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Until recently, asthma and allergic disease genetics research followed a conventional
approach dating back to the early 2000’'s, whereby a genome-wide association study
(GWAS) was performed on a single discovery sample followed by replication in an
independent sample, and ideally (but not always) followed up with a validation study of
the top gene or genes to support biological relevance of the candidate(s). Through
GWAS, >28,000 variants associated with >1,800 different phenotypes and diseases
have been discovered to date(1). For asthma alone, more than two dozen GWAS have
been performed(2) yielding associations that have proven to be highly replicable and
potentially ‘true positives'(2, 3).

The bad news is that, for complex traits (i.e., allergic disease), even the most
significantly associated loci typically have small effect sizes and only explain a small
fraction of the predicted genetic variance. Moreover, with association signals spread
across the genome and typically near multiple genes devoid of a clear connection to
disease, it is often difficult to pinpoint the biological processes underlying the observed
associations. Allergic disease poses the added challenge of being a complex trait for
which diagnostic criteria do not rely on biological markers. Disentangling the genetic
basis for eczema, hay fever, and asthma has also proven difficult given that these traits
often present sequentially in the life of the patient (the ‘atopic march’), are often
comorbid, and the development of one phenotype can predict the development of
another(4). Regardless of the debate whether manifestation of eczema, hay fever and
asthma is a result of a causal relationship or a shared cause, genetic findings support
both common and unique pathways, and the study by Ferreira and colleagues in this
issue of the Journal of Allergy and Clinical Immunology not only identifies additional risk
loci for allergic disease, but identifies genes whose inhibition may lead to the
identification of novel therapeutic targets for the treatment of allergic disease(5).

A major challenge with traditional GWAS is the identification of causal genetic
variants that in turn may lead to biological insight. A novel feature of the report by
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Ferreira and colleagues is that this limitation is somewhat overcome by employing a hew
gene-based approach EUGENE. EUGENE identifies genes associated with disease by
combining evidence of expression quantitative trait loci (eQTLs) associated with gene
expression in one or more tissues, easing biological interpretation. By using composite
evidence from multiple independent genetic variants regulating gene expression,
statistical power to detect genes involved in disease pathogenesis is increased. This is
not a new idea per se, however, as association signals are typically aggregated based
on functionally significant coding variants within a gene. Because genetic variants
identified by GWAS are often enriched in regulatory regions of the genome, as recently
highlighted in the largest asthma meta-analysis to date(3), aggregation based on coding
variants may have limited utility, and the EUGENE approach to aggregation may be
more relevant in understanding complex disease. While all of these methods have their
strengths and weaknesses and operate under different assumptions, EUGENE provides
a complementary and powerful approach to discover additional genetic underpinnings of
disease.

Demonstrating the utility of this approach, the report by Ferreira et al identifies a
number of novel genes common to asthma, hay fever and eczema. These genes were
not detected in their previous GWAS of the common pathogenesis for the same traits
(Figure 1). In addition, a number of the discoveries involve plausible candidate genes
with functions directly relevant to allergic disease. The authors further demonstrate the
robustness of their results by successfully replicating 20 of the 30 identified gene
associations in independent data from the robust UK Biobank dataset of over 233,000
individuals. Four of the replicated genes involved genetically controlled decreased
expression in healthy subjects, and are compelling targets for the development of
therapeutic interventions that inhibit the proteins coded by the genes. In addition, the
identification of allergy protective eQTLs associated with changes in gene expression
(e.g allergy protective eQTLs for the FOSL2 gene increase expression of the gene), may
also yield new drug discoveries. Although functional work is needed to confirm a causal
link between these findings and allergy risk, the authors rightfully contend that these
discoveries may lead to new therapeutic interventions.

The successful identification of novel genetic associations for allergic disease in
this study is emblematic of a new generation of GWAS and enabled by two major (and
positive) shifts in GWAS research. First, the Ferreira et al report owes its success, in
part, to the notion of ‘recycling’ existing GWAS data, not only by applying novel
analytical strategies (e.g., EUGENE) but also by leveraging multiple existing datasets
(e.g., 13 studies comprising >360,000 patients) through collaborative team science.
Indeed, it has been argued for several years that fundamental challenges in GWAS
including inadequate sample sizes and phenotype heterogeneity can be overcome by
establishing collaborations and consortia in which investigators share GWAS data to
achieve adequate power and increase power to study less common outcomes or
secondary phenotypes. In the midst of the vigorous debate over data deposition and the
broad sharing of data for the public good(6), consistent with funding policies(7), there is
a shift from emphasizing attributions by individual researchers to sharing resources
across large consortia and to the broader community, as has been the case for asthma
for nearly a decade, with the establishment of large national (EVE(8), GABRIEL(9)) and
multi-national consortia (CAAPA(10), TAGC(3)). Another shift is that summary
association statistics are increasingly being deposited online as part of GWAS
publications (e.g., hundreds of such datasets are available), and are also increasingly
available through efforts such as the UK BioBank. In addition to leveraging summary
association statistics, EUGENE utilizes summary eQTL statistics that are also becoming
increasingly available through efforts such as GTEx. With this advancement, insights
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into disease pathogenesis can be gained without requiring additional costly generation of
transcriptomic data.

A shortcoming of this report includes a focus on European ancestry cohorts,
limiting the generalizability of these findings to other ethnic and racial groups. Sadly, this
handicap is owed in large part to the dearth of representative GWAS's focused on non-
European populations, and elsewhere this issue has proven equally challenging(3). The
authors also acknowledge that robust functional studies are essential for drawing firm
conclusions regarding the contribution of the 19 identified genes toward allergic disease
pathology. The EUGENE approach only leverages information on eQTLs, and as many
disease associations are co-localized with DNA methylation or histone modification
QTLs that may not be eQTLs, incorporating information on epigenetic QTLs may
contribute to additional discoveries in the future. This study only focused on the genetic
underpinnings of allergic disease, and the integration of environmental exposures highly
relevant to risk for allergy with genetic information would also be of value. Despite
these issues, the work of Ferreira and colleagues demonstrates how their novel gene-
base approached can empower robust new discoveries that provide insight into biology,
and can potentially lead to the development of therapeutic interventions.
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Figure 1: GWAS manhattan plot of the shared genetic origin of asthma, hay
fever and eczema in subjects. The plot summarizes single SNP association
statistics from the previous meta-analysis and illustrate the strong association
peaks that can be obtained through team science and large sample sizes. Before
applying the EUGENE method, a conditional analysis was performed to remove the
main effects of the previous meta-analysis, in order to discover additional genetic
underpinnings of allergy. The location of the new genes discovered by EUGENE is
highlighted. Only one of the gene regions has a single SNP association that crosses
genome-wide significance.
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The plot was generated using single SNP association summary statistics downloaded from
ftp://ftp.ebi.ac.uk/pub/databases/gwas/summary_statistics/FerreiraMA_29083406_GCST005038. Gene regions of the 20 genes discovered by EUGENE are
colored (+/- 10 KB). The red horizontal line denotes the genome-wide significance threshold. In red is the ATXN2L gene region, which replicated, is relevant to
allergic disease, and whose genetically determined gene expression is protective against allergic disease. In purple are the gene regions of the remaining 8
genes that replicated and that are relevant to allergic disease. In light blue are the regions of 3 genes that replicated and whose genetically determined gene
expression is protective against allergic disease, but whose function in allergic disease is not known. In blue are the gene regions of the remaining 8 genes that
replicated.



