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ABSTRACT 

 Human complex disease is driven by a multitude of factors including individual®s genetics 

and environmental stimuli. To deconvolute the effect of genetics on cell biology from the rest of the 

factors, my work focuses on the transcriptional and epigenetic consequences of inheriting disease 

associated loci. Essentially, by focusing on the immediate effects of genetic variation, we can apply 

mechanisms to variants that were previously functionally obscure.  

To identify functional mechanisms of genetic variation, we collected high-throughput 

sequencing data including gene expression, transcription factor binding, chromatin accessibility, 

and histone modifications as well as genotypes of 6.7 million SNPs in 53 human aortic endothelial 

cell samples from donors of varying genotypes, sexes, and ancestries. We used quantitative trait 

locus (QTL) mapping to single out over 700,000 SNPs that were associated with gene expression 

in our population. Of the ~700,000 expression QTLs discovered, 8,747 were associated with an 

epigenetic trait as well, such as chromatin accessibility, transcription factor binding, or histone 

modification, providing a mechanism for the association with target gene transcription. Additionally, 

the expression QTLs are enriched in high significance coronary artery disease associated loci 

meaning that we are identifying the possible pathways that drive increased risk for disease. 

 Through QTL analyses, we discovered loci with multiple layers of evidence suggesting 

function within the human genome. To verify these candidates, we performed a massively parallel 

reporter assay called Self Transcribing Active Regulatory Region sequencing (STARR-seq) on 

34,444 variants. Through STARR-seq, we were able to functionally validate 5,711 SNPs. 

Additionally, we found that chromatin accessibility and transcription factor binding were highly 

enriched within the validated set suggesting that these measures are vital when identifying 

functional variation from molecular data.  
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 In future work, we plan to investigate the role of genetic variation on gene regulatory 

networks in basal conditions as well as under conditions mimicking an inflammatory state similar to 

one seen in disease. We also are going to link individuals polygenic risk scores to their 

transcriptional networks and molecular QTL analyses to find patterns of mechanism that are acting 

to increase risk of developing coronary artery disease.  

 Altogether, what is presented here is in-depth systems genetics on human aortic endothelial 

cells identifying disease relevant human genetic variation and the mechanisms through which they 

act on endothelial cell biology. The findings from this work have already benefited multiple labs and 

research projects and will continue to be an asset to the scientific community. 
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CHAPTER 1:  

CHALLENGES OF STUDYING GENETIC DISEASES  

 

 
1.1 | Genetic Disease can be ̄simple° or c̄omplex° 

 On Monday October 1st, 1990, the Human Genome Project (HGP) began with the singular 

goal to sequence the human genome1. Scholars and lay people alike had hope that by sequencing 

the whole genome, we would be able to understand the mechanisms behind all inherited disease2,3. 

The HGP was successfully concluded on Monday April 14th, 20031. Since then, geneticists have 

been trying to link DNA sequence with disease pathophysiology.  

When people think of genetic disease, usually the thought is of Mendelian diseases that are 

generally 1 gene to 1 phenotype. Cystic Fibrosis, for example, is caused by a mutation in the cystic 

fibrosis transmembrane conductance regulator gene (CFTR) that impacts the ability of the protein 

product to move molecules across membranes, causing persistent lung infection among other 

symptoms4. All individuals who have Cystic Fibrosis have some sort of mutation in the CFTR gene. 

However, most inherited human diseases are not Mendelian5. A large proportion of inherited 

diseases and traits are complex, meaning they are caused by many mutations in and around many 

genes in conjunction with different environmental stimuli including specific stage of development 

exposures such as during childhood or in the womb6²9. These complicated mechanisms of action 

mean that even for complex diseases that are passed through families, identifying the actual genes 

and mutations involved as well as finding medically actionable mechanisms is incredibly difficult. 
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1.2 | Challenges in Understanding Complex Disease 

 Due to the complexity of many diseases® genetic signals, one method to find genetic 

variants associated with disease is Genome Wide Association Studies (GWAS). GWAS are 

performed by collecting hundreds of thousands of samples from a population and correlating 

different common genetic variation (base pairs that vary naturally in the human population) with 

incidence of some disease or trait. Including such high numbers of samples and only testing 

common variants provides the statistical power necessary to associate genetic variants with 

complex phenotypes10 . However, there are multiple hurdles between identifying disease associated 

variants in GWAS and understanding the mechanisms underlying disease.  

First, since the test variables are common genetic variants, by definition, the variants are 

not strongly impacting incidence of disease or they would not be common in the population11. 

Often, the common genetic variants are single points (one base pair) in the DNA that vary in the 

population referred to as single nucleotide polymorphisms (SNPs). Working with common variation 

limits identification of SNPs in a GWAS to those with a small effect on someone®s risk for disease. A 

variant with small effect size is not meaningless, however. A variant that is associated with disease 

still impacts an individual®s risk, and for many diseases, a large component of the heritability of the 

disease is accounted for by common genetic variation (variants found in greater than 5% of the 

population). Additionally, small effect SNPs can still point to regions of the genome not previously 

thought to be involved in the studied disease. 

Second, GWAS suffer from missing heritability. For even the most highly studied traits, the 

heritability of the disease cannot be explained by the loci that have been identified, meaning that 

predictive models including only the genetics variants that have been discovered are not always 
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accurate. For instance, heritability of schizophrenia is estimated to be 80% (h2 = 0.8) according to 

pedigree studies, but the genetic signals discovered in GWAS predict only 32% heritability (h2 = 

0.32)12,13. One criticized process that could partially explain missing heritability is conservative 

multiple testing correction. Multiple testing correction is an umbrella term for a group of methods 

that adjust the significance of each test based on how many tests are being done. GWAS require 

multiple testing correction because the number of tests being performed is so astronomically high 

that by random chance, there will be a proportion of tests that give a false positive result. As such, 

the most common method for correcting the significance metric (p-values) is a Bonferroni 

correction. Under Bonferroni correction, a variant is not considered significant in a GWAS until it 

reaches a p-value of 5E-8 (0.00000005), where the p-value threshold for a single test is usually 

0.05.  This harsh correction often excludes many true positives that are simply lower effect size. 

Due to the stringency of Bonferroni correction, it is often criticized heavily as causing the case of 

missing heritability, at least in part14,15. Therefore, variants that are not Bonferroni correction 

significant may still play a role in disease leaving a portion of SNPs uncharacterized and ignored. 

Third, the assumptions about genetics from Mendel are useful but are not always true. For 

instance, Mendel®s laws state that the inheritance of each trait or mutation is random from each 

parent and that each trait is inherited independently. However, variants that impact traits are not 

inherited independently. The genome is inherited in ­chunks® rather than each individual base 

having an individual chance of being inherited16²18. Sections of the genome being inherited together 

results in large swaths of SNPs being linked in inheritance, meaning if someone has a certain base 

pair at one spot, there is a high likelihood that they have a certain base pair at another linked spot. 

This phenomenon is called Linkage Disequilibrium (LD). Within GWAS, each signal detected in 

association with disease includes multiple SNPs, often tens or hundreds19. Therefore, identifying the 
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SNP(s) that are functional and affecting disease risk is difficult. All SNPs in high LD with the 

functional SNP will also appear significant in association tests. 

Fourth, variants that are identified in GWAS that do not change the coding of a protein have 

no obvious mechanism for modifying cell biology. When a variant changes a proteins sequence, it is 

easy to link mechanism to the variant as the protein could have impeded function given the 

mutation. However, most of the human genome is not protein coding regions (99% non-coding)20. 

Likewise, most SNPs associated to disease via GWAS are non-coding (93% non-coding)21. The 

non-coding genome is where elements that modify gene expression, called regulatory elements 

(REs), reside. Therefore, non-coding segments of the genome that are associated with disease are 

presumed to modify the activity of the REs in the area. There are indeed studies showing REs with 

modified activity from genetic variation residing within the element itself 22²26; however, REs tend to 

be cell-type and cell-state specific27. If all the REs for a cardiomyocyte were identified for example, 

that does not mean all the REs for an endothelial cell were identified. Research shows that SNPs 

associated to complex disease tend to be enriched in REs open in the cell-types directly involved in 

disease progression28. Therefore, focusing on how disease associated variants affect the regulatory 

landscape of the cell-types involved in the specific disease of interest is vital. Once REs are 

identified in the cell-type of interest, disease associated variants that reside within REs can be 

assayed for function. One such analysis, referred to as Quantitative Trait Locus (QTL) analysis, 

uses linear regression to associate an individual®s genotype (the set of bases that they inherited) at 

a variant with some quantitative trait such as gene expression. Since gene expression is often 

driven by RE activity and REs tend to be cell-type specific, we can identify the mechanism 

underlying disease associated non-coding variation through finding expression QTLs (eQTLs) within 

a cell-type of interest. Therefore, utilizing of QTL analysis, our study overcomes many of the 

challenges faced when studying complex disease.  
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1.3 | Genomic QTLs and Mechanisms of Disease 

To dissect the functional mechanisms of non-coding common genetic variation, this study 

first uses QTL analysis to link genetic variants to the intermediate phenotype of gene expression. 

This is contrary to a GWAS, which focuses on associating variants to a trait or disease that arises 

through hundreds if not thousands of mechanisms working in tandem. By focusing on an 

intermediate phenotype like gene expression, we are reducing the number of factors involved in the 

production of the measured trait allowing for a simpler picture of the consequences of inheriting a 

particular variant. Additionally, QTLs can be identified for any quantitative trait including gene 

expression, transcription factor (TF) binding to DNA, modifications to the DNA packaging proteins, 

accessibility of the DNA to be bound, and more. This variety of quantitative traits can be used to 

understand a variant®s effect from multiple different perspectives, providing a more complete 

picture of how the variant changes cell biology. 

We performed QTL analysis within our lab using privately collected data. Often, studies 

instead use public QTL data that has incredibly high numbers of samples. However, the largest 

QTL datasets available are in tissues or not in our specific cell-type. For instance, the Genotype-

Tissue Expression (GTEx) project collected 54 tissues in up to 1000 cadavers29. These samples 

had their gene expression measured via RNA-seq and the donors were genotyped. eQTLs were 

detected by associating the genotypes in the different samples to each tissue®s expression 

individually. Hundreds of thousands of eQTLs were identified and have proven useful to the 

scientific community, however, as mentioned above, SNPs within non-coding regions of the 

genome tend to have regulatory function and regulatory elements tend to be cell-type or state 

specific. Though GTEx has produced data from their tissues that are deconvoluted (tissue 

expression values computationally separated into cell-types), deconvolution is sensitive to the 

quality of data, inclusivity of the cell-type gene panels, as well as the methods used to normalize 
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expression values30. Additionally, since GTEx tissues were collected from a variety of cadavers, 

some environmental factors such as cause of death may impact the expression values observed 

within the samples. Therefore, our single cell-type and cell-state data is extremely valuable and 

novel to the scientific community.  

The major focus for the research in this dissertation, involves elucidating how common 

genetic variation impacts cardiovascular disease. Though GTEx does include tissues such as the 

aorta, this work specifically focuses on Endothelial Cells (EC) and how genetics cause endothelial 

dysfunction. ECs are the cells that form the single cell layer between the blood and the artery wall 

and are present in blood vessels throughout the entire body31. Therefore, ECs are incredibly prolific 

and have the potential to impact the function of the entire body. Since the EC samples used were 

collected from the aorta of deidentified heart donors, focus is placed mainly on Coronary Artery 

Disease (CAD), but does not exclude other disease signals.  

An example of a disease whose pathogenesis involves impaired endothelial function is 

atherosclerosis (the build-up of plaque in the arteries). This disease involves all the cell-types 

present in the artery, as well as immune cells that are recruited by inflammatory signals. Endothelial 

cells are the specific cells recruit monocytes to the artery wall in response to modified LDLs that 

have infiltrated the sub-endothelial layer. The monocytes can then become macrophages and 

phagocytose, or engulf, modified LDLs eventually causing them to become foam cells that stay 

within the artery wall and build up, causing the growth of the plaque32 (Figure 1). Given the pivotal 

role of ECs in the inflammatory initiation and progression of an arterial plaque, stimuli were included 

in the experimental design to mimic the inflammatory signals present in an atherosclerotic plaque. 

What follows is an in-depth look at differences in EC biology among a population of 53 people and 

the mechanisms through which common genetic variation causes these differences. 
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Figure 1. Atherosclerosis Diagram 
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CHAPTER 2:  
DISCOVERING MECHANISMS BEHIND GENETIC ENDOTHELIAL CELL 

DYSFUNCTION 

2.1 | Regulatory Elements within Human Aortic ECs are Bound by Transcription Factor ERG 

The following was published in eLife in 2017 where I was a co-author for my role in data collection 

and analysis 33. 

