
Letter to the Editor

A genome-wide association study reveals 2
new susceptibility loci for atopic dermatitis

To the Editor:
Association studies have identified a total of 23 European and

Asian genetic susceptibility loci for atopic dermatitis (AD),
although these explain only a small fraction of the estimated
total heritability.1,2

To identify further risk loci for AD, we analyzed an imputed data
set of more than 1.6 million genetic markers from 924 unrelated
German tertiary care cases and 5506 population-based control
subjects, followed by an additional replication study in a further
1383 AD cases and 1728 control subjects (see the Methods section
and Table E1 in this article’s Online Repository at www.jacionline.
org). Cases used for the screen had also been genotyped on Affy-
metrix 500K/5.0 platforms (Affymetrix, Santa Clara, Calif) and
used for a previous genome-wide association study (GWAS).3

Genome-wide single nucleotide polymorphism (SNP) geno-
typing of patients was performed by an Affymetrix service
facility (South San Francisco, Calif) using the Affymetrix
Genome-Wide Human SNP Array 6.0 (1000k), according to
the manufacturer’s protocols. SNP genotype imputation was
carried out with MACH version 1.10.16 and HapMap II CEU
phased haplotypes release 22 (http://hapmap.ncbi.nlm.nih.gov/
downloads/phasing/2007-08_rel22/phased/) as the reference
data set to increasemarker density. After stringent quality control
filtering (see the Methods section in this article’s Online Repos-
itory), the initial GWAS sample set consisted of 870 cases and
5293 control subjects with 1,623,390 markers. Genetic heteroge-
neity was found to be moderate, with an estimated genomic infla-
tion factor l1000 value of 1.076, and the quantile-quantile plot
showed substantial deviation from the expected distribution of
genome-wide P values in the tail of the distribution (see Fig E1
in this article’s Online Repository at www.jacionline.org).

After visual inspectionof the regional plots of 812SNPs showing
a disease association with P values of 1023 or less by means of
clumping (clump command with default settings in PLINK: P1 <_
1023, P2 <_ .05, r2 >_ 0.8, kb5 250), 98 SNPs were carried forward
to replication genotyping using ligation-based SNPlex or TaqMan
(Applied Biosystems, Foster City, Calif) technology. After quality
control (see the Methods section in this article’s Online Reposi-
tory), 1383ADcases, 1728 control subjects, and 69 SNPs remained
for association analysis (complete results are presented in Table E2
in this article’s Online Repository at www.jacionline.org). Ten of
these SNPs showed a nominally significant association with P
values of less than .05 in the replication cohort. In the combined
analysis (GWAS and replication data sets) 5 loci achieved P values
of less than 53 1027 (Table I and see Fig E2 in this article’s Online
Repository at www.jacionline.org for regional association plots).
A marker within the filaggrin (FLG) locus achieved genome-
wide significance in the combined analysis (rs12144049, Pcomb 5
1.023 10216). After excluding carriers of commonFLGmutations
(R501X, 2282del4, R2447X, and S3247X), this loci no longer
showed a significant association. Furthermore, an SNP located
within theRAD50/IL13/KIF3A locus at 5q31.1 showed strong asso-
ciation (rs3091307, Pcomb 5 4.183 1027), which tags previously
reported susceptibility markers in the RAD50/KIF3A locus:

rs2040704 (r2 5 0.68),4 rs3798135 (r2 5 0.76), and rs2240032
(r2 5 0.76).5 In contrast, it is in low linkage disequilibrium (r2 <
0.36) with the IL13 risk variants rs8481 and rs20541,2 supporting
the notion of several independent association signals in this region.1

Twelve further susceptibility loci reported previously in Euro-
pean population GWASs were replicated successfully (PGWAS <_ 5
3 1022). Only 1 reported locus, ACTL9, failed in the screen
(PGWAS 5 5.23 3 1022). Regarding susceptibility loci reported
exclusively in GWASs of Asian populations, 5 loci (GLB1,
CCDC80, ZNF365, OR10A/3/NLRP10, and CYP24A1/PFDN4)
showed evidence for association in Europeans for the first time.
Thus 21 of 23 reported AD risk loci could be confirmed. Detailed
results of all AD susceptibility loci previously reported in GWASs
from population with European and Asian ancestry are provided in
Table II.1-3,6-8

Two novel loci not previously implicated in AD reached
classical genome-wide significance (Pcomb < 5 3 1028) in the
combined analysis: xin actin-binding repeat-containing protein
2 (XIRP2), also known as CYMA3, at chromosome 2q24.3, with
the lead variant rs6720763 (Pcomb 5 4.37 3 1028; odds ratio,
1.29) located in intron 2, and doublesex and mab-3-related tran-
scription factor-like family A1 (DMRTA1) at chromosome
9p21.3, with the lead variant rs10738626 (Pcomb 5 1.45 3
1028; odds ratio, 0.81) located 73 kb upstream.

