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ABSTRACT

Background: Genome-wide association studies identified ORMDL3 as a plausible asthma candidate
gene. ORMDL proteins regulate sphingolipid metabolism and ceramide homeostasis, participate in
lymphocyte activation and eosinophil recruitment. Strong sequence homology between the three
ORMDL genes and ORMDL protein conservation amongst different species suggest that they may
have shared functions. We hypothesized that if single nucleotide polymorphisms (SNPs) in ORMDL3
alter its gene expression and play a role in asthma, variants in ORMDL1 and ORMDL2 might also be

associated with asthma.

Methods: Asthma associations of 44 genotyped SNPs were determined in at least 1,303 subjects
(651 asthmatics). ORMDLs expression was evaluated in peripheral blood mononuclear cells (PBMC)
from 55 subjects (8 asthmatics) before and after allergen stimulation, and in blood (n=60, 5
asthmatics). Allele-specific cis-effects on ORMDLs expression were assessed. Interactions between

human ORMDL proteins were determined in living cells.

Results: Sixteen SNPs in all three ORMDLs were associated with asthma (14 in ORMDL3). Baseline
expression of ORMDLI (p=1.7*10"°) and ORMDL2 (p=4.9*10°) was significantly higher in PBMC from

asthmatics, while induction of ORMDLs upon stimulation was stronger in non-asthmatics. Disease-
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associated alleles (rs8079416, rs4795405, rs3902920) alter ORMDL3 expression. ORMDL proteins
formed homo- and heterooligomers and displayed similar patterns of interaction with SERCA2 and

SPT1.

Conclusions: Polymorphisms in ORMDL genes are associated with asthma. Asthmatics exhibit
increased ORMDL levels, suggesting that ORMDLs contribute to asthma. Formation of
heterooligomers and similar interaction patterns with proteins involved in calcium homeostasis and
sphingolipid metabolism could indicate shared biological roles of ORMDLs, influencing airway

remodeling and hyperresponsiveness.

Keywords: SNP; childhood asthma; PBMC; BRET; protein-protein interaction

ABBREVIATIONS

BIP Endoplasmic reticulum luminal Ca**-binding protein grp78
BRET Bioluminescence energy transfer

ca** Calcium

Cl Confidence interval

Derpl Dermatophagoides pteronyssinus (house dust mite)
EXACT EXpression Analysis CohorT

eQTL Expression quantitative trait locus

GWAS Genome-wide association study

ISAAC II International Study of Asthma and Allergies in Childhood, phase Il
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LD Linkage disequilibrium

LpA lipid A

MAF Minor allele frequency

MAGICS Multicenter Asthma Genetics in Childhood Study

MALDI-TOF-MS Matrix-Assisted-Laser-Desorption/lonization-Time-Of-Flight-Mass-
Spectrometry

MCAD Mitochondrial medium-chain acyl-CoA dehydrogenase

OR Odds ratio

ORMDL (ORMDL) ORM1-like protein (gene)

PBMC Peripheral blood mononuclear cells

PHA Phytohemagglutinin

Ppg Peptidoglycan

gRT-PCR Quantitative Real-time Polymerase Chain Reaction

RFC Relative fold change

Rluc Renilla luciferase

SERCA2 Sarcoplasmic/endoplasmic reticulum calcium ATPase 2

SNP Single nucleotide polymorphism

SPT1 Serine palmitoyltransferase 1

UTR Untranslated region
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YFP Yellow fluorescent protein

18S rRNA eukaryotic 18S ribosomal RNA

INTRODUCTION (301)

Chromosome 17921 has been the first (1) and most widely replicated asthma susceptibility locus
discovered by genome-wide association studies (GWAS) (2-4). However, none of the genes within
the locus had previously been related to the disease. Single nucleotide polymorphisms (SNPs) from
17921 showing highly significant associations with childhood asthma correlated with the expression
of ORMDL3 transcripts, suggesting ORMDL3 to be a plausible asthma-candidate gene in the locus (1).
Later, allele-specific gene expression was also observed for other genes in chromosome 17921 (5, 6),

questioning the role of ORMDL3 in asthma.

ORMDL3 belongs to a gene family including also ORMDL1 (chromosome 2g32) and ORMDL2
(chromosome 12q13.2) (7). ORMDLs are transmembrane proteins expressed in the endoplasmic
reticulum (7, 8), which act as negative regulators in the sphingolipid metabolism (9) and in the
maintenance of ceramide homeostasis of mammalian cells (10). In addition, ORMDL3 participates in
the intracellular calcium turnover, cellular stress responses (11), lymphocyte activation (12) and
eosinophil recruitment (13). Strong sequence homology of paralogs and orthologs in the ORMDL
gene and ORMDL protein family has been observed. Protein conservation between human ORMDLs
exceeds 80% (7), suggesting that ORMDL family members may have shared biological functions. We
hypothesized that if SNPs in 1721 change the function and/or expression of ORMDL3 and

contribute to asthma development, also genetic variants within the other two gene family members,
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ORMDL1 and ORMDL2, may be associated with childhood asthma. If this were the case, the role of

ORMDL3 as an asthma candidate gene within the 17921 locus would be strengthened.

To investigate that hypothesis, we performed fine mapping of the three genetic regions harboring
ORMDLs, utilizing HapMap (14), 1000 Genomes (15) and our own re-sequencing data, analyzed
ORMDL1, -2 and -3 expression patterns in non-asthmatic and asthmatic individuals and determined

functional interactions of all three ORMDL proteins.

METHODS

Detailed descriptions of the methods and study cohorts are provided in the Online Supporting

information.

Genotyping, SNP selection and genetic association analyses

As previously described in detail (16, 17), DNA from 1,422 children with German and Austrian
genetic background (728 asthmatics) was genotyped by Illumina Sentrix HumanHap300 BeadChip
(INlumina, Inc., San Diego, USA). The majority of the asthmatic children (n=655) were derived from
the Multicenter Asthma Genetics in Childhood Study (MAGICS) (1, 18) where asthma was diagnosed
by pediatric pulmonologists. Unaffected individuals (n=694) and additional 73 asthmatics were
obtained randomly from the large (n=5,629) cross-sectional International Study of Asthma and
Allergy in Childhood, phase Il (ISAAC 1) (1, 19) (physician’s diagnosis of asthma and/ or recurrent
spastic or asthmatic bronchitis reported by their parents). These two cohorts were then investigated
in a case-reference design. The very similar study protocols of MAGICS and ISAAC Il were approved
by the respective ethics committees and written informed consent was obtained from parents of

participants.
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Polymorphisms in ORMDL1 (Chr. 2: 190,632,838..190,656,054), ORMDL2 (Chr. 12: 56,205,389..
56,218,425) and ORMDL3 (Chr. 17: 38,069,949..38,092,713) and their closest genomic vicinity were
selected for genotyping from: (I) chip-genotyping (1, 18); (ll) additional selection from HapMap (14)
(ORMDL1 and ORMDL2); (lll) fine mapping and functional investigation of the 17921 locus and
ORMDL3; (IV) 1000 Genomes Pilot phase data (15); (V) additional mutational screening (direct
sequencing in at least 40 subjects) on ORMDL2 (see Fig. S2, S3 and S4, Online Supporting
information). Genotyping data required to conduct association analyses were obtained also de novo
by matrix-assisted-laser-desorption/ionization-time-of-flight-mass-spectrometry (MALDI-TOF-MS)
(20) resulting in a maximal dataset of 1,446 individuals (763 asthmatics), while data from chip

genotyping was available 1,303 (651 asthmatics) individuals only (Table S1).

Real-time quantitative PCR gene expression analysis

Peripheral blood mononuclear cells (PBMC) from non-asthmatic adult subjects (n=47, asthma status
was determined based on self-reported questionnaire information) recruited in the EXpression
Analysis CohorT (EXACT, n=113 individuals) and atopic asthmatics (physician’s diagnosis of asthma
and atopy status) from the ZAP Il study (n=8) were isolated and processed as previously reported (5,
21). Subjects were assigned as non-asthmatics if they had no asthma. PBMC were stimulated for 48
hours with phytohemagglutinin (PHA, 5 pug/ mL), D. pteronyssinus (Derp1, 30 pg/ mL), lipid A (LpA,
0.1 pg/ mL) or peptidoglycan (Ppg, 10 pug/ mL). Total RNA isolated from PBMC and whole blood was
converted to cDNA and expression levels of the targeted genes were investigated by quantitative
real-time PCR (qRT-PCR) using 18S rRNA as an endogenous control (see Tables S6 and S7 in the
Online Supporting information). Data analyses were conducted based on the comparative delta-
delta C; (AAC;) method and relative fold changes (RFC) were determined (5, 22). Allele-specific

effects of rs5742940 (ORMDL1), rs7954619 (ORMDL2), and rs8079416, rs4795405, rs12603332,
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rs3902920 (ORMDL3 and its close genomic vicinity) on the respective ORMDL expression were

investigated in non-asthmatic subjects (n=47).

Statistical analyses

Linkage disequilibrium (LD) calculations were conducted by Haploview v.4.2 software (23). All
pairwise LD values correspond to the square of the correlation coefficient (r?). Associations of SNPs
with asthma and disease subphenotypes were modelled by logistic regression and reported as odds
ratios (ORs) with 95% confidence intervals (95% Cl). Gene-by-gene interactions between the
ORMDLs were evaluated by application of previously developed risk score model (24, 25) using
logistic regression. The variant with the strongest asthma association from each ORMDL gene was
subjected to analysis (i.e. rs5742940, rs7954619 and rs8079416, respectively). A risk value of one
(presence of genetic risk) or zero (absence) was assigned to the respective risk alleles which were
then summed up and subjects with one, two or three risk alleles were grouped together and
compared to the reference population with a risk score of zero. Dominant model was applied for

ORMDL1 and -3 and recessive — in case of ORMDL2.

Calculations were conducted using Plink software package 1.07 (26) (http://pngu.

mgh.harvard.edu/~purcell/plink). Gene expression data were analyzed using R software (27).

Physical interaction analyses of ORMDL family proteins

Physical interactions between ORMDL proteins in living COS-7 cells were determined using
bioluminescence resonance energy transfer (BRET) where Renilla luciferase (Rluc) served as donor
and yellow fluorescent protein (YFP) as the acceptor of energy transfer (28). BRET experiments were
performed as previously described (29). Interactions were classified as positive when the BRET ratio

was above a method-specific threshold of 0.094.
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RESULTS

ORMDL family genes are associated with asthma

As SNPs in ORMDL3 are associated with asthma, we systematically investigated variants in all three
ORMDL genes for their effect on the disease. For this purpose we performed a mutation screening in
all three ORMDLs, applying sequencing as well as bioinformatics tools. Genotypes of 44
polymorphisms with a minor allele frequency (MAF) 20.01 were obtained from 1,446 asthmatic and
non-asthmatic children. This included 16 SNPs in ORMDL1, 9 in ORMDL2 and 19 in ORMDL3 (Fig. 1,
Table 1, and Table S2 in the Online Supporting information). Genotyping data from our cohort were
subjected to LD-based (r’>0.9) tagging. Polymorphisms in ORMDL1, ORMDL2 and ORMDL3 and their

genomic vicinities formed 11, 8 and 15 tagging bins, respectively.

SNPs in ORMDL genes were analyzed for their association with asthma and its atopic and non-atopic
subphenotypes (Table 1, Table S2). Polymorphism rs5742940 located in the putative promoter of
ORMDL1 was associated with asthma [p=0.009, OR (95% ClI) = 2.31 (1.23-4.33)]. When
subphenotypes of asthma were analyzed (Table S2), this variant was associated with atopic asthma
[p=0.008, OR (95% Cl) = 3.11 (1.34-7.20)] but not with non-atopic asthma (Table S2). Polymorphism
rs7954619 just upstream of the putative ORMDL2 promoter region demonstrated association with
asthma [p=0.017, OR (95% ClI) = 0.68 (0.49-0.93)]. As expected, SNPs in ORMDL3 and its closest
genomic surrounding on the 17921 locus showed multiple highly significant associations with
asthma (Table 1-C). In brief, 14 SNPs in 10 tagging bins were associated with asthma. Polymorphisms
rs8079416 (tagging bin 15) and rs4065275 (tagging bin 1) were only in moderate pairwise LD (r* =
0.52, which was the highest r* detectable between the two bins) (Fig. 1-C), suggesting that the
association signals were at least partly independent between these two tagging bins. The p-values
and ORs observed for the remaining significantly associated SNPs corresponded to LD distance
between particular SNP and the polymorphisms from bins 1 and 2 (highest r* between them = 0.50)
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and bins 1 and 5 (highest r# = 0.80) or both tagging bins 1 and 15 (bins 9, 10 and 13) (Table 1-C, Fig.
1-C). The highest LD between: (1) bins 1 and 9 was r* = 0.73; (2) bins 1 and 10 was r* = 0.49; and (3)
bins 1 and 13 was ¥ = 0.41, which suggests that these association signals are not completely
dependent as well. Polymorphisms from bins 6, 7 and 8 were only in a weak LD with bins 1 and/or
15, thus it is more difficult to relate their associations to tagging bins 1 or 15, the major sources of
the association signal in our data (Table 1-C, Fig. 1-C). When conditional analyses were performed,
distinct asthma association signals from bins 1, 5 and 15 (data not shown) remained significant.
However, reduced effect sizes were observed. Thus, each of these bins explains additional part of
the association signal. Disease associations of variants within bins 9, 10 and 13 seem also not

entirely related to the strong signal from bin1.

