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ABSTRACT

Background: Numerous genes have been associated with the three most common allergic
diseases (asthma, allergic rhinitis or eczema) but these genes explain only a part of the
heritability. In the vast majority of genetic studies, complex phenotypes such as co-
morbidity of two of these diseases, have not been considered. This may partly explain
missing heritability.

Objective: To identify genetic variants specifically associated with the co-morbidity of
asthma-plus-eczema.

Methods: We first conducted a meta-analysis of four GWAS (genome-Wide Association
Study) of the combined asthma-plus-eczema phenotype (total of 8,807 European-ancestry
subjects of whom 1,208 subjects had both asthma and eczema). To assess whether the
association with SNP(s) was specific to the co-morbidity, we also conducted a meta-analysis
of homogeneity test of association according to disease status (“asthma-plus-eczema”
versus the presence of only one disease “asthma only or eczema only”). We then used a
joint test by combining the two test statistics from the co-morbidity-SNP association and the
phenotypic heterogeneity of SNP effect meta-analyses.

Results: Seven SNPs were detected for specific association to the asthma-plus-eczema co-
morbidity, two with significant and five with suggestive evidence using the joint test after
correction for multiple testing. The two significant SNPs are located in the OCA2 gene
(Oculocutaneous Albinism 1l), a new locus never detected for significant evidence of
association with any allergic disease. This gene is a promising candidate gene, because of its
link to skin and lung diseases, and to epithelial barrier and immune mechanisms.
Conclusion: Our study underlines the importance of studying sub-phenotypes as co-

morbidities to detect new susceptibility genes.
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Key messages:

e A genome wide association study to identify new susceptibility genes for the phenotype of
asthma-plus-eczema

e We identified OCA2, a new gene associated specifically with the phenotype of asthma-
plus-eczema

e The candidate gene OCA2 is linked to skin and lung diseases, epithelial barrier and

immunology
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INTRODUCTION

The three most common allergic diseases, asthma, atopic dermatitis (or eczema) and allergic
rhinitis (AR) may share genetic determinants as suggested by their strong associations at
both the individual and family levels®. However, genes specifically involved in each disease
also exist. Most genetic studies have focused specifically on either one of the allergic
diseases and numerous susceptibility genes for asthma, AR and eczema have been found?.
Many of these genes are involved in the immune response, and are not specifically
associated to one of the diseases. Other genes related to epithelial barrier dysfunction as
C11orf30 a transcriptional regulator in keratinocyte, are also shared by the three diseases3*.
But some other genes were found to be more specifically associated to one disease, such as
asthma genes ORMDL3/GSDML>® involved in remodeling or eczema genes SPRR3’, SPINK58
and OVOL1? involved in skin or epidermis development.

However, all the genes found associated with these diseases explain only a part of the
heritability!?. In most genetic studies, complex mechanisms such as Gene-Gene and Gene-
Environment interactions or complex phenotypes, such as those taking into account
simultaneously the three allergic diseases, were not considered. That may explain a part of
this missing heritability. Few recent studies have considered the three allergic diseases
simultaneously, rather in the sense of allergic disease defined by the presence of at least
one of the diseases: asthma, eczema or AR. These studies indeed allowed detection of
numerous new genes and loci especially involved or related to mechanisms affecting
function of immune and epithelial cells'13,

Other studies have focused on the consideration of these diseases rather in the sense of co-
morbidity. Studying more precise sub-phenotypes such as co-morbidities, could allow the

detection of new genes. For example, some studies have focused on the co-morbidity of
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asthma associated with allergic rhinitis and have detected new genes specifically associated
to this co-morbidity, such as the NFIA4, ZBTB, CLEC16A* and MTNR1A® genes.

It seemed of interest to study the genetics of the co-morbidity of asthma associated with
eczema, which has less been investigated. From our knowledge, only one genetic study has
studied this co-morbidity, an asthma-plus-eczema GWAS meta-analysis'’. For the phenotype
of this co-morbidity, the particular hypothesis of the atopic march was considered. It
corresponds to a disease progression from infantile eczema to asthma in childhood. This
study led to the detection of several genes already found to be associated with asthma
and/or eczema and two other loci detected for allergic disease for the first time: a locus
encompassing the EFHC1 gene and another one located between TMTC2 and SLC6A15
genes.

To discover new genes in addition to those already found to be associated with either
asthma or eczema, our goal here was to identify genetic variants specifically associated with
the co-morbidity of asthma-plus-eczema. GWAS meta-analysis was conducted across four
independent populations of European ancestry. Firstly, association with the co-morbidity of
asthma-plus-eczema was investigated and then, to assess the specificity of the association
with the co-morbidity, the homogeneity of the association was tested according to disease
status defined by the presence of the two diseases “asthma-plus-eczema” versus the
presence of only one disease “asthma only or eczema only”. A joint test was then applied by
combining the two test statistics from the co-morbidity-SNP association and the phenotypic
heterogeneity of SNP effect meta-analyses. The present study is thus the first GWAS meta-

analysis of asthma-plus-eczema, testing the specificity of the associations with this co-morbidity.
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MATERIAL AND METHOD

Populations

We studied 8,807 European-ancestry subjects from four independent studies, two
population-based (GABRIELA and ALSPAC) and two family (EGEA and SLSJ) studies, which
were part of the European consortium on the genetics of asthma?®. A brief description of
these studies with the definition of asthma and eczema phenotypes is provided in the
Supplementary Material.

Genetic data

The EGEA, SLSJ and GABRIELA samples were genotyped using the lllumina 610-Quad, as part
of the European Gabriel asthma GWAS consortium®®. The ALSPAC samples were genotyped
using the Illumina Human Hap 550-quad array (lllumina, Inc., San Diego, CA) by 23andMe. In
all datasets, stringent quality criteria (QC) were used to select both individuals and SNPs as
described previously®. To control for ethnicity/population stratification in the analysis,
ancestry analysis was carried out in each dataset using the EIGENSTRAT2.0 software and
HapMap data (CEU, YRI, JPT and CHB). Based on this analysis, putative non-European
samples were flagged as outliers and eliminated from any subsequent genetic analyses.
Genetic association analyses were first conducted using genotyped data in EGEA, SLSJ and
GABRIELA and imputed data for ALSPAC (imputation using the panel of the 1000 Genome
Project, phase 1, version 3, release Dec 2013) for all SNPs included in both the 610-Quad
chip and the 1000 genome panel. Then, to further investigate new loci showing evidence of
association with the co-morbidity of asthma-plus-eczema, we used imputed SNPs in a region
of 1Mb, 500kb on both sides of the top SNP(s) of each locus (imputed SNPs from HapMap2