Thus far, very little is known about the function of XIRP2 and
DMRTA1. For XIRP2, a cross-linking function between skeletal
muscle and F-actin9 and an involvement as an interactor in the
cohesion-RAD21 interactome has been reported,10 and DRMTA1
has primarily been implicated in sex differentiation.11

In silico bioinformatic analysis of all SNPs in full linkage
disequilibrium (r25 1 based on 1000G data) with the lead variants
(see the supplementary text section and Tables E3a, E3b, E4a, and
E4b in this article’s OnlineRepository atwww.jacionline.org) indi-
cated that the XIRP2 lead variant rs6720763 is located within a
potentially regulatory region because it is positioned within a
DNaseI-hypersensitive site, transcription factors have been
observed to bind to that region, alterations in transcription factor
binding are predicted, and the DNA sequence is highly conserved.
In an expression quantitative trait locus analysiswith theMuTHER
study data,12 none of the investigated DMRTA1 and XIRP2 SNPs
showed expression quantitative trait locus evidence on both loci.

PCR analysis in a panel of 13 different human tissues and
cell types and immunohistochemistry in healthy epidermis and
lesional AD epidermis showed RNA expression in skin and
keratinocytes and immunoreactivity in lesional and healthy
epidermis for both XIRP2 and DMRTA1. Furthermore, both
genes showed high mRNA expression in skeletal muscle,
spleen, and testis tissue, and in addition, DMRTA1 was ex-
pressed in the pancreas, lung, kidney, brain, small intestine,
colon, and thymus (see the Results section and Figs E3-E5
in this article’s Online Repository at www.jacionline.org).
Electrophoretic mobility shift assays with Cy5-labeled oligo-
nucleotides using nuclear extracts derived from human HaCaT
keratinocytes and competition shifts with different amounts of
unlabeled probes (see the Results section in this article’s On-
line Repository) showed allele-specific protein-DNA interac-
tions for both identified risk SNPs (Fig 1 and see Fig E6 in
this article’s Online Repository at www.jacionline.org);
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however, further studies are needed to substantiate the effects
on expression and causality.

In summary, through analysis of imputed SNP data in 870
German cases and 5293 German control subjects, followed by
replication in 1383 additional German cases and 1728 control
subjects, we could confirm 14 of the previously established 15
European AD susceptibility loci and, for the first time, replicate 5
of 8 loci thus far only reported in Asians and identified 2 new
susceptibility loci with genome-wide significance in the com-
bined analysis at chromosomes 2q24.3 (XIRP2) and 9p21.3

(DMRTA1). We provided preliminary functional evidence for a
regulatory potential of the lead variants at these 2 novel loci,
but further fine mapping and functional analyses will be needed
to clarify whether the lead SNP is the true causal variant and to
further elucidate its functional role. The 2 novel loci increase
the explained heritability for AD in Europeans from 19.2% to
21.5% (see Table E5 in this article’s Online Repository at www.
jacionline.org).

We thank all the participating probands.

TABLE I. SNPs with a P value of 5 3 1027 or less in the combined analysis

dbSNP ID

Chromo-

some Position

A1,

A2 Locus

GWAS Replication Combined

Cases: 870, control

subjects: 5293

Cases: 1383, control

subjects: 1728

Cases: 2253,

control subjects:

7021

AF_ca AF_co PGWAS OR (95% CI) AF_ca AF_co PRepl OR (95% OR) Pcomb OR

rs12144049 1 150707534 C, T EDC 0.369 0.279 1.87 3 1028 1.47

(1.31-1.64)

0.346 0.286 5.89 3 1027 1.33

(1.19-1.48)

1.02 3 10216 1.39

rs6720763 2 167700532 C, T XIRP2

(intron)

0.221 0.18 5.03 3 1025 1.31

(1.15-1.48)

0.211 0.174 2.65 3 1024 1.27

(1.12-1.44)

4.37 3 1028 1.29

rs3091307 5 132017035 A, G RAD50

/IL13/

KIF3A

0.276 0.228 5.42 3 1025 1.3

(1.14-1.47)

0.283 0.247 1.69 3 1023 1.2

(1.07-1.35)

4.18 3 1027 1.24

rs10738626 9 22363457 C, T DMRTA1 0.443 0.494 1.96 3 1026 0.77

(0.69-0.86)

0.474 0.517 7.95 3 1024 0.84

(0.76-0.93)

1.45 3 1028 0.81

rs1665050 15 57080897 A, G RNF111

(intron)

0.299 0.252 7.12 3 1025 1.27

(1.13-1.43)

0.296 0.255 3.48 3 1024 1.23

(1.1-1.38)

9.65 3 1028 1.25

SNPs are ranked by chromosomal position (National Center for Biotechnology Information build 36 [hg18]). ORs and 95% CIs for allele A1 are shown.

