary analysis of the degree of 

linkage disequilibrium by the density of the color on the heat 

map plot that displays both haplotype counts and allele 

frequencies for two query variants. The results can also be 

exported as a statistical data table, containing the calculated 

metrics for linkage disequilibrium that include the D prime 

(D') and R-square (R2) values that are calculated using 

goodness-of-fit statistical tests for deviations of expected 

frequencies that are sensitive to allelic frequencies. Perfect 

Linkage Disequilibrium exists in a condition wherein the 

haplotype frequencies are closer to 1 i.e. both the D’ and R2 

values are closer to 1. As R2 is sensitive to allelic frequencies, 

an SNP association that shares a higher D’ value but has a low 

R2 is in imperfect linkage disequilibrium as it is associated 

but the occurrence of that respective allele in a given 

population is very rare. SNP variant associations for a 

particular gene that have high LD values throughout the 

sample populations were said to be in linkage disequilibrium 

in the sample populations and were subsequently shortlisted 

for the pharmacogenetic implication study. 

2.3 Pharmacogenetic Implication Study 
Pharm GKB, an abbreviated version of Pharmacogenomics 

Knowledgebase is an online database that is supported by the 

National Institute of Health and the Pharmacogenomics 

research network. Information about the pharmacogenetic 

study related to the impact of human genetic variation on drug 

efficacy and toxicity collected from ongoing clinical trials is 

available. Essentially, the data collected from the database can 

help in analyzing how the changes in an individual’s genetic 

makeup influence drug therapy. [18] From the list of genes, 

the genes of interest were selected and their Pgx research was 

investigated. In the list of SNPs generated, select SNP 

variants that exhibited high LD are selected and the 

chemical/drug therapy influenced was studied. The SNP 
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variant is one of the primary factors in rendering the drug 

therapy ineffective in prescriptions and may even lead to drug 

toxicity in the system. 

3. RESULTS AND DISCUSSION 
LD studies are carried out by employing certain satellite 

markers for identification, they can be either be microsatellite 

polymorphisms or as in the case of the present study, Single 

Nucleotide Polymorphisms. Additional factors like mode of 

inheritance of the disease, age of the disease-causing 

mutation(s), and recombination distance between the marker 

and the disease loci play a major role in affecting the 

calculation of LD. Considering the example wherein the 

microsatellite marker has a high rate of mutation, the LD 

would be extremely low. This is seen more in markers with 

less mapped distances as the recombination rate and mutation 

rate is almost similar. This is how an elevated mutation rate 

affects the reliability of an LD study. This would result in a 

decrease of LD unless a disease-causing mutation was to arise 

on a chromosome that would create a new microsatellite 

allele. For this reason, of the two types of markers, use of 

haplotypes that contain multiple SNPs enhances the capability 

of investigating LD.  

3.1.1 Interpretation of an LD Heatmap: 
The sole purpose of analyzing an LD heatmap is to investigate 

whether any given two SNPs are in Linkage disequilibrium. 

Consider the generated LD heatmap plot in Fig. as an 

example, the blocks in the heatmap table generated are known 

as haplotype blocks. They represent the haplotype of a 

particular SNP variant. The heatmap plot is a matrix that 

consists of an equal number of rows and columns that are 

equal to the number of query SNP variants. In the matrix, to 

analyze the degree of LD for two given SNP’s, the resultant 

haplotype block achieved by tracking down of the first SNP 

variant block in the respective column and the second SNP 

variant block in the respective row or vice-versa indicates the 

degree of LD.  

 

Figure 1: LD Heatmap Plot generated using LDmatrix 

module of LDLink 

The density of the color in the haplotype block indicates the 

degree to which the given two SNP’s are in Linkage 

Disequilibrium. Alternatively, the data used by the module to 

plot the heatmap matrix is also available in a statistical tabular 

format that consists of four columns, the first two being the 

loci of the two SNP variants being considered, while the third 

column is the D’ value, and the fourth column features the R2 

value. The highest value of D’ and R2 closest to 1 indicates 

high LD. 