(release 22) for EGEA, SLSJ and GABRIELA and 1000 genome for ALSPAC) .
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Statistical analysis

For all association analyses in each of the four studies, we performed logistic regression
using Stata® V14.1 or PLINK 1.9 assuming an additive model for SNP effect. Informative
principal components for within-Europe diversity were included as covariates in all analyses.
For the two family datasets (EGEA and SLSJ), logistic regression considered familial
dependencies through the cluster within family and robust variance options of the logit
function. To take into account the stratified random sampling in GABRIELA, inverse
probability weights were introduced in the logistic regression analyses. Then, SNP effect
estimates on disease status of the four studies were meta-analysed using a fixed-effects
(inverse variance) model in order to increase power and to obtain more robust findings. As
described below, different status for cases and/or controls were considered and
subsequently meta-analysed. The whole strategy of analysis is described in Figure 1 and
presented in the following paragraphs.

We firstly conducted a genome-wide meta-analysis of association between SNPs and the co-
morbidity of asthma-plus-eczema, where cases were defined as having both asthma and
eczema, and controls had neither asthma nor eczema; this test will be referred as the ‘co-
morbidity association test’ hereafter. However, a SNP associated with asthma (including
cases with asthma having or not eczema) or eczema (including cases with eczema having or
not asthma) can be found associated with the co-morbidity asthma plus eczema.
Consequently, an association shown between asthma-plus-eczema vs. no asthma no eczema
is not sufficient to prove the specificity of the association to the co-morbidity. To verify this
specificity of association, we then tested by meta-analysis, the homogeneity of SNP
association between the two following phenotypes: “asthma-plus-eczema” versus “asthma

alone or eczema alone” comparing by logistic regression SNP-association between these
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two case groups. The latter test will be referred to hereafter as ‘the phenotypic
homogeneity test’. Such homogeneity tests of SNP effect between sub-phenotypes have
been shown to have equivalent power to that of a multinomial regression-based test of
heterogeneity.*®

We then conducted on the whole genome, a joint test by combining the two test statistics
obtained from the co-morbidity-SNP association and the phenotypic heterogeneity of SNP
effect meta-analyses. These two tests follow a y? distribution with 1 df, we summed their
¥214f results obtained at each SNP. However, we could not assume that this sum of %14
results follows a 2. distribution because the two tests were not independent due to
sample overlapping, the two tests shared the individuals having asthma plus eczema. We
used, as proposed by Ferrari 2, the approximation of the sum of correlated y? variables by a
parametrized gamma distribution with parameters depending on the Pearson correlation
estimated between statistics obtained by the two tests.

For the joint test, the Bonferroni correction was applied to the Meff (effective number of
independent SNPs calculated after discarding the dependence between tests due to Linkage
Disequilibrium (LD) between SNPs from the total number of SNPs). In each of the four
datasets, subjects’ stratification according to “asthma plus eczema”, “neither asthma nor
eczema” or “asthma only or eczema only” status, led in each sub-phenotype group to small
sample size per genotype. We thus selected only SNPs with MAF>0.10 and/or SNPs having in
each dataset sufficient expected sample size per genotypes (25 in either affected or
unaffected subjects) depending on whether imputed or genotyped data were available.
From the total number of tested SNPs (286,679), the Meff was estimated to 143,414 with

the method of Li and Ji?* and the threshold for significance to P=3.5x107 (0.05/143414).
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We reported SNPs as showing significant (or suggestive) evidence of association specifically
to the co-morbidity, those showing 1) a significant (or suggestive P<10°®) result with the
joint test and 2) strong signals (P<104) for both the ‘co-morbidity association test’ and the
‘phenotypic homogeneity test’.

Consistency of results across the four studies was assessed by use of the |2 statistic, which
describes the percentage of variation across studies that is due to heterogeneity rather than
chance???3, Thus to select only consistent results across studies, we applied 1°<24% as
criteria to retain SNPs for both ‘co-morbidity association test” and ‘phenotypic homogeneity
test’, indicating no or little heterogeneity?* of results across studies.

Next, to assess the consistency of our results according to the age at onset of asthma, all
analyses were also conducted considering for asthma status, childhood-onset asthma
before 16 years of age.

Finally, we repeated all analyses using imputed SNPs located in 1Mb region around the top

genotyped SNPs of each locus showing significant or suggestive evidence of association.

Expression Quantitative Trait loci (eQTL) analysis and functional annotation

We investigated whether the SNPs (or their proxies, r?>0.8) showing significant or
suggestive evidence of association specifically to asthma-plus-eczema were cis-expression
guantitative trait loci (cis-eQTLs). We queried existing eQTL databases in multiple tissues
(GTEx?®, eQTLGen?®, BIOSQTL?’, Muther?® and GHSExpress?® browsers). Functional
annotations of these SNPs (or proxies) were also done using ROADMAP and ENCODE

(Encyclopedia of DNA Elements) data provided by the HaploReg tool®°.
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RESULTS

Phenotypic description of the samples

The sample size of each of the four studies by affection status stratum is indicated in table I.
Due to the mode of ascertainment, the proportion of subjects having both asthma and
eczema was the strongest in EGEA (26%) and in SLS) (23%) and the smallest in GABRIELA
(16%) and in ALSPAC (10%). The proportion of men was similar in the four datasets, ranging
from 46% to 57%. In contrast, the subjects were the oldest in SLSJ with a mean age equal to
23.7, then in EGEA and ALSPAC with respective mean ages equal to 16.5 and 13.9 and they

were the youngest in GABRIELA with a mean age of 9.

Results of meta-analyses

The SNPs detected as specifically associated with the co-morbidity of asthma-plus-eczema
are presented in Table Il and in more details in Table S1. In addition, for SNPs presented in
table Il, the results obtained in each dataset are shown in Table S2. There was no inflation in
the statistical tests with genomic inflation factor estimated to 1.02, 0.99 and 1.01 for the
‘co-morbidity association test’, ‘phenotypic homogeneity test’” and joint test respectively
(see QQ plots in Figure S1). Results of the meta-analysis of the joint test are shown in the
Manhattan plot in Figure 2.