A1, Minor allele; A2, major allele; AF_ca/AF_co, allele frequencies in cases/control subjects; OR, odds ratio; PGWAS/PRepl/Pcomb, P values in GWAS/replication/combined analysis.

TABLE II. Replication results of 23 established AD loci from GWASs

Locus Reported gene(s) Reported SNP(s) References

Top SNP

in region Position EA/RA OR P value

Loci identified through GWASs in European populations

1q21.3 Tags FLG signal rs3126085 1, 3, 6 rs12144049 152440176 C/T 1.47 (1.31-1.64) 1.87 3 1028

4q27 IL2/IL21 rs17389644 1 rs17454584 123497697 A/G 0.83 (0.77-0.89) 1.60 3 1024

5q31.1 RAD50/IL13/IL4/KIF3A rs1295686, rs2897442, rs848 1, 7, 8 rs3091307 131995843 G/A 1.3 (1.14-1.47) 5.42 3 1025

6p21.33 HLA-C/HLA-B/MICA rs9368677, rs2251396 2, 8 rs3021366 31324100 A/C 0.48 (0.33-0.78) 2.36 3 1025

6p21.33 BAT1 rs2844509 2 rs3130048 31510924 C/T 0.75 (0.68-0.82) 4.88 3 1025

6p21.33 C6orf48 rs9368699 2 rs9368699 31802541 C/T 0.51 (0.32-0.83) 2.55 3 1024

6p21.33 TNXB/CREBL1 rs12153855 2 rs12153855 32074804 C/T 0.77 (0.68-0.86) 5.55 3 1023

11p12 PRR5L rs12295535 1 rs7945962 36344202 A/G 0.79 (0.74-0.84) 2.16 3 1025

11q13.1 OVOL1 rs479844 7, 8 rs479844 65551710 T/C 1.20 (1.25-1.14) 5.22 3 1024

11q13.5 C11orf30/LRRC32 rs7927894, rs11236809,

rs7110818

1, 3, 8 rs2155219 76281593 T/G 0.81 (0.76-0.86) 1.74 3 1024

16p13.13 CLEC16A/DEXI rs9923856, rs2041733 1, 8 rs2041733 11223454 C/G 1.23 (1.18-1.28) 1.31 3 1024

17q21.32-33 ZNF652 rs16948048 1 rs7209400 47440466 C/T 0.85 (0.80-0.90) 3.32 3 1023

19p13.2 ACTL9 rs2164983 7 rs12611036 8789381 A/G 1.12 (1.08-1.18) 5.23 3 1022

Loci identified through GWASs in Asian populations

2q12.1 IL18R1/IL18RAP/SLC9A4 rs13015714, rs759382 1, 8 rs13015714 102945378 T/G 1.23 (1.17-1.29) 6.55 3 1024

3p22.3 GLB1 rs7613051 8 rs13091893 33065339 G/C 1.13 (1.07-1.19) 3.43 3 1022

3q13.2 CCDC80 rs12634229 8 rs2129844 112376308 T/C 1.52 (1.37-1.67) 2.93 3 1023

5q22.1 TMEM232/SLC25A46 rs7701890 6 rs11241070 109858821 G/A 1.17 (1.08-1.26) 6.47 3 1022

6p21.32 GPSM3 rs176095 8 rs6941112 32158319 A,G 1.31 (1.25-1.37) 1.66 3 1025

7p22.2 CARD11 rs4722404 8 rs11983024 3081727 C/G 0.82 (0.76-0.88) 1.75 3 1023

10q21.2 ZNF365 rs10995251 8 rs7919747 64380336 T/C 0.71 (0.62-0.8) 3.28 3 1024

11p15.4 OR10A3/NLRP10 rs878860 8 rs10769866 7968359 G/C 0.88 (0.82-0.94) 1.89 3 1022

20q13.2 CYP24A1/PFDN4 rs16999165 8 rs6013912 52807221 C/T 0.80 (0.74-0.86) 8.61 3 1025

20q13.33 TNFRSF6B rs909341 1, 6 rs16984240 62328742 T/C 0.79 (0.71-0.87) 6.83 3 1023

Previously reported genes and SNPs (dbSNP ID) are sorted by chromosomal position (locus). The top associated SNP from imputed GWAS data for each locus (6250 kb) is displayed.

EA/RA, Effect/reference allele; OR, odds ratio.
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FIG 1. Allele-specific protein-DNA interactions of rs6720763 (XIRP2). Only the probe containing the minor

(Mi; risk) allele shows allele-specific protein binding (lane 10, arrow c) compared with the major (Ma) allele
(lane 3). Unlabeled minor allele probes efficiently competed with labeled minor allele probes (lanes 13 and

14) in contrast to the major allele (lanes 11 and 12) or SP1 (lanes 15 and 16).
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Supplementary Methods

Study participants

All cases and controls of the discovery GWAS set and the replication set were of German

origin. The institutional ethics review boards of the participating centers had approved the

study protocol, and written informed consent had been obtained from all study participants or

their legal guardians, respectively.