3.1.2 The parameters of statistical analysis of 

LD: 
1. L1 and L2 are loci of the two SNP variants being 

considered for LD investigation 

2. D prime (D') – It is the normalized value of a parameter that 

is an indicative of allelic segregation for two given genetic 

variants (here SNP variants). The value of D' ranges from 0 to 

1, where a value of 0 indicates no linkage of alleles, and a 

value of 1 indicates a strong linkage of alleles.  

3. R-square (R2) – This is an LD measure for correlation of 

alleles for two given genetic or SNP variants. The value of R2 

ranges from 0 to 1 wherein, the value of 0 indicates that the 

alleles are independent and 1 indicates that there is a high 

degree of correlation. As R2 is sensitive to allelic frequency, it 

is not an accurate measure independently. However with D’, 

these two LD measures serve as accurate evidence for 

Linkage Disequilibrium. 

3.1.3 LD results for gene ACE: 
The LD heatmap matrix plots for ACE gene for different 

populations are given below. Common to all the sample 

populations of the present study, two SNP variant associations 

were noticed. SNP variants rs4331 and rs4341 were noticed to 

be in high LD, and SNP variants rs4331 and rs4344 were 

noticed to be in high LD. Even though there were certain SNP 

variants that were in high LD in a few populations, they did 

not show a similar degree of LD in other populations and 

were hence not considered for the pharmacogenetic 

implication study. 

3.1.4 LD results for gene GATA4: 
The LD heatmap matrix plots for GATA4 gene for different 

populations was studied and common to all the sample 

populations of the present study, a single SNP variant 

association was noticed. SNP variants rs4841588 and 

rs2645400 were noticed to be in high LD with each other in 

all sample populations.  
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Figure 2: LD Heatmap plot for ACEAFR- African, AMR- Mixed American, EAS- East Asian, EUR- European, SAS- South 

Asian 

3.1.5 LD results for gene ESR1: 
The LD heatmap matrix plots for ESR1 gene for different 

populations were studied and common to all the sample 

populations of the present study, two SNP variant associations 

were noticed. SNP variants rs2234693and rs9340799 were 

noticed to be in high LD along with SNP variants rs4870061 

and rs1801132. 

3.1.6 LD results for gene ESR1: 
The LD heatmap matrix plots for MIA3 gene for different 

populations were studied and common to all the sample 

populations of the present study, a single SNP variant 

association was noticed. SNP variants rs10495197 and 

rs17163303 were noticed to be in high LD.  

3.1.7 Pharmacogenetic Implication Study: 
With a powerful foundation of information related to Linkage 

Disequilibrium seen in certain SNP variants common to the 

five sample populations, an advanced implication study 

related to the Pharmacogenetic association of SNP variant and 

drugs/chemical was performed utilizing PharmGKB, a 

Pharmacogenomics research database. According to the Pgx 

research and previous clinical trials information available 

from the database, an SNP variant has the potential to 

influence a drug’s therapy either by limiting its efficacy or 

rendering the drug toxic to the system. For the list of SNP 

variants found to be associated in linkage disequilibrium were 

used for the present study. According to the evidence 

available, the SNP variants could potentially limit the efficacy 

of certain prescribed drugs for myocardial infarction, coronary 

heart disease, and other medical conditions.  

 

For the gene ACE, The SNP variant rs4331 was found to 

influence the drug therapy of prescribed drugs Fluvastatin, 

Irbesartan, Atenolol. [19] This SNP was associated with two 

other variants, rs4341, and rs4344 that influence drug therapy 

for Fluvastatin, Thiazides, Furosemide, Spironolactone, 

Pravastatin, and Ramipril respectively. [20][21][22] These 

drugs, especially Fluvastatin, are prescribed for 

hypercholesterolemia and for prevention of cardiovascular 

diseases. [23] 

 

For the gene MIA3, with the sole SNP variant association of 

variants rs10495197 and rs17163303, it was found that each 

of the SNPs individually has the potential to influence the 

drug therapy for Vancomycin. [24] Vancomycin is the drug of 

choice for therapy of bacterial sepsis, meningitis, hemolytic 

anemia, and for reducing the levels of creatine kinase in 

blood. 