When testing the association between SNPs and the co-morbidity of asthma-plus-eczema,
32 SNPs were found associated with “asthma-plus-eczema” at P<104, among which two
were excluded because of 12>224%. When testing the specificity of this association, 25 SNPs
reached the threshold of 104, with none of them excluded because of 12>24%. Finally, two
SNPs and five SNPs showed respectively significant (P<3.5x107) and suggestive (P<10)
results using the joint test, and had P<10* for both the ‘co-morbidity association test’ and

the ‘phenotypic homogeneity test’. None of these seven SNPs were excluded because of
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12>24%. The two SNPs (rs4778192 and rs2703978) showing significant evidence of
association with the joint test were located in OCA2 gene. The five SNPs with suggestive
evidence, were located in OCA2 (rs2311469, rs4778189 and rs2594897), TBC1D14
(rs10937762) and LRP1B (rs1402470) genes. Forest plots are shown in Figure S2 for
association and phenotypic homogeneity tests for each of the two significant SNPs
(rs4778192 and rs2703978).

When the analyses were restricted to childhood-onset asthma, the five SNPs located in
OCA2 gene were detected in the same manner (two of them with significant evidence of
association specifically to asthma-plus-eczema and the three others with suggestive
evidence), while no SNP, including those in LRP1 and TBC1D14 was detected elsewhere.

In the regions of the three detected loci, we repeated association analyses using imputed
SNPs located in a 1Mb region around the genotyped lead SNPs. These analyses supported all
our initial findings, with similar or slightly improved significance of the results compared to
those observed with genotyped SNPs. Moreover, additional signals with similar significance
level were detected at imputed SNPs in OCA2 gene (see Figure 3). The imputed SNP with
highest significance level, rs924318, was in LD with the genotyped significant SNPs, strong
LD with rs2703978 (r?= 0.87) but not with rs4778192 (r>=0.30). However, further conditional
regression analyses of both co-morbidity association and phenotypic homogeneity tests
showed that rs4778192 and rs2703978 were each with the joint test no longer significantly
associated with asthma-plus-eczema (P20.05) when conditioning on rs924318. This indicates

that the three SNPs represent the same association signal.

eQTL analysis and functional annotation

By interrogating databases of gene expression in target tissues, we identified a proxy

rs10013696 of rs10937762 (r?=0.82) located in TBC1D14 that was associated with TBC1D14
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expression in skin (P=5x107)?>. We also identified two SNPs in OCA2, rs2594897 and
rs2703978, associated in the whole blood with HERC2 expression (P=5x10"?)%®. Functional
annotation of the three loci is presented in details in Table S3.

The associated SNPs located in OCA2 and in TBC1D14, map to promotor and enhancer
histone marks and DNase | hypersensitivity sites in numerous lung and skin cells, and
included transcription factor (TF) binding sites that will be described in more detail in the

discussion.
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DISCUSSION

The aim of this study was to discover new genes, different from those already found
associated with asthma or eczema, by identifying genetic variants specifically associated
with the co-morbidity of asthma-plus-eczema. Our study identified a new locus significantly
and specifically associated with the co-morbidity and located on chromosome 1513 in the
OCA2 gene. Two other loci located on chromosomes 2g22 in the LRP1B gene and 4p16 in
the TBC1D14 gene were detected with a suggestive evidence of specific association to the
co-morbidity. We did not conduct analysis in discovery sample(s) followed by replication
analyses in independent sample(s). We directly conducted meta-analyses of four
independent datasets and to ensure validity of our findings, we required strong consistency
of results across studies assessed by 12 (percentage of variation across studies that is due to
heterogeneity rather than chance???3) <24% indicating no or little heterogeneity?*. We found
strong consistency of results (1°<10%) for the two OCA2 and TBC1D14 loci, but somehow less
consistent results for the LRP1B locus (20%<12<24%).

For the three loci detected (OCA2, TBC1D14 and LRP1B), specificity of the association to the
co-morbidity was also verified by an absence of association with the phenotype of “asthma
only or eczema only” vs “no asthma and no eczema” and by a smaller evidence of
association with each one of the diseases, asthma and eczema when tested separately.

All our findings were also well supported, by repeated association analyses using imputed
SNPs to obtain a denser map of the regions of the three detected loci. These analyses
strengthened the original findings, particularly for those in the OCA2 gene.

To our knowledge, the single genetic study of asthma-plus-eczema reported to date in the
literature is a GWAS meta-analysis of the co-morbidity defined as the atopic march'’. This

study was conducted to search for genetic associations with this co-morbidity but without
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testing the specificity of the associations. The study led to the detection of five loci already
found associated with one of the allergic diseases. For three of these loci (IKZF33%3215,
AP5B1/0VOL1° and IL4/KIF3A°), we found suggestive evidence of association with asthma-
plus-eczema (10°<P<1072) in our present study. These results are not surprising since the
“atopic march” meta-analysis enclosed the four datasets included in the current study. But
for these three loci, there was not any indication of the specificity of this association with
the asthma-plus-eczema co-morbidity. Furthermore, the two new loci identified in the
“atopic march” meta-analysis (EFHC1 and between SLC6A15 and TMTC2) did not show
indication of association in the current study (P>0.01). Regarding CRNN/LCE5A (FLG)*, a
known eczema locus that was also identified in the atopic march meta-analysis, we found
evidence of association with asthma-plus-eczema (P=2x10°). However, we did not retain
this locus due to the large measure of heterogeneity detected across studies (1>>0.50).

None of our novel findings have been previously reported by published GWAS (GWAS-
Catalog of Published Genome-Wide Association Studies, http://genome.gov/gwastudies)
with significant evidence of association for asthma, eczema or more generally for allergic
diseases. However, previous GWAS showed significant evidence of association between
genetic variants belonging to OCA2 loci/gene and diseases or phenotypes related to skin
such as melanoma343>, cutaneous squamous cell carcinoma3®, and skin pigmentation3’. Note
that, underlying mechanisms shared by melanoma and asthma have been already
suggested, due to genes found associated with both melanoma and asthma, as the TYRP1
gene.3%3 Suggestive evidence of associations of OCA2 genetic variants with allergic
sensitization, eczema and lung function phenotypes (FEV1/FVC ratio) have been also

reported %41 Moreover, a polymorphism, located within an intron of the HERC2 gene an
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adjacent neighbor of OCA2 which is involved in the regulation of OCA2 expression, was
significantly associated with asthma response to diisiocyanate.*?