ORMDL expression levels differ between non-asthmatics and asthmatics

When ORMDL1-3 expression in PBMC was compared between non-asthmatics (n=47) and allergic
asthmatics (n=8), higher ORMDLs levels were observed in asthmatics. The baseline expression
measured in unstimulated PBMC between both groups differed for ORMDL1 (p=1.7*10°), and
ORMDL2 (p=4.9%10") but was not significant for ORMDL3 (Fig. 2). Differences in whole blood (Fig.
S5, Supporting information) between asthmatics and non-asthmatics were significant for ORMDL3

(p=0.005) but not for ORMDL1 and ORMDL?2 (see Fig. S5, Supporting information).

Stimulation with all allergens (except for Derpl and LpA in case of ORMDL3) led to substantially
increased ORMDL1, -2 and -3 levels in PBMC of non-asthmatic subjects and this effect was the
strongest for ORMDL2 (Fig. 3 and see Fig. S6). After PHA stimulation ORMDL2 displayed almost 8-
fold elevated mRNA levels compared to unstimulated PBMC, while for the rest of the stimuli RFC was

approximately 4-fold (Fig. 3 and Fig. S6). In asthmatics, ORMDL2 was increased about 4-fold (PHA), 3-
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and 2-fold (LpA), respectively (Fig. S6). After accounting for the baseline differences in unstimulated
PBMC between healthy and diseased subjects, we found that the constitutive ORMDLI1, -2 and -3
expression in asthmatics is much higher (Fig. 3-A, -B and -C). In other words, the affected individuals
have already “pre-induced” ORMDL levels and in case of ORMDL2 after PHA application the RFC in
asthmatics was 12 times higher compared with the unstimulated PBMC from non-asthmatics.
Significant induction after stimulation in asthmatics was observed for ORMDL2 and ORMDL3 (except

for PHA and LpA) but not for ORMDL1 (Fig. S6).

Allele-specific ORMDL3 variants alter ORMDL3 expression

Six polymorphisms (rs5742940, rs7954619, rs8079416, rs4795405, rs12603332 and rs3902920) were
subjected to analysis aiming to dissect whether the gene expression of each ORMDL is affected by
the presence of certain asthma-associated alleles. The top associated SNPs from ORMDLI
(rs5742940) and ORMDL2 (rs7954619), as well as four from the ORMDL3 region (representing the
three highly associated tagging bins): 1 (2 SNPs), 5 and 15), were analyzed in a cohort of adult non-
asthmatics (n=47). An effect was observed for three of the investigated frequent 17921 SNPs (Table
2 and Table S3), two of which (rs8079416 and rs4795405) are ORMDL3 variants not being in high
pairwise LD (r’=0.43). The risk “C” allele of rs8079416 (tagging bin 15) was associated with increased
ORMDL3 expression not only after stimulation with Derpl (p=0.004), LpA (p=0.038) and Ppg
(p=0.021) but in the unstimulated samples (p=0.015) as well. The non-risk “T” allele of rs4795405
(tagging bin 5) was associated with significant reduction of ORMDL3 expression after stimulation and
this effect was detected for all stimuli (except Ppg) with lowest p=0.01 for Derp1. Similarly, the non-
risk “T” allele of rs3902920 (tagging bin 1) exhibited associations with decreased ORMDL3 levels
upon stimulation with Derp1 (p=0.046). Only a borderline association with reduction of the ORMDL3
gene expression was observed for rs12603332 after Derpl exposure (p=0.060). Significantly

increased ORMDL1 expression was observed after Derpl (p=0.035) and Ppg stimulation (p=0.011)
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when the risk “A” allele of rs5742940 was present. However, such effects were not detectable for

the ORMDL2 polymorphism rs7954619 (Table 2 and Table S3).

Gene-by-gene interaction effects of the ORMDL genes on asthma

When combined effects of risk alleles in the three ORMDL genes were investigated, we found
multiplicative increases of risk ratios when two [p=5.58*10", OR (95% Cl) = 4.13 (1.85-9.26)] or all
three risk alleles [p=1.74*10", OR (95% Cl) = 8.81 (2.75-25.09)] were present. Apparently, the

accumulation of risk alleles leads to a synergistic effect on asthma (Table 3).

Physical protein-protein interactions of human ORMDLs

Using co-immunoprecipitation and BRET we determined whether ORMDL1, -2 and -3 interact
physically with each other. All expression constructs of ORMDL proteins were located in the
endoplasmic reticulum in living cultured fibroblasts (COS-7 cells). We observed homomeric
oligomers of ORMDL1, ORMDL2, and ORMDL3 (Fig. 4-A), as well as heteromeric (Fig. 4-B)
interactions between all three combinations of ORMDL proteins. To characterize distinct ORMDL
protein complexes, we performed BRET saturation experiments (30, 31) allowing determination of
relative binding affinities (BRETs) (Fig. 4-A and -B and see Table S9, Online Supporting information).
Of note, homooligomers of ORMDL1 assembled with a 2-fold higher apparent affinity than ORMDL2
and ORMDL3 homooligomers. Moreover, for both ORMDL3/ORMDL2 and ORMDL2/ORMDL1 the
apparent affinity to form heterooligomers was higher than observed for ORMDL2 or ORMDL3

homooligomers, respectively.
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We also compared the interaction patterns of all three ORMDLs with sarcoplasmic/endoplasmic
reticulum calcium ATPase 2 (SERCA2) and endoplasmic reticulum membrane based serine
palmitoyltransferase 1 (SPT1) (11) as a functional link between them had been suggested (9, 11).
Indeed, ORMDL1, ORMDL2, and ORMDL3 physically interacted with SERCA2 and SPT1 (Fig. 4-C).
There was no significant difference in the signal intensity among the members of ORMDL protein

family.

DISCUSSION

Chromosome 17921 is the most widely replicated asthma susceptibility locus to date. However,
extensive LD spreads among a number of asthma-associated SNPs within 1721 genes. Thus, the
source of the association signal has not been determined yet. Our first expression studies pointed
towards ORMDL3 as the most plausible asthma candidate gene from the 17921 locus (1). Moreover,
the ORMDL family members demonstrate high sequence homology, which suggests that they might
share similar biological roles. This is the first study systematically investigating genetic variability in
ORMDL1, -2 and -3 genes in the context of asthma. Our in-depth analyses revealed one asthma-
associated variant in ORMDL1 (rs5742940) and one in ORMDL2 (rs7954619) and this findings have

not been reported previously.

Within ORMDL3 however, there were 14 disease-associated polymorphisms of which 9 (covering 5
tagging bins) were associated with p<10™ or lower, extending our previous findings from the original
GWAS (1). Of these, eight polymorphisms have not been studied for associations with asthma

previously.
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When we analyzed the association with the subphenotypes atopic and non-atopic asthma, we found
that variants in the three ORMDL genes are associated with asthma in general. Association with
asthma related to atopy status was detectable for rs5742940 (ORMDL1). However, the results of our
subphenotype analyses have to be interpreted with caution due to the small number of subjects

with non-atopic asthma in this cohort.

Polymorphisms in ORMDL1 and ORMDL2 demonstrated weaker disease associations compared to
ORMDL3 SNPs. Of note, most of the asthma-associated ORMDL3 polymorphisms are common
variants with MAF often above 0.30 and those in ORMDL1 and ORMDL2 loci have considerably lower

MAF. Thus, this might be one reason that we detected associations with smaller magnitude.

We investigated whether distinct expression patterns of the ORMDL family genes exist in non-
asthmatic and asthmatic subjects in response to adaptive and innate immunity stimuli. We
compared mRNA levels in PBMC from atopic asthmatics to non-diseased controls. Indeed, all three
ORMDL genes exhibit higher expression in asthmatics at baseline reaching significance for ORMDL1
and ORMDL2 in PBMC and only in whole blood for ORMDL3. This observation may be explained by
the fact that PBMC fraction includes cell populations that might have important impact on the
asthma phenotype, such as lymphocytes and macrophages. Whole blood specimens contain other
cells potentially relevant in asthma pathogenesis such as neutrophils, basophil granulocytes and
eosinophils which also contribute to certain asthma phenotypes (32-36). Therefore, the differences
determined at baseline level (unstimulated PBMC) between asthmatics and non-asthmatics for
ORMDL1 and ORMDL2 and in whole blood samples for ORMDL3 might have a different functional
origin, i.e. depending on the specific cell type investigated. In a recent study it has been shown that

mice overexpress ORMDL3 in the eosinophils recruited to their airways and that in fact ORMDL3
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regulates eosinophil trafficking (13). Another study provided data in this respect not only for
ORMDL3, but also for ORMDL1 and ORMDL2 (37). ORMDL3 was strongly induced in bronchial
epithelium, lung macrophages and lung eosinophils after allergen challenge (37). In the same study
ORMDL3 was significantly higher expressed in bone marrow derived eosinophils compared to the
other two ORMDL genes (37). In contrast, ORMDL2 was predominantly expressed in peripheral

blood neutrophils (37).

Of note, asthmatics in our gene expression cohort were all allergic to grass pollen, and thus, they
were already “sensitised” even when we studied unstimulated PBMC. Nevertheless, we compared
ORMDLs expression in non-asthmatics and asthmatics after allergen stimulation. Significant
induction of the three genes was observed being the strongest for ORMDL2 while it appeared to be
rather similar between ORMDL1 and ORMDL3. Gene expression had the same direction (increased)
in both groups but the degree of inducibility upon stimulation was higher in non-asthmatic subjects.
In asthmatics it seemed that ORMDL genes appeared to be already “pre-induced”. While the
presence of allergic inflammation in our cohort of diseased subjects might lead to increased ORMDL
levels, the local airway inflammation in asthmatics exists independently of atopy. Asthma-associated
SNPs within the ORMDL genes (except the rare rs5742940 in ORMDL1) displayed associations with
asthma in general and not with atopic asthma alone. Thus, it is rather likely that the baseline
differences in ORMDL1-3 expression between healthy and diseased subjects are driven by the

asthma status rather than by atopy (38).

These data demonstrated that all three ORMDL genes exhibit highly elevated expression in atopic
asthmatics compared with non-asthmatics supporting the involvement of all three genes in the

development of asthma. Based on our association data we analyzed allele-specific effects of

This article is protected by copyright. All rights reserved.



rs5742940 (ORMDL1), rs7954619 (ORMDL2), rs8079416 (ORMDL3, bin 15), rs4795405 (ORMDL3,
tagging bin 5), rs12603332 (ORMDL3, bin 1) and rs3902920 (ORMDL3 region, bin 1) on the
expression of ORMDL genes in the group of non-asthmatic subjects. Cis-effects of SNPs on ORMDL3
expression were observed for three out of four analyzed 17921 SNPs within this region. To our
knowledge this is the first report providing data for the SNPs in ORMDL1 and ORMDL2, as well as for
rs3902920 in ORMDL3. The pairwise LD between rs8079416 and rs4795405 is weak (r’=0.43) and it is
rather likely that each of them exhibits at least partly independent functional effect. Despite the high
LD (r’=0.79 and r’=0.74) observed between rs4795405 and the two SNPs (rs12603332 and
rs3902920, respectively) from tagging bin 1, it is possible that rs4795405 has its own functional
impact on ORMDL3 expression that is not completely dependent on the influence of the SNPs from
tagging bin 1 (data not shown). Their functional aspects are studied in detail elsewhere (Schedel et

al., JACI 2015, in press).

Although we could detect that ORMDL1 expression is influenced by the presence of the rs5742940
risk “A” allele, we did not observe the same for rs7954619 on ORMDL2 expression in our relatively
small cohort. This may be due to the small sample size and subsequently insufficient power because
of the low allele frequency of this SNP. It has to be acknowledged that here we present data not
corrected for multiple testing, as this is not a hypothesis free approach and non-independent
analyses have been performed. Significant results exceed those expected by chance but further
replication in independent cohorts should follow. Thus, we cannot exclude the potential effects of
these rare ORMDL1 and -2 polymorphisms. In fact, both SNPs are located just upstream in the
putative promoter regions and in silico analyses predicted changes in transcription factor binding
(see Table S10, Online Supporting information) potentially affecting ORMDL1 and ORMDL2 promoter
activities. Moreover, when we queried currently available eQTL (Expression quantitative trait loci)

databases (see Table S11), we found that rs7954619 (ORMDL2) and the ORMDL3 variants rs8079416,
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rs4795405 and rs12603332 influence the respective ORMDL gene expression in cell types and tissues
involved in the mechanisms of asthma inflammation such as lymphocytes, lymphoblastoid cells and

lung tissue. However, no information is yet available for rs5742940 (ORMDL1).