 

For the gene GATA4, with the sole SNP variant association of 

variants rs4841588 and rs2645400, it was found that each of 

the SNPs individually has the potential to influence the drug 

therapy for Warfarin. [25] Warfarin is an anti-coagulant and is 

used as a preventive for the formation of blood clots in blood 

vessels and their migration. [26] 

For the gene ESR1, the SNP variant associations of rs9340799 

and rs4870061, and rs1801132 and rs2234693 were found to 

influence the drug therapy of prescribed drugs Letrozole, 

Raloxifene, Tamoxifen, Atorvastatin, and Anastrozole. 

[27][28][29] Atorvastatin is a lipid lowering agent and helps 

in reduction of occurrence of cardiovascular diseases. [30] 

Table 1. Annotated SNPs by Gene 

Gene SNP Chemical Reference 

ACE 

rs4331 

Atenolol, 

Fluvastatin, 

Irbesartan 

[19] 

rs4344 Ramipril [20] 

rs4341 

Fluvastatin, 

Furosemide, 

Pravastatin, 

Spironolactone, 

Thiazides, plain 

[21][22] 

MIA3 
rs10495197 

Vancomycin [24] 
rs17163303 

GATA4 
rs2645400 

Warfarin [25] 
rs4841588 

ESR1 

rs9340799 

Raloxifene, 

Tamoxifen, 

Letrozole [27] 

rs4870061 Letrozole 

rs1801132 

Anastrozole, 

Letrozole, 

Raloxifene 

[28] 

rs2234693 

Anastrozole, 

Letrozole, 

Atorvastatin 

[29] 

4. CONCLUSION 
In this study, the authors were able to identify genes that are 

associated with the advent and occurrence of myocardial 

infarction. Using NCBI’s resources and 1000genomes 

browser, SNP genotype data for SNP variants present on each 

one of those genes was retrieved. A linkage disequilibrium 

study of the SNPs was performed to investigate the 
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association between two variants which co-inherits them into 

the progeny. After a firm foundation of LD studies for certain 

SNP variants, they were subjected to Pharmacogenetic 

analysis to determine the relationship between the SNP 

variant and prescribed drugs.  

As per the findings of the existence of Linkage 

Disequilibrium between two unrelated SNP variants on a gene 

that is associated with the advent of Myocardial Infarction, the 

authors conclude that these linked variants, for example, 

rs4331 and rs4341 of ACE gene were inherited together 

through the progeny from the parent rendering the prescribed 

drug therapy, in this case, of Fluvastatin and other drugs 

ineffective. As the study was performed on five different 

sample populations across the world, there is a high 

possibility that Fluvastatin may no longer be an effective 

prescribed medicine for patients with myocardial infarction. 

Similarly, the results from other SNP variants of other genes 

indicate that other drugs prescribed for patients with 

myocardial infarction like Raloxifene, Letrozole, Warfarin, 

and Vancomycin have a high probability of being  ineffective 

for the next generations in the sample populations. As an 

alternative course of action, a higher dosage of the drug could 

be prescribed as compensation. A higher dosage would 

increase the concentration of the drug available in the system 

and increase the concentration of the drug that reaches the 

target tissue. However, increasing the concentration of a drug 

in the system delivered either orally or intravenously isn’t a 

viable solution. Instead, a better, more practical approach 

would be to look for alternative medicine, in the form of, 

medicinal plant extract that has bioactive compounds that 

share similar structural and therapeutic properties with the 

listed drugs but are less toxic and have greater bioavailability. 

Subsequently, further validation of the present study’s results 

through wet lab study will offer a better perspective of the 

implications of the current study.  

The past decade has seen a piqued interest in research 

advances in pharmacogenomics. Personalized therapy is 

termed as the future of medicine wherein medicinal therapy 

and drugs are prescribed to an individual based on their 

genome data. Linkage Disequilibrium study serves as an ideal 

foundation for performing pharmacogenetic implication study 

for a set of haploid genomic data offered for a few sample 

populations across the world. With a rise in cases of drug 

therapy ineffectiveness rising across the world, attributed to 

the differences in the genome, the scope of such research is 

vast and critical for the further development of personalized 

medicine.  
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