The OCA2 gene (Oculocutaneous Albinism IlI) codes for a melanosomal transmembrane
protein which is involved in many biological processes as tyrosine transport. The tyrosine is
a precursor to melanin synthesis. Interestingly, tyrosine is related to various pathological
mechanisms of eczema.*® OCA2 is also involved in melanocyte differentiation, melanin
biosynthesis and pigmentation. Melanocytes, along with keratinocytes and Langerhans cells,
being positioned within the epidermis, form a physical skin barrier. A link between
pigmentation, which depends on melanin synthesis, and the skin barrier function was
shown, both in humans* and in mice® indicating that melanocytes producing melanin
influence epidermal barrier function. In addition, accumulating evidence has shown that
melanocytes are also active factors in the skin immune system and participate in immune
responses.*,4

The five SNPs detected in OCA2 map to a large number of enhancer and promoter histone
marks and to DNase | hypersensitivity sites in numerous lung and skin cells. Moreover,
rs4778192 belongs to the binding sites of the transcription factor CEBPB, an important
transcription factor involved in the regulation and expression of genes involved in immune
and inflammatory responses.*® The SNP rs2703978 belongs to the binding site of hoxa5
which probably activates antagonist genes against the release of keratinocyte growth
factors and epidermal formation.*® Lastly, rs8035720 a proxy of rs2594897, belongs to the
binding site of the transcription factor CTCF, which controls MHC class Il gene expression. It
was recently shown that CTCF is a major driver of gene co-expression in the airways of

asthmatic patients.”® The two SNPs rs2594897 and rs2703978 were found associated in the
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whole blood with expression of HERC2, this gene being like OCA2, also found associated to
melanoma.>!

Among the loci showing suggestive evidence of association to asthma-plus-eczema, the SNP
rs10937762 is an intronic variant located in the TBC1D14 gene (TBC1 Domain Family.
Member 14). A variant of TBC1D14 was found to be associated with eosinophil count, an
important biomarker of allergy. The SNP rs10937762 in TBC1D14 maps to a large number of
enhancer and promoter histone marks and to DNase | hypersensitivity sites in numerous
lung and skin cells. This SNP belongs to the binding site of the redox-sensitive nuclear factor
(NF)-kappaB which is an important participant in a broad spectrum of inflammatory
networks that regulate cytokine activity in airway pathology®2. In addition, rs10013696 a
proxy of rs10937762 was strongly associated with TBC1D14 expression in skin?>.

Lastly, the SNP rs1402470 which showed suggestive evidence of association to asthma-plus-
eczema, is an intronic variant located in the LRP1B gene (Low Density Lipoprotein Receptor-
Related Protein 1B). Suggestive evidence of association was shown between LRP1B genetic
variants and post bronchodilator FEV13%, Diisocyanate-induced asthma?®® and childhood-
onset asthma®3. Besides that, a LRP1B mutation was shown to be a predictive marker for the
presence of chronic obstruction pulmonary disease in patients with lung adenocarcinoma.>*
In conclusion, the present study highlights that studying well-defined sub-phenotypic
entities as the co-morbidity is a critical feature for the identification of new genes. Among
the new three loci detected here for the co-morbidity of “asthma-plus-eczema” , OCA2 is
emerging as the most relevant candidate gene given the reached significance level of
association, the high consistency across studies and its links to skin and lung diseases, and to
epithelial barrier mechanisms and/or immune response, which have crucial roles in both

asthma and eczema. Further confirmations of these findings as well as functional studies are
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needed to bring greater insight into the role of these loci on the co-morbidity of asthma-
plus-eczema. Deciphering molecular determinants of this co-morbidity could point to novel

therapeutic approaches.
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Table I: Phenotypic description of the EGEA, SLSJ, GABRIELA and ALSPAC samples

EGEA SLSJ GABRIELA ALSPAC
N 783 614 1649 5761
Age, yrs, mean (sd) 16.46 (0.29) | 23.75(0.62) | 9.00(0.04) | 15.46 (0.33)
Gender-Men (%) 410(52.4) 282(45.9) 943(57.2) 2869 (49.8)
Asthma AND Eczema (%) 207 (26) 144 (23) 269 (16) 588 (10)
Neither Asthma NOR eczema (%) 260 (33) 163 (27) 713 (43) 3297 (57)
Asthma only OR eczema only (%) 316 (40) 307 (50) 667 (40) 1876 (33)
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Table Il: meta-analysis results of SNPs showing significant (or suggestive) evidence of association specifically to the co-morbidity “asthma-plus-eczema”

Co-morbidity association

tost © Phenotypic homogeneity test ¢ | Joint test ©
. Effect - .
SNP chr Effec;/”be T:ellne Allele p‘zig;ﬁ’” Io::ltron gene g;er:]\gous gN::; PBrixed | se(Pfixed) P Brixed | se(Bfixed) P P
Freq ?

rs1402470 | 2 G/A 0.556 | 141362 | intron LRP1B NXPH2 KYNU |[-0.250| 0.055 |[4.90x10°| -0.230 0.056 | 4.41x10° | 4.52x107
rs10937762 | 4 G/A 0.495| 6917 intron | TBC1D14 | KIAA0232 | CCDC96 | -0.244 | 0.054 |6.10x10°| -0.222 0.053 | 3.29x10° | 4.32x107
rs2311469 | 15 T/G 0.444 | 27824 | intron OCA2 GABRG3 | HERC2 | 0.231 | 0.052 |7.41x10%| 0.221 0.054 | 3.84x10° | 5.41x107
rs4778189 | 15 G/A 0.556 | 27827 | intron OCA2 GABRG3 | HERC2 |-0.232| 0.052 |6.63x10°| -0.224 0.054 | 3.24x10° | 4.51x107
rs4778192 | 15 T/C 0.556 | 27 835 | intron OCA2 | GABRG3 | HERC2 [-0.236| 0.052 |4.63x10°| -0.229 0.054 | 2.26 x10”° | 2.84 x10”’
rs2594897 | 15 T/C 0.278 | 27900 | intron OCA2 GABRG3 | HERC2 | 0.269 | 0.056 |1.70x10°| 0.225 0.058 | 9.58 x10” | 3.75x107
rs2703978 | 15 T/C 0.278 | 27902 | intron OCA2 | GABRG3 | HERC2 | 0.270 | 0.056 |1.60x10°| 0.229 0.058 | 7.14x10° | 2.98 x107’

a : estimated in CEU population from Phase 3 of the 1000 Genomes Project

b : SNP position in kilo base pairs (GRCh38.p12 :Genome Reference Consortium Human Build 38 patch release 12)
c: Meta-analysis of genome-wide association test of “asthma-plus-eczema” vs “no asthma, no eczema”
d: Meta-analysis of homogeneity test of association between “asthma-plus-eczema” vs “asthma only or eczema only”
e: Test combining statistics of the association and phenotypic homogeneity tests and following a gamma distribution with parameters depending on the correlation
between statistics of the two tests
In bold: SNPs detected with significant evidence of association specifically to “asthma plus eczema”, i.e detected at P<10-4 for ‘ co-morbidity association test’ AND for

‘phenotypic homogeneity test’ AND P< 3.5x107 for the joint test

The other SNPs were detected with suggestive evidence of association specifically to “asthma plus eczema”, i.e detected at P<10 for ‘ co-morbidity association test’ AND
for ‘phenotypic homogeneity test” AND P< 1x107® for the joint test
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Legends of figures:

Figure 1:

Whole analysis strategy for the detection of SNPs showing significant (and suggestive) evidence of association specifically with the co-morbidity asthma-
plus-eczema. Note that " Zfieq = Prixed / € (Bfixed), ~~ I': gamma distribution with parameters depending on the correlation between statistics of test1 and

test2.