For the actual GWAS set a total of 924 unrelated AD cases recruited in German university

hospitals (Charité Universitätsmedizin Berlin, University of Kiel, Technical University Munich)

were used. The diagnosis of AD was made by experienced physicians according to the

standard criteria of Hanifin and Rajka and the UK Working Party1, 2. The 5,506 controls were

obtained from the PopGen Biobank3, the KORA S3 and S4 survey, an independent

population-based sample from the general population living in the region of Augsburg,

southern Germany4, and from ISAAC Phase II study5. The replication set consisted of 1,415

independent AD cases from Germany (University of Kiel, Technical University Munich and

Charité Universitätsmedizin Berlin) and further 1,748 independent controls from PopGen

Biobank and Charité Universitätsmedizin Berlin. Table E1 provides a summary of the study

groups.

Genome-wide SNP genotyping, quality control (QC) and imputation
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Initially, the GWAS marker dataset comprised 934,968 SNPs. SNPs on the X, Y and

mitochondrial chromosomes as well as CNV-related SNPs were excluded. SNPs that had >

5% missing data, a minor allele frequency (MAF) <1% and an exact Hardy-Weinberg

equilibrium in controls PHWE ≤10-4 were further excluded. Samples with genotyping call rate

(CR) ≤90% were removed. We excluded samples from each pair of unexpected duplicates or

relatives, as well as samples with outlier heterozygosity of ±5 standard deviation (s.d.) away

from the mean. The remaining GWAS samples were tested for population stratification using

the principal components stratification method, as implemented in EIGENSTRAT, and

population outliers were subsequently excluded. After this stringent quality control, the

genotype data of 719,603 autosomal SNPs in 870 cases and 5,293 controls were available

for imputation.

Out of the 2,543,887 imputed SNPs, we analyzed only those SNPs that could be imputed

with high confidence (estimated r2 between imputed and true genotypes >0.8) and had a

MAF >1% in cases or in controls (n=1,623,390). To take imputation uncertainty into account,

association analysis between the phenotype and the dosage data (expected allele counts)

was performed using the logistic regression framework for dosage data, as implemented in

MACH2DAT6. To control for potential confounding due to population stratification, we

adjusted for the top ten eigenvectors from EIGENSTRAT as covariates in the regression

analysis.
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Replication SNP genotyping and QC using SNPlex and TaqMan

In order to validate the initial GWAS association results we genotyped 98 SNPs in the

replication set using ligation-based SNPlex- or TaqMan technology from Applied Biosystems

as previously described7. Before association analysis the following quality control criteria

were applied using PLINK v.1.078 to the genotype data: individual call rate (CR) had to be ≥

50% [32 cases and 20 controls were removed], exact Hardy-Weinberg equilibrium in controls

PHWE ≥10-4 [4 SNPs failed] and SNP call rate ≥ 90% [25 SNPs failed]. Subsequently, 1,383

AD cases, 1,728 controls and 69 SNPs remained for replication analysis after quality control.

Statistical analysis of genotype data was carried out using PLINK. Replication and joint P-

values were calculated using PLINK’s meta-analysis function with its standard error of odds

ratio weighting option (inverse variance weighting).

Estimation of explained heritability for AD

Calculation of the heritability explained by all AD risk markers was performed using the

method described by So et al.9. Under the assumption of a disease prevalence of 15%, we

combined the explained heritability estimates for each single established locus including the

two newly identified loci. Risk allele frequencies and OR for reported loci were extracted from

the following references10, 11, whereas for the new loci we used data from the GWAS screen.

In-silico data
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To assess the potential functional relevance of candidate genes (XIRP2 and DMRTA1)

online databases were screened. In particular we used STRING (v9.1), a Search Tool for the

Retrieval of Interacting Genes/Proteins (http://string-db.org/). This automated text mining

approach searches primary databases that hold the experimental data as well as hand-

curated databases serving expert annotations12.

DNaseI hypersensitive sites, histone marks for regulatory regions and Chip-Seq data from

the “ENCyclopedia of DNA Elements”13 (GRCh37/hg19, all “Integrated Regulation from

ENCODE Tracks”) was used for predictions of the functional relevance of the associated

SNPs. The Genomatix software was used for the prediction of transcription factor binding

sites which were altered by SNPs14. Sequence conservation was analyzed by using DCODE

on the ECR browser comparing the conservation between human, rhesus, dog, and mouse

(high> 50% conservation, low < 50% conservation)15. Furthermore, we performed expression

quantitative trait loci (eQTL) analyses using the Genevar database with the implemented

MuTHER study data16,17. For in-silico analyses all SNPs in full LD (r2=1, based on 1000G

data) with the DMRTA1 and XIRP2 lead SNPs were included.