Looking from the other perspective, we tried to identify all currently known SNPs that influence
ORMDL1 expression. An extensive eQTL query (all databases are described in Table S11, p. 44
Supporting information) revealed 346 variants that we further checked for their asthma associations
in the GABRIEL dataset (3). Data for 67 SNPs was available and for three of them modest disease
associations were observed: rs6761221 (p=0.035), rs785567 (p=0.036) and rs7603201 (p=0.044).
However, the number of associated variants expected by chance would be three (or even less
because some of the 67 SNPs will be in high LD with each other). Thus, seems that common variants
regulating ORMDL1 expression do not exhibit strong associations with asthma in the large

independent GABRIEL study.

Nevertheless, considering that our study is focused only on the three ORMDL genes and their closest
genomic vicinity, we cannot exclude the possibility for existence of variants in long distance acting
regulatory elements that could specifically affect ORMDLs expression levels depending on disease

status.

In this study we identified significant gene-by-gene interactions between SNPs in ORMDL family
members in a risk score model. Combinations of polymorphisms in two or all three genes show
multiplicative rather than additive effects. Furthermore, we demonstrated that all ORMDL proteins
are capable of forming homooligomers as well as heterooligomers with any of the other two family
members. These findings are in accordance with data from a very recent study (39) focused on the
role of ORMDL proteins in the de novo ceramide synthesis where it has been also shown that the
three ORMDLs interact with each other. As ORMDL genes were found to be expressed concomitantly
in various tissues (7), ORMDL proteins may exert their function as monomers, dimers or oligomers in
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different combinations. However, the dissection of their functional quaternary structure requires
further research. Protein oligomerization facilitates the constitution of larger complexes with higher
stability as well as with expanded conformational complexity and this allows the formation of
additional sites for specific protein interactions (40). We demonstrated that all ORMDL proteins
physically interacted with SERCA2 and with SPT1, which are involved in the calcium homeostasis
(SERCA2) and sphingolipid metabolism (SPT1). Since ORM1 and ORM2 proteins (in yeast) and
ORMDL3 (in mice) are potential regulators of these processes, allele-specific and allergen-dependent
expression of ORMDLs may have a downstream impact on pathways associated with ORMDL-binding
proteins. Our findings are in line with recent studies demonstrating that ORM1 and ORM?2
overexpression in yeast leads to decreased sphingolipid synthesis (9) and that the three ORMDL
proteins participate in the regulation of ceramide production in mammalian cells (10). Taken
together, our results support the initial hypothesis of a shared biological role of the ORMDL family
proteins. Moreover, altered SERCA2 expression contributes to airway remodeling (41) and disturbed
sphingolipid synthesis in the respiratory tract of mice provokes airway hyperresponsiveness (42) -

both considered as major hallmarks of asthma.

In summary, our data demonstrated that all three ORMDL genes are associated with childhood
asthma. Together with our findings from the differential ORMDL expression patterns in non-
asthmatics vs. diseased subjects, gene-by-gene interactions and concomitant biological functions of
the ORMDLs, this work suggests that ORMDL genes play a role in disease development. Possibly,
other genes in 17921 may additionally contribute to the asthma association signal but SNPs changing
ORMDL3 function seem to significantly influence asthma susceptibility. Further studies are needed
to dissect whether allergens have the ability to trigger ORMDLs (over)expression in lung-specific cell

types and if the ORMDL proteins contribute to the local lung inflammation in asthma.
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TABLES

Table 1. Asthma associations of 44 SNPs within the ORMDL genes in the combined MAGICS/ISAAC Il

case-reference study cohort (n=1,446, 763 asthmatics)

SNP Tagging Minor MAF Source Asthma (combined) Number of subjects
bin allele analyzed
cases controls OR (95% Cl) p-value cases controls

A. ORMDL1/ chromosome 2¢32

rs12990184 2 C 0.023 0.031 HM/ MALDI 0.74 (0.46-1.18) 0.206 744 622

rs76405401 4 T 0.015 0.014 1K/ MALDI 1.10(0.59-2.07) 0.764 741 666

rs17199067 6 A 0.037 0.033 1K/ MALDI 1.11(0.74-1.67) 0.599 698 642

rs2352709 8 A 0.073 0.068 HM/ MALDI 1.08 (0.80-1.44) 0.620 743 620

rs5742940 10 A 0.024 0.011 1K/ MALDI 2.31(1.23-4.33) 0.009 739 664

B. ORMDL2/ chromosome 12q13.2

rs10083186 2 A 0.049 0.054 1K/ MALDI 0.90 (0.64-1.27) 0.558 742 667

rs3759101 4 T 0.038 0.048 HM/ MALDI 0.78 (0.54-1.14) 0.197 748 624

This article is protected by copyright. All rights reserved.



rs12308277 6 T 0.008 0.016 HM/ MALDI 0.49 (0.24-1.02) 0.056 747 625

rs75446180 8 C 0.030 0.027 1K/ MALDI 1.11(0.71-1.73) 0.643 741 674

C. ORMDL3/ chromosome 17¢21

rs1031459* 2 C 0.305 0.355 1K/ MALDI 0.79 (0.67-0.93) 0.004 730 653

rs7942* 4 C 0.017 0.019 1K/ MALDI 0.87 (0.49-1.51) 0.613 747 676

rs17608925 6 C 0.077 0.110 HM/ MALDI 0.68 (0.53-0.89) 0.004 747 581

rs4795402 8 A 0.196 0.242 HM/ MALDI 0.77 (0.64-0.93) 0.007 695 568

0.378 0.459 1.26*10° 740 663
rs56199421* 10 C 1K/ MALDI 0.71(0.61-0.83) 5

rs8065244* 12 G 0.092 0.114 1K/ MALDI 0.79 (0.62-1.01) 0.059 742 673

rs76285844* 14 C 0.099 0.097 1K/ MALDI 1.01 (0.79-1.30) 0.926 741 677

Abbreviations: SNP, single nucleotide polymorphism; MAF, minor allele frequency; OR, odds ratio;
Cl, confidence interval; 1K — 1000 Genomes; HM — HapMap database; Chip — Illumina BeadChip
genotyping; MALDI - MALDI-TOF-MS genotyping.
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Number of individuals with non-missing phenotype involved in the respective calculations for the
different rounds of genotyping: Asthma - MALDI-TOF-MS (763 cases/ 683 controls); CHIP (651 cases/

652 controls). Data has not been corrected for multiple testing.

Novel data we report here for: 14 ORMDL1 polymorphisms; 9 ORMDL2 polymorphisms; and for 8

ORMDL3 polymorphisms (indicated with *).

Table 2. Allele-specific effects of asthma-associated polymorphisms on ORMDL genes expression in

PBMC (n=47, adult non-asthmatics)

p-value p-value p-value p-value p-value
SNP/ N " Unstimulated/ PHA/ Derpl/ LpA/ Ppg/
Cis-effects on Allele MAF ) ) ) ) )
ne Expression Expression  Expression  Expression  Expression
g (dCt) (dCt) (dct) (dct) (dCt)
rs5742940/ Risk 0.02 0.057 0.236 0.035 0.414 0.011
ORMDL1 (A) - - increased - increased
rs7954619'/ Non-risk 0.09 0.374 0.949 0.390 0.991 0.331
ORMDL2 (G)
rs8079416/ Risk 0.40 0.015 0.234 0.004 0.038 0.021
ORMDL3 (C) increased - increased increased increased
rs4795405/ Non-risk 0.48 0.169 0.038 0.010 0.028 0.062
ORMDL3 (T) - decreased decreased decreased
rs12603332*/ Non-risk 0.118 0.177 0.060 0.247 0.187
ORMDL3 m 046
rs3902920/ Non-risk 0.47 0.092 0.126 0.046 0.263 0.168
ORMDL3 (T) - - decreased

Abbreviations: PBMC - peripheral blood mononuclear cells; SNP - Single nucleotide polymorphism;
MAF - Minor allele frequency; PHA — Phytohemagglutinin; Derpl - Dermatophagoides pteronyssinus

(house dust mite); LpA - lipid A; Ppg — Peptidoglycan.

Significant results (p < 0.05) are indicated in bold.

* . . . .
As “risk” and “non-risk” allele in terms of asthma status, we refer to the effects observed in our

genetic asthma association results (Table 1, main text).
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"MAF in this table is determined according to the analyzed here subset (n=47) from the EXACT

cohort.

*rs7954619 and rs12603332 were successfully genotyped in 46 adult non-asthmatics.

Table 3. Chance of having asthma with regard to risk score based on the number of risk genotypes

Risk score n OR (95% Cl) p-value
0 34 - -
1vsO 378 2.36 (1.04-5.35) 0.039
2vs0 718 4.13 (1.85-9.26) 5.58*10"
3vs0 32 8.81 (2.75-25.09) 1.74*10"*

The statistical analysis was conducted using logistic regression. Significant p-values (p < 0.05) are
indicated in bold. n - number of subjects; OR — odds ratio; Cl - confidence interval. Risk score = 0 —
neither of the risk alleles is present. Risk score = 1 — only one risk allele is present. Risk score = 2 —

two risk alleles are present. Risk score = 3 —all three risk alleles are present.
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FIGURE LEGENDS

Figure 1. Linkage disequilibrium (LD) between genotyped polymorphisms in ORMDL1 (A), ORMDL2

(B) and ORMDL3 (C) loci

Schematic representation of ORMDL1 (A), ORMDL2 (B) and ORMDL3 (C) gene regions. Chromosomal
positions are provided according to NCBI Genome Build 37.3. Only genotyped in this study single
nucleotide polymorphisms (SNPs) are depicted. Identification (rs) numbers of the SNPs are given
vertically. Tagging bins are numbered horizontally, in brackets. Asthma-associated SNPs are
underlined. Dark grey blocks in the gene structures indicate exons and light grey blocks indicate 5

and 3’ untranslated regions (UTRs).

Figure 2. Expression of ORMDL genes in PBMC from non-asthmatic (n=47) and asthmatic (n=8) adults

Differential gene expression (MRNA) levels for each of the three ORMDL genes were assessed using
the delta C; (AC,) values, where ACt = Cyarget gene) — Crizss ranva) fOr each sample, respectively. To better
indicate that lower AC; values correspond to higher gene expression levels, the Y-axis of each graphic
has been reversed. Significant p-values (p < 0.05) are indicated in bold. PBMC - Peripheral blood

mononuclear cells. Data are given as means * standard deviation (SD).

Figure 3. Induction of ORMDL genes mRNA expression in PBMC within non-asthmatic (n=47) and

asthmatic adults (n=8) after stimulation

*Relative fold changes (RFC) in ORMDL1 (A), ORMDL2 (B) and ORMDL3 (C) expression after
stimulation for non-asthmatics (light grey bars) and asthmatics (dark grey bars) were compared with

the unstimulated samples from non-asthmatics (RFC = 1) as a baseline. For the asthmatics’ cohort
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RFC for each targeted gene was set to a fixed value (3.194 for ORMDL1, 3.056 for ORMDL2, and
1.527 for ORMDL3) that represents the expression differences (in RFC) at baseline level between
non-asthmatics and asthmatics. PBMC - Peripheral blood mononuclear cells; PHA -
phytohemagglutinin; Derpl - Dermatophagoides pteronyssinus (house dust mite); LpA - lipid A; Ppg —

peptidoglycan. Data are given as means * standard deviation (SD).