Figure 2:

Manhattan plot of meta-analysis results for the joint test. The x axis represents chromosomal location and the y axis represents —logl0Pjint; the first
horizontal line denotes P=3.5x107, corresponding to the significance threshold, the second horizontal line denotes P=10%, corresponding to the suggestive
threshold used for the joint test.

Figure 3:

Regional plots for the three regions of interest (imputed SNPs around 400kb of best genotyped SNPs). In regional plots (a-f), the x axis presents physical

distance in megabases (build 37.3 coordinates) and the y axis presents -log10 Pjoint values for the joint test statistic.
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Populations

Participating studies
EGEA

The EGEA (Epidemiological study on the Genetics and Environment of Asthma, bronchial
hyperresponsiveness and atopy) (https://egeanet.vjf.inserm.fr/index.php/en/) is a French
longitudinal survey which has been described in detail previously®. A first survey took place between
1991 and 1995 and a 12-year follow-up was conducted between 2003 and 2007. The EGEA family
sample consisted of 388 French nuclear families, 253 families ascertained through offspring with
asthma and 135 families ascertained through one parent with asthma. Asthma status used for
analysis was defined by the following criteria (present either at the time of data collection and/or at
the 12-year follow-up): a positive answer to at least one of the two questions: 1/Have you ever had
attacks of breathlessness at rest with wheezing?, 2/ Have you ever had an attack of asthma?
associated with either the presence of bronchial-hyper responsiveness, hospitalization for asthma in
life or asthma therapy. Eczema status was based on the answer to the question: "Have you had
eczema during childhood?" (either at the time of data collection and/or at the 12-year follow-up).
Ethical approval was obtained from the relevant institutional review board committees (Cochin
Port-Royal Hospital and Necker-Enfants Malades Hospital, Paris: n° 01-07-07, 04-05-03, 04-11-

13 and 04-11-18). Written informed consent was signed by all participants. Written informed
consent was signed by kin or guardians of the minors/children.

SLSJ

The Saguenay—Lac-Saint-Jean Familial Asthma Cohort(SLSJ) comprised 254 French-Canadian
multigenerational families ascertained through one proband with asthma?. Definition of asthma used
for analysis was similar to the one used in the EGEA study. Eczema was defined by a self-reported
history of eczema on a questionnaire, based by a positive answer to at least one of the two following
questions: 1) Do you have eczema? or 2) Have you ever had eczema? Positive answers were
validated by physicians or through clinical records. The SLSJ study was approved by the ethic

committees of the academic Integrated Health and Social
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Services Centres of Saguenay-Lac-Saint-Jean (CIUSSSS) and of UQAC.
In the present study, we focused on offspring of the families in EGEA and SLSJ datasets, in order to

limit the heterogeneity across studies according to the age.

ALSPAC
The ALSPAC (Avon Longitudinal Study of Parents and Children; http://www.bristol.ac.uk/alspac/)

study is a population-based longitudinal prospective birth-cohort study which includes 14,062
children born in 1991 and 1992 in Avon, United Kingdom.Pregnant women resident in Avon, UK with
expected dates of delivery 1st April 1991 to 31st December 1992 were invited to take part in the
study®*. The initial number of pregnancies enrolled is 14,541 (for these at least one questionnaire
has been returned or a “Children in Focus” clinic had been attended by 19/07/99). Of these initial
pregnancies, there were a total of 14,676 foetuses, resulting in 14,062 live births and 13,988 children
who were alive at 1 year of age.

When the oldest children were approximately 7 years of age, an attempt was made to bolster the
initial sample with eligible cases who had failed to join the study originally. As a result, when
considering variables collected from the age of seven onwards (and potentially abstracted from
obstetric notes) there are data available for more than the 14,541 pregnancies mentioned above.
The number of new pregnancies not in the initial sample (known as Phase | enrolment) that are
currently represented on the built files and reflecting enrolment status at the age of 24 is 913 (456,
262 and 195 recruited during Phases Il, lll and IV respectively), resulting in an additional 913 children
being enrolled. . The total sample size for analyses using any data collected after the age of seven is
therefore 15,454 pregnancies, resulting in 15,589 foetuses. Of these 14,901 were alive at 1 year of
age.

A 10% sample of the ALSPAC cohort, known as the Children in Focus (CiF) group, attended clinics at
the University of Bristol at various time intervals between 4 to 61 months of age. The CiF group were

chosen at random from the last 6 months of ALSPAC births (1432 families attended at least one
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clinic). Excluded were those mothers who had moved out of the area or were lost to follow-up, and
those partaking in another study of infant development in Avon.

Eczema cases included those who responded yes to any of the 'Dr diagnosed eczema ever' variables
at age 10 or 13 as well as those who had ever had eczema from ages 7 to 16 years. These were
derived from questionnaires filled by mothers indicating if their child had had eczema in the past
year at 81, 91, and 103 months and also at 10 and 13 years, as well as questionnaires filled by the
young person indicating if they had had eczema in the past 12 months at 16 years. Asthma cases
were defined by those responding yes to any of the 'Dr diagnosed asthma ever' variables at age 7.5
or 11 or 14 or 15 years. Controls were identified if they responded no to all the variables mentioned.
Please note that the study website contains details of all the data that is available through a fully
searchable data dictionary and variable search tool" and reference the following webpage:

http://www.bristol.ac.uk/alspac/researchers/our-data/.

Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee and the
Local Research Ethics Committees. A list of the ethics committee/institutional review board(s) that
approved aspects of the study are available at
http://www.bristol.ac.uk/alspac/researchers/researchethics/.