Expression Analysis

A transcript expression study of XIRP2 and DMRTA1 was conducted using a human cDNA

tissue panel (Clontech, Palo Alto, CA), cDNA from adult human skin (Alpha Diagnostics

international, San Antonio, TX) as well as RNA extracted from primary keratinocytes isolated
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from human foreskin obtained at the Department of Dermatology, University Hospital

Schleswig-Holstein, Kiel and cultured under standard conditions18. We applied sequence

specific intron spanning primers (XIRP2 forward primer 5’->3’:

TCAAGAAGCAGCCAGGAAAT and reverse primer 5’->3’: GGGCAGACTTTTCAAACTGC;

DMRTA1 forward primer 5’->3’: CTTGAGACAGGCCAGTGGTT and reverse primer 5’->3’:

TCTTCTTGTCCATTCTGGCA) and standard PCR conditions (Tanneal: 61°C and 60°C,

respectively). Reactions were carried out on the Thermocycler 96well GeneAmp 9700 (Life

Technologies GmbH, Darmstadt, Germany) and visualized on 2% agarose gels. For the

negative amplification control sterilized water was used and ß-actin / GAPDH (for

keratinocytes) served as a loading control.

Immunohistochemistry

Histological sections were obtained from 4mm punch biopsies from lesional skin of AD

patients and healthy volunteers recruited at the Department of Dermatology, University

Hospital Schleswig-Holstein, Kiel. Immunohistochemical staining of paraffin-embedded tissue

was done by using monoclonal rabbit anti-XIRP2 antibody (Sigma, Hamburg, Germany;

dilution 1:50) and rabbit anti-DMRTA1 antibody (Novus Biologicals, Littleton, CO; dilution

1:200), followed by a biotinylated secondary goat anti-rabbit IgG antibody (Dako Cytomation,

Hamburg, Germany; dilution 1:100) and subsequently incubated with Vector Universal DAB

Kit (Vector, Burlingame, CA). Counterstaining was done with hematoxylin.
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Nuclear protein extraction and Electrophoretic Mobility Shift Assay (EMSA)

In order to investigate allele-specific protein-DNA interactions for the identified risk variants,

we performed EMSAs using the nontumorigenic human skin keratinocyte cell line HaCaT

(CLS, Cell Lines Service GmbH, Eppelheim, Germany). Nuclear extracts of HaCaTs were

produced by using the Nuclear Extract Kit (Active Motif). Protein concentration was

determined by the BCA Protein Assay Reagent (Thermo Scientific). 5’ Cy5-labeled and

unlabeled oligonucleotides containing the major or minor allele of rs6720763/ rs10738626 or

the consensus sequence for Specificity protein 1 (SP1) were purchased from Metabion

(Table E6). Oligonucleotides were annealed to obtain double-stranded DNA probes. Binding

reaction was carried out with or without different concentrations of unlabeled competitor

oligonucleotides using 5 µg of nuclear extract in 1 x binding buffer (4% v/v Glycerol, 1 mM

MgCl2, 0.5 mM EDTA, 0.5 mM DTT, 50 mM NaCl, 10 mM TrisHCl pH7.5) with 0.5 µg poly dI-

dC (Roche Diagnostics) and 1 ng of labeled probe in a total volume of 10 µl for 20 min at 4

°C. Protein-DNA complexes were separated on a 5.3% polyacrylamide gel by

electrophoresis in 0.5 x tris-borate-EDTA (TBE) buffer. Band patterns were visualized by

scanning the gel with the Thyphoon Trio + (GE Healthcare). All EMSA experiments were

repeated at least once. Technical validation always yielded identical results.
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Supplementary Results

New AD susceptibility loci

Another potential candidate SNP, rs1665050 within intron 1 of RNF111, reached a P-value close

to genome-wide significance in the combined analysis (Pcomb = 9.65 × 10-8, OR = 1.25), see

Table 1 in the main manuscript. RNF111 encodes a nuclear RING-domain containing E3

ubiquitin ligase Arcadia which enhances TGF-ß signaling through ubiquitin-dependent

degradation of different intracellular proteins19. TGF-ß signaling is essential for the maintenance

of immune tolerance20, and impaired TGF-ß signaling has been implicated in inflammatory and

autoimmune processes, and promote Th2-mediated phenotypes21,22 through dysregulation of

regulatory T-cell (TReg) activity23.

In-silico data and in vitro experiments

Using STRING v9.1 (the Search Tool for the Retrieval of Interacting Genes/Proteins) 12, we

identified NSMAF (Neutral Sphingomyelinase (N-SMase) Activation Associated Factor) as

interaction partner of XIRP2 based on experiments (P = 5.65 × 10⁻⁹). NSMAF interacts with

TNF-p55 and leads to the activation of the N-SMase pathway, which mediates inflammation24.