Figure 4. Oligomerization and interaction patterns of ORMDL proteins

Homomeric (A) and heteromeric (B) interactions of ORMDL1, ORMDL2, and ORMDL3 analyzed by co-
immunoprecipitation (ColP, left panels) or bioluminescence resonance energy transfer (BRET, middle
panels) and BRET saturation experiments (right panels). For ColP experiments ORMDL proteins
carrying C-terminal HA-tag or V5-tag were co-expressed in COS-7 cells, precipitated using anti-HA
(immunoprecipitation - IP) and detected by anti-V5 (immunoblot - IB). Cytosolic phenylalanine
hydroxylase served as a control (see Fig. S7 in the Online Supporting information). For BRET
experiments N-terminal fusion proteins of ORMDL and Renilla luciferase (donor) or yellow
fluorescent protein (acceptor) were co-expressed in COS-7 cells and the rate of energy transfer
(BRET ratio) was determined by luminescence detection. In BRET saturation experiments the ratio of
ORMDL acceptor fusion proteins to ORMDL donor fusion proteins was varied yielding a hyperbolic
saturation of BRET ratios for positive interactions of ORMDL proteins, whereas the co-expression of
ORMDL1 and mitochondrial medium-chain acyl-CoA dehydrogenase (MCAD) resulted in linear
regression indicative for a negative interaction. For BRET experiments, data are given as means + SD
of n=4 replicates, black dotted lines indicate the threshold for positive interactions of 0.094. (C) BRET
experiments testing interaction of ORMDL1, ORMDL2, and ORMDL3 with SERCA2 or SPT1. ORMDL
donor fusion proteins were co-expressed with SERCA2 or SPT1 acceptor fusion proteins in COS-7
cells and the BRET ratio was determined. Endoplasmic reticulum luminal Ca**-binding protein grp78

(BIP) and mitochondrial MCAD served as controls. Data are given as means * SD of n=3 replicates.
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l. Mutational screening of ORMDL1, ORMDL2 and ORMDL3 using the 1000

Genomes Project data set - detailed methodology and results

The 1000 Genomes Project was created to deeply characterize human genome sequence
variation by whole-genome and targeted sequencing of the groups of individuals representing
selected ethnicities (S1). Our aim was to utilize 1000 Genomes next-generation whole-
genome sequencing data for in silico mutational screening of ORMDL1, ORMDL2 and
ORMDL3 within their closest genomic surroundings. When our study has started, the 1000
Genomes Consortium had just made publicly available July 2010 Data Rel ease containing the
results of the three pilot projects, comprising also low-coverage genome-wide sequencing
data for sixty individuals of Northern and Western European ancestry (CEU - Utah residents
with ancestry from northern and western Europe;

ftp://ftp.1000genomes.ebi.ac.uk/vol /ftp/pilot_data/release/2010 07/) (S1).

From this set of the data we extracted the information on the location and character of single-
nucleotide polymorphisms (SNPs) identified in the selected regions (Chromosome 2:
190,632,838..190,656,054; Chromosome 12: 56,205,389..56,218,425; Chromosome 17:
38,069,949..38,092,713). Distinctive genotypes of sixty CEU individuals were extracted for
the purposes of subsequent linkage disequilibrium (LD)-based tagging. Polymorphisms with
minor alele frequency (MAF) less than 0.01 were excluded. Although 1000 Genomes pilot
project data is thought to be a rather sensitive tool for the discovery of new polymorphisms
(S1), its limited specificity has been widely reported (S2, S3), meaning that in addition to the
real existing SNPs, 1000 Genomes pilot project reported a substantial portion of false positive
findings (S2, S3). To eiminate false positive discoveries, all SNPs extracted from the 1000
Genomes database were individually inspected. Specia attention was givento X >Y or Z > X

(Y) nucleotide exchanges/ mutations on polyX/ polyY borders, directly neighboring variants,
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SNPs presumed to derive from paralogous region and otherwise false positive SNPs
according to our own estimation and validation information from dbSNP NCBI database of
short genomic variations (http://www.ncbi.nlm.nih.gov/projectsSNP/) and were therefore

excluded from all further analyses (Figures S2, S3 and $4).

All the 1000 Genomes reported variants passing our quality control were then subjected to
pariwise LD-based tagging, conducted by Haploview v.4.2 software (S4) with a stringent
criterion of r*> 0.9 (Figures S2, S3 and $4). Tagging SNPs for all the bins not covered by the
previous chip-genotyping (S5, S6) and HapMap-based genotyping (S7) in the investigated
cohort of 1,446 asthmatic and non-asthmatic children were then genotyped by matrix-
assisted-laser-desorption/  ionization-time-of-flight-mass-spectrometry  (MALDI-TOF-MS)
(S8) (Figures S2, S3 and $4). Finally, a total of 26 tagging SNPs from the 1000 Genomes
pilot release [ten in ORMDL1 (20932), seven in ORMDL2 (12g13.2) and nine in ORMDL3
(17921)] have been successfully genotyped, excluding all monomorphic SNPs. All of these,
except for rs116938339 (12g13.2) with MAF<0.01 (0.006) in our cohort of 1,446 individuals,
were subjected to dtatistical analysis aong with the polymorphisms genotyped by us

previously (Figures S2, S3 and $4).

Figures S2, S3 and $4 represent in details an integrated approach to our SNPs selection
followed by genotyping. Further details related to the methodology and the results of the 1000
Genomes Project pilot data-based mutational screening are available from the authors upon

request.
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1. Mutational screening of ORMDL2 using direct sequencing - detailed methodology

and results

Additional mutational screening using direct sequencing of ORMDL2 within its closest
vicinity has been performed. The aim was to identify SNPs previously not identified by chip-
genotyping (S5), Hap-Map (S7) and 1000 Genomes Pilot (S1) resources. Newly detected
SNPs were supposed to be subsequently confirmed in the screening population (EXACT
study cohort) by MALDI-TOF-MS (S8). All detected variants were supposed to be further

genotyped in our target cohort of 1,446 asthmatic and non-asthmatic children (S5, S6).

Twenty overlapping PCR fragments (“1-15”, “16/17” and “18-21", Table $4) were used to
cover ORMDL2 (3,154 bp) within its genomic surrounding (Chr. 12: 56,209,213-56,216,545;
7,333 bp, NCBI release GRCh37). Except for fragment “16/17” (reverse sequencing primer),
sequencing primers always differ from those used for PCR. Typically, asingle, either forward
or reverse, sequencing primer was used. Only sequencing of fragment “6” was performed
using two primers, fragment “13” with three primers, and fragment “16/17” with two. Thus,
in total 24 sequencing primers were used to facilitate continuous readout coverage of 6,940

bp.

Amplification and sequencing primers used for the purposes of the mutational screening are
presented in Table S4. All oligonucleotides were designed using Primer3 v.0.4.0 (S9)

(Whitehead  Institute  for  Biomedical Research, Cambridge, MA, USA;

http://frodo.wi.mit.edu/). In addition, amplification primers were tested for their specificity
with Primer-BLAST, the free online software combining the properties of Primer3 and
BLAST [National Center for Biotechnology Information (NCBI), Bethesda, MD, USA;

http://www.ncbi.nlm.nih.gov/tools/primer-blast/]. All amplification and sequencing primers
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were synthesized by Metabion International (Martinsried, Germany). Amplification reactions
were conducted using either HotStarTag DNA Polymerase (Qiagen, Hilden, Germany; PCR
fragment “1*) or Taq Polymerase with ThermoPol Buffer Kit (New England Biolabs,
Ipswich, MA, USA; al the remaining PCR fragments). All sequencing reactions were
performed with BigDye Terminator v3.1 Cycle Sequencing Kit (Applied biosystems by Life
technologies, Carlsbad, California, USA). Capillary electrophoresis of sequencing products
was conducted on 3130xI Genetic Analyzer (Life technologies). The obtained chromatograms
were analyzed with Vector NTI Advance software v. 11.0 (Life technologies), using as a
reference the human chromosome 12 reference GRCh37 Primary Assembly sequence

downloaded from the NCBI web-page http://www.nchi.nlm.nih.gov/nuccore/NC_000012.11.

Results from the ORMDL2 mutational screening are present in Table S5. A total of nine
single-nucleotide variants have been found, five of which (rs7954619, rs10082864,
rs3759101, rs56108400 and rs79015557) represented aready known polymorphisms. The
genotypes of these five variants were aready covered in our major study cohort of 1,446
asthmatic and non-asthmatic children by chip-genotyping (S5) or genotyping rounds after
selection based on Hap-Map (S7) and 1000 Genomes Pilot resources (S1). The remaining four
variants had been previously unknown, i.e. at the time of their identification they had no “rs”
number in dbSNP NCBI database  of short genomic  variations
(http://www.nchi.nlm.nih.gov/projects/SNP/) (Table S5). These four mutations we submitted
to NCBI, obtaining for them transient identification “ss” numbers, s$5295471003,
$5295471004, ss295471005 and ss295471006. Finally, they have been ascribed their final “rs”
identity numbers, rs145410794, rs148812437, rs145258320 and rs137920300, respectively
(Table S5). Of importance, variants rs145410794, rs148812437 and rs145258320, detected by
usinonly 1 out of at least 84 chromosomes, were later confirmed by their re-genotyping with

MALDI-TOF-MS in the same population. However, genotyping in the magjor study cohort of
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1 446 subjects demonstrated variants rs145410794 and rs148812437 to be very rare
(MAF<0.01) and rs145258320 to be absent, suggesting it to be only a private mutation carried
by a single heterozygous proband identified during our sequencing. Y et, variant rs137920300
(MAF=0.006 according to doSNP database) detected by us in two out of 82 chromosomes
(two heterozygous out of 41 individuals), faled MALDI-TOF-MS re-genotyping due to
technical reasons despite of two independent trials. However, the existence of rs137920300
(and adso rs145410794) has been confirmed by subsequent independent submissions to

dbSNP NCBI database of short genomic variations.

Figure S3 represents in details an integrated approach in the genotyping of ORMDL?2 variants.
Any further details related to the methodology and the results of the above reported

mutational screening are available from the authors upon request.
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[I1.  Description of the study cohorts utilized for the genetic association analyses of

ORMDL1, ORMDL2 and ORMDL3

1. MAGICS

For the purposes of this project, samples have been obtained from 1,422 children with
German and Austrian genetic background (728 asthmatics) (S10, S11) and were then
subjected to Illumina Sentrix HumanHap300 BeadChip (Illumina, Inc., San Diego, USA).
Most of the asthmatics (n=655) were derived from the Multicenter Asthma Genetics in
Childhood Study (MAGICS) (S5, S6) comprising a total of 1255 children. Asthma was
diagnosed by pediatric pulmonologists after obtaining clinical history and conducting clinical

examination, lung function and alergy tests (skin prick testing and serum IgE measurements.

Atopy was evaluated using either CLA® Allergen-Specific IgE Atopy 20 panel (Hitachi
Chemica Diagnostics, Inc.) or AllergyScreen® (Mediwiss Anaytic GmbH) for
semiquantitative determination of circulating allergen-specific IgE concentrations in human
serum. As previously described (S11), both methods are devel oped based on modification of
the origina RAST technique and results could be assessed (semiquantitatively) by a system
similar to the RAST class testing scale. In the MAGIC study subjects were determined as
atopic when RAST class equivalent >2 in at |east one positive result was obtained when tested
for the following allergens. Dermatophagoides pteronyssinus, Dermatophagoide farinae, cat
epithelium, grass pollen, and birch pollen. Non-atopic asthma was determined based on lack

of asthma and complete lack of sensitization (RAST class equivaent of 0) and lack of asthma.

2. ISAAC I
Samples from the unaffected control group (n=694) and additional 73 asthmatics were

randomly selected from the cross-sectional International Study of Asthma and Allergy in
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Childhood, phase Il (ISAAC I1) comprising 5,629 subjects (S5, S12). Participants were
assigned as asthmatics based on physician’s diagnosis and/ or recurrent spastic or asthmatic

bronchitis reported by their parents.

Skin prick test (SPT) was used to evaluate the sensitivity against common inhalatory allergens
(Dermatophagoides pteronyssinus, Dermatophagoides farinae, Alternaria tenuis, cat
epithelium, mixed grass and mixed tree pollen) along with the Sx1 test panel (ranges 0.35-100
IU/ml; ImmunoCAP, Phadia) for detection of specific IgE antibodies (local grass pollen, rye
pollen, birch pollen, mugwort pollen, Dermatophagoides pteronyssinus, cat dander, dog

dander, Cladosporium herbarum).

To be consistent with the previous caculations on atopy in the ISAAC Il study, the
assessment of the atopy phenotype was based on the SPT results. As positive for atopy in the
SPT was considered result with a wheal reaction >3 mm to one or more allergens after

subtraction of the negative control.

Measurements from the Sx1 testing were used when ISAAC and MAGIC where analyzed
together. A value of at least 3.5 IU/ml was the threshold to assign a child atopic. Non-atopic
status was given if there was a negative SPT result and a value of less than 0.35 [U/ml in the

1.

These two cohorts were then investigated in a case-reference design.
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IV. Detailed description of the study cohorts utilized for the gene expression analyses

of ORMDL1, ORMDL2 and ORMDL3

1 EXpression Analysis Cohor T (EXACT)

EXACT comprises 113 randomly selected adults from German origin. The samples were

collected in two stages:

a. Stage 1 was initiated in November 2005 in Munich, Germany starting with a group of
40 subjects. Additional 12 individuals were recruited in the period December 2007 — February
2008. In total, 52 subjects (23 maes) were selected independently of age (except for
adulthood), gender and any pre-existing diseases, thus comprised of a sample representative
for the German genera population. Sample of 50 ml venous blood per individua was
obtained from each subject and subsequently serum, DNA and RNA were isolated. Written
informed consent was obtained from all participants and the study protocol was approved by

the ethics committee of Ludwig-Maximilians University, Munich, Germany.