 As discussed in Chapter 1, the mechanism of non-coding disease associated variation is 

through regulatory elements (REs) within the cell-types and cell-states that are important for 

disease. To identify REs important for our cell type, we first must look at the transcription factors 

(TFs) active within our cell type. TFs, as mentioned previously, bind to the DNA and can establish or 

assist in the establishment of REs. Therefore, REs with different activity in different cell-types and 

states will have different TFs bound or absent depending on the transcriptional goal of the cell. RE 

and TF specificity also means that the genetic variants that change gene expression in one cell-type 

or state may not in another. Therefore, to identify functional variants within each cell-type, extra 

care must be taken in identifying the TFs and REs that are of import to the specific cell-type(s) of 

interest for the given diseases that involve those cells.  

First, we decided to screen the genome of ECs for marks that commonly decorate the DNA 

surrounding REs. To achieve this goal, multiple high-throughput sequencing methods were 

employed to identify regions of open chromatin (the DNA is open and accessible to protein binding) 

and regions that have an active regulatory mark such as acetylation of lysine 27 on the histone 3 

tail (H3K27ac). As published in eLife in 2017, our analysis of open chromatin and H3K27ac in one 

de-identified individual revealed approximately 17,000 high confidence putative regulatory elements 

(Figure 2A).  
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The next step was to identify what DNA-binding proteins may be involved in gene regulation 

at these putative regulatory elements so that the activity and binding of the proteins can be 

measured also. Among the identified elements, we used a method called de novo motif discovery to 

find DNA sequence motifs that TFs and TF families would be most likely to bind to. We discovered 

that the most prevalent DNA binding motifs were for the TF families ETS, JUN, SOX, and GATA 

(Figure 2B). To focus in on a couple candidate TFs to investigate further, we measured the gene 

expression of ECs within the same donor and ranked the transcriptional expression of each of the 

TFs (Figure 2C). Given the high expression of ETS related gene (ERG) along with the prevalence of 

the ETS motif (AGGAA) in EC enhancers, we decided to investigate ERG further as a candidate TF 

with importance in EC gene regulation. 

To assess the function of ERG within our cells, we used an siRNA knockdown to reduce the 

levels of ERG RNA and protein in the cells. Upon an approximately 80% knockdown of ERG 

transcript, we observed an increase in the expression of genes in the inflammatory pathway such 

as IL1B and IL8 (CXCL8) (Figure 2D). Therefore, we hypothesized that ERG itself was performing a 

suppressive role of inflammatory genes such as those seen upregulated in atherosclerosis. ERG®s 

anti-inflammatory role is supported through another research groups® studies where ERG was found 

to inhibit NFƱB (the major inflammatory TF) binding to ICAM1, an essential gene in the recruitment 

of monocytes to artery walls34. Given the importance of ERG in disease relevant processes like 

inflammation, we decided to measure ERG binding and NFƱB binding through our future work.  
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Figure 2. Defining EC regulatory regions. (A) Heatmap of number of tags found for chromatin 

accessibility by ATAC-seq (left) and H3K27ac ChIP-seq (right) for regulatory regions, centered on the 

chromatin accessibility peak centers. (B) Motif enrichment within the 16,929 REs identified. (C) Gene 

expression values (y-axis) displayed by ranking by gene expression (x-axis). Transcription factor 

families are identified by color and shape. (D) Change in gene expression given ERG siRNA 

knockdown. A positive value represents a gene whose expression increased given ERG knockdown 

and a negative is a gene whose expression decreased given ERG knockdown (* is p-value <0.05 by t-

test). 
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2.2 | Genetics Modify Gene Regulation Throughout ECs Through REs 

The work in this section was published in American Journal for Human Genetics in 202035 where I 

was the first author and contributed to experimental design, data collection, the majority of 

computational analyses, the writing of the paper, as well as the administrative work for the paper. 

The paper is included here as Appendix A. 

Figure 3. Pipeline for Dissertation. (A-C) Section Genetics Modify Gene Regulation Throughout ECs 

Through REs (page 20). (D)Section Massively Parallel Reporter Assays Validate Variant Function 

(page 24). (E) Section Variants can impact cell response to stimuli such as IL1B ς Preliminary Data 

(page 27). (F) Sections Future Directions ς Polygenic Risk Score and Future Directions ς Network 

analysis identifies pathways that change together (pages 28 and 29 respectively) 
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 With the identification of the EC regulome, we hypothesized that common genetic variation 

that is associated to disease in GWAS could disrupt or modify the activity of EC REs. For instance, 

the regulatory elements we discovered previously had an enrichment of DNA motifs for specific 

transcription factor families. If a genetic variant mutated one of these motifs, it could disrupt the 

ability of the transcription factors to bind to the DNA at that spot, and the regulatory element would 

have reduced or ablated function. Therefore, we next set about identifying the genetic variants that 

were associated with changes in RE activity. To accomplish this, we designed an experiment in 

which we collected a large dataset of high-throughput sequencing data in 53 different de-identified 

heart donor aortic endothelial cell samples with varying genetics, ancestries, and sexes that were 

collected by surgeons at UCLA during heart transplantations. Samples were additionally collected 

in untreated (normal) and IL1B (inflammatory stimulus) treated conditions (Figure 3A). This dataset 

includes gene transcriptional expression measured by RNA-seq and epigenetic data including: (a) 

ERG binding measured by Chromatin Immunoprecipitation followed by sequencing (ChIP-seq), (b) 

binding of the master regulator of inflammatory gene expression NFƱB using ChIP-seq, (c) 

H3K27ac using ChIP-seq, and (d) chromatin accessibility using the Assay for Transposase 

Accessible Chromatin followed by sequencing (ATAC-seq) (Figure 3B). Additionally, all donors 

were genotyped using an Affymetrix SNP chip with further imputation utilizing the 1000 genomes 

project36. All together, we assembled a collection of genetic, epigenetic, and transcriptional 

sequencing data in a genetically varied dataset. This dataset allows us to ask and answer how an 

individual®s genetics impact their EC function. 

 To identify variants associated with gene expression called eQTLs, we utilized a program 

called Matrix eQTL37 which used linear regression to link individuals® genotypes at variant loci to the 

expression of genes within 1Mb (1 million base pairs) (Figure 3C). Out of 6,737,388 genetic 

variants tested, we identified 709,315 genetic variants that are eQTLs (not corrected for LD). Of 
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these, 8,747 are also associated with one of the epigenetic traits measured (molecular QTLs or 

molQTLs) via allele specific QTL testing performed with RASQUAL38. Specifically, the variants that 

are strongly significant eQTLs associate more strongly with molQTLs than randomly selected SNPs 

(Figure 4A), lending to the idea that genetic variants that disrupt one of the molecular traits we 

measured are more likely to impact target gene expression. Similarly, the eQTLs we measured 

were enriched in higher significance GWAS hits for coronary artery disease (Figure 4B), supporting 

the hypothesis that a variant that is an eQTL is more likely to be functionally impacting the cell than 

random variants selected from the genome.  

 An example of multiple layers of evidence colocalizing to form a complete picture is the 

Vascular Endothelial Growth Factor C (VEGFC) locus. There is an RE detected in our dataset that is 

~90,000 base pairs from the promoter of gene VEGFC where we found a common genetic variant 

(rs6825977) associated with the expression of the VEGFC gene (Figure 4C). In addition to being an 

eQTL for VEGFC, rs6825977 was significantly associated with the amount of H3K27ac detected at 

the RE and the amount of NFƱB binding to the enhancer under IL1B stimulated conditions (Figure 

4D,E). The SNP rs6825977 mutates an ETS motif, meaning that for one allele (T), there is a 

preserved motif that the ETS family of transcription factors can bind to, and in the other allele (C), 

that motif is no longer a strong binding site (Figure 4F). Additionally, the RE was shown to be acting 

on VEGFC expression via CRISPRi performed by a collaborator, and the SNP®s functionality was 

confirmed by another collaborator in a luciferase assay. Separate from the locus with rs6825977, 

the gene VEGFC has been associated with blood protein levels, left ventricle wall thickness, lung 

function, and many other traits39 meaning that the modification of gene expression by rs6825977 

could be part of the mechanism through which risk is increased for these traits. The VEGFC locus 

example is but one of many available in the large dataset we have created and exemplifies the 

power of the multifactor approach to understanding genetic variations impact on cell biology. 
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Figure 4. eQTLs, molQTLs, and Coronary Artery Disease. (A) Enrichment plots showing the enrichment 

of molQTLs in cumulative bins of eQTL pvalues. (B) Enrichment plot of eQTLs enrichment in 

cumulative p-value bins of CAD GWAS SNPs. (C) Gene expression of VEGFC (RPKM; y-axis) verses 

genotypes at SNP rs6825977 across 53 donors (x-axis). (D) H3K27ac tags surrounding SNP rs6825977 

(RPKM; y-axis) by genotypes at the SNP across 42 donors (x-axis).  (E) NFˁB binding surrounding SNP 

rs6825977 (RPKM; y-axis) by the genotypes at the SNP across 36 donors (x-axis). 
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2.3 | Massively Parallel Reporter Assays Validate Variant Function  

The work in this session was published in Genome Research in 202240, where I was a co-first 

author. The paper is included as Appendix B. 

 The eQTLs and molQTLs identified within our EC population are compelling of their own 

nature, but to validate functionality of the variants we identified, we decided to perform a massively 

parallel reporter assay (MPRA) (Figure 3D). We used the MPRA Self-Transcribing Active Regulatory 

Region Sequencing41 (STARR-seq). STARR-seq involves creating up to tens of thousands of 

circular DNA constructs (plasmids) including the test regions downstream of a minimal promotor. 

The structure of the plasmids meant that if the regulatory region input into the plasmid were active, 

it would trigger its own transcription which is measured by RNA-seq. In our study, we included 

34,344 variants® alleles represented in 59,976 plasmids which were selected based on the QTL 

studies published in AJHG in 2020, as well as publicly available GWAS and chromatin accessibility 

data from ENCODE20,40. These plasmids were introduced into an immortal EC cell line referred to as 

­TeloHAECs® which are Human Aortic Endothelial Cells that express the telomere-extending protein 

hTERT. We used TeloHAECs to ensure that there would be a uniform background within which to 

measure differences of expression between alleles. Of the 34,344 variants included in the STARR-

seq assay, 5,711 were found to have differential expression between their alleles, hereafter to be 

referred to as validated variants.  

 Validated variants overlap with a variety of our molecular data and molecular QTLs from 

different datasets. Given this information, we set out to identify the genetic and epigenetic qualities 

that were most often associated with variants that validated. To find enrichment of our molecular 

data, we used a hypergeometric test between the expected number of validated variants a 

molecular trait would overlap with verses how often the validated variants were overlapped within 
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the experimental data. There was enrichment across all molecular datasets, though specifically, 

chromatin accessibility and ERG binding were the most enriched among the molecular traits 

evaluated. Interestingly, not only were validated variants enriched within molecular trait regions 

(peaks) (Figure 5A), but molQTLs were also more likely to overlap with the validated variants than 

would be expected (Figure 5B). Enrichment at the molQTL level was striking given that molQTL 

testing was only performed on SNPs within the trait peaks. Therefore, the molQTL enrichment is 

further enrichment over the SNP being present in a molecular trait peak. It is also worth noting that 

within the set of variants that validated but did not have a significant molQTL, we still see a trend in 

the molQTL statistics to suggest that many of the validated variants simply had effect sizes that we 

did not have the power to detect statistical significance for within the molQTL analysis. Meaning 

many more validated variants® function may be explained through the molecular traits that we 

measured if we had more samples for molQTL testing (Figure 5C). Given this data, we conclude 

that transcription factor binding, and chromatin accessibility are both excellent measurements to 

identify variants that modify regulatory element activity.  

 Given our data in ECs, we identified 89 variants that STARR-seq determined were functional 

that also are associated with disease of relevance to ECs, including cardiovascular disease, lung 

disease, stroke, and pulse pressure (Table 1). Therefore, we have begun to identify the possible 

mechanisms of disease propensity that exist within the human endothelium.  



Page 26 
 

 

  

Figure 5. STARR-seq validation and associations between functionality and molecular measurements. 

