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of Coexpression-Causality
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Abstract: Following the era of GWAS studies, efforts are being made to identify genes underlying
complex traits by merging eQTL and GWAS data and assessing the colocalization of eQTLs and
GWAS signals. A problem that sometimes occurs in this context is the observation of association
between several genes in a genomic region with a trait. This happens because genes in a region
could be under the regulatory impact of common elements and coexpress. As such, computational
approaches that rely on cis-eQTL information can not exactly pinpoint the causal gene. Here, I report
an alternative solution, based on trans-eQTLs to test the association between a gene and a trait.
Through the analyses applied to adjacent genes that coexpress and concordantly impact blood traits,
I provide evidence that trans-eQTLs can resolve the problem of coexpression-causality without the
interference of shared cis-regulatory SNPs.
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Introduction

GWAS studies have catalogued genomic variants (SNPs) contributing to various traits.
However, a GWAS cannot provide functional insight into the mechanism whereby a SNP exerts its
impact. As such, multiomics studies have been developed to identify the intermediary elements
(gene, CpG site, non-coding RNA4, ...) through which a SNP acts. A version of these studies known
as TWAS (transcriptome-wide association study) aims to identify genes underlying complex traits by
merging eQTLs and GWAS data. For this purpose computational tools have been developed that
quantify the degree of colocalization between eQTLs and GWAS signals in order to identify the causal
genes [1-3]. However, a problem that sometimes occurs in this context is the observation of
association between several genes in a genomic region with a trait. This happens because genes in a
region could be under the regulatory impact of common elements and coexpress. As such,
computational approaches that rely on cis-eQTL information can not exactly pinpoint the causal gene.
A conventional path to resolve this issue is to conduct experiments such as gene silencing or
knockdown studies which are expensive. Here, I report an alternative in-silico solution, that uses
trans-eQTLs to test the association between a gene and a trait. Trans-eQTLs are scattered across
different loci, this provides a good context to resolve the problem of coexpression-causality without
the interference of cis-regulatory SNPs. In this study, I report that such SNPs can be used to untangle
the problem of coexpression-causality by applying it to adjacent genes that show concordant
association with blood traits.

Methods

Initially, I examined the content of PhenomeXcan (http://phenomexcan.org/, release date:
February 28, 2020) which is a database of gene expression-trait associations[1]. PhenomeXcan has
integrated GTEX and GWAS information on various traits to identify genes whose change in their
expressions impact a trait. To identify gene pairs that coexpress and concordantly impacts a trait, I
limit the search to genes that are within 50KB distance and are significantly (P<5e-8) associated with
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a blood trait from the UK Biobank database. Through this procedure, I identified 259 gene-pairs that
show significant association (P<5e-8) with blood traits. Next, I obtained cis-eQTL data from the
eQTLGen database[4] to verify the findings from the PhenomeXcan. For, this purpose, I conducted
Mendelian randomization using independent eQTLs (r2<0.05) that are significantly associated with
the studied genes (P<5e?). The outcome of analyses revealed 29 gene-pairs (P<5e-8) associated with
blood traits. Mendelian randomization was performed using the GSMR algorithm implemented in
GCTA software (version v1.94).[5].

eQTLGen consortium has reported trans-eQTLs for 4343 genes. I obtained these data pruned
them for linkage disequilibrium (LD) to keep independent trans-eQTLs (r><0.05) and used them as
an instrument to examine the association between the identified genes and their target traits. Pruning
was performed using the clump algorithm implemented in PLINK (v1.90b6.18)[6]. The algorithm
takes a list of eQTLs and their P-values, conducts LD pruning, and returns a list of eQTLs in linkage
equilibrium and prioritized by P-values. The algorithm requires access to a genotype panel to
compute LD values. For this purpose, I used a subset of genotype data from the 1000 genomes (phase
3), compromising 503 individuals of European ancestry. By examining the association of trans-eQTLs
with the target traits, I identified 3 gene-pairs whereby trans-eQTLs could pinpoint the causal gene.
Below, I review the findings:

CDA-PINK1:

CDA and PINKI1 are located on chromosome band 1p36.12. According to the PhenomeXcan
database, both genes are associated with mean reticulocyte volume (Table 1). The results of
Mendelian randomization analysis using cis-eQTLs were also consistent, namely higher expression
of PINK1 contributed to lower reticulocyte volume; whereas, higher expression of CDA increased it
(Figure 1). Next, I examined the pattern of association of trans-eQTLs with the reticulocyte volume
to determine the causal gene. The three independent trans-eQTLs reported for PINK1 in the eQTLGen
database were significantly associated with reticulocyte volume; however, none of SNPs identified
for CDA showed significant association with reticulocyte volume (Figure 2 and Table S1).
Reticulocytes are blood cells that mature into the red blood cells following changes in their cellular
components including losing their mitochondria. Therefore, the contribution of PINKI to
reticulocytes volume could be at this stage, because PINK1 is implicated in mitophagy [7].

Table 1. The nature of association between adjacent genes identified in this study and their
corresponding traits, according to the data from the PhenomeXcan database.