GABRIELA

The (GABRIEL Advanced Survey) are cross-sectional population-based surveys conducted in rural
areas of Austria, Germany, and Switzerland. In total, 132,366 children aged 6 to 13 years were
addressed through schools. In a first stage in fall/winter 2006, asthma, allergic disease, and contact
to farming environments were assessed using a short parental questionnaire (n=79,888). In a second
stage in spring/summer 2007, 9,668 children were selected among families consenting in writing to
blood sampling, genetic testing and collection of environmental samples by stratified random
sampling to ensure representation of children with high exposure to farming environments. Asthma
was defined as a parental report of a doctor’s diagnosis ever of asthma or a reported diagnosis of

obstructive bronchitis at least twice. Eczema was defined as a doctor’s diagnosis ever of eczema or


http://www.bristol.ac.uk/alspac/researchers/our-data/
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an itchy rash that was stronger or weaker for at least 6 months during the last 12 months as reported
by the parents. Children without a doctor’s diagnosis ever of asthma, obstructive bronchitis, eczema,
and without itchy rash were selected as controls. The GABRIELA study was approved by the
institutional review boards of the Bavarian Medical Association (for Bavaria), Ulm University (for
Baden-Wirttemberg), the cantons Lucerne, Zurich and Thurgau (for Switzerland), Medical University
of Innsbruck (for Austria), and Medical University of Wroclaw (for Poland) and informed consent was

obtained from the parents
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Figure S1:
QQ plot of the test statistics of co-morbidity association test, phenotypic homogeneity test and joint test
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Identification of OCAZ2 as a novel locus
for the co-morbidity of asthma-plus-eczema
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Table S1: Meta-analysis results for SNPS detected at P<10* for "co-morbidity association test" AND/OR for "phenotypic homogeneity test" AND/OR P< 10°®

for the joint test

Association test € Phenotypic homogeneity test ¢ | Joint test ©
. Effect . .
chr | snp E:‘Ifeelzts/Baselme Allele f;);)ltéobn gene g;i\;lous next gene (L/ZO) Prixed | s€ (Pfixed) P l(;)) Prixed | s€ (Pfixed) P P
Freq?

1| rs7522428 T/C 0.763 74712 676 | CRYZ ERICH3 TYW3 3.96 | -0.243 0.059 | 3.36E-05| 11.73|-0.218 0.061 | 3.43E-04 5.79E-06
1|rs10890142 | G/A 0.237 74 713 445 | CRYZ ERICH3 TYW3 0.91| 0.245 0.058 | 2.79E-05 0| 0.221 0.061| 2.90E-04 4.61E-06
1|rs12089980 | T/C 0.086 152 459 455 CRNN LCESA 62.83 | 0.381 0.080 | 1.98E-06 | 73.76 | 0.310 0.083 | 1.88E-04 6.33E-07
1 | rs2504053 G/A 0.657 179 759 991 | FAM163A | TDRDS TOR1AIP2 0] 0.168 0.054 | 1.73E-03 0] 0.212 0.054 | 8.69E-05 2.96E-05
1|rs12036109 | G/A 0.556 239902 578 | CHRM3 | LOC105373226 | FMN2 0]-0.183 0.051 | 3.44E-04 0[-0.212 0.053 | 6.21E-05 8.60E-06
2 | rs1402470 G/A 0.556 141 361 833 | LRP1B NXPH2 KYNU 23.49 | -0.250 0.055 | 4.90E-06 | 19.68 | -0.230 0.056 | 4.41E-05 4.52E-07
2 | rs2196598 G/A 0.828 141 656 962 | LRP1B NXPH2 KYNU 0]-0.289 0.067 | 1.72E-05| 29.37|-0.234 0.070 | 8.12E-04 6.48E-06
2 | rs7355583 T/C 0.313 240 882 290 AGXT C2orf54 0]-0.223 0.054 | 3.97E-05 0[-0.212 0.056 | 1.54E-04 3.87E-06
3 | rs7651606 T/C 0.500 21935979 | ZNF385D | SGOL1 UBE2E2-AS1 | 46.48 | -0.134 0.053 | 1.10E-02 0-0.209 0.054 | 9.87E-05 1.01E-04
3 | rs1259380 C/A 0.692 105 271 040 ZPLD1 ALCAM 14.11 | -0.228 0.057 | 5.66E-05| 74.75[-0.172 0.058 | 3.00E-03 3.17E-05
3 | rs333318 T/G 0.409 124615752 | KALRN | ROPN1 UMPS 16.68 | -0.209 0.053 | 7.88E-05 0[-0.112 0.054 | 3.82E-02 1.85E-04
3 | rs1463230 T/C 0.470 150 316 769 LOC105374313 | TSC22D2 0]-0.205 0.052 | 8.83E-05 0]-0.140 0.054 | 9.14E-03 8.43E-05
4| rs10937762 | G/A 0.495 6916 952 | TBC1D14 | KIAA0232 CCDC96 0]-0.244 0.054 | 6.10E-06 | 7.02|-0.222 0.053 | 3.29E-05 4.32E-07
4 | rs870660 T/C 0.485 7050455 | TADA2B | CCDC96 GRPEL1 40.74 | 0.214 0.053 | 5.69E-05 0| 0.227 0.054 | 2.61E-05 1.56E-06
4| rs1381521 T/G 0.232 187 273 606 FAT1 ZFP42 1.78 | 0.123 0.058 | 3.44E-02 0| 0.252 0.060 | 3.02E-05 9.29E-05
5 | rs6872996 T/C 0.298 6 666 989 | SRDSA1 | NSUN2 PAPD7 0]-0.164 0.056 | 3.41E-03 0]-0.230 0.058 | 7.11E-05 3.98E-05
5 | rs2160505 C/A 0.550 157 932 760 CLINT1 EBF1 0]-0.219 0.053 | 3.20E-05 0[-0.174 0.054 | 1.17E-03 1.21E-05
6 | rs1832937 G/A 0.394 125 664 788 HDDC2 HEY2 0] 0.217 0.055 | 7.24E-05 0| 0.141 0.055| 9.75E-03 7.71E-05
6 | rs1777220 T/G 0.404 125 701 456 HDDC2 HEY2 0] 0.209 0.053 | 8.49E-05 0| 0.174 0.054 | 1.29E-03 2.42E-05
6 | rs6941174 G/A 0.535 148 451334 | SASH1 | SAMDS usT 0] 0.215 0.053 | 4.48E-05| 56.49 | 0.109 0.054 | 4.38E-02 1.39E-04
7 | rs10486733 | T/G 0.450 43233525 | HECW1 | MRPL32 STK17A 0| 0.080 0.053 | 134E-01| 0.40| 0.225 0.054 | 2.88E-05 1.94E-04
7 | rs6977081 T/G 0.288 150 845 427 | AOC1 TMEM176A KCNH2 20.88 | 0.197 0.056 | 3.98E-04 0] 0.220 0.056 | 8.13E-05 1.12E-05
8 | rs10503644 | G/A 0.636 17 839 867 MTUS1 FGL1 0] 0.216 0.054 | 6.27E-05 0| 0.100 0.056 | 7.56E-02 2.36E-04
8 | rs3850744 G/A 0.621 17 926 694 | PCM1 FGL1 ASAH1 0] 0.211 0.053 | 8.12E-05| 11.03 | 0.086 0.055| 1.15E-01 3.53E-04