(A) Enrichment of molecular trait peaks in STARR-seq validated SNPs. (B) Enrichment of molQTLs in 

STARR-seq validated SNPs. (C) Sub-significant molQTLs (p-values on x-axis) and the percent of which 

validated in STARR-seq represented by the heatmap. 
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CHAPTER 3:  
FUTURE DIRECTIONS AND CONCLUSIONS FOR QTL STUDIES 

3.1 | Preliminary Data ² Variants can Impact Cell Response to Stimuli such as IL1B  

Cells are living organisms that are dynamic and plastic, allowing them to respond to their 

environment by adjusting their behavior. One major mechanism by which cells respond to their 

environment is through alterations in transcriptional regulation, leading to differential gene 

expression. Disease, inflammation, diet, or other stimuli can affect transcriptional profiles of cells 

within the body. Additionally, evidence from several lines of evidence including GWAS and our own 

work suggest that genetic variation shapes individual transcriptional responses to environmental 

stimuli. Interactions between genetic variation and an environmental stimulus are known as Gene-

by-Environment (GxE) interactions. When considering a cellular treatment as its environment, it 

follows that a SNP that impacts a phenotype in a treatment specific manner is a GxE QTL. Within 

our in-progress study, we aim to identify the extent of GxE interactions within our cell population 

and elucidate the mechanisms which cause them (Figure 3E).  

 ECs are exposed to a myriad of stimuli within an atherosclerotic plaque, and among them is 

inflammatory cytokine IL1B. We decided to focus on IL1B because it is a stimulus secreted by 

macrophages, such as those found within a plaque, and associated with infection and damage42. In 

addition, clinical trials for a drug called Canakinumab that blocks IL1B signaling have shown a 

decrease in repeat heart attacks, even in individuals whose cholesterol levels were controlled by 

statins43. The Canakinumab trial exemplifies a gap in knowledge and treatment options within 

atherosclerosis. There are multiple pathways coming together to form the phenotype and treating 

with approved drugs (statins) only controls the cholesterol component of disease. Additionally, 

since risk for atherosclerosis is heritable, there are genetic variants that modify multiple separate 

pathways, including inflammation. Therefore, to tailor future treatments and identify drug targets 
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within the inflammatory disease pathway, it is vital that we understand how genetic variation 

modifies IL1B response in ECs.  

 To identify genetic variants that impact response to IL1B, we generated an expression value 

representing each donor®s change in expression upon IL1B treatment. We then used Matrix eQTL37 

software to find genetic variants associated with magnitude of expression changes upon treatment 

with IL1B, hereafter referred to as change in gene expression. In our preliminary analysis, we 

identified 45,529 variants associated with changes in gene expression. Multiple testing correction 

was performed at the gene level and a 5% FDR threshold was used. Of the variants associated with 

change in gene expression, 365 are also the lead GWAS SNPs for complex disease associated loci. 

Of these, there were plenty of cardiovascular diseases whose risk loci overlapped with IL1B GxE 

QTLs including 11 variants associated with Blood Protein Levels and 11 variants associated with 

Systolic Blood Pressure (Table 2). Given these preliminary results, future research can use these 

findings to dissect the GxE interactions within disease risk loci. 

3.2 | Future Directions ² Polygenic Risk Score 

Bringing the focus fully to human disease risk, we will link the QTL analyses presented here 

with genetic risk for developing CAD. Genetic risk at a single locus for a single person can be 

calculated by counting the number of GWAS identified risk alleles the person inherited at the locus 

(min 0 ² max 2) and multiplying the count with the effect size (or the amount the allele contributes 

to disease risk). The total genetic risk score for one person is then calculated by taking their risk 

values for all loci associated to disease and summing them, creating a polygenic risk score (PRS)44. 

PRSs on their own can be overlayed with gene expression data to determine the transcriptional 

states of samples with a high PRS (high risk for disease) verses a low PRS (low risk for disease) 

(Figure 3F, top). The high-low transcriptional profiles provide insight into the genes that are acting 

differently within individuals with high risk for disease vs low risk. Single genes that are linked to 
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disease are always valuable to future work and may provide potential drug targets to lower risk for 

developing CAD.  

 Taking the PRS into our prior work, through integration of the QTL data, we can identify not 

only the genes that are associated to high and low risk, but the specific variants that are 

contributing to those changes. Therefore, merging of QTLs with PRSs will allow for application of 

mechanism to measurable and quantitative genetic risk for disease. Additionally, given the GxE 

QTLs with IL1B that we have already identified, its possible we could segregate the high PRS 

population into those at risk of heightened inflammatory response vs those that do not process 

cholesterol as efficiently. Differentiating between individuals that develop disease through different 

pathways will lead to targeted therapies being administered and ideally higher success rates at 

slowing or resolving disease.  

3.3 | Future Directions ² Network Analysis Identifies Pathways that Change Together 

Identifying a gene whose transcription is associated with a variant that®s associated with 

disease only begins to scratch the surface when trying to understand the mechanisms underlying 

disease initiation and progression. Knowing that a gene is impacted by a variant does not identify 

what pathways or mechanisms are acting post-transcription. Network analysis technologies have 

been developed to understand what is happening within a cell on a larger scale than single gene 

transcription. Network analysis is a method through which sets of genes can be grouped together 

based on a certain variable(s) that can differ based on the analysis tool. For the planned network 

analysis, we will use Weighted Correlation Network Analysis 45 (WGCNA), which groups genes 

together based on co-variance of gene expression. This means that a module (set of genes 

grouped by WGCNA) are made up of genes that vary in expression together across the population 

of samples given (e.g. when gene A goes up so does gene B45).  Therefore, future work will identify 
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sets of genes that work together to impact EC biology and further downstream, disease (Figure 3F, 

bottom).  

 As for the state of the network analysis, we have generated modules and, in the future, we 

plan to overlap the genes in each module with our eQTL and GxE eQTL data. This will identify the 

variants associated with each module. With this information, we can then overlay the genetic risk 

scores at each of the variants that line up with genes in each module. Ideally, what this will show is 

the contribution of each pathway to the development of disease within our testing population, and 

what variation is impacting specific pathways. Mechanistic pathways involved in disease are 

extremely useful to the scientific community and are essential in developing new interventions for 

disease. As an example, if we identify the variants all associated with a module of inflammatory 

related genes, perhaps the variants can be tested in patient populations to segregate them into 

high and low inflammatory risk. The potential power of this study is vast. 

 

3.4 | The Impact 

Endothelial cells are a vital cell-type to disease, being found in every vascularized tissue in 

the body. Through this study, I have identified genetic variation that impacts EC transcription and 

epigenetics as it applies to complex disease. As stated in Chapter 1, complex disease is 

multifaceted, and my work does not capture every mechanism through which genetic variation 

impacts EC biology. However, what is presented here is an incredibly detailed look at a population 

of 53 individuals and how common genetic variation changes both baseline gene regulation, as well 

as gene regulation under inflammatory conditions.  

Not only will this data continue to be useful within our group, but other researchers are 

already utilizing this data to apply mechanisms to disease. My current list of collaborative papers is 

evident of this, as I have used this data to help studies of shear stress in the arteries46 as well as 
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focusing GWAS studies for myocardial infarction47 to name a few (Table 3). The take home from all 

this work is that cross sectionally looking at mechanisms of a cell (from the transcription factors® 

ability to bind DNA, to the histone modifications of chromatin, to the gene expression) provides us a 

more complete image than we have ever had before of how genetic variation impacts cell biology 

and disease.  
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Table 1. Candidate SNPs identified through STARR-seq. 
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Table 2. Candidate SNPs from GWAS and GxE QTL overlap  
Chrom-Pos 
hg38 

Gene for GxE eQTL Trait associated by GWAS Risk 
Allele  

Study 

chr7-
41148917 

GLI3-NM_000168-0.0242 Smoking initiation (ever 
regular vs never regular) 
(MTAG) 

A Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of 
tobacco and alcohol use. 

chr5-
132713335 

IL3-NM_000588-0.0031 Atopic dermatitis C Meta-analysis of genome-wide association studies identifies three new risk loci for atopic 
dermatitis. 

chr5-
132693166 

IL3-NM_000588-0.025 Atopic dermatitis T Multi-ancestry genome-wide association study of 21,000 cases and 95,000 controls identifies new 
risk loci for atopic dermatitis. 

chr5-
132694975 

IL3-NM_000588-0.025 Atopic march C Meta-analysis identifies seven susceptibility loci involved in the atopic march. 

chr16-
70275334 

NQO1-NM_000903-0.0113 Body mass index ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr16-
70345014 

NQO1-NM_000903-0.0113 Branched-chain amino acid 
levels (Isoleucine) 

C Genetic Predisposition to an Impaired Metabolism of the Branched-Chain Amino Acids and Risk of 
Type 2 Diabetes: A Mendelian Randomisation Analysis. 

chr10-
74261866 

C10orf55-NM_001001791-0.029 Cardiovascular disease ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr10-
74300960 

C10orf55-NM_001001791-0.029 Diverticular disease A Genome-wide association analyses identify 39 new susceptibility loci for diverticular disease. 

chr11-
55954203 

OR8K1-NM_001002907-0.0414 Adolescent idiopathic scoliosis ? The coexistence of copy number variations (CNVs) and single nucleotide polymorphisms (SNPs) at 
a locus can result in distorted calculations of the significance in associating SNPs to disease. 

chr11-
6728826 

OR52B2-NM_001004052-0.0084 Periodontal disease-related 
phenotypes 

? Genome-wide association study of periodontal health measured by probing depth in adults ages 
18-49 years. 

chr1-1227055 OR4F16-NM_001005277-0.0414 Blood protein levels C Co-regulatory networks of human serum proteins link genetics to disease. 

chr3-
137700260 

FAIM-NM_001033030-0.04 Adolescent idiopathic scoliosis ? The coexistence of copy number variations (CNVs) and single nucleotide polymorphisms (SNPs) at 
a locus can result in distorted calculations of the significance in associating SNPs to disease. 

chr15-
89021727 

MESP2-NM_001039958-0.0295 Pulse pressure T Genome-wide association analyses using electronic health records identify new loci influencing 
blood pressure variation. 

chr15-
89022026 

MESP2-NM_001039958-0.0295 Coronary artery disease A Identification of 64 Novel Genetic Loci Provides an Expanded View on the Genetic Architecture of 
Coronary Artery Disease. 

chr15-
89031253 

MESP2-NM_001039958-0.0295 Coronary artery disease 
(myocardial infarction, 
percutaneous transluminal 
coronary angioplasty, coronary 
artery bypass grafting, angina 
or chromic ischemic heart 
disease) 

T Association analyses based on false discovery rate implicate new loci for coronary artery disease. 

chr6-
100536230 

MCHR2-NM_001040179-0.0183 Neuroticism ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr6-
100564311 

MCHR2-NM_001040179-0.0239 Neurociticism A Item-level analyses reveal genetic heterogeneity in neuroticism. 

chr6-
100798134 

MCHR2-NM_001040179-0.0268 Smoking status ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr6-
100764125 

MCHR2-NM_001040179-0.0309 Insomnia A Genome-wide analysis of insomnia in 1,331,010 individuals identifies new risk loci and functional 
pathways. 
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chr9-
96776856 

NUTM2G-NM_001045477-0.0402 Height C Genome-wide association scan for stature in Chinese: evidence for ethnic specific loci. 

chr1-
155938032 

PEAR1-NM_001080471-0.0379 White blood cell count ? Genetic analyses of diverse populations improves discovery for complex traits. 

chr3-
49806290 

C3orf84-NM_001080528-0.0139 Depressed affect ? Meta-analysis of genome-wide association studies for neuroticism in 449,484 individuals identifies 
novel genetic loci and pathways. 

chr3-
49955758 

C3orf84-NM_001080528-0.0139 General cognitive ability T Study of 300,486 individuals identifies 148 independent genetic loci influencing general cognitive 
function. 

chr3-
49869678 

C3orf84-NM_001080528-0.0139 Intelligence (MTAG) A A combined analysis of genetically correlated traits identifies 187 loci and a role for neurogenesis 
and myelination in intelligence. 

chr3-
49883138 

C3orf84-NM_001080528-0.0145 Body mass index ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr3-
50079879 

C3orf84-NM_001080528-0.0145 Intelligence (MTAG) T A combined analysis of genetically correlated traits identifies 187 loci and a role for neurogenesis 
and myelination in intelligence. 

chr3-
49984616 

C3orf84-NM_001080528-0.0178 Osteoarthritis A Identification of new therapeutic targets for osteoarthritis through genome-wide analyses of UK 
Biobank data. 

chr3-
49860567 

C3orf84-NM_001080528-0.0201 Age at first birth A Genome-wide analysis identifies 12 loci influencing human reproductive behavior. 

chr3-
50122676 

C3orf84-NM_001080528-0.0223 White blood cell count ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr3-
49934081 