Genomic DNA from whole blood (n=52) was isolated using FlexiGene DNA kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instructions. Total RNA from whole blood
(from the initial 40 participants only) was isolated with the RNaeasy (Qiagen) in accordance
with the manufacturer’s recommendations. Reverse transcription of total RNA (1 ug) was

conducted using Quanti Tect Reverse Transcription (Qiagen).

DNA samples from 52 adult volunteers were subjected to direct sequencing of ORMDL2, as
described in the “Mutational screening of ORMDL2 using direct sequencing - detailed

methodology and results” section 1.
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b. Stage 2 was conducted in the period January 2012 — March 2012 in Hannover,
Germany. Adult individuals from German origin (n=61, 28 males) with mean age of 32.5+8.6
years were recruited. Written informed consent was obtained from all participants and the
study protocol was approved by the Hannover Medical School ethic committee, Hannover,
Germany. Sample of 50 ml venous blood was obtained from each subject and subsequently
plasma, peripheral blood mononuclear cells (PMBC), DNA and RNA were isolated.
Unstimulated PBMC used as a baseline control and PBMC stimulated with four different
stimuli (PHA - phytohemagglutinin; Derpl - Dermatophagoides pteronyssinus (house dust
mite); LpA - lipid A; and Ppg - peptidoglycan) were subjected to RNA isolation followed by
reverse transcription and final cDNA preparation. Total RNA from the cell pellets was
isolated with the NucleoSpin RNAII kit (Macherey-Nagel GmbH & Co. KG, Dueren,
Germany) according to the manufacturer’s instructions. Reverse transcription of total RNA (1
Mg) was conducted using QuantiTect Reverse Transcription (Qiagen). Genomic DNA from
whole blood was extracted with FlexiGene DNA kit (Qiagen) following the manufacturer’s
recommendations. Total RNA from whole blood was isolated with the NucleoSpin RNA

Blood kit (Macherey-Nagel) according to the manufacturer’s protocol.

All 61 participants filled out questionnaire providing information whether they are affected by
one or more of the following immunologic disorders. asthma, hay fever, neurodermatitis
(atopic eczema, endogenous eczema or atopic dermatitis), psoriasis, diabetes méellitus,
rheumatoid disease, ulcerous colitis, Crohn’s disease, multiple sclerosis or any other
autoimmune disease. Furthermore, participants were asked if the disease manifestation had
started in childhood or later in life, and if it still persisted at the time of participation in the
study. In addition, the participants were asked if they ever had skin prick tests done and what
were the results. Finally, all subjects provided information regarding their smoking status

(smokers or not) and medications taken within aweek prior the day of the sample collection.
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For the purposes of the current project, sufficient RNA from unstimulated and stimulated with
al four stimuli PBMC was obtained from 57 adult individuals. Four subjects were excluded
from our analyses since they did not pass al our stringent quantitative real-time polymerase
chain reaction (QRT-PCR) quality control criteria. Additional 6 individuals we excluded due
to their reported asthma status in the questionnaire. Thus, gene expression analyses for
ORMDL1, ORMDL2 and ORMDL3 in PBMC included 47 adult non-asthmatics. Total RNA
from whole blood was isolated from all 61 participants recruited in Hannover and after the
exclusion of 6 adult asthmatics, as described above, 55 samples were subjected to mRNA

expression analyses of the three ORMDL genes.

2. ZAP 1l study

Samples were collected from study participants of a collaborative research project within
SFB587 (Project B8, principa investigator Jens M. Hohlfeld). The main objective of this
study was to isolate cells from asthmatics for in vitro experimentation prior to and after
segmental allergen challenge. Details on study subjects and procedures have been described
before (S13-S15). The study has been conducted between July 2011 and October 2012. In
total, 11 atopic asthmatics and 4 healthy controls (13 males) were enrolled (age range 27-49
years). Asthmatic participants in this study had a physician diagnosis of asthma, positive
results from skin prick test, as well as positive responses to inhaled allergens (house dust mite
or grass pollen) (S15). Written informed consent was obtained from al participants and the

study protocol was approved by the Hannover Medical School ethics committee.

Unstimulated and stimulated with all four stimuli PBMC were collected from 8 asthmatics
(alergic to grass pollen) out of the 11 recruited, and were subjected to gene expression

anayses in the current project. Totaa RNA from whole blood we could obtain from 3

12
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asthmatics out of 8 with available PBMC and additionally from 2 more asthmatics with no
PBMC available. Thus, gene expression of the three ORMDL genes in whole blood was

investigated in samples from 5 adult atopic asthmatics.

Approximately 35 ml - 40 ml venous blood was obtained from each subject before any

alergen challenge and PMBC, RNA and genomic DNA were isolated as described above in

more details.
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V. Peripheral blood mononuclear cells (PBMC) isolation and processing — detailed

methodology

To isolate PBMC we have used previously described methodology (S16, S17) adapted with
dlight modifications. Blood was drawn using Na-Heparin-Monovette vacutainers (Sarstedt
AG&Co, Numbrecht, Germany) and subsequently transferred into LeucoSep 50 mL tubes
(Greiner Bio-One GmbH, Frickenhausen, Germany) prefilled with Ficoll-Paque PLUS (GE
Healthcare Europe, Freiburg, Germany) for centrifugation gradient cell separation. Isolated
PBMC were washed with RPMI1 1640 + Glutamax-I (Life technologies, Carlsbad, California,
USA). In 1 mL of culture media, RPMI 1640 + Glutamax-I supplemented with heat-
inactivated human serum (final concentration of 10%; Sigma-Aldrich Co., Steinheim,
Germany), and penicillin (200 U) and streptomycin (200 ug; Pen Strep, Life technologies,
Carlsbad, California, USA) 5x10° PBMC per well were seeded. One such sample (plate well)
was incubated for 15 min only in cell cultivation media without any stimulation, then
harvested and frozen at -80°C to serve as an unstimulated control to the stimulated samplesin

the mRNA experiments.

The other samples (wells) were then stimulated with phytohemagglutinin (PHA; to the final
concentration of 5 pg/ mL PHA; SigmaAldrich Co., Steinhem, Germany),
Dermatophagoides pteronyssinus (Derpl,; to the final concentration of 30 ug/ mL; NA-DP1-2,
Indoor Biotechnologies, Warminster, UK), ), lipid A (LpA; to the final concentration of 0.1
pg/ mL; Sigma-Aldrich) and peptidoglycan (Ppg; to the final concentration of 10 pg/ mL;
Sigma-Aldrich). Stimulated cells were cultured for 48 hours and then harvested and frozen at
-80°C. Total RNA from the cell pellets was isolated with the NucleoSpin RNAII kit
(Macherey-Nagel) according to the manufacturer’s instructions. Reverse transcription of total

RNA (1 pg) was conducted using Quanti Tect Reverse Transcription (Qiagen).
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V1.  Genotyping of polymorphism rs4795405 — detailed methodology

Restriction Fragment Length Polymorphism (RFLP) technique was used to determine the
presence of C- and/or T-alleles of rs4795405 in 61 subjects from the EXACT cohort. PCR
primers (Metabion International, Martinsried, Germany) providing a product with 508 bp
length were designed in order to create a digestion site for Haelll restriction enzyme (10,000
units/ml, supported with 10x CutSmart Buffer; New England Biolabs Inc., Ipswich, MA,
USA). A mismatch was introduced in the forward (Fwd) primer (bolded and underlined).
Primer sequences were:
Fwd-5-CTCTCTGTGCTTCAGTTACCTCGTGGC-3’;

Rev-5’-GCTCAAGCGATCCTCCCGCCTTAG-3.

The PCR mastermix (for asingle reaction of 15 pl) contained:
10x ThermoPol Buffer (New England Biolabs) - 1.5 pl;
Taqg Polymerase (New England Biolabs) - 0.05 pl;
Deoxynucleotide triphosphates (ANTPs) (10 mM) (pegqGold dNTP-Set, PeglLab
Biotechnologie GmbH, Erlangen, Germany) - 0.3 pl;
Primer Fwd (25 pmol/ul) - 0.18 ul;
Primer Rev (25 pmol/ul) - 0.18 pl;
Water (BioScience Grade, nuclease-free, sterile filtered and steam sterilized, for
molecular biology, DEPC treated, Carl Roth, Karlsruhe, Germany) - 9.29 ul;
Betain (5 mol/L; Sigma-Aldrich Co. Steinheim, Germany) - 1.5 ul (to a fina
concentration of 0.5 M);

Genomic DNA (20 ng/ul) - 2 pl.
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The following cycling conditions were applied:
Initial denaturation (94°C, 2 min);
40 cycles of:
=  Denaturation (94°C, 20 sec),
= Annedling (66.3°C, 20 sec),
=  Elongation (72°C, 30 sec);

Final elongation (72°C, 7 min)

The PCR products were subjected to enzymatic digestion and the mixture for a single reaction
of 20 pl contained:

Haelll restriction enzyme - 1.5 pl;

10x CutSmart buffer - 2 pl;

Water (Carl Roth) - 11.5 pl;

PCR product - 5 pl.

Incubation at 37°C was performed for 60 min, followed by 30 min of enzyme deactivation at
80°C. Digested DNA fragments were then loaded on a 3% agarose gel, pre-labelled with

GelRed Nucleic Acid Stain (Biotium Inc., Hayward, CA, USA).

The respective fragments after digestion was completed were as follows:
CC homozygote: 261 bp, 153 bp, 68 bp and 26 bp;
TT homozygote: 287 bp, 153 bp and 68 bp;

CT heterozygote: 287 bp, 261 bp, 153 bp, 68 bp and 26 bp.
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VII. Real-timequantitative PCR gene expression analysis

Primers and fluorescent probes for human ORMDL1, ORMDL2, ORMDL3 and 18S rRNA
(housekeeping gene) were designed with Vector NTI Advance 10 software (Invitrogen by
Life Technologies, Carlsbad, CA, USA) and are provided in Table S6. Quantitative Real-time
PCR (gRT-PCR) was performed on ABI Prism 7900HT Sequence Detection System.
Reaction compositions and cycling conditions are presented in Tables S7 and S8. Raw data
subjected to threshold adjustment (for each individua gene) and cycle threshold (C,) values
were obtained using SDS 2.4 software (Life Technologies). Data evaluation was conducted
based on the comparative delta-delta Ct method (S17, S18). Delta C; (AC;) values were
determined by subtracting the C; of 18SrRNA from the C; of the target gene for each sample,
respectively. Lower AC; values correspond to higher gene expression levels. The relative fold
changes (RFC) in the expression were calculated for each stimulus with regard to the

unstimul ated samples.

17



359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

VIII. Statistical evaluation of the gene expression data — detailed description

Gene expression data analyses were conducted using the R software (S19). Depending what
kind of effects on the mRNA levels of the targeted genes we were investigating, different

types of analyses were conducted.

To determine whether the baseline expression levels (in PBMC and whole blood) of the
targeted genes differed between asthmatics and non-asthmatics (AC;), Wilcoxon test was
performed. Further, differences in the relative fold changes (RFC) of the targeted genes
expression were assessed within asthmatics and non-asthmatics separately using agan
Wilcoxon test. Linear regression was applied to determine the allele-specific effects on
ORMDL1, -2 and -3 expression and estimates, standard error and p-values were calcul ated.
Due to the log-transformation of the AC:-values for that calculation, the estimates and

standard errors of the linear regression became extremely small (asindicated in Table S3).

To better display the inducibility of the targeted genes upon allergen stimulation (Figure 3,
main text) we set as a baseline for the RFC calculations the unstimulated samples from non-
asthmatics. In other words, all stimulated samples of non-diseased subjects, as well as all
samples from the affected individuals (including the unstimulated PBMC) were compared to
the unstimulated samples of non-asthmatics. We could then visualize the “pre-induced” state
of PBMC derived from asthmatics before stimulation, as well as their induction due to

stimul ation.

We computed the differences in means of the AC; between non-asthmatics and asthmatics in
unstimulated samples and subtracted the resulting difference from the “regular AAC:-

calculation” needed to determine the RFC in the following two steps:

18



385 X =mean (AC; non-asthmatics) — Mean (AC: asthmatics)

386  AAC: (asthmatics) = ACt stimulated — ACt ungtimulated — X

387

388 This alowed us to account for the existing baseline difference between healthy and diseased
389 subjects. The RFC for the cohort of asthmatic individuals was further calculated using the
390 “new AAC:-values” according to the Livak and Schmittgen’s well-known algorithm (RFC = 2°

391 A4Ch (s18).
392

19



393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

IX.  Bioluminescence energy transfer (BRET) - detailed methodology

A bioluminescence energy transfer (BRET) was used in order to study the interactions
between ORMDL proteins. In this setting Renillaluciferase (Rluc) serves as donor and yellow
fluorescent protein (YFP) as the acceptor of energy transfer, occurring only when proteins
physicaly interact (S20-S22). Plasmids were constructed carrying the coding sequence of

ORMDL1, ORMDL2, and ORMDL3 fused to Rluc or Y FP protein, respectively.