8| rs11775871 T/C 0.177 67 820 941 CPA6 PREX2 0| -0.266 0.070 | 1.59E-04 0|-0.348 0.071 1.07E-06 3.83E-07

8 | rs909055 G/A 0.702 140 361 494 | TRAPPCY | KCNK9 CHRAC1 0] 0.128 0.056 | 2.35E-02 0] 0.253 0.059 1.61E-05 4.91E-05

8 | rs7834518 T/C 0.303 140376 212 | TRAPPC9 | KCNK9 CHRAC1 0]-0.117 0.057 | 3.94E-02 01]-0.243 0.058 3.23E-05 1.05E-04

8 | rs13265944 T/C 0.298 140 401 489 | TRAPPC9 | KCNK9 CHRAC1 0]-0.125 0.057 | 2.84E-02 0]-0.241 0.059 4.38E-05 1.06E-04

9 | rs10811586 T/G 0.641 21701943 IFNE MTAP 0| 0.127 0.054 | 1.87E-02 0| 0.216 0.054 7.00E-05 1.12E-04

9 | rs1330148 G/A 0.535 107 786 143 KLF4 ACTL7B 14.26 | -0.207 0.053 | 8.01E-05 0]-0.151 0.053 4.52E-03 5.12E-05
10 | rs11004028 G/A 0.732 54 067 053 | PCDH15 | MBL2 MTRNR2L5 0] 0.162 0.061 | 8.20E-03 0] 0.253 0.063 5.67E-05 5.92E-05
10 | rs17644321 T/C 0.732 54089 217 | PCDH15 | MBL2 MTRNR2L5 0] 0.161 0.061 | 7.84E-03 0| 0.247 0.063 8.35E-05 7.40E-05
12 | rs7316080 T/C 0.409 73903 937 TRHDE ATXN7L3B 0] 0.213 0.052 | 4.66E-05 0| 0.191 0.055 5.19E-04 9.28E-06
15 | rs8036718 G/A 0.646 27 808 411 | OCA2 GABRG3 HERC2 0 |-0.228 0.053 | 2.01E-05 4.54 | -0.205 0.055 1.99E-04 2.94E-06
15 | rs6497238 T/C 0.646 27 808 632 | OCA2 GABRG3 HERC2 0]-0.231 0.053 | 1.53E-05 0]-0.208 0.055 1.56E-04 2.11E-06
15 | rs1498521 G/A 0.389 27 813762 | OCA2 GABRG3 HERC2 0]-0.244 0.053 | 3.77E-06 | 54.53 | -0.200 0.055 2.47E-04 1.14E-06
15 | rs8042881 G/A 0.389 27 815483 | OCA2 GABRG3 HERC2 0] 0.244 0.053 | 3.96E-06 | 54.27 | 0.200 0.055 2.42E-04 1.17E-06
15 | rs2311469 T/G 0.444 27 823 922 | OCA2 GABRG3 HERC2 0| 0.231 0.052 | 7.41E-06 0] 0.221 0.054 3.84E-05 5.41E-07
15 | rs4778189 G/A 0.556 27 827 082 | OCA2 GABRG3 HERC2 0| -0.232 0.052 | 6.63E-06 0]-0.224 0.054 3.24E-05 4.51E-07
15 | rs4778192 T/C 0.556 27 834 915 | OCA2 GABRG3 HERC2 0]-0.236 0.052 | 4.63E-06 0]-0.229 0.054 2.26E-05 2.84E-07
15 | rs2594897 T/C 0.278 27 899 904 | OCA3 GABRG3 HERC2 0] 0.269 0.056 | 1.70E-06 0| 0.225 0.058 9.58E-05 3.75E-07
15 | rs2703978 T/C 0.278 27902 060 | OCA4 GABRG3 HERC2 2.70 | 0.270 0.056 | 1.60E-06 0] 0.229 0.058 7.14E-05 2.98E-07
15 | rs2594909 T/C 0.621 27905916 | OCA4 GABRG3 HERC2 0-0.212 0.053 | 6.54E-05 0]-0.171 0.055 2.01E-03 2.71E-05
16 | rs12929493 G/A 0.394 57 965 616 | CNGB1 KIFC3 TEPP 0|-0.234 0.054 | 1.37E-05 0]-0.153 0.056 6.64E-03 2.07E-05
16 | rs811047 G/A 0.429 7222679 PMFBP1 ZFHX3 0]-0.192 0.054 | 3.62E-04 0]-0.254 0.056 6.86E-06 2.14E-06
17 | rs907092 G/A 0.520 39766 006 | IKZF3 GRB7 ZPBP2 0] 0.212 0.053 | 6.63E-05 0| 0.080 0.055 1.42E-01 3.46E-04
19 | rs7246355 T/C 0.530 50722987 SHANK1 CLEC11A 31.13 | -0.071 0.052 | 1.74E-01 0]-0.220 0.055 6.36E-05 3.74E-04
22 | rs2009168 G/A 0.374 35721807 | APOLS APOL6 RBFOX2 0-0.211 0.057 | 2.09E-04 0] -0.256 0.059 1.47E-05 2.47E-06
22 | rs2016586 T/G 0.323 35729217 | APOLS APOL6 RBFOX2 0-0.233 0.059 | 7.57E-05 0]-0.230 0.061 1.75E-04 6.35E-06

a : estimated in CEU population from Phase 3 of the 1000 Genomes Project

b: SNP position in base pairs (GRCh38.p12)

c : Meta-analysis of genome-wide association test of “asthma-plus-eczema” vs “no asthma, no eczema

d : Meta-analysis of homogeneity test of association between “asthma-plus-eczema” vs “asthma only or eczema only”

e : Test combining statistics of the co-morbidity association and phenotypic homogeneity tests and following a gamma distribution with parameters

depending on the correlation between statistics of the two tests




in blue: SNPS detected with significant evidence of assocation specically to asthma plus eczema, i.e detected at P<10* for " co-morbidity association test"
(with 12<24%) AND for "phenotypic heterogenety test" (with 12<24%) AND P <3.5x107 for the joint test

in yellow : SNPS detected with suggestive evidence of assocation specically to asthma plus eczema, i.e detected at P<10* for " co-morbidity association test"
(with 12<24%) AND for "phenotypic heterogenety test" (with 12<24%) AND P< 10°for the joint test