C3orf84-NM_001080528-0.0223 Body mass index A Genome-wide association study identifies 112 new loci for body mass index in the Japanese 
population. 

chr3-
49898669 

C3orf84-NM_001080528-0.0223 Body mass index C Protein-altering variants associated with body mass index implicate pathways that control energy 
intake and expenditure in obesity. 

chr3-
49737225 

C3orf84-NM_001080528-0.0336 Hand grip strength A Biological Insights Into Muscular Strength: Genetic Findings in the UK Biobank. 

chr3-
49823421 

C3orf84-NM_001080528-0.0346 Intelligence (MTAG) T A combined analysis of genetically correlated traits identifies 187 loci and a role for neurogenesis 
and myelination in intelligence. 

chr3-
49943163 

C3orf84-NM_001080528-0.0474 Insomnia symptoms 
(never/rarely vs. usually) 

T Biological and clinical insights from genetics of insomnia symptoms. 

chr16-
89886435 

PRDM7-NM_001098173-0.0035 Age at menopause ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr16-
89854711 

PRDM7-NM_001098173-0.0059 Heel bone mineral density ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr16-
89649814 

PRDM7-NM_001098173-0.0059 Mean corpuscular hemoglobin ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr16-
89849983 

PRDM7-NM_001098173-0.0064 Low tan response G Genome-wide association study in 176,678 Europeans reveals genetic loci for tanning response to 
sun exposure. 

chr16-
89687847 

PRDM7-NM_001098173-0.0113 Height T Meta-analysis of genome-wide association studies of adult height in East Asians identifies 17 novel 
loci. 

chr16-
89729389 

PRDM7-NM_001098173-0.0121 Interleukin-17 levels G Genome-wide Association Study Identifies 27 Loci Influencing Concentrations of Circulating 
Cytokines and Growth Factors. 

chr16-
89928508 

PRDM7-NM_001098173-0.0181 Red vs. brown/black hair color ? Genome-wide study of hair colour in UK Biobank explains most of the SNP heritability. 

chr16-
89932386 

PRDM7-NM_001098173-0.0181 Red vs. brown/black hair color A Genome-wide study of hair colour in UK Biobank explains most of the SNP heritability. 
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chr16-
89668423 

PRDM7-NM_001098173-0.0256 Hip circumference adjusted for 
BMI 

A New genetic loci link adipose and insulin biology to body fat distribution. 

chr16-
89659627 

PRDM7-NM_001098173-0.0306 Height T Genome-wide association study in Han Chinese identifies three novel loci for human height. 

chr16-
89953938 

PRDM7-NM_001098173-0.0437 Low tan response C Genome-wide association study in 176,678 Europeans reveals genetic loci for tanning response to 
sun exposure. 

chr3-
47240813 

CCR2-NM_001123396-0.0307 Type 2 diabetes (adjusted for 
BMI) 

A Refining the accuracy of validated target identification through coding variant fine-mapping in type 
2 diabetes. 

chr3-
46960500 

CCR2-NM_001123396-0.0351 White blood cell count ? Genetic analysis of quantitative traits in the Japanese population links cell types to complex human 
diseases. 

chr3-
46386699 

CCR2-NM_001123396-0.0403 AIDS progression ? Genome-wide association study implicates PARD3B-based AIDS restriction. 

chr3-
46855009 

CCR2-NM_001123396-0.0403 Systolic blood pressure A Interethnic analyses of blood pressure loci in populations of East Asian and European descent. 

chr3-
46410189 

CCR2-NM_001123396-0.0403 Setpoint viral load in HIV-1 
infection 

? Polymorphisms of large effect explain the majority of the host genetic contribution to variation of 
HIV-1 virus load. 

chr12-
111680772 

ACAD10-NM_001136538-0.0441 Reaction time ? Study of 300,486 individuals identifies 148 independent genetic loci influencing general cognitive 
function. 

chr11-
63825149 

LGALS12-NM_001142535-0.0319 Electroencephalographic traits 
in alcoholism 

T Family-based genome-wide association study of frontal Î¸ oscillations identifies potassium channel 
gene KCNJ6. 

chr11-
63819841 

LGALS12-NM_001142535-0.0319 Systolic blood pressure T Trans-ancestry meta-analyses identify rare and common variants associated with blood pressure 
and hypertension. 

chr11-
63552521 

LGALS12-NM_001142535-0.0356 Serum uric acid levels ? Genetic analysis of quantitative traits in the Japanese population links cell types to complex human 
diseases. 

chr11-
63913247 

LGALS12-NM_001142535-0.0463 Pulse pressure T Novel Blood Pressure Locus and Gene Discovery Using Genome-Wide Association Study and 
Expression Data Sets From Blood and the Kidney. 

chr11-
63826750 

LGALS12-NM_001142535-0.0465 Height ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr10-
102641729 

RPEL1-NM_001143909-0.0142 Pulse pressure T Trans-ethnic association study of blood pressure determinants in over 750,000 individuals. 

chr10-
102641875 

RPEL1-NM_001143909-0.018 Body mass index C Genome-wide physical activity interactions in adiposity - A meta-analysis of 200,452 adults. 

chr10-
102599593 

RPEL1-NM_001143909-0.0199 Body mass index C Genetic studies of body mass index yield new insights for obesity biology. 

chr10-
102540881 

RPEL1-NM_001143909-0.0321 Schizophrenia G Genome-wide association study of schizophrenia in Ashkenazi Jews. 

chr10-
102712218 

RPEL1-NM_001143909-0.0438 Systolic blood pressure (long-
term average) 

A Genome-Wide Association Study Meta-Analysis of Long-Term Average Blood Pressure in East 
Asians. 

chr17-
38690022 

ARL5C-NM_001143968-0.0436 White blood cell count ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr11-
89287897 

UBTFL1-NM_001143975-0.0352 Non-melanoma skin cancer T Genome-wide association study in 176,678 Europeans reveals genetic loci for tanning response to 
sun exposure. 

chr10-
74031881 

AGAP5-NM_001144000-0.0305 Systolic blood pressure ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr7-
44379592 

NACAD-NM_001146334-0.0487 Educational attainment 
(MTAG) 

T Gene discovery and polygenic prediction from a genome-wide association study of educational 
attainment in 1.1 million individuals. 
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chr2-
112482606 

RGPD8-NM_001164463-0.0298 Age of smoking initiation 
(MTAG) 

C Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of 
tobacco and alcohol use. 

chr2-
112172487 

RGPD8-NM_001164463-0.0298 Yeast infection ? Genome-wide association and HLA region fine-mapping studies identify susceptibility loci for 
multiple common infections. 

chr2-
112476739 

RGPD8-NM_001164463-0.0482 Alcohol consumption (drinks 
per week) (MTAG) 

T Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of 
tobacco and alcohol use. 

chr3-
196194440 

PIGX-NM_001166304-0.0102 Mean corpuscular hemoglobin 
concentration 

A The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr3-
196180782 

PIGX-NM_001166304-0.0102 Mean corpuscular hemoglobin C Genome-wide association study of hematological and biochemical traits in a Japanese population. 

chr3-
196181840 

PIGX-NM_001166304-0.0102 Red cell distribution width C The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr3-
196195699 

PIGX-NM_001166304-0.0226 Reticulocyte fraction of red 
cells 

G The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr3-
47121396 

LOC100132146-NM_001195442-
0.0114 

Height ? Genetic analyses of diverse populations improves discovery for complex traits. 

chr3-
47241865 

LOC100132146-NM_001195442-
0.0406 

Breast cancer T Association analysis identifies 65 new breast cancer risk loci. 

chr3-
46310893 

LOC100132146-NM_001195442-
0.0406 

Celiac disease A Newly identified genetic risk variants for celiac disease related to the immune response. 

chr2-
63622964 

OTX1-NM_001199770-0.017 Childhood ear infection ? Genome-wide association and HLA region fine-mapping studies identify susceptibility loci for 
multiple common infections. 

chr2-
63128385 

OTX1-NM_001199770-0.0325 General risk tolerance (MTAG) A Genome-wide association analyses of risk tolerance and risky behaviors in over 1 million 
individuals identify hundreds of loci and shared genetic influences. 

chr10-
21744013 

EBLN1-NM_001199938-0.0108 Breast cancer A Large-scale genotyping identifies 41 new loci associated with breast cancer risk. 

chr11-
118410703 

FXYD6-FXYD2-NM_001204268-
0.0293 

Depression (broad) C Genome-wide association study of depression phenotypes in UK Biobank identifies variants in 
excitatory synaptic pathways. 

chr3-
47121396 

CSPG5-NM_001206943-0.0353 Height ? Genetic analyses of diverse populations improves discovery for complex traits. 

chr7-
50658447 

IKZF1-NM_001220765-0.0472 Schizophrenia (treatment 
resistant) 

T A genetic locus in 7p12.2 associated with treatment resistant schizophrenia. 

chr19-
13114672 

RTBDN-NM_001270442-0.0469 Neutrophil percentage of 
white cells 

A The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr3-
27285723 

EOMES-NM_001278182-0.0486 Cancer (pleiotropy) T Cross-Cancer Genome-Wide Analysis of Lung, Ovary, Breast, Prostate, and Colorectal Cancer 
Reveals Novel Pleiotropic Associations. 

chr14-
73901628 

ALDH6A1-NM_001278594-0.014 Morning vs. evening 
chronotype 

? GWAS of 89,283 individuals identifies genetic variants associated with self-reporting of being a 
morning person. 

chr20-
38797315 

CTNNBL1-NM_001281495-0.0406 Schizophrenia A Genome-Wide Association Study Detected Novel Susceptibility Genes for Schizophrenia and 
Shared Trans-Populations/Diseases Genetic Effect. 

chr20-
38797937 

CTNNBL1-NM_001281495-0.0406 Autism spectrum disorder or 
schizophrenia 

? Meta-analysis of GWAS of over 16,000 individuals with autism spectrum disorder highlights a novel 
locus at 10q24.32 and a significant overlap with schizophrenia. 

chr16-
28640411 

NPIPB9-NM_001287250-0.0422 General cognitive ability T Study of 300,486 individuals identifies 148 independent genetic loci influencing general cognitive 
function. 

chr5-
43335468 

ZNF131-NM_001297548-0.0243 Self-reported math ability C Gene discovery and polygenic prediction from a genome-wide association study of educational 
attainment in 1.1 million individuals. 
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chr19-850733 FGF22-NM_001300812-0.0072 White blood cell count ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr6-
26485345 

BTN1A1-NM_001732-0.0392 Intelligence (MTAG) A A combined analysis of genetically correlated traits identifies 187 loci and a role for neurogenesis 
and myelination in intelligence. 

chr13-
109359492 

COL4A2-NM_001846-0.0233 Granulocyte percentage of 
myeloid white cells 

C The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr2-
97135631 

COX5B-NM_001862-0.0439 Prostate cancer C Genetic risk of prostate cancer in Ugandan men. 

chr20-
23117243 

CST1-NM_001898-0.0468 Obesity-related traits G Novel genetic loci identified for the pathophysiology of childhood obesity in the Hispanic 
population. 

chr20-
63717555 

EEF1A2-NM_001958-0.0021 Ulcerative colitis G Association analyses identify 38 susceptibility loci for inflammatory bowel disease and highlight 
shared genetic risk across populations. 

chr20-
63718234 

EEF1A2-NM_001958-0.0028 Crohn's disease G Genome-wide meta-analysis increases to 71 the number of confirmed Crohn's disease 
susceptibility loci. 

chr20-
63731211 

EEF1A2-NM_001958-0.0028 Prostate cancer A Identification of 23 new prostate cancer susceptibility loci using the iCOGS custom genotyping 
array. 

chr20-
63738996 

EEF1A2-NM_001958-0.0028 Blood protein levels C Co-regulatory networks of human serum proteins link genetics to disease. 

chr20-
63711116 

EEF1A2-NM_001958-0.0044 Smoking cessation (MTAG) A Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of 
tobacco and alcohol use. 

chr20-
63707707 

EEF1A2-NM_001958-0.0102 Age of smoking initiation 
(MTAG) 

G Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of 
tobacco and alcohol use. 

chr20-
63712604 

EEF1A2-NM_001958-0.0254 Inflammatory bowel disease G Loci on 20q13 and 21q22 are associated with pediatric-onset inflammatory bowel disease. 

chr20-
63696229 

EEF1A2-NM_001958-0.0259 Ulcerative colitis A Meta-analysis identifies 29 additional ulcerative colitis risk loci, increasing the number of 
confirmed associations to 47. 