For each interaction COS-7 cells were co-transfected with a total of 1 pug of DNA a an
acceptor to donor ratio of 3:1, or at increasing acceptor to donor ratios (BRET-saturation) in
duplicates and at least in three independent experiments. After 24 h ViviRen™ (60 pM;
Promega, Madison, WI, USA) was added to the living cells and light emission was detected
on a 96-well microplate luminometer LUMIstar OPTIMA (BMG Labtech GmbH, Ortenberg,
Germany) for 60 seconds at 475 nm (Rluc signal) and 535 nm (BRET signal). BRET ratio
was calculated based on R = 14/lp — cf, where R is the BRET ratio, | is the intensity of light
emission at 535 nm, Ip is the intensity of light emission at 475 nm, and cf is a correction
factor = (BRET control/RlUContro) With the negative control being the co-transfection of donor
fusion-proteins with Y FP in the absence of the protein of interest. Interactions were classified
as positive when the BRET ratio was above a method-specific threshold of 0.094. The
expression of YFP-Rluc fusion protein as a control was included in every individual
experiment. Parameters for saturation experiments were calculated by Y = BRETax * (X/
BRETs50+ X), where BRET s« IS the maximal BRET ratio and BRETs is the acceptor to donor

ratio required to reach half-maximal BRET.

For co-immunoprecipitation experiments lysates of COS-7 cells, co-transfected with ORMDL

proteins carrying C-terminal HA-tag or V5-tag, were incubated with rat anti-Hemagglutinin
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antibody (Anti-HA) antibody (1:48 dilution; Roche Applied Science, Penzberg, Germany)
and pMac beads (1.7 dilution; Miltenyi biotec, Bergisch Gladbach, Germany). Pre-
equilibrated pMac columns were loaded with the lysate followed by washing, and
preincubation with Lithium dodecyl sulfate (LDS) sample buffer (Invitrogen by Life

Technologies, Carlsbad, CA, USA) (95°C) for 5 min.

Bound material was resuspended in 50 pl of LDS buffer and proteins were separated by SDS-
PAGE (4-12% Novex NUPAGE Bis-Tris gel system, Invitrogen by Life Technologies,
Carlsbad, CA, USA) at a constant voltage of 200 V for 90 min. Next, proteins were blotted
onto nitrocellulose membranes (BA-S 85; Schleicher & Schuell BioScience, Dassd,
Germany). Blocked membranes were incubated for one hour with mouse anti-V5 (1:5,000
dilution; Invitrogen by Life Technologies, Carlsbad, CA, USA) and subsequently one hour
with goat anti-mouse IgG-HRP (1:10,000 dilution; Santa Cruz Biotechnology Inc., Dallas,
Texas, USA). Blots were visualized with SuperSignal West Femto Substrate (Thermo
Scientific Pierce Protein Biology Products, Rockford, IL, USA). Images were monitored with
a DIANA 11l imaging system (Raytest |sotopenmef3gerdte GmbH, Straubenhardt, Germany).
Background corrected images were quantified by use of Aida Image Analyzer software v.4.04

(Raytest Isotopenmef3gerdte GmbH, Straubenhardt, Germany).
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438 Figure S1. Diagram of the study workflow
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439 :
440 The summary of study workflow includes the main steps covering: A) Evauation of
441  ORMDL1, ORMDL2 and ORMDL3 associations with asthma and gene-by-gene interactions;
442  B) Gene expression analyses in whole blood and PBMC; and C) Evaluation of interactions
443  between the ORMDL proteins and between ORMDLSs from one side, and SERCA and SPT1
444 from the other.
445  Abbreviations. SNP, single nucleotide polymorphisms; MALDI-TOF-MS, Matrix-Assisted-
446  Laser-Desorption/lonization-Time-Of-Flight-Mass-Spectrometry; QC - quality control;
447 PBMC - Peripheral blood mononuclear cells; Unst - unstimulated; PHA -
448  phytohemagglutinin; Derpl - Dermatophagoides pteronyssinus (house dust mite); LpA - lipid
449  A; Ppg - peptidoglycan; gRT-PCR - Quantitative Real-time Polymerase Chain Reaction.
450
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Figure S2. Integrated approach to ORMDL1 polymorphisms selection for genotyping and

association analyses
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{SNPs confirmed to
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A J
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currently or in the past

Final pairwise re-tagging (r > 0.9) based
on genatypes obtained in our cohort

16 SNPs
(creating 11 tagging bins)

SNPs subjected to statistical analysis
in the present study I

Abbreviations. SNP, single nucleotide polymorphisms, MAF, minor allele frequency;
MALDI-TOF-MS, Matrix-Assi sted-L aser-Desorption/lonization-Time-Of-Flight-M ass-

Spectrometry; CEU - Utah residents with ancestry from northern and western Europe.

“ftp://ftp.1000genomes.ebi.ac.uk/vol 1/ftp/pilot datalrelease/2010 07/; The 1000 Genomes

Project Consortium, Nature 2010.
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"Based on individual inspection of X>Y or Z>X/Y mutations on poly(X)/ poly(Y) borders,
directly neighboring SNPs, SNPs suspected to derive from paralogous region and otherwise
suspected SNPs according to our own estimation and validation information from doSNP

NCBI database of short genomic variations (http://www.ncbi.nlm.nih.gov/projects/SNP/).

*Previous genotypings in our cohort include: (1) our genome-wide association study on
childhood asthma (Moffatt, Kabesch, Liang et a., Nature 2007) and (2) SNPs selected from
HapMap during preliminary phase of the present study (http://hapmap.ncbi.nim.nih.gov/;

International HapMap Consortium, Nature 2007).

SFor genotyping methodology and other details, please, see also the main document of this
manuscript and the section | “Mutational screening of ORMDL1, ORMDL2 and ORMDL3
using 1000 Genomes Project database — methodology and results’. In brief, current
genotyping (up to three attempts for not successfully genotyped SNPs) were conducted by

MALDI-TOF-MS.
IListed in Table 1 and Figure 1 in the main text, and in Table S2.

Numbers of physically genotyped SNPs in each category are depicted in red.
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Figure S3. Integrated approach to ORMDL2 polymorphisms selection for genotyping and

association analyses
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Abbreviations: SNP, single nucleotide polymorphisms; MAF, minor alele frequency;
MALDI-TOF-MS, Matrix-Assisted-L aser-Desorption/lonization-Time-Of-Flight-M ass-
Spectrometry; CEU - Utah residents with ancestry from northern and western Europe.
"Previous genotypings include SNPs selected from HapMap during preliminary phase of the
present study (http://hapmap.ncbi.nim.nih.gov/; International HapMap Consortium, Nature
2007).

"ftp://ftp.1000genomes.ebi.ac.uk/vol 1/ftp/pilot datalrelease/2010 07/; The 1000 Genomes

Project Consortium, Nature 2010.
*Based on individual inspection of X>Y or Z>X/Y mutations on poly(X)/ poly(Y) borders,
directly neighboring SNPs, SNPs suspected to derive from paralogous region and otherwise
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suspected SNPs according to our own estimation and validation information from dbSNP

NCBI database of short genomic variations (http://www.ncbi.nlm.nih.gov/projects/SNP/).

SDirect sequencing of chromosome 12: 56,209,213-56,216,545 region (NCBI release
GRCh37) was conducted in a group of at least 40 adults. This population is independent from
our major cohort (above called simply “cohort”) of up to 1,446 children. Newly discovered
mutations were genotyped in both groups. For more details about direct sequencing, please,
go to the section Il “Mutational screening of human ORMDL2 using direct sequencing —
methodology and results” and accompanying tables.

'For genotyping methodology and other details, please, see also the main document of this
manuscript and the section | “Mutational screening of ORMDL1, ORMDL2 and ORMDL3
using 1000 Genomes Project database — methodology and results”. In brief, current
genotyping (up to three attempts for not successfully genotyped SNPs) were conducted by
MALDI-TOF-MS.

YL isted in Table 1 and Figure 1 in the main text, and in Table S2.

Numbers of physically genotyped SNPs in each category are depicted in red.
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Figure $4. Integrated approach to ORMDL3 polymorphisms selection for genotyping and

association analyses
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Final pairwise re-tagging (r* = 0.9) based
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y
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(creating 15 tagging bins)

SNPs subjected to statistical
analysis in the present study Il

Abbreviations. SNP, single nucleotide polymorphisms, MAF, minor alele frequency;
MALDI-TOF-MS, Matrix-Assi sted-L aser-Desorption/lonization-Time-Of-Flight-M ass-
Spectrometry; CEU - Utah residents with ancestry from northern and western Europe.

“ftp://ftp.1000genomes.ebi.ac.uk/vol 1/ftp/pilot datalrelease/2010 07/; The 1000 Genomes

Project Consortium, Nature 2010.
"Based on individual inspection of X>Y or Z>X/Y mutations on poly(X)/ poly(Y) borders,

directly neighboring SNPs, SNPs suspected to derive from paralogous region and otherwise
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suspected SNPs according to our own estimation and validation information from dbSNP

NCBI database of short genomic variations (http://www.ncbi.nlm.nih.gov/projects/SNP/).

*Previous genotypings in our cohort include: (1) our genome-wide association study on
childhood asthma (Moffatt, Kabesch, Liang et a., Nature 2007) and (2) chromosome 1721
fine-mapping study (Tonchevaet al., manuscript in preparation).

SFor genotyping methodology and other details, please, see also the main document of this
manuscript and the section | “Mutational screening of ORMDL1, ORMDL2 and ORMDL3
using 1000 Genomes Project database — methodology and results”. In brief, current
genotyping (up to three attempts for not successfully genotyped SNPs) were conducted by
MALDI-TOF-MS.

IListed in Table 1 and Figure 1 in the main text, and in Table S2.

Numbers of physically genotyped SNPs in each category are depicted in red.
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Figure S5. Expression of ORMDL genes in whole blood from non-asthmatic (n=55) and

atopic asthmatic (n=>5) adults
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Differential gene expression (MRNA) levels for each of the three ORMDL genes were
assessed using the delta C; (AC;) values, where ACt = Cyparget gene) — Cr1ssrrua) fOr each sample,
respectively. To better indicate that lower AC; values correspond to higher gene expression

levels, the Y-axis of each graphic has been reversed. Significant p-values (p < 0.05) are

indicated in bold. Data are given as means + standard deviation (SD).
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Figure S6. Inducibility (RFC) of the expression of ORMDL genes in PBMC from non-

asthmatic (n=47) and atopic asthmatic adults (n=38)

A MNon-asthmatics (n=47) B. Asthmatics (n=8)
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Relative fold changes (RFC) in ORMDL1, ORMDL2 and ORMDL3 expression were
calculated for both groups separately. The reference baseline value to measure the induction
upon stimulation was the unstimulated sample (RFC = 1) for each gene.

Significant changes in the ORMDLSs expression are indicated as follows: *0.0001 < p < 0.05;
**10*< p< 107. Dataare given as means + standard deviation (SD).

Abbreviations. RFC — Relative fold change; PBMC - Peripheral blood mononuclear cells;
Unst — unstimulated; PHA — phytohemagglutinin; Derpl - Dermatophagoides pteronyssinus

(house dust mite); LpA - lipid A; Ppg — peptidoglycan.
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Figure S7. Cytosolic phenylalanine hydroxylase (PAH) control for the co-

immunoprecipitation (ColP) of ORMDL1, ORMDL2, and ORMDL3
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For Col P experiments ORMDL proteins carrying C-terminal HA-tag or V 5-tag were co-
expressed in COS-7 cells, precipitated using anti-HA (IP) and detected by anti-V5 (IB).

Abbreviations — |P— immunoprecipitation; |B — immunoblot.
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Table S1. Description of the genotyping techniques used for each of the studied phenotypes

Population wher e phenotype BeadChip MALDI-TOF MS
Phenotype
was assessed Cases Controls
Asthma MAGICS and ISAACIII 651 652
Atopic asthma MAGICS and ISAACIII 468 408
Non-atopic asthma* MAGICSand ISAACII 98 408

*Non-atopic asthma was defined as a complete lack of sensitization (RAST class equivalent

of 0), as previously described (S11).