N-SMase is an enzyme which is responsible for the breakdown of sphingomyelin into
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phosphocholine and ceramide. A reduced SMase activity is correlated with decreased ceramide

production25, which is supposed to play a role in AD pathogenesis26,27.

Only one common variant, rs7569147, tags the XIRP2 lead SNP with complete LD. Here, no

alterations in transcription factor binding are predicted and no binding of transcription factors has

been observed (Table E3a and E3b). Variant rs10738626 upstream of DMRTA1 is in complete

LD with 37 other common variants (r2=1). According to the ENCODE, DCODE and Genomatix

data none of the DMRTA1 SNPs is favorable over the other SNPs. Therefore we proceeded with

the SNP with the lowest p-value (rs10738626) (Table E4a and E4b).

To characterize whether the SNPs cause differential transcription factor binding which might

highlight a potential functional relevance of these variants, polymorphism-specific electrophoretic

mobility shift assays (EMSAs) with Cy5-labeled oligonucleotides were performed using nuclear

extracts derived from human HaCaT keratinocytes. An additional DNA-protein complex (c) was

observed only in the presence of the risk-associated minor allele C of rs6720763 in XIRP2

(Figure 1, lane 10), but not for the major allele (Figure 1, lane 3-9). Specificity of the observed

protein-DNA-complex was demonstrated by competition shifts with different amounts of

unlabeled probes (10%, 100%), which revealed an efficient competition for probes containing the

minor allele (Figure 1, lanes 13+14) in contrast to oligonucleotides with the major allele and SP1



12

(Figure 1, lanes 11+12, 15+16, respectively). Free probes of both major and minor alleles

without incubation with nuclear extract served as negative control (Figure 1, lanes 1+2). In the

EMSA analysis of rs10738626 (DMRTA1) five additional complex formations (c1-c5) were

detectable in nuclear extracts from HaCaT keratinocytes. Two additional complex formations

(c1+c2) could be shown for the risk-associated major allele T (Figure E6, lane 3), and three

additional complex formations (c3-c5) for the protective minor allele C (Figure E6, lane 10)

Competition testing revealed clear specificity for c2 and c5 (Figure E6, lanes 4-9, 11-16,

respectively), and a more efficient competition for c1, c3 and c4 (Figure E6, lanes 4-9 for c1, 11-

16 for c3+c4). Free probes of both major and minor alleles without incubation with nuclear

extract served as negative control (Figure E6, lanes 1+2).
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Supplementary Tables

Table E1: Distribution of the sample sets before and after applying quality control (QC) criteria.

imputed GWAS replication panel

before QC 924 5,506 1,415 1,748
after QC 870 5,293 1,383 1,728

center Cases controls cases controls

Kiel (CAU/PopGen) 275 1,227 424 1,457
Munich (TU) 236 ─ 638 ─

Berlin (Charité) 359 ─ 321 271
Munich(KORA F4) ─ 1,775 ─ ─
Munich (KORA F3) ─ 1,619 ─ ─
Hanover (ISAAC) ─ 672 ─ ─
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Table E2: Association results of 69 SNPs selected for replication. A1: minor allele; A2: major allele; AF_ca/AF_co: allele frequencies in

cases/controls; 11/12/22_ca/co: genotype counts cases/controls; PGWAS, PRepl, Pcomb: P-values in GWAS, replication, combined analysis.

Odds ratios (OR) and 95% confidence intervals (CI) for allele A1 are shown. Top SNPs per locus with P-values <5x10-7 in the combined

analysis are highlighted in grey / bold italics.

GWAS replication combined

dbSNP ID chr pos. (bp) A1,A2 AF_ca AF_co PGWAS OR (95% CI) AF_ca 11/12/22_ca AF_co 11/12/22_co PRepl OR (95% OR) Pcomb OR

rs10489149 1 14127254 G,C 0.137 0.103 2.89x10-4 1.34 (1.15-1.56) 0.101 18/235/1085 0.091 20/263/1377 1.91x10-1 1.12 (0.94-1.33) 6.38x10-2 1.24

rs620478 1 38972814 G,A 0.15 0.11 6.50x10-6 1.44 (1.23-1.67) 0.125 15/298/999 0.137 29/411/1273 1.75x10-1 0.9 (0.77-1.05) 2.18x10-2 0.79

rs1341341 1 56505067 A,G 0.376 0.424 8.74x10-5 0.81 (0.73-0.9) 0.424 244/672/451 0.42 299/816/567 7.56x10-1 1.02 (0.92-1.13) 1.27x10-2 0.91

rs12731002 1 56547434 G,A 0.023 0.046 5.95x10-6 0.49 (0.34-0.68) 0.05 0/132/1193 0.043 3/141/1558 2.23x10-1 1.16 (0.91-1.48) 1.68x10-1 1.4