chr13-
46031306 

ESD-NM_001984-0.0289 Blood protein levels T Connecting genetic risk to disease end points through the human blood plasma proteome. 

chr12-
64027942 

GNS-NM_002076-0.0482 Adolescent idiopathic scoliosis ? The coexistence of copy number variations (CNVs) and single nucleotide polymorphisms (SNPs) at 
a locus can result in distorted calculations of the significance in associating SNPs to disease. 

chr2-
134385716 

MGAT5-NM_002410-0.037 Subcutaneous adipose tissue T Genome-wide association for abdominal subcutaneous and visceral adipose reveals a novel locus 
for visceral fat in women. 

chr11-
16878556 

MYOD1-NM_002478-0.0368 Systolic blood pressure x 
alcohol consumption 
interaction (2df test) 

T Novel genetic associations for blood pressure identified via gene-alcohol interaction in up to 570K 
individuals across multiple ancestries. 

chr11-
16880721 

MYOD1-NM_002478-0.0368 Blood pressure T Genome-wide association study identifies six new loci influencing pulse pressure and mean arterial 
pressure. 

chr11-
16836252 

MYOD1-NM_002478-0.0368 Blood protein levels T Genomic atlas of the human plasma proteome. 

chr11-
16865345 

MYOD1-NM_002478-0.0368 Blood protein levels C Co-regulatory networks of human serum proteins link genetics to disease. 

chr11-
16872543 

MYOD1-NM_002478-0.0368 Systolic blood pressure T Trans-ethnic association study of blood pressure determinants in over 750,000 individuals. 

chr11-
16890089 

MYOD1-NM_002478-0.0393 Systolic blood pressure x 
alcohol consumption 
interaction (2df test) 

C Novel genetic associations for blood pressure identified via gene-alcohol interaction in up to 570K 
individuals across multiple ancestries. 
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chr11-
16895672 

MYOD1-NM_002478-0.0393 Mean arterial pressure C Meta-analysis identifies common and rare variants influencing blood pressure and overlapping 
with metabolic trait loci. 

chr12-
108324152 

SELPLG-NM_003006-0.0497 Response to methotrexate in 
juvenile idiopathic arthritis 

T Genome-wide data reveal novel genes for methotrexate response in a large cohort of juvenile 
idiopathic arthritis cases. 

chr17-
9889451 

MYH13-NM_003802-0.0164 GIP levels in response to oral 
glucose tolerance test (fasting) 

A Genetic determinants of circulating GIP and GLP-1 concentrations. 

chr17-
9877070 

MYH13-NM_003802-0.0164 Type 2 diabetes G An Expanded Genome-Wide Association Study of Type 2 Diabetes in Europeans. 

chr12-
112203573 

DTX1-NM_004416-0.0319 Body mass index G Genome-wide association study identifies 112 new loci for body mass index in the Japanese 
population. 

chr1-
180992109 

XPR1-NM_004736-0.0482 Age at menopause ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr1-
180983158 

XPR1-NM_004736-0.0482 Progressive supranuclear palsy ? Joint genome-wide association study of progressive supranuclear palsy identifies novel 
susceptibility loci and genetic correlation to neurodegenerative diseases. 

chr1-
180993146 

XPR1-NM_004736-0.0482 Progressive supranuclear palsy ? Identification of common variants influencing risk of the tauopathy progressive supranuclear palsy. 

chr2-
16552660 

DDX1-NM_004939-0.0208 Nonsyndromic cleft lip with 
cleft palate 

G Genome-wide analyses of non-syndromic cleft lip with palate identify 14 novel loci and genetic 
heterogeneity. 

chr2-
16534140 

DDX1-NM_004939-0.0208 Orofacial clefts ? Genome-wide meta-analyses of nonsyndromic cleft lip with or without cleft palate identify six new 
risk loci. 

chr2-
16548089 

DDX1-NM_004939-0.0208 Cleft lip with or without cleft 
palate 

? Genome-wide meta-analyses of nonsyndromic orofacial clefts identify novel associations between 
FOXE1 and all orofacial clefts, and TP63 and cleft lip with or without cleft palate. 

chr8-
48396607 

CEBPD-NM_005195-0.0413 Heel bone mineral density C Identification of 153 new loci associated with heel bone mineral density and functional 
involvement of GPC6 in osteoporosis. 

chr5-
127774794 

LMNB1-NM_005573-0.0367 Attention deficit hyperactivity 
disorder (hyperactivity-
impulsivity symptoms) 

A Genome-wide association study of inattention and hyperactivity-impulsivity measured as 
quantitative traits. 

chr5-
127803924 

LMNB1-NM_005573-0.0367 Attention deficit hyperactivity 
disorder (hyperactivity-
impulsivity symptoms) 

A Genome-wide association study of inattention and hyperactivity-impulsivity measured as 
quantitative traits. 

chr14-
93544435 

LGMN-NM_005606-0.0286 Adult asthma ? Longitudinal analysis to better characterize Asthma-COPD Overlap Syndrome (ACOS): Findings 
from an adult asthma cohort in Korea (COREA). 

chr9-
121516823 

TRAF1-NM_005658-0.0087 Height ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr2-
43636315 

PREPL-NM_006036-0.047 Diabetes in response to 
antihypertensive drug 
treatment (treatment strategy 
interaction) 

C Genome-wide association study identifies pharmacogenomic loci linked with specific 
antihypertensive drug treatment and new-onset diabetes. 

chr19-
38244973 

LGALS4-NM_006149-0.0255 Prostate cancer C Genome-wide association and replication studies identify four variants associated with prostate 
cancer susceptibility. 

chr4-
78487450 

CXCL13-NM_006419-0.0182 Lung function (FEV1/FVC) ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr4-
78482798 

CXCL13-NM_006419-0.038 Lung function (FEV1/FVC) T New genetic signals for lung function highlight pathways and chronic obstructive pulmonary 
disease associations across multiple ancestries. 

chr4-
146578186 

LSM6-NM_007080-0.0408 Heart rate G Identification of heart rate-associated loci and their effects on cardiac conduction and rhythm 
disorders. 
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chr2-
95731593 

SNRNP200-NM_014014-0.0269 Heel bone mineral density ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr6-
43034983 

ZNF318-NM_014345-0.0256 Height ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr1-
46281629 

EFCAB14-NM_014774-0.0468 Menopause (age at onset) T Large-scale genomic analyses link reproductive aging to hypothalamic signaling, breast cancer 
susceptibility and BRCA1-mediated DNA repair. 

chr7-6732029 ZNF12-NM_016265-0.0217 Alzheimer's disease (APOE e4 
interaction) 

C A novel Alzheimer disease locus located near the gene encoding tau protein. 

chr12-
111424771 

GPN3-NM_016301-0.0232 Ankylosing spondylitis T Identification of multiple risk variants for ankylosing spondylitis through high-density genotyping of 
immune-related loci. 

chr1-
47875333 

CMPK1-NM_016308-0.0211 Heel bone mineral density G An atlas of genetic influences on osteoporosis in humans and mice. 

chr13-
24406811 

ATP8A2-NM_016529-0.0239 Obesity-related traits G Novel genetic loci identified for the pathophysiology of childhood obesity in the Hispanic 
population. 

chr16-190281 GNG13-NM_016541-0.0178 Hematology traits A GWAS of blood cell traits identifies novel associated loci and epistatic interactions in Caucasian and 
African-American children. 

chr16-175654 GNG13-NM_016541-0.0277 Mean corpuscular hemoglobin A Genome-wide association study of hematological and biochemical traits in a Japanese population. 

chr13-
36352428 

SOHLH2-NM_017826-0.0299 Height ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr2-
95731593 

TMEM127-NM_017849-0.0262 Heel bone mineral density ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr11-
112896664 

TTC12-NM_017868-0.0076 Smoking status (ever vs never 
smokers) 

T Genome-wide association analyses of risk tolerance and risky behaviors in over 1 million 
individuals identify hundreds of loci and shared genetic influences. 

chr6-
169069612 

PHF10-NM_018288-0.0456 Loneliness ? Genome-Wide Association Study of Loneliness Demonstrates a Role for Common Variation. 

chr1-
21208837 

CAMK2N1-NM_018584-0.0218 Ease of getting up in the 
morning 

C Genome-wide analysis of insomnia in 1,331,010 individuals identifies new risk loci and functional 
pathways. 

chr1-
20811275 

CAMK2N1-NM_018584-0.0218 Morningness A Genome-wide analysis of insomnia in 1,331,010 individuals identifies new risk loci and functional 
pathways. 

chr1-
20819929 

CAMK2N1-NM_018584-0.0218 Eosinophil counts ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr1-
21129066 

CAMK2N1-NM_018584-0.0306 Mean corpuscular hemoglobin ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr3-
44695001 

ZKSCAN7-NM_018651-0.0383 Depression C Genome-wide meta-analysis of depression identifies 102 independent variants and highlights the 
importance of the prefrontal brain regions. 

chr6-
32692061 

HLA-DRA-NM_019111-0.0216 Hepatitis B ? Genome-wide association and HLA region fine-mapping studies identify susceptibility loci for 
multiple common infections. 

chr6-
32644524 

HLA-DRA-NM_019111-0.0216 Systemic lupus erythematosus T Genetic association analyses implicate aberrant regulation of innate and adaptive immunity genes 
in the pathogenesis of systemic lupus erythematosus. 

chr6-
32576920 

HLA-DRA-NM_019111-0.0216 Blood protein levels A Genomic atlas of the human plasma proteome. 

chr6-
32620082 

HLA-DRA-NM_019111-0.0216 Blood protein levels C Genomic atlas of the human plasma proteome. 

chr6-
32632598 

HLA-DRA-NM_019111-0.0216 Multiple sclerosis T Novel multiple sclerosis susceptibility loci implicated in epigenetic regulation. 



Page 40 
 

chr6-
32598800 

HLA-DRA-NM_019111-0.0216 Childhood ear infection ? Detection and interpretation of shared genetic influences on 42 human traits. 

chr6-
32606214 

HLA-DRA-NM_019111-0.0216 Systemic lupus erythematosus T Meta-analysis followed by replication identifies loci in or near CDKN1B, TET3, CD80, DRAM1, and 
ARID5B as associated with systemic lupus erythematosus in Asians. 

chr6-
32619077 

HLA-DRA-NM_019111-0.0216 Immunoglobulin A ? Association of IFIH1 and other autoimmunity risk alleles with selective IgA deficiency. 

chr6-
32520210 

HLA-DRA-NM_019111-0.0216 Immune response to measles 
vaccine (measles-induced IFN 
gamma) 

C Genome-wide associations of CD46 and IFI44L genetic variants with neutralizing antibody response 
to measles vaccine. 

chr6-
32665055 

HLA-DRA-NM_019111-0.0245 Drug-induced liver injury 
(amoxicillin-clavulanate) 

? Susceptibility to amoxicillin-clavulanate-induced liver injury is influenced by multiple HLA class I 
and II alleles. 

chr6-
32624423 

HLA-DRA-NM_019111-0.0299 Multiple sclerosis (OCB status) ? Oligoclonal band status in Scandinavian multiple sclerosis patients is associated with specific 
genetic risk alleles. 

chr6-
32625303 

HLA-DRA-NM_019111-0.0299 Colorectal cancer or advanced 
adenoma 

G Discovery of common and rare genetic risk variants for colorectal cancer. 

chr6-
32626471 

HLA-DRA-NM_019111-0.0299 Colorectal cancer A Association analyses identify 31 new risk loci for colorectal cancer susceptibility. 

chr6-
32626532 

HLA-DRA-NM_019111-0.0299 Type 2 diabetes C An Expanded Genome-Wide Association Study of Type 2 Diabetes in Europeans. 

chr6-
32487060 

HLA-DRA-NM_019111-0.0351 Autism spectrum disorder or 
schizophrenia 

T Meta-analysis of GWAS of over 16,000 individuals with autism spectrum disorder highlights a novel 
locus at 10q24.32 and a significant overlap with schizophrenia. 

chr6-
32632226 

HLA-DRA-NM_019111-0.0396 Itch intensity from mosquito 
bite 

T GWAS of self-reported mosquito bite size, itch intensity and attractiveness to mosquitoes 
implicates immune-related predisposition loci. 

chr6-
32712345 

HLA-DRA-NM_019111-0.0396 Mouth ulcers A Genome wide analysis for mouth ulcers identifies associations at immune regulatory loci. 

chr6-
32664039 

HLA-DRA-NM_019111-0.0396 Iron status biomarkers 
(transferrin saturation) 

T Genome-wide association study of iron traits and relation to diabetes in the Hispanic Community 
Health Study/Study of Latinos (HCHS/SOL): potential genomic intersection of iron and glucose 
regulation? 