Table S2: results per study of SNPs showing significant (or suggestive) evidence of association specifically to the co-morbidity “asthma-plus-eczema” in the meta-analysis of
the four datasets

CO-MORBIDITY ASSOCIATION TEST
EGEA SLSJ GABRIELA ALSPAC Meta-analysis

SNP B se(p) P B se(B) P B se(p) P B se(B) P Brixea | se(Prixea) P

rs1402470 -0.472 0.135 4.46E-04 -0.333 0.175 5.67E-02 -0.163 0.135 2.27E-01 -0.196 0.072 6.59E-03 -0.250 0.055 4.90E-06
rs10937762 -0.324 0.139 1.93E-02 -0.223 0.179 2.12E-01 -0.376 0.145 9.62E-03 -0.198 0.068 3.84E-03 -0.244 0.054 6.10E-06
rs2311469 0.314 0.143 2.81E-02 0.063 0.166 7.07E-01 0.171 0.126 1.75E-01 0.257 0.066 1.05E-04 0.231 0.052 7.41E-06
rs4778189 -0.314 0.143 2.81E-02 -0.075 0.166 6.49E-01 -0.171 0.126 1.75E-01 -0.257 0.066 1.05E-04 -0.232 0.052 6.63E-06
rs4778192 -0.331 0.143 2.04E-02 -0.086 0.167 6.05E-01 -0.171 0.126 1.75E-01 -0.258 0.066 1.01E-04 -0.236 0.052 4.63E-06
rs2594897 0.099 0.176 5.73E-01 0.378 0.195 5.25E-02 0.121 0.140 3.89E-01 0.318 0.069 4.68E-06 0.269 0.056 1.70E-06
rs2703978 0.092 0.177 6.02E-01 0.394 0.199 4,77E-02 0.118 0.141 4.04E-01 0.320 0.069 4.20E-06 0.270 0.056 1.60E-06

PHENOTYPIC HOMOGENEITY TEST
EGEA SLSJ GABRIELA ALSPAC Meta-analysis

SNP B se(B) P B se(P) P B se(B) P B se(B) P Brixed se(rixea) P

rs1402470 -0.396 0.125 1.46E-03 -0.205 0.163 2.10E-01 -0.009 0.159 9.52E-01 -0.225 0.076 3.20E-03 -0.230 0.056 4.41E-05
rs10937762 -0.106 0.126 3.99E-01 -0.235 0.153 1.26E-01 -0.448 0.148 2.55E-03 -0.204 0.071 3.95E-03 -0.222 0.053 3.29E-05
rs2311469 0.104 0.128 4.18E-01 0.074 0.160 6.43E-01 0.213 0.147 1.48E-01 0.289 0.071 4.54E-05 0.221 0.054 3.84E-05
rs4778189 -0.104 0.128 4.18E-01 -0.082 0.159 6.04E-01 -0.213 0.147 1.48E-01 -0.291 0.071 4.17E-05 -0.224 0.054 3.24E-05
rs4778192 -0.124 0.128 3.34E-01 -0.104 0.160 5.16E-01 -0.211 0.147 1.51E-01 -0.289 0.071 4.72E-05 -0.229 0.054 2.26E-05
rs2594897 0.060 0.151 6.90E-01 0.096 0.176 5.86E-01 0.256 0.166 1.23E-01 0.281 0.073 1.25E-04 0.225 0.058 9.58E-05
rs2703978 0.062 0.151 6.80E-01 0.124 0.175 4.81E-01 0.258 0.166 1.20E-01 0.281 0.073 1.20E-04 0.229 0.058 7.14E-05




Table S3 : functional annotation of SNPs showing significant or suggestive evidence of association
specifically with the "asthma-plus-eczema" comorbidity

Chr | SNP Position in bp | Gene Variant | Promoter Enhancer histones | Dnase | Transcription
(GRCh38.p12) Location | histones marks hyper factor binding
marks sensitive sites
sites
2 | rs1402470 142 119 402 | LRP1B intronic Dobox4, Mef2,
variant Pax-4
4 | rs10937762 6916 952 | TBC1D14 | intronic | Lung, Lung Lung, Lung Foreskin NF-kappaB
variant | Carcinoma Carcinoma Cell Melanocyte
Cell Line Line, fetal lung Primary
fibroblasts Cell Line | Cells
Foreskin Epidermal
Fibroblast Keratinocyte,
and Foreskin Fibroblast,
Melanocyte | Keratinocyte and
Primary Melanocyte
Cells Primary Cells
15| rs2311469 OCA2 intronic cartl, Poulfl,
variant Pou2f2, TATA
15 | rs4778192 28 080 061 | OCA2 intronic | lung Foreskin AP1, CEBPB, Irf,
variant Melanocyte NFY, Pbx3,
Primary Cells RFX5, SP2
15 | rs4778189 28 072 228 | OCA2 intronic | Foreskin Foreskin Fibroblast | Foreskin BATF,Irf, THAP1
variant | Fibroblast Primary Cells, Fetal | Fibroblast
Primary lung, Adult Dermal | and
Cells, Fetal Fibroblast Primary | Melanocyte
lung, Adult | Cells, Epidermal Primary
Dermal Keratinocyte Cells, Fetal
Fibroblast Primary Cells, Lung | lung, Adult
Primary Fibroblast Primary | Dermal
Cells cells Fibroblast
Primary
Cells, Lung
Fibroblast
Primary
cells
15 | rs2594897 28 145 050 | OCA2 intronic Foreskin VDR
variant Keratinocyte
Primary Cells
15 | rs2703978 28 147 206 | OCA2 intronic Foreskin Arid3a, Cphx,
variant Melanocyte Hoxa5, Hoxds,
Primary Cells Lhx3, pax4,

pax6, Pou3f2,
Pouf3f4, Pou6fl