Trait Trait source  Gene Chromosome band Effect size sign P-value

Mean reticulocyte volume UK Biobank PINK1 1p36.12 - 4.97E-23
UK Biobank CDA 1p36.12 + 2.71E-33

Platelet count UK Biobank PNKD 2q35 - 2.60E-18

UK Biobank TMBIM]1 2q35 - 3.25E-18

UK Biobank APOBR l6p12.1 - 1.48E-68

Platelet t
atelet coun UK Biobank  [L.27 16p11.2 - 3.15E-70
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Figure 1. Mendelian randomization based on cis-eQTLs identified adjacent genes contributing to
blood traits. Independent (r2<0.05) cis-eQTLs (P<5e-8) were obtained from the eQTLGen consortium
and used as an instrument to test the association between their corresponding genes and a blood trait.

Each point on a plot represents a SNP; the x-value of a SNP is its 3 effect size on the expression of the

gene, and the horizontal error bar represents the standard error around the (3. The y-value of the SNP

is its (3 effect size on the trait, and the vertical error bar represents the standard error around its . The

dashed line represents the line of best fit (a line with the intercept of 0 and the slope of (3 from

Mendelian randomization).
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Figure 2. Number of independent SNPs (r2<0.05) that exerted trans-effects (P<5e-8) on the identified
genes and show significant association with the corresponding traits. SNP information was obtained
from the eQTLGen consortium and the UK Biobank. Details of association statistics are available in
Table S1.

PNKD-TMBIM1:

I found the neighboring genes PNKD and TMBIM1 in 2q35 locus that impacted the platelet
counts. According to the data from the PhenomeXcan database, higher expression of PNKD and
TMBIM1 contributed to lower levels of platelets (Table 1). Mendelian randomization based on cis-
eQTL data from the eQTLGen database also confirmed both genes are associated with platelet counts
(Figure 1).

Next, I used trans-eQTLs to investigate the association of PNKD, and TMBIM1 with platelet
counts (Figure 2 and Table S1). After LD pruning, 8 independent trans-eQTL were identified for
PNKD among them, three were concordantly and significantly associated with platelet counts. Three
independent trans-eQTLs were also identified for TMBIMI; however, none showed significant
association with platelet count (Figure 2 and Table S1). As such, these findings indicate between
PNKD and TMBIMI1. The likely causal gene that impact platelet counts is PNKD. Alternative splicing
of PNKD results into 3 distinct isoform proteins[8], therefore this gene may have diverse functions.

APOBR-IL26:

APOBR and IL26 are adjacent genes located on chromosome 16. Based on data from the
PhenomeXscan both genes are associated with platelet count (Table 1). The findings from Mendelian
randomization analysis revealed higher expression of these genes are associated with lower levels of
platelets (Figure 1). In the eQTLGen database, independent trans-eQTLs have been listed for
ABPOBR and IL26. By examining the association of these SNPs with platelet count (Figure 2 and
Table S1). I found SNP, rs10512472 reported for APOBR (B=-0.08,P=4.2e-11) is strongly associated
with platelet count (B=3.7,P=3.9e-92); however, the trans-eQTL rs12485444 reported for IL27 (B=-
0.05,P=3.6e-8) does not show association with platelet count (B=0.05,P=0.7) indicating the causal gene
is APOBR (Figure 2 and Table S1). APOBR encodes a scavenger receptor for LDL on the surface of
macrophages [9]; therefore, lower expression of this gene could increase the risk of atherosclerosis
and accompanying comorbidities such as higher levels of platelets.

Discussion

In genomic regions where several genes coexpress, it is difficult to identify the causal gene
because the currently used approaches rely on cis-eQTLs to draw a correlation between the
expression of a gene and a trait. To tackle this problem, in this study, I used trans-eQTLs to identify
the causal gene among genes that are coexpress and concordantly impact a trait. The outcome of
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analyses revealed most trans-QTLs that impact adjacent genes are not the same and scattered across
different loci, this provides a good context to investigate the impact of change in expression of a gene
on the risk of a phenotype without the interference of cis-eQTLs. Of note, previous studies indicated
that trans-eQTLs have smaller effect size compared to cis-eQTLs[10,11]. As such, studies that aim to
leverage the trans-eQTLs should obtain their data from datasets with large sample size[12].
Furthermore, compared to cis-eQTL, trans-eQTLs show tissue specificity[10,13]. Therefore, care
should be taken to obtain trans-eQTLs from datasets that match the studied trait with regard to the
tissue of origin.

GWAS studies of functional elements including transcripts tend to report cis-acting SNPs only;
however, findings from this study indicate reporting full GWAS summary statistics is necessary,
because not only it covers trans-acting SNPs but also provide the possibility to compare same SNPs
across different datasets for better judgment. Finally, the principle of this study could be extended to
other multiomics studies that aim to catalogue the non-transcript functional elements underlying
traits. This requires generating QTLs for such functional elements beforehand.

In summary, this study provide evidence that trans-eQTLs can be used to identify the causal
gene in genomic regions that several genes coexpress and concordantly impact a trait. Therefore,
indexing trans-QTLs underlying gene expression will provide a better framework to identify genes
underlying traits.
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