chr12-
49832684 

ASIC1-NM_020039-0.039 Obesity A Genome-wide meta-analysis identifies 11 new loci for anthropometric traits and provides insights 
into genetic architecture. 

chr2-
95731593 

STARD7-NM_020151-0.0098 Heel bone mineral density ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr2-
96009418 

STARD7-NM_020151-0.0289 Diastolic blood pressure T Genome-wide association analysis identifies novel blood pressure loci and offers biological insights 
into cardiovascular risk. 

chr2-
95991827 

STARD7-NM_020151-0.0363 Pulse pressure G Trans-ethnic association study of blood pressure determinants in over 750,000 individuals. 

chr2-
97135631 

STARD7-NM_020151-0.0446 Prostate cancer C Genetic risk of prostate cancer in Ugandan men. 

chr2-
96381261 

STARD7-NM_020151-0.0482 Diastolic blood pressure A Trans-ethnic association study of blood pressure determinants in over 750,000 individuals. 

chr1-
70455490 

LRRC7-NM_020794-0.0268 Antipsychotic drug-induced 
QTc interval prolongation 

? Genome-wide association study of antipsychotic-induced QTc interval prolongation. 

chr3-
114742361 

CCDC191-NM_020817-0.0471 Systolic blood pressure A Genetic analysis of over 1 million people identifies 535 new loci associated with blood pressure 
traits. 

chr6-
32440720 

ABHD16A-NM_021160-0.0403 Systemic lupus erythematosus G A large-scale replication study identifies TNIP1, PRDM1, JAZF1, UHRF1BP1 and IL10 as risk loci for 
systemic lupus erythematosus. 
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chr19-
35552195 

HAMP-NM_021175-0.025 Platelet count ? Genetic analysis of quantitative traits in the Japanese population links cell types to complex human 
diseases. 

chr6-
30828768 

PPP1R11-NM_021959-0.0265 Rosacea symptom severity T Assessment of rosacea symptom severity by genome-wide association study and expression 
analysis highlights immuno-inflammatory and skin pigmentation genes. 

chr6-
80496839 

ELOVL4-NM_022726-0.0245 Breast cancer A Association analysis identifies 65 new breast cancer risk loci. 

chr6-
80384570 

ELOVL4-NM_022726-0.0337 Breast cancer A Association analysis identifies 65 new breast cancer risk loci. 

chr1-
10765520 

NMNAT1-NM_022787-0.0287 Varicose veins T Clinical and Genetic Determinants of Varicose Veins. 

chr12-
11126493 

TAS2R13-NM_023920-0.044 Bitter taste perception ? GWAS of human bitter taste perception identifies new loci and reveals additional complexity of 
bitter taste genetics. 

chr1-
43763926 

TMEM53-NM_024587-0.0325 Intelligence (MTAG) A A combined analysis of genetically correlated traits identifies 187 loci and a role for neurogenesis 
and myelination in intelligence. 

chr1-
44003359 

TMEM53-NM_024587-0.0326 Alcohol dependence (age at 
onset) 

C Genome-wide survival analysis of age at onset of alcohol dependence in extended high-risk COGA 
families. 

chr14-
73901628 

C14orf169-NM_024644-0.0104 Morning vs. evening 
chronotype 

? GWAS of 89,283 individuals identifies genetic variants associated with self-reporting of being a 
morning person. 

chr14-
74020818 

C14orf169-NM_024644-0.0213 Blood protein levels A Genomic atlas of the human plasma proteome. 

chr17-
75179199 

NUP85-NM_024844-0.0497 Gamma glutamyl transferase 
levels 

? Genetic analysis of quantitative traits in the Japanese population links cell types to complex human 
diseases. 

chr20-
38797315 

ACTR5-NM_024855-0.0236 Schizophrenia A Genome-Wide Association Study Detected Novel Susceptibility Genes for Schizophrenia and 
Shared Trans-Populations/Diseases Genetic Effect. 

chr20-
38797937 

ACTR5-NM_024855-0.0236 Autism spectrum disorder or 
schizophrenia 

? Meta-analysis of GWAS of over 16,000 individuals with autism spectrum disorder highlights a novel 
locus at 10q24.32 and a significant overlap with schizophrenia. 

chr20-
38622111 

ACTR5-NM_024855-0.0404 Anti-thyroglobulin (TgAb) 
levels in Hashimoto's 
thyroiditis 

T Genome-wide association analysis suggests novel loci underlying thyroid antibodies in Hashimoto's 
thyroiditis. 

chr2-
134987559 

TMEM163-NM_030923-0.0244 Colonoscopy-negative controls 
vs population controls 

? Bayesian and frequentist analysis of an Austrian genome-wide association study of colorectal 
cancer and advanced adenomas. 

chr11-
111647184 

TEX12-NM_031275-0.0262 Highest math class taken G Gene discovery and polygenic prediction from a genome-wide association study of educational 
attainment in 1.1 million individuals. 

chr11-
111664589 

TEX12-NM_031275-0.0262 Medication use (agents acting 
on the renin-angiotensin 
system) 

G Genome-wide association study of medication-use and associated disease in the UK Biobank. 

chr6-
79149268 

SH3BGRL2-NM_031469-0.0473 Rapid automised naming of 
pictures 

A Genome-wide association scan identifies new variants associated with a cognitive predictor of 
dyslexia. 

chr10-
45529281 

SYT15-NM_031912-0.0451 Mean corpuscular volume G Multiple loci influence erythrocyte phenotypes in the CHARGE Consortium. 

chr10-
45487060 

SYT15-NM_031912-0.0451 Mean corpuscular volume C The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr10-
45506418 

SYT15-NM_031912-0.0451 Red cell distribution width ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr10-
45463228 

SYT15-NM_031912-0.0451 Mean corpuscular hemoglobin ? Genetic analysis of quantitative traits in the Japanese population links cell types to complex human 
diseases. 
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chr10-
45507408 

SYT15-NM_031912-0.0451 Mean corpuscular hemoglobin ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr10-
45573988 

SYT15-NM_031912-0.0451 Red blood cell count ? Genetic analysis of quantitative traits in the Japanese population links cell types to complex human 
diseases. 

chr10-
45633821 

SYT15-NM_031912-0.0451 Mean corpuscular volume ? Genetic analysis of quantitative traits in the Japanese population links cell types to complex human 
diseases. 

chr10-
45463433 

SYT15-NM_031912-0.0451 Blood metabolite levels A An atlas of genetic influences on human blood metabolites. 

chr10-
45465572 

SYT15-NM_031912-0.0451 Neutrophil percentage of 
white cells 

T The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr10-
45468138 

SYT15-NM_031912-0.0451 Lymphocyte counts C The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr10-
45470974 

SYT15-NM_031912-0.0451 Red blood cell traits A Seventy-five genetic loci influencing the human red blood cell. 

chr10-
45481403 

SYT15-NM_031912-0.0451 Red blood cell count ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr10-
45511519 

SYT15-NM_031912-0.0451 Mean corpuscular hemoglobin A The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr10-
45529229 

SYT15-NM_031912-0.0451 Mean corpuscular volume G The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr14-
100454079 

SETD3-NM_032233-0.0119 Menarche (age at onset) ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr7-787688 PSMG3-NM_032302-0.0472 Cerebrospinal P-tau181p levels A Genome-wide association study identifies four novel loci associated with Alzheimer's 
endophenotypes and disease modifiers. 

chr9-
137039655 

MRPL41-NM_032477-0.0321 White blood cell count ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr9-
137038475 

MRPL41-NM_032477-0.0459 White blood cell count A The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr5-
157345966 

HAVCR2-NM_032782-0.0075 Menarche (age at onset) ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr5-
157327243 

HAVCR2-NM_032782-0.0075 Height ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr2-
70470588 

FAM136A-NM_032822-0.0163 Superior frontal gyrus grey 
matter volume 

A Common variants at 1p36 are associated with superior frontal gyrus volume. 

chr17-
31303952 

LRRC37B-NM_052888-0.0052 Hip circumference A New genetic loci link adipose and insulin biology to body fat distribution. 

chr17-
31319014 

LRRC37B-NM_052888-0.0052 Endometrial cancer G Identification of nine new susceptibility loci for endometrial cancer. 

chr17-
31339570 

LRRC37B-NM_052888-0.0058 Alcohol consumption (drinks 
per week) (MTAG) 

C Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of 
tobacco and alcohol use. 

chr17-
31388482 

LRRC37B-NM_052888-0.0058 Alcohol consumption (drinks 
per week) 

G Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of 
tobacco and alcohol use. 

chr17-
31192977 

LRRC37B-NM_052888-0.0109 Adventurousness T Genome-wide association analyses of risk tolerance and risky behaviors in over 1 million 
individuals identify hundreds of loci and shared genetic influences. 

chr20-
63671762 

SAMD10-NM_080621-0.044 Atopic dermatitis A Multi-ancestry genome-wide association study of 21,000 cases and 95,000 controls identifies new 
risk loci for atopic dermatitis. 
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chr20-
63717555 

SAMD10-NM_080621-0.044 Ulcerative colitis G Association analyses identify 38 susceptibility loci for inflammatory bowel disease and highlight 
shared genetic risk across populations. 

chr20-
63718234 

SAMD10-NM_080621-0.044 Crohn's disease G Genome-wide meta-analysis increases to 71 the number of confirmed Crohn's disease 
susceptibility loci. 

chr20-
63731211 

SAMD10-NM_080621-0.044 Prostate cancer A Identification of 23 new prostate cancer susceptibility loci using the iCOGS custom genotyping 
array. 

chr20-
63738996 

SAMD10-NM_080621-0.044 Blood protein levels C Co-regulatory networks of human serum proteins link genetics to disease. 

chr20-
46923095 

OCSTAMP-NM_080721-0.0414 Waist-hip ratio ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr2-
199913407 

PPIL3-NM_130906-0.0366 Chickenpox ? Genome-wide association and HLA region fine-mapping studies identify susceptibility loci for 
multiple common infections. 

chr2-
200114210 

PPIL3-NM_130906-0.0366 Height ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr2-
200091100 

PPIL3-NM_130906-0.0366 Sleep duration G Genome-wide association study identifies genetic loci for self-reported habitual sleep duration 
supported by accelerometer-derived estimates. 

chr19-
58496846 

ZNF551-NM_138347-0.0362 Heel bone mineral density T An atlas of genetic influences on osteoporosis in humans and mice. 

chr19-
58452163 

ZNF551-NM_138347-0.038 Mean platelet volume A The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr18-
46933408 

LOXHD1-NM_144612-0.0227 Educational attainment 
(MTAG) 

A Gene discovery and polygenic prediction from a genome-wide association study of educational 
attainment in 1.1 million individuals. 

chr18-
47059049 

LOXHD1-NM_144612-0.0291 Conscientiousness T Meta-analysis of genome-wide association studies for personality. 

chr18-
45832663 

LOXHD1-NM_144612-0.0427 Response to paliperidone in 
schizophrenia (positive Marder 
score) 

? Genome-wide association study of paliperidone efficacy. 

chr10-
51531231 

SGMS1-NM_147156-0.0316 Height ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr15-
47432075 

SEMA6D-NM_153618-0.0488 Reading ability (multivariate) ? Genome-wide association scan identifies new variants associated with a cognitive predictor of 
dyslexia. 

chr19-
52725740 

VN1R4-NM_173857-0.0221 Red cell distribution width ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr2-1641864 TPO-NM_175719-1e-04 Height ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr4-1242714 CRIPAK-NM_175918-0.0363 Type 2 diabetes C Genome-wide association studies in the Japanese population identify seven novel loci for type 2 
diabetes. 

chr4-1316113 CRIPAK-NM_175918-0.0363 Type 2 diabetes C Meta-analysis of genome-wide association studies identifies eight new loci for type 2 diabetes in 
east Asians. 

chr4-1250430 CRIPAK-NM_175918-0.0363 Type 2 diabetes G Identification of 28 new susceptibility loci for type 2 diabetes in the Japanese population. 

chr4-1260747 CRIPAK-NM_175918-0.0363 Type 2 diabetes ? A single-nucleotide polymorphism in ANK1 is associated with susceptibility to type 2 diabetes in 
Japanese populations. 

chr11-
113372138 

ANKK1-NM_178510-0.0053 Neuroticism A Meta-analysis of genome-wide association studies for neuroticism in 449,484 individuals identifies 
novel genetic loci and pathways. 

chr11-
113374326 

ANKK1-NM_178510-0.0053 Neuroticism G Multi-trait analysis of genome-wide association summary statistics using MTAG. 
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chr11-
113408042 