Abbereviations. Matrix-Assisted-L aser-Desorption/lonization-Time-Of -Hight-Mass-

Spectrometry
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Table S2. Associations of 44 SNPs within the ORMDL genes with atopic and non-atopic

asthmain the MAGICS/ISAAC Il case-reference cohort (n=1,446, 763 asthmatics)

SNP Tagging Minor MAF Sour ce Atopic asthma Non-atopic asthma
bin allde OR (95% Cl) p-value OR (95% Cl) p-value
A. ORMDL 1/ chromosome 2932
rs10197331 1 A 0.278 1K/ MALDI 1.07 (0.87-1.31) 0.505 0.85 (0.60-1.20) 0.351
rs6942 1 C 0.282 HM/ MALDI 1.05 (0.86-1.29) 0.620 0.81 (0.57-1.15) 0.236
rs7591929 1 G 0.281 CHIP 1.01 (0.83-1.25) 0.886 0.88 (0.61-1.25) 0.469
151899025 1 C 0.281 CHIP 1.01 (0.83-1.25) 0.886 0.90 (0.63-1.28) 0.563
rs12990184 2 C 0.027 HM/ MALDI 0.77 (0.43-1.38) 0.386 0.43(0.13-1.47) 0.180
rs77607351 3] C 0.051 1K/ MALDI 1.16 (0.76-1.78) 0.495 1.35 (0.70-2.60) 0.364
rs5742959 8 T 0.053 1K/ MALDI 1.20 (0.79-1.84) 0.389 1.46 (0.76-2.83) 0.255
rs76405401 4 T 0.014 1K/ MALDI 0.83 (0.39-1.80) 0.644 1.76 (0.65-4.74) 0.264
rs75410971 5 G 0.011 1K/ MALDI 0.50 (0.21-1.17) 0.110 0.28 (0.04-2.16) 0.223
rs17199067 6 A 0.035 1K/ MALDI 1.29(0.76-2.17) 0.344 1.70 (0.76-3.81) 0.199
rs17271246 7 C 0.143 1K/ MALDI 1.16 (0.90-1.51) 0.246 0.77 (0.49-1.23) 0.274
rs5742926 7 T 0.153 HM/ MALDI 1.24 (0.96-1.59) 0.097 0.73 (0.46-1.16) 0.181
rs2352709 8 A 0.071 HM/ MALDI 1.08 (0.75-1.55) 0.670 1.03 (0.57-1.85) 0.929
rs5742933 9 C 0.211 1K/ MALDI 0.99 (0.79-1.24) 0.949 0.67 (0.44-1.01) 0.058
1s5742940 10 A 0.017 1K/ MALDI 3.11(1.34-7.20) 0.008 2.20 (0.63-7.67) 0.214
rs116275586 11 A 0.036 1K/ MALDI 0.75 (0.46-1.25) 0.272 0.58 (0.22-1.50) 0.263
B. ORMDL2/ chromosome 12q13.2
rs2887998 1 A 0.068 1K/ MALDI 0.74 (0.51-1.08) 0.117 0.59 (0.30-1.18) 0.138
1s7954619 1 G 0.063 HM/ MALDI 0.74 (0.49-1.10) 0.131 0.64 (0.32-1.30) 0.217
rs10083186 2 A 0.052 1K/ MALDI 0.83(0.55-1.27) 0.396 0.78 (0.38-1.59) 0.491
rs117960147 8 C 0.027 1K/ MALDI 0.77 (0.44-1.33) 0.351 0.82 (0.33-2.03) 0.661
rs3759101 4 T 0.043 HM/ MALDI 0.78 (0.49-1.25) 0.307 0.65 (0.28-1.50) 0.311
rs56108400 5 T 0.232 1K/ MALDI 0.85 (0.68-1.05) 0.139 0.98 (0.68-1.40) 0.890
1512308277 6 T 0.012 HM/ MALDI 0.72(0.28-1.82) 0.483 0.77 (0.16-3.62) 0.741
rs7316533 7 C 0.057 1K/ MALDI 0.82 (0.55-1.22) 0.333 1.34(0.75-2.39) 0.328
1s75446180 8 C 0.029 1K/ MALDI 1.07 (0.62-1.87) 0.805 1.48 (0.68-3.20) 0.319
C. ORMDL3/ chromosome 1721
rs7216389 1 C 0.476 CHIP 0.76 (0.63-0.91) 0.003 0.67 (0.50-0.92) 0.013
1s3902920* 1 T 0.464 1K/ MALDI 0.76 (0.63-0.91) 0.003 0.66 (0.49-0.88) 0.006
14065275 1 A 0.465 HM/ MALDI 0.75 (0.62-0.90) 0.002 0.66 (0.49-0.89) 0.007
rs12603332 1 T 0.462 HM/ MALDI 0.77 (0.64-0.93) 0.006 0.69 (0.52-0.93) 0.015
rs1031459* 2 C 0.329 1K/ MALDI 0.86 (0.71-1.05) 0.130 0.66 (0.47-0.92) 0.015
rs3169572 3] T 0.043 HM/ MALDI 0.71 (0.46-1.10) 0.128 0.77 (0.38-1.56) 0.466
rs7942* 4 C 0.018 1K/ MALDI 0.93 (0.47-1.83) 0.839 0.46 (0.10-2.03) 0.306
rs8076131 5 G 0.431 HM/ MALDI 0.82 (0.68-0.98) 0.027 0.73 (0.55-0.98) 0.036
rs4795405 5} T 0.422 CHIP 0.78 (0.65-0.94) 0.010 0.65 (0.47-0.89) 0.008
1517608925 6 C 0.091 HM/ MALDI 0.82 (0.58-1.14) 0.227 0.85 (0.50-1.46) 0.566
rs3744246 7 T 0.178 HM/ MALDI 0.87 (0.69-1.10) 0.241 0.94 (0.65-1.36) 0.750
14795402 8 A 0.216 HM/ MALDI 0.84 (0.66-1.06) 0.135 0.90 (0.63-1.28) 0.543
14794820 9 A 0.410 1K/ MALDI 0.78 (0.65-0.94) 0.009 0.61 (0.45-0.83) 0.002
rs56199421* 10 C 0.417 1K/ MALDI 0.85 (0.70-1.02) 0.080 0.67 (0.49-0.92) 0.012
rs73985231* 11 C 0.066 1K/ MALDI 0.88 (0.62-1.26) 0.497 0.77 (0.41-1.44) 0.411
rs8065244* 12 G 0.103 1K/ MALDI 0.70 (0.51-0.94) 0.019 0.85 (0.52-1.37) 0.497
rs7207600* 13 G 0.349 1K/ MALDI 0.90 (0.74-1.09) 0.261 0.71 (0.51-0.98) 0.038
rs76285844* 14 C 0.098 1K/ MALDI 1.08 (0.80-1.48) 0.606 0.89 (0.52-1.53) 0.671
rs8079416 15 C 0.475 CHIP 1.35 (1.12-1.64) 0.002 1.63 (1.19-2.23) 0.002
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Abbreviations: SNP, single nucleotide polymorphism; MAF, minor alele frequency; OR,
odds ratio; Cl, confidence interval; 1K — 1000 Genomes; HM — HapMap database; Chip —
[llumina BeadChip genotyping; MALDI - MALDI-TOF-MS genotyping. Significant p-values
(p < 0.05) areindicated in bold.

Number of individuals with non-missing phenotype involved in the respective calcul ations for
the different rounds of genotyping: Atopic asthma: MALDI-TOF-MS (548 cases 426
controls); CHIP (468 cases/ 408 controls); Non-atopic asthma: MALDI-TOF-MS (113 cases/
426 controls); CHIP (98 cases/ 408 controls). Data has not been corrected for multiple testing.
Novel asthma association data we report here for: 14 ORMDL1 polymorphisms, 9 ORMDL?2

polymorphisms; and for 8 ORMDL3 polymorphisms (indicated with *).
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Table S3. Allele-specific effects on the ORMDL genes expression (n=47, adult non-asthmatics)

Allele Unstimulated PHA Derpl LpA
SNP SNP location ar?alllyey;d 'Z‘gﬁd to ;’;‘P Cis P P e
(minor*) ” a{]’s‘f‘ ectson Est SE V;"ue Est SE V;"ue Est SE V;"ue Est SE V;"ue Est SE p-value
rs5742940 ORMDL1 A Risk ORMDL1 1.07%10* 5.46*10°  0.057 1.33*10* 110*10* 0.236 141*10* 6.47%10° 0.035 7.78*10° 9.43*10° 0.414 2.56*10* 9.58*10° 0.011
(putative promoter)
rs7954619 ORMDL2 G Non-risk ORMDL2 4.74*10° 5.28*10° 0.374 2.15%10° 3.34*10° 0.949 1.37*10° 1.58*10° 0.390 -3.10*107 2.78*10° 0.991 3.05¢10° 3.10*10° 0.331
(putative promoter)
rs8079416 ORMDL3 c Risk ORMDL3 4.81*10° 191*10° 0015 5.14*10° 4.26+10° 0.234 6.20%10° 2.04*10° 0.004 5.11*10° 2.40*10° 0.038 6.63*10° 2.76*10° 0.021
(putative promoter)
rsA795405" ORMDL3 T Non-risk ORMDL3 -3.18*10° 2.27*10° 0.169 -1.00%10° 4.70*10° 0.038 -6.36*10° 2.37*10° 0.010 -6.16*10° 2.72*10° 0.028 -6.15¥10° 3.22¢10° 0.062
(putative promoter)
rs12603332 ORMDL3 T Non-risk ORMDL3 -3.45¢10° 216*10° 0118  -6.24*10° 4.55+10° 0177  -4.48*10° 2.32*10° 0060  -3.13*10° 2.67%10° 0247  -416*10°  3.10*10° 0.187
(intron)
rs3902920 ORMDL3 T Non-risk ORMDL3 -3.78*10° 2.20*10° 0.092 -7.32*10° 4.69*10° 0.126 -4.88*10° 2.38*10° 0.046 -3.12*10° 2.76*10° 0.263 -4.47%10° 3.19*10° 0.168

(downstream)

Abbreviations: SNP - single nucleotide polymorphism; Est — Estimate; SE - standard error; PHA — phytohemagglutinin; Derpl - Dermatophagoides

pteronyssinus (house dust mite); LpA - lipid A; Ppg — peptidoglycan. Significant results (p < 0.05) are indicated in bold. Data has not been

corrected for multiple testing.

"The selected minor alele of each SNP is the minor allele according to our genetic association results (Table 1, main text). The minor alleles in our

case-reference MAGICS/ISAAC cohort and these in the EXACT were overlapping, except for thetwo ORMDL3 SNPs (rs12603332 and rs3902920)

from tagging bin 1. Therefore, in EXACT dataset we analyzed cis-effects for their major aleles (which are minor allelesin MAGICS/ISAAC).

TAs “risk” and “non-risk” allele in terms of asthma status we refer to the effects observed in our genetic asthma association results (Table 1, main

text).

4795405 was genotyped in the EXACT cohort by Restriction Fragment Length Polymorphism (RFLP) technique (detailed methodology is

provided in section V1), while all the other SNPs were genotyped by MALDI-TOF-MS.
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Table S4. Amplification and sequencing primers used for direct sequencing of ORMDL2 within its genomic proximity

Neo Name of Forward amplification primer Reverse amplification primer Sequencing primers
amplification
fragment
1. *1” TTGTCCTAAAAATCAGAATCAAAGG GCTCTTTAATCACATTTGCTTGTCT CAGTACACCATCTCGGCTCA (Fwd)
2. *2” TAAAGGCATGAGTTCTTAACCAGAG ATTGAGCAATCATCTCCACTTTG TTTATGAAGCCCCTCAAACTG (Fwd)
3. “3” AAACCAACACAATCTATAAATGCAAG GGTTTCACAAGTAGTTTTCCCATTA GGGCAGCTGGTGACTTACT (Fwd)
4. “4” GAAAAACATCAGTTTCACAGAAAGAC CACCTCAGATTTAAAAGTTTTCGAG AGAAGGGTCCTCTCCCTACC (Fwd)
5. “5” AAATAGCTTCTGTGATTCAGTGTCAG TTATTTCTGCTTCCTTCATCATTGT CCCACCCGAGATATGAAATG (Fwd)
6. “6” AAATCTCAGCTTCGGACGAC (Fwd)
GTGGAAGTATTTTCTGAGTGTCTGGTA TTCTGTCGTTCGCAAGATACAGT

AAGTCCAACTCAGCCCTTCC (Fwd)
7. 7 GTAGAGATGCAAGGCTGACCAAT AAATTGTGGTAGCTCTAAAGCTGATG CTTGCTCCCACGCCATAC (Fwd)

. “g” GGTAGGAGCTGCAAAGACTGTAAG TAGGAGTATCTGACTTTGCTGAAGAAG CGAGGGAGTGGTGACCTAAA (Fwd)
9. “9” AGTAATGGGGATGCAGACTGTTTA AGTAGAACCATATGCAGCAATCCTAC GGTGAGAGAGAGGGTGGACA (Fwd)
10. “10” ATCTGAGAGACAACTGGGAGATAGC GACTCACAGCACAATAGGAGAGATG AGCTGGACTCCTGCCTGAT (Fwd)