rs12144049 1 150707534 C,T 0.369 0.279 1.87x10-8 1.47 (1.31-1.64) 0.346 173/570/579 0.286 132/666/829 5.89x10-7 1.33 (1.19-1.48) 1.02x10-16 1.39

rs6704503 1 150707919 A,G 0.489 0.416 9.48x10-5 1.33 (1.2-1.48) 0.483 321/628/365 0.422 269/815/518 3.21x10-6 1.28 (1.15-1.42) 1.85x10-12 1.31

rs11265282 1 158041032 C,T 0.12 0.158 2.94x10-4 0.75 (0.64-0.88) 0.157 40/335/947 0.145 54/387/1262 2.10x10-1 1.1 (0.95-1.26) 1.57x10-1 0.93

rs7586380 2 13535344 T,C 0.259 0.219 1.01x10-4 1.27 (1.14-1.43) 0.238 69/489/757 0.222 80/597/1030 1.26x10-1 1.1 (0.97-1.24) 9.65x10-5 0.93

rs1344915 2 60752167 T,G 0.338 0.394 1.54x10-5 0.79 (0.71-0.88) 0.384 191/649/502 0.389 234/816/602 7.23x10-1 0.98 (0.88-1.09) 1.34x10-3 0.88

rs1362349 2 102318404 C,G 0.529 0.481 7.30x10-4 1.19 (1.08-1.33) 0.497 314/677/322 0.5 426/846/427 8.32x10-1 0.99 (0.89-1.1) 1.19x10-2 1.09

rs10931651 2 149955546 A,G 0.199 0.162 4.15x10-5 1.33 (1.17-1.53) 0.176 40/384/894 0.165 43/473/1180 2.50x10-1 1.08 (0.95-1.24) 1.63x10-4 1.2

rs6720763 2 167700532 C,T 0.221 0.18 5.03x10-5 1.31 (1.15-1.48) 0.211 51/466/832 0.174 43/508/1159 2.65x10-4 1.27 (1.12-1.44) 4.37x10-8 1.29

rs6731283 2 167782076 T,G 0.281 0.235 2.33x10-6 1.36 (1.19-1.54) 0.253 67/539/722 0.233 82/601/959 6.75x10-2 1.12 (0.99-1.26) 4.23x10-6 0.92

rs6746061 2 167782139 A,T 0.172 0.131 2.25x10-5 1.38 (1.19-1.59) 0.165 34/377/937 0.15 37/439/1234 1.08x10-1 1.12 (0.98-1.29) 3.49x10-5 1.24

rs6759681 2 167782212 G,A 0.118 0.083 8.88x10-6 1.48 (1.25-1.75) 0.09 10/224/1116 0.087 13/271/1427 6.24x10-1 1.05 (0.88-1.25) 2.92x10-4 0.83

rs4673964 2 215812151 C,T 0.308 0.355 3.54x10-5 0.79 (0.7-0.88) 0.354 174/609/568 0.345 195/783/723 4.45x10-1 1.04 (0.94-1.16) 2.59x10-2 0.92

rs873838 3 25388042 C,A 0.516 0.473 6.56x10-5 1.24 (1.11-1.38) 0.469 278/670/360 0.476 383/836/464 5.76x10-1 0.97 (0.88-1.08) 1.90x10-2 1.09

rs6797592 3 69601236 C,T 0.105 0.137 4.70x10-5 0.71 (0.6-0.84) 0.138 28/309/989 0.13 35/377/1302 4.11x10-1 1.06 (0.92-1.24) 5.22x10-2 0.89

rs230515 4 103690463 C,T 0.303 0.35 1.81x10-4 0.8 (0.71-0.9) 0.313 122/582/617 0.327 189/735/778 2.37x10-1 0.94 (0.84-1.04) 6.45x10-4 1.07

rs10428456 4 160405734 C,T 0.169 0.218 9.87x10-4 0.71 (0.62-0.82) 0.205 56/436/846 0.216 83/576/1062 3.05x10-1 0.94 (0.83-1.06) 7.80x10-5 0.83
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rs16872847 5 4187335 T,C 0.42 0.472 8.11x10-5 0.81 (0.72-0.9) 0.445 257/673/405 0.458 349/862/494 3.16x10-1 0.95 (0.86-1.05) 6.21x10-4 1.08

rs12654436 5 6605278 G,A 0.278 0.323 1.56x10-4 0.8 (0.71-0.9) 0.289 101/570/666 0.301 147/703/805 2.92x10-1 0.94 (0.84-1.05) 8.33x10-4 1.08

rs16899437 5 81592502 G,A 0.088 0.059 2.06x10-5 1.55 (1.28-1.89) 0.059 3/140/1103 0.059 6/189/1520 9.98x10-1 1 (0.8-1.25) 9.43x10-4 0.78