ANKK1-NM_178510-0.0055 Neuroticism T Multivariate genome-wide analyses of the well-being spectrum. 

chr11-
113429107 

ANKK1-NM_178510-0.0071 Highest math class taken 
(MTAG) 

A Gene discovery and polygenic prediction from a genome-wide association study of educational 
attainment in 1.1 million individuals. 

chr11-
113429188 

ANKK1-NM_178510-0.0071 Self-reported math ability 
(MTAG) 

T Gene discovery and polygenic prediction from a genome-wide association study of educational 
attainment in 1.1 million individuals. 

chr11-
113365477 

ANKK1-NM_178510-0.0077 Feeling guilty A Item-level analyses reveal genetic heterogeneity in neuroticism. 

chr11-
113415779 

ANKK1-NM_178510-0.0083 Cigarettes smoked per day 
(MTAG) 

G Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of 
tobacco and alcohol use. 

chr11-
113418315 

ANKK1-NM_178510-0.0083 Educational attainment 
(MTAG) 

A Gene discovery and polygenic prediction from a genome-wide association study of educational 
attainment in 1.1 million individuals. 

chr11-
113415768 

ANKK1-NM_178510-0.0093 Information processing speed T GWAS for executive function and processing speed suggests involvement of the CADM2 gene. 

chr11-
113416107 

ANKK1-NM_178510-0.0093 Worry too long after an 
embarrassing experience 

T Item-level analyses reveal genetic heterogeneity in neuroticism. 

chr11-
113393789 

ANKK1-NM_178510-0.0242 Life satisfaction G Multivariate genome-wide analyses of the well-being spectrum. 

chr11-
113436171 

ANKK1-NM_178510-0.0254 Neuroticism A Meta-analysis of genome-wide association studies for neuroticism in 449,484 individuals identifies 
novel genetic loci and pathways. 

chr20-
63718234 

OPRL1-NM_182647-0.023 Crohn's disease G Genome-wide meta-analysis increases to 71 the number of confirmed Crohn's disease 
susceptibility loci. 

chr20-
63731211 

OPRL1-NM_182647-0.023 Prostate cancer A Identification of 23 new prostate cancer susceptibility loci using the iCOGS custom genotyping 
array. 

chr20-
63738996 

OPRL1-NM_182647-0.023 Blood protein levels C Co-regulatory networks of human serum proteins link genetics to disease. 

chr20-
63741353 

OPRL1-NM_182647-0.023 Lung function (FVC) ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr20-
63717555 

OPRL1-NM_182647-0.023 Ulcerative colitis G Association analyses identify 38 susceptibility loci for inflammatory bowel disease and highlight 
shared genetic risk across populations. 

chr20-
63743036 

OPRL1-NM_182647-0.023 Height ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr20-
63711116 

OPRL1-NM_182647-0.035 Smoking cessation (MTAG) A Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of 
tobacco and alcohol use. 

chr20-
63707707 

OPRL1-NM_182647-0.0367 Age of smoking initiation 
(MTAG) 

G Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of 
tobacco and alcohol use. 

chr20-
63742630 

OPRL1-NM_182647-0.0394 Multiple sclerosis A Analysis of immune-related loci identifies 48 new susceptibility variants for multiple sclerosis. 

chr5-
43335468 

NNT-NM_182977-0.0183 Self-reported math ability C Gene discovery and polygenic prediction from a genome-wide association study of educational 
attainment in 1.1 million individuals. 

chr5-
43382756 

NNT-NM_182977-0.0206 Metabolite levels  (X-11787) C Genome-wide association study of a heart failure related metabolomic profile among African 
Americans in the Atherosclerosis Risk in Communities (ARIC) study. 

chr5-
43264687 

NNT-NM_182977-0.0274 Highest math class taken G Gene discovery and polygenic prediction from a genome-wide association study of educational 
attainment in 1.1 million individuals. 

chr14-
73901628 

ISCA2-NM_194279-0.0176 Morning vs. evening 
chronotype 

? GWAS of 89,283 individuals identifies genetic variants associated with self-reporting of being a 
morning person. 
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chr3-
39103695 

XIRP1-NM_194293-0.0251 Educational attainment (years 
of education) 

? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr3-
39013826 

XIRP1-NM_194293-0.037 Handedness ? Genome-wide association study of handedness excludes simple genetic models. 

chr13-
96269937 

DZIP1-NM_198968-0.0302 Body mass index C Genome-wide association study identifies 112 new loci for body mass index in the Japanese 
population. 

chr13-
95270511 

DZIP1-NM_198968-0.0415 Blood metabolite levels T An atlas of genetic influences on human blood metabolites. 

chr13-
96396750 

DZIP1-NM_198968-0.0447 Body mass index G Genetic studies of body mass index yield new insights for obesity biology. 

chr13-
96280614 

DZIP1-NM_198968-0.0491 Insomnia C Genome-wide analysis of insomnia in 1,331,010 individuals identifies new risk loci and functional 
pathways. 

chr20-
23597552 

CST13P-NR_001279-0.0144 Cystatin C ? A genome-wide association for kidney function and endocrine-related traits in the NHLBI's 
Framingham Heart Study. 

chr4-1297325 ABCA11P-NR_002451-0.01 Obesity-related traits A Novel genetic loci identified for the pathophysiology of childhood obesity in the Hispanic 
population. 

chr4-962259 ABCA11P-NR_002451-0.0335 Idiopathic inflammatory 
myopathy 

? Dense genotyping of immune-related loci in idiopathic inflammatory myopathies confirms HLA 
alleles as the strongest genetic risk factor and suggests different genetic background for major 
clinical subgroups. 

chr4-1316113 ABCA11P-NR_002451-0.0365 Type 2 diabetes C Meta-analysis of genome-wide association studies identifies eight new loci for type 2 diabetes in 
east Asians. 

chr4-960459 ABCA11P-NR_002451-0.0435 Systemic lupus erythematosus G Transancestral mapping and genetic load in systemic lupus erythematosus. 

chr11-
10275289 

SNORA23-NR_002962-0.0402 Urinary albumin excretion C Genetic Association of Albuminuria with Cardiometabolic Disease and Blood Pressure. 

chr4-1316113 SCARNA22-NR_003004-0.0279 Type 2 diabetes C Meta-analysis of genome-wide association studies identifies eight new loci for type 2 diabetes in 
east Asians. 

chr7-
72690844 

NCF1B-NR_003186-0.0326 Highest math class taken T Gene discovery and polygenic prediction from a genome-wide association study of educational 
attainment in 1.1 million individuals. 

chr7-
72774864 

NCF1B-NR_003186-0.0468 Educational attainment 
(MTAG) 

T Gene discovery and polygenic prediction from a genome-wide association study of educational 
attainment in 1.1 million individuals. 

chr7-
72782785 

NCF1B-NR_003186-0.0468 Educational attainment (years 
of education) 

A Genome-wide association study identifies 74 loci associated with educational attainment. 

chr15-
24579041 

SNORD115-31-NR_003346-0.0498 Platelet thrombus formation ? Human genome-wide association and mouse knockout approaches identify platelet supervillin as 
an inhibitor of thrombus formation under shear stress. 

chr17-
77376768 

SNORD1A-NR_004395-0.0111 Reticulocyte fraction of red 
cells 

A The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr2-
113074756 

WASH2P-NR_024077-0.0159 Inflammatory biomarkers A Novel gene variants predict serum levels of the cytokines IL-18 and IL-1ra in older adults. 

chr2-
113074735 

WASH2P-NR_024077-0.0188 Protein quantitative trait loci ? A genome-wide association study identifies protein quantitative trait loci (pQTLs). 

chr2-
113077945 

WASH2P-NR_024077-0.0188 Blood protein levels G Co-regulatory networks of human serum proteins link genetics to disease. 

chr2-
113079367 

WASH2P-NR_024077-0.0188 Coronary artery disease T Identification of 64 Novel Genetic Loci Provides an Expanded View on the Genetic Architecture of 
Coronary Artery Disease. 
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chr2-
113080188 

WASH2P-NR_024077-0.0194 C-reactive protein levels or 
LDL-cholesterol levels 
(pleiotropy) 

T Bivariate genome-wide association study identifies novel pleiotropic loci for lipids and 
inflammation. 

chr2-
113108948 

WASH2P-NR_024077-0.0225 High IL-1beta levels in gingival 
crevicular fluid 

? GWAS for Interleukin-1Î² levels in gingival crevicular fluid identifies IL37 variants in periodontal 
inflammation. 

chr2-
113082437 

WASH2P-NR_024077-0.0404 High IL-1beta levels in gingival 
crevicular fluid 

? GWAS for Interleukin-1Î² levels in gingival crevicular fluid identifies IL37 variants in periodontal 
inflammation. 

chr2-
113087209 

WASH2P-NR_024077-0.0404 High IL-1beta levels in gingival 
crevicular fluid 

? GWAS for Interleukin-1Î² levels in gingival crevicular fluid identifies IL37 variants in periodontal 
inflammation. 

chr2-
113117391 

WASH2P-NR_024077-0.0404 High IL-1beta levels in gingival 
crevicular fluid 

? GWAS for Interleukin-1Î² levels in gingival crevicular fluid identifies IL37 variants in periodontal 
inflammation. 

chr2-
113075993 

WASH2P-NR_024077-0.0455 High IL-1beta levels in gingival 
crevicular fluid 

? GWAS for Interleukin-1Î² levels in gingival crevicular fluid identifies IL37 variants in periodontal 
inflammation. 

chr5-609978 PP7080-NR_024158-0.0287 Vincristine-induced peripheral 
neuropathy in acute 
lymphoblastic leukemia 

T Association of an inherited genetic variant with vincristine-related peripheral neuropathy in 
children with acute lymphoblastic leukemia. 

chr5-467862 PP7080-NR_024158-0.0325 Breast cancer T Association analysis identifies 65 new breast cancer risk loci. 

chr9-
120868947 

PSMD5-AS1-NR_024408-5e-04 Birth weight G Genome-wide associations for birth weight and correlations with adult disease. 

chr9-
120824459 

PSMD5-AS1-NR_024408-0.0079 Systolic blood pressure T The genetics of blood pressure regulation and its target organs from association studies in 342,415 
individuals. 

chr9-
120832525 

PSMD5-AS1-NR_024408-0.0079 Autoimmune traits ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr5-
140620843 

VTRNA1-3-NR_026705-0.0315 Height ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr1-
46029352 

RPS15AP10-NR_026768-0.0416 White blood cell count ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr21-
35598052 

RUNX1-IT1-NR_026812-0.0351 Total body bone mineral 
density 

T Life-Course Genome-wide Association Study Meta-analysis of Total Body BMD and Assessment of 
Age-Specific Effects. 

chr11-
1486282 

LOC143666-NR_026967-0.0491 Prostate cancer T Association analyses of more than 140,000 men identify 63 new prostate cancer susceptibility loci. 

chr3-
151401938 

MBNL1-AS1-NR_027037-0.0143 Alzheimer's disease with no 
specific cognitive domain 
impairment 

A Genetic data and cognitively defined late-onset Alzheimer's disease subgroups. 

chr3-
151396809 

MBNL1-AS1-NR_027037-0.0143 Hair color ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr6-542416 LINC01622-NR_027115-0.0482 Psoriasis T Genome-wide meta-analysis identifies multiple novel associations and ethnic heterogeneity of 
psoriasis susceptibility. 

chr5-
100848943 

LOC100133050-NR_027503-
0.0395 

Systemic lupus erythematosus A Genome-wide association study meta-analysis identifies five new loci for systemic lupus 
erythematosus. 

chr6-
162588303 

PACRG-AS1-NR_028390-0.0216 Body mass index ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr17-
29442580 

MIR451A-NR_029970-0.0191 Mean platelet volume G A genome- and phenome-wide association study to identify genetic variants influencing platelet 
count and volume and their pleiotropic effects. 

chr17-
29387569 

MIR451A-NR_029970-0.0191 Mean platelet volume T New gene functions in megakaryopoiesis and platelet formation. 
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chr17-
29446271 

MIR451A-NR_029970-0.0191 Mean platelet volume G The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr19-
52725740 

MIR526A1-NR_030197-0.0373 Red cell distribution width ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr12-
81158559 

MIR618-NR_030349-0.0089 Severe depressive disorders in 
coronary artery disease 

T Association of Genetic Variation at AQP4 Locus with Vascular Depression. 

chr16-
53395863 

CASC16-NR_033920-0.0025 Intelligence A Genome-wide association meta-analysis in 269,867 individuals identifies new genetic and 
functional links to intelligence. 