11. 117 AAAACTACTTTCTGCCCCTCACACT TGTTAATTGTTAATGACATGGCAAATG CTTCCCTGTTCCCAGGCTAC (Fwd)
12. *12” CTAAGCCTACAGAGAGCAGTAAAATGTA TGGCTATTCATAAGTGTGATACGTG CTTGCTGCCTCCTTGGTAGT (Fwd)
13. *13” CCCCAAAGTAAATGCTGTTGAT (Fwd)
CTATCTCCTGAACCCCAAAGTAAAT TGTTTTATAGTCCTCTGTTTCAGTGC AAGGTCAACCTCACTCACCCTA (Fwd)
CCTCTGTTTCAGTGCCTTCC (Rev)
14. “14” TATCTCCTGGCCAGCTTCTATACC GGGGATTGGAGAATTGTTTTAAGTT CATCAACACAGCCTCATTGC (Fwd)
15. *15” CTAGTGGCAAGTTTCTTTGAATCAG ATGTGATCCAAGGGTTTGTATTTTT TGAGGTAAGGGCCAAATCAC (Fwd)
16. “16/17” GGGAAAATTCAGTTTCCAGTCT (Fwd)
CACTTAGTAGGGAAGAGATTCTCAAATG TTTTGACAATACCAAAGAAATAGGG
TTTTGACAATACCAAAGAAATAGGG (Rev)
17. “18” TGAAATGGGTCAAGAAAGAAGATAG TAGCACAGGATGGAGTTTGATTTAT AAGGGTGGGAAAAAGTGTCA (Fwd)
18. “19” TTTGGTATTGTCAAAAGACAAGATTC TTTCTTGAGTCGGATCTTTCAAGTA ATGCCCAATGGGAACTTCTT (Rev)*
19. “20” GACATTGATTTGAGGAAAGAGAAGG AGAGTCCCCTATCACATCTCATTTG CATTTGGTTCTCGGATTCCA (Rev)
20 “21” GGCTCTGAGGTAAAACAGAAGAAAT TTAAGGAACTATCCTTTTGTTGGTTG CATCCTGCTGAGGAAGGAGA (Rev)

Fwd - forwafd; Rev - reverse.

"For several sequences (also) aforward primer (TGGTGAAACCCCGTCTCTAC) was used.
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Table S5. Genetic variants identified by direct sequencing-based mutational screening of ORMDL2 within its genomic proximity in at least 40 adult

probands of German ethnicity.

No Genomic location* Character of Number of MAF “rs” number at Transient “ss” Final “rs* Confirmed by our Confirmed by our Confirmed by
the chromosomes identificationt numbert numbert own re-genotyping own re- subsequent,
substitution carrying the minor of the screening genotyping ina independent
alele population* larger set of submission’
subjects®
None Yes (very rare;
1. Chr. 12: 56,209,576 A>G 1/88 0.011 $5295471003 rs145410794 Yes Yes
(new variant) MAF < 0.01)
2. Chr. 12: 56,209,976 C>G 3/ 86 0.035 rs7954619 N/A N/A N/A N/A N/A
3. Chr. 12: 56,210,568 T>A 2/ 96 0.021 rs10082864 N/A N/A N/A N/A N/A
4. Chr. 12: 56,211,641 C>T 2/ 88 0.023 rs3759101 N/A N/A N/A N/A N/A
None Yes (very rare;
5. Chr. 12: 56,211,816 A>C 1/84 0.012 $5295471004 rs148812437 Yes No
(new variant) MAF < 0.01)
No (absent in the
None
6. Chr. 12: 56,211,929 G>A 1/84 0.012 ) $5295471005 rs145258320 Yes bigger No
(new variant)
population)’
7. Chr. 12: 56,213,297 G>T 21/ 86 0.244 rs56108400 N/A N/A N/A N/A N/A
8. Chr. 12: 56,215,116 G>A 2/ 86 0.023 rs79015557 N/A N/A N/A N/A N/A
None
9. Chr. 12: 56,215,565 C>T 2/ 82 0.024 $5295471006 rs137920300 (Not™ (Not™) Yes
(new variant)

MAF - minor allele frequency; N/A - not applicable (fields applicable only for newly discovered mutations).

"According to human chromosome 12 reference GRCh37 Primary Assembly sequence, downloaded from National Center for Biotechnology

Information (NCBI) web-page http://www.ncbi.nlm.nih.gov/nuccore/NC_000012.11.
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TAccording to dbSNP NCBI database of short genomic variations (http://www.ncbi.nlm.nih.gov/projects/SNFPY).

*Re-genotyping by MALDI-TOF-MS in the screening population of at |east 40 probands.
SGenotyping by MALDI-TOF-MS in the asthma case-control set of 1,454 subjects (of them 8 subjects were excluded from analyses).
'A private mutation, present in a heterozygous form only in asingle proband from the screening population.

"Not successfully genotyped in two independent attempts.
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612 Table S6. Primers and probes used in the gene expression (QRT-PCR) analyses of ORMDL1,
613 ORMDL2 and ORMDL3
614
Gene Forward primer* Reverse primer* Fluorescent probe’
ORMDL1 AGGGTAAAGCAAGGCTCCTAACTC GAGAAGCTGTGTTTAGGATGAAGTGAG TTCTGGCAAGTTTCTATACGAAGT
ORMDL2 GACCAAGGAAAGGCTCGGC GGCTGTGTTGATGAGGAAGTGC AGTTCCTCAGCATCTCTCCTATT
ORMDL3 GGACCAGGGCAAGGCGAG CACGCTCATCAGGGACACGG ACGACCAGATCCATTTTGTGCTC
18SrRNA AGTCCCTGCCCTTTGTACACA GATCCGAGGGCCTCACTAAAC CGCCCGTCGCTACTACCGATTGG
615
616  Abbreviations. gRT-PCR — quantitative Real-Time Polymerase Chain Reaction
617 Purchased from Metabion International AG (Martinsried, Germany).
618  'Probes were 5’-6-FAM and 3’-Tamra |abelled (purchased from Life technologies, Carlsbad,
619 Cadlifornia, USA)
620
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Table S7. Compositions of gRT-PCR mixtures used in the assays for gene expression

analyses of ORMDL1, ORMDLZ2 and ORMDL3

Volume for asingle reaction (ul)

ORMDL1, -2 and -3

18SrRNA

Real-time PCR master mix*
Forward primer (25 pmol/ ul)
Reverse primer (25 pmol/ pl)’
Fluorescent probe (25 pmol/ ul)"
Betain (5 mol/ L)*

(final concentration 0.5M)
Water®

cDNA!

125
0.15
0.15
0.05

10.5
1.65

125
0.15
0.15
0.05
25

8.0
1.65

Total

25.0

25.0

Abbreviations: gRT-PCR — quantitative Real-Time Polymerase Chain Reaction

"Mi-real-time Probe Master (ROX+), 2 x ready-to-use hot start mix for gRT-PCR using

fluorescently labeled DNA probes and ROX reference dye (Metabion International AG,

Martinsried, Germany).

"Primers and probes were purchased from Life technologies (Carlsbad, California, USA)

*Betain was purchased from Sigma-Aldrich Co. (Steinheim, Germany)

SWater, BioScience Grade, nuclease-free, sterile filtered and steam sterilized, for molecular

biology, DEPC treated (Carl Roth, Karlsruhe, Germany).

'Diluted in water in ratio 1:15.
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635 Table S8. Cycling conditions of gRT-PCR reactions performed for the purposes of gene

636  expression anayses of ORMDL1, ORMDL2 and ORMDL3

637
Step Temperature Time
Initial uracil-N-glycosylase incubation 50°C 2min
Initial denaturation and polymerase activation 95°C 2min
40 cycles:
Denaturation 95°C 20 sec
Annealing 56°C 30 sec
Extension 60°C 1min
638

639 Abbreviations: gqRT-PCR — quantitative Real-Time Polymerase Chain Reaction

640



641 Table S9. BRET Saturation experiments - details

642
Acceptor Donor BRET,,
ORMDL3 ORMDL3 0.72+0.05
ORMDL2 ORMDL2 0.74+0.15
ORMDL1 ORMDL1 0.36 £ 0.09
ORMDL3 ORMDL2 0.52 +0.06
ORMDL1 ORMDL3 0.75+0.10
ORMDL2 ORMDL1 0.45+0.09

643

644 BRET saturation experiments were performed by co-transfection of acceptor- and donor-
645 fused ORMDL proteins with an increasing ratio of acceptor to donor. BRET ratios were
646  plotted as function of the acceptor to donor ratio and analyzed by non-linear regression. The
647  acceptor to donor ratio at half-maximal BRET ratio represents the apparent affinity defined as

648 BRETso.

649
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Table S10. Transcription factor (TF) binding patterns predicted by in silico analysis assessed

for the most significantly associated SNPs in three ORMDL genes

SNP SNP location Major Minor MAF* Differential TF binding to either the major
dlelex dlelex or the minor allele (predicted)
rs8079416 ORMDL3 (putative promoter) C T 0.489 PEA3 - tothe T-allele
rsA794820 ORMDL3 (putetive promoter) A G 0.440 PR B, PRA -totheG-dlele
rs4795405 ORMDL3 (putative promoter) C T 0.398 GR, C/EBPbeta, NFI/CTF, NF-1,
ENKTF-1 - to the C-allele
rs8076131" ORMDLS3 (intron) A G 0.344
rs3902920 ORMDL3 (downstream) C T 0.464
rs12603332 ORMDL3 (intron) C T 0.483 AP-2alphaA, E2F-1 - to the C-allele
USF2 - tothe T-alele
rs56199421 ORMDL3 (putetive promoter) C T 0.493 GR-alpha-to the C-allele
TFII-1,YY1-totheT-alee
rs5742940 ORMDL1 (putative promoter) A G 0.008 GR-apha, c-Ets-2, IRF-1, NF-AT1, TFlI-
|, STAT4, c-Ets-1, STAT1beta- to the A-
alele
rs7954619 ORMDL2 (putetive promoter) C G 0.280 no TF bindsto the C-allele

GR-apha, EBF - to the G-allele

Abbreviations: SNP - single nucleotide polymorphism; MAF - minor alele frequency; TF -

transcription factor.

"Major alleles, minor aleles and minor alele frequency (MAF) are listed here according to

the information obtained from dbSNP database (http://www.nchi.nlm.nih.gov/SNP/).

"the non-risk G-allele of rs8076131 leads to TF binding changes in vitro (Schedel et al., JACI

2015, in press).

TF binding patterns were assessed with the free online tool Promo:

http://alggen.lsi.upc.es/cgi-bin/promo v3/promo/promoinit.cai?dirDB=TF 8.3

The dissimilarity threshold was set at 15% (default value). It represents the maximal

similarity difference between the targeted sequence and the reported hits.
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Table S11. Expression quantitative trait loci (eQTL) information regarding the targeted

ORMDL1], -2 and -3 SNPs obtained from publicly available databases

SNP Gene Cell/ Tissuetype Significant cis Database/ Source
allele-specific
effect in the
respective cell/
tissuetype

rs5742940 ORMDL1  Nodataavailable

rs7954619 ORMDL2  Whole blood No GTex Portal
EBV-transformed Lymphocytes No
Lung Yes
rs8079416 ORMDL3  Whole blood Yes GTex Portal; Blood eQTL Browser: RTeQTL
EBV-transformed Lymphocytes No
Lung Yes
Lymphoblastoid cells
rs4795405 ORMDL3  Wholeblood Yes GTex Portal; Blood eQTL Browser; RTeQTL
EBV-transformed Lymphocytes Yes
Lung No
Lymphoblastoid cells
rs12603332 ORMDL3  Whole blood Yes Blood eQTL Browser; GTex Portal; eQTL
EBV-transformed Lymphocytes Yes Browser: RTeQTL
Lung Yes
Lymphoblastoid cells Yes

rs3902920 ORMDL3  Nodataavailable

Abbreviations: eQTL - Expression quantitative trait loci; SNP - single nucleotide
polymorphism.

Results are obtained from the following databases. eQTL  Browser
(http://www.nchi.nlm.nih.gov/proj ects/gap/eqtl/index.cai); Blood eQTL Browser
(http://genenetwork.nl/bloodeqgtibrowser/, Westra e a. (S23)); GTex Portad

(http://www.gtexportal.org/home/); Real time engine for expression Quantitative Trait Loci
(RTeQTL) (S24) (http://eqtl.rc.fas.harvard.edu/).

Other tools have been also used in our search but no information was available for the above
listed SNPs:
University of Michigan Center for Statistical Genetics skin eQTL database (S25)
(http://www.sph.umich.edu/csy/junding/eQTL);
Avrticle “Sex-biased genetic effects on gene regulation in humans” — Dimas et. a (S26);

Article “Patterns of Cis Regulatory Variation in Diverse Human Populations” — Stranger et
a. (S27);

Article “Candidate causal regulatory effects by integration of expression QTLs with
complex trait genetic associations” - Nicaet a. (S28).
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