chr16-
53492639 

CASC16-NR_033920-0.0025 Type 2 diabetes ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr16-
53418169 

CASC16-NR_033920-0.0025 Intelligence (MTAG) A A combined analysis of genetically correlated traits identifies 187 loci and a role for neurogenesis 
and myelination in intelligence. 

chr16-
53460705 

CASC16-NR_033920-0.0037 General cognitive ability T Study of 300,486 individuals identifies 148 independent genetic loci influencing general cognitive 
function. 

chr12-
128284493 

FLJ37505-NR_033987-0.0386 Blood protein levels A Co-regulatory networks of human serum proteins link genetics to disease. 

chr11-
104463511 

LOC643733-NR_034078-0.0103 Matrix metalloproteinase 
levels 

G Genome-wide association scan identifies variants near Matrix Metalloproteinase (MMP) genes on 
chromosome 11q21-22 strongly associated with serum MMP-1 levels. 

chr11-
104514928 

LOC643733-NR_034078-0.0277 Educational attainment (years 
of education) 

? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr3-
48898150 

MIR4271-NR_036233-0.0338 Smoking behaviour (cigarettes 
smoked per day) 

A Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of 
tobacco and alcohol use. 

chr17-
58631673 

44808-NR_037155-0.0465 Iron status biomarkers (ferritin 
levels) 

A Novel loci affecting iron homeostasis and their effects in individuals at risk for hemochromatosis. 

chr17-
58631697 

44808-NR_037155-0.0465 Primary tooth development 
(time to first tooth eruption) 

C Genome-wide association study of primary tooth eruption identifies pleiotropic loci associated 
with height and craniofacial distances. 

chr17-
58634181 

44808-NR_037155-0.0465 General cognitive ability ? Study of 300,486 individuals identifies 148 independent genetic loci influencing general cognitive 
function. 

chr4-
119337052 

LINC01061-NR_037596-0.0295 Adolescent idiopathic scoliosis ? The coexistence of copy number variations (CNVs) and single nucleotide polymorphisms (SNPs) at 
a locus can result in distorted calculations of the significance in associating SNPs to disease. 

chr4-
119292875 

LINC01061-NR_037596-0.0295 Body mass index G Protein-altering variants associated with body mass index implicate pathways that control energy 
intake and expenditure in obesity. 

chr4-
119266456 

LINC01061-NR_037596-0.0295 Corneal astigmatism C Identification of a candidate gene for astigmatism. 

chr16-
30624338 

SLX1A-SULT1A3-NR_037608-
0.0388 

Systemic lupus erythematosus A Genome-wide association study in a Chinese Han population identifies nine new susceptibility loci 
for systemic lupus erythematosus. 

chr16-
30631546 

SLX1A-SULT1A3-NR_037608-
0.0388 

Systemic lupus erythematosus A Genome-wide association study in a Chinese Han population identifies nine new susceptibility loci 
for systemic lupus erythematosus. 

chr1-
173262759 

LOC100506023-NR_037845-
0.0157 

Itch intensity from mosquito 
bite 

T GWAS of self-reported mosquito bite size, itch intensity and attractiveness to mosquitoes 
implicates immune-related predisposition loci. 

chr11-
60579459 

OR10V2P-NR_045005-0.0293 Gestational age at birth in 
premature rupture of 
membrane-initiated deliveries 
(child effect) 

G Literature-Informed Analysis of a Genome-Wide Association Study of Gestational Age in Norwegian 
Women and Children Suggests Involvement of Inflammatory Pathways. 

chr11-
60508428 

OR10V2P-NR_045005-0.0293 Congenital heart disease 
(maternal effect) 

? Genome-Wide Association Studies and Meta-Analyses for Congenital Heart Defects. 
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chr14-
65053898 

GPX2-NR_046321-0.0176 Mean corpuscular hemoglobin 
concentration 

? Genetic analysis of quantitative traits in the Japanese population links cell types to complex human 
diseases. 

chr13-
95222702 

SOX21-AS1-NR_046514-0.0425 Breast cancer ? A genome-wide association study of breast and prostate cancer in the NHLBI's Framingham Heart 
Study. 

chr13-
29387195 

LINC00365-NR_046998-0.0164 Insomnia (caffeine-induced) ? A genome-wide association study of caffeine-related sleep disturbance: confirmation of a role for a 
common variant in the adenosine receptor. 

chr5-
149186041 

CARMN-NR_105060-0.0263 Waist-hip ratio ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr6-1510423 MIR6720-NR_106778-0.0363 Inflammatory skin disease ? Genome-wide comparative analysis of atopic dermatitis and psoriasis gives insight into opposing 
genetic mechanisms. 

chr6-
31872700 

MIR6891-NR_106951-0.0426 Lung cancer T Large-scale association analysis identifies new lung cancer susceptibility loci and heterogeneity in 
genetic susceptibility across histological subtypes. 

chr7-
143384849 

MIR6892-NR_106952-0.0153 White blood cell count 
(basophil) 

C The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease. 

chr8-
143600141 

MIR7112-NR_107057-0.0168 Red cell distribution width C Red blood cell distribution width: Genetic evidence for aging pathways in 116,666 volunteers. 

chr8-
143606566 

MIR7112-NR_107057-0.0168 Red cell distribution width ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr8-
143611669 

MIR7112-NR_107057-0.0412 Rhegmatogenous retinal 
detachment 

G Genome-wide association study identifies genetic risk underlying primary rhegmatogenous retinal 
detachment. 

chr2-
175608567 

HAGLROS-NR_110457-0.0195 Insomnia G Genome-wide analysis of insomnia in 1,331,010 individuals identifies new risk loci and functional 
pathways. 

chr2-
175375121 

HAGLROS-NR_110457-0.0195 Bipolar disorder or major 
depressive disorder 

? Meta-analysis of genome-wide association data of bipolar disorder and major depressive disorder. 

chr16-
48735026 

LOC100507534-NR_110649-0.041 Educational attainment 
(MTAG) 

A Gene discovery and polygenic prediction from a genome-wide association study of educational 
attainment in 1.1 million individuals. 

chr16-
48534360 

LOC100507534-NR_110649-0.041 Red blood cell count ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr16-
48587491 

LOC100507534-NR_110649-0.041 Response to tocilizumab in 
rheumatoid arthritis 

? Genome-wide association analysis implicates the involvement of eight loci with response to 
tocilizumab for the treatment of rheumatoid arthritis. 

chr16-
48662617 

LOC100507534-NR_110649-
0.0411 

Eosinophil counts ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr2-
28344759 

LOC100505736-NR_120504-
0.0168 

Colonoscopy-negative controls 
vs population controls 

? Bayesian and frequentist analysis of an Austrian genome-wide association study of colorectal 
cancer and advanced adenomas. 

chr2-
28362941 

LOC100505736-NR_120504-
0.0359 

Blond vs. brown/black hair 
color 

? Genome-wide study of hair colour in UK Biobank explains most of the SNP heritability. 

chr1-
174352859 

LOC101928673-NR_125960-
0.0309 

Body mass index ? Leveraging Polygenic Functional Enrichment to Improve GWAS Power. 

chr6-
31398818 

SAPCD1-AS1-NR_126423-0.0108 Hepatocellular carcinoma A Genome-wide association study identifies a susceptibility locus for HCV-induced hepatocellular 
carcinoma. 

chr15-
69915268 

SALRNA2-NR_126482-0.031 Non-albumin protein levels ? Genetic analysis of quantitative traits in the Japanese population links cell types to complex human 
diseases. 

chr17-
64510162 

CRAT40-NR_131984-0.0087 PR interval in Tripanosoma 
cruzi seropositivity 

? Genome wide association study (GWAS) of Chagas cardiomyopathy in Trypanosoma cruzi 
seropositive subjects. 

chr17-
66006789 

CRAT40-NR_131984-0.0087 Male-pattern baldness C Dissection of genetic variation and evidence for pleiotropy in male pattern baldness. 
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chr17-
66102427 

CRAT40-NR_131984-0.0232 &beta;2-Glycoprotein I 
(&beta;2-GPI) plasma levels 

C Genetic ŘŜǘŜǊƳƛƴŀƴǘǎ ƻŦ ǇƭŀǎƳŀ OчŃΰΰ-glycoprotein I levels: a genome-wide association study in 
extended pedigrees from Spain. 
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Table 3. Collaborative Publications. 

Journal Title Year Authors PubMed 
ID 

Contribution 

eLife Systematic analysis of 
naturally occurring 
insertions and deletions 
that alter transcription 
factor spacing identifies 
tolerant and sensitive 
transcription factor 
pairs 

2022 Zeyang Shen, Rick Z Li, Thomas A Prohaska, Marten A 
Hoeksema, Nathan J Spann, Jenhan Tao, Gregory J 
Fonseca, Thomas Le, Lindsey K Stolze, Mashito Sakai, Casey E 
Romanoski, Christopher K Glass 

PMID: 
35049498 

Data provision, 
data analysis, 
paper editting 

Circulation 
Research 

Single-Cell Epigenomics 
and Functional Fine-
Mapping of 
Atherosclerosis GWAS 
Loci 

2021 Tiit Örd, Kadri Õunap , Lindsey K Stolze, Redouane 
Aherrahrou, Valtteri Nurminen, Anu Toropainen, Ilakya 
Selvarajan, Tapio Lönnberg, Einari Aavik, Seppo Ylä-
Herttuala, Mete Civelek, Casey E Romanoski, Minna U 
Kaikkonen 

PMID: 
34024118 

Data provision, 
data analysis, 
and figure 
creation 

Cell Reports Breast tumor stiffness 
instructs bone 
metastasis via 
maintenance of 
mechanical 
conditioning 

2021 Adam W Watson, Adam D Grant, Sara S Parker, Samantha 
Hill, Michael B Whalen, Jayati Chakrabarti, Michael W 
Harman, Mackenzie R Roman, Brittany L Forte, Cody C 
Gowan, Raúl Castro-Portuguez, Lindsey K Stolze, Christian 
Franck, Darren A Cusanovich, Yana Zavros, Megha Padi, Casey 
E Romanoski, Ghassan Mouneimne 

PMID: 
34192535 

Data provision, 
data analysis  
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European 
Heart 
Journal 

Genome-wide analysis 
identifies novel 
susceptibility loci for 
myocardial infarction 

2021 Jaana A Hartiala, Yi Han, Qiong Jia, James R Hilser, Pin 
Huang, Janet Gukasyan, William S Schwartzman, Zhiheng 
Cai, Subarna Biswas, David-Alexandre Trégouët, Nicholas L 
Smith, INVENT Consortium; CHARGE Consortium Hemostasis 
Working Group; GENIUS-CHD Consortium; Marcus 
Seldin, Calvin Pan, Margarete Mehrabian, Aldons J Lusis, Peter 
Bazeley, Yan V Sun, Chang Liu, Arshed A Quyyumi, Markus 
Scholz, Joachim Thiery, Graciela E Delgado, Marcus E 
Kleber, Winfried März, Laurence J Howe, Folkert W 
Asselbergs, Marion van Vugt, Georgios J Vlachojannis, Riyaz S 
Patel, Leo-Pekka Lyytikäinen, Mika Kähönen, Terho 
Lehtimäki, Tuomo V M Nieminen, Pekka Kuukasjärvi, Jari O 
Laurikka, Xuling Chang, Chew-Kiat Heng, Rong Jiang, William E 
Kraus, Elizabeth R Hauser, Jane F Ferguson, Muredach P 
Reilly, Kaoru Ito, Satoshi Koyama, Yoichiro Kamatani, Issei 
Komuro, Biobank Japan; Lindsey K Stolze, Casey E 
Romanoski, Mohammad Daud Khan, Adam W Turner, Clint L 
Miller, Redouane Aherrahrou, Mete Civelek, Lijiang Ma, Johan 
L M Björkegren, S Ram Kumar, W H Wilson Tang, Stanley L 
Hazen, Hooman Allayee 

PMID: 
33532862 

Data provision, 
data analysis  

Proceedings 
of the 
National 
Academy of 
Sciences of 
the United 
States of 
America 

Genetic variant at 
coronary artery disease 
and ischemic stroke 
locus 1p32.2 regulates 
endothelial responses 
to hemodynamics 

2018 Matthew D Krause, Ru-Ting Huang, David Wu, Tzu-Pin 
Shentu, Devin L Harrison, Michael B Whalen, Lindsey K 
Stolze, Anna Di Rienzo, Ivan P Moskowitz, Mete Civelek, Casey 
E Romanoski, Yun Fang 

PMID: 
30429326 

Data provision, 
data analysis, 
and figure 
creation 
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