rs37555 5 82259439 G,C 0.149 0.116 1.38x10-5 1.41 (1.22-1.64) 0.124 23/284/1023 0.131 27/391/1284 4.40x10-1 0.94 (0.81-1.1) 9.62x10-3 0.82

rs13354690 5 130858516 G,A 0.012 0.032 3.48x10-5 0.43 (0.28-0.67) 0.025 1/66/1284 0.016 0/53/1608 1.13x10-2 1.59 (1.11-2.29) 7.07x10-1 1.85

rs10463891 5 131625291 A,G 0.387 0.339 4.38x10-5 1.26 (1.13-1.4) 0.369 173/635/523 0.359 215/783/694 4.19x10-1 1.04 (0.94-1.16) 5.39x10-4 1.14

rs3091307 5 132017035 G,A 0.276 0.228 5.42x10-5 1.3 (1.14-1.47) 0.283 110/545/697 0.247 110/608/957 1.69x10-3 1.2 (1.07-1.35) 4.18x10-7 1.24

rs17690965 5 132058566 C,G 0.308 0.264 4.88x10-4 1.23 (1.09-1.38) 0.327 148/570/608 0.286 140/691/868 6.18x10-4 1.21 (1.09-1.35) 1.02x10-6 1.22

rs1006329 5 168532429 G,A 0.238 0.297 6.14x10-4 0.74 (0.65-0.83) 0.328 141/594/602 0.322 171/765/784 6.31x10-1 1.03 (0.92-1.14) 4.56x10-3 1.16

rs457759 6 5060595 C,A 0.438 0.492 9.29x10-5 0.81 (0.73-0.9) 0.461 280/681/384 0.472 382/798/475 4.15x10-1 0.96 (0.87-1.06) 8.51x10-4 1.08

rs7765733 6 5097754 C,T 0.286 0.331 7.76x10-5 0.8 (0.71-0.89) 0.308 129/560/638 0.311 156/749/802 8.30x10-1 0.99 (0.89-1.1) 3.90x10-3 0.89

rs9387633 6 98287263 G,A 0.292 0.248 9.82x10-5 1.26 (1.12-1.43) 0.268 96/519/712 0.263 105/641/871 6.81x10-1 1.03 (0.91-1.15) 2.36x10-3 0.9

rs1636895 7 22301009 T,C 0.156 0.196 1.13x10-5 0.73 (0.63-0.84) 0.184 45/397/884 0.187 51/543/1127 7.09x10-1 0.98 (0.86-1.11) 1.93x10-3 1.13

rs1636896 7 22301652 T,C 0.306 0.356 2.38x10-5 0.78 (0.69-0.88) 0.35 146/656/552 0.353 220/762/721 8.18x10-1 0.99 (0.89-1.1) 2.86x10-3 1.11

rs6977628 7 28811671 T,C 0.325 0.269 5.77x10-6 1.3 (1.16-1.45) 0.299 133/527/665 0.273 126/681/900 2.63x10-2 1.14 (1.02-1.27) 1.41x10-6 0.93

rs2439279 8 32585951 G,A 0.42 0.481 3.45x10-5 0.8 (0.72-0.89) 0.448 286/637/425 0.447 353/807/531 9.33x10-1 1 (0.91-1.11) 4.72x10-3 0.9

rs7829383 8 32660202 G,A 0.354 0.412 3.31x10-5 0.8 (0.71-0.88) 0.385 187/662/497 0.389 259/809/638 7.45x10-1 0.98 (0.89-1.09) 1.87x10-3 1.11

rs13249751 8 109135758 A,T 0.262 0.218 3.63x10-4 1.25 (1.11-1.4) 0.27 93/522/697 0.266 107/685/895 7.70x10-1 1.02 (0.91-1.14) 6.78x10-3 1.12

rs10738626 9 22363457 C,T 0.443 0.494 1.96x10-6 0.77 (0.69-0.86) 0.474 313/656/383 0.517 388/870/447 7.95x10-4 0.84 (0.76-0.93) 1.44x10-8 0.81

rs10813809 9 32391030 C,T 0.359 0.417 1.97x10-6 0.77 (0.69-0.86) 0.397 190/656/459 0.411 284/830/586 2.65x10-1 0.94 (0.85-1.05) 6.28x10-5 0.86

rs16909765 9 122212339 A,C 0.187 0.151 1.17x10-5 1.37 (1.19-1.57) 0.145 22/342/967 0.155 36/454/1205 2.73x10-1 0.92 (0.8-1.07) 1.38x10-2 1.13

rs11259268 10 14763910 A,G 0.136 0.17 6.62x10-5 0.74 (0.64-0.86) 0.184 54/395/917 0.168 43/487/1175 9.95x10-2 1.12 (0.98-1.28) 1.73x10-1 0.93

rs7100925 10 56630929 C,T 0.344 0.29 7.78x10-6 1.3 (1.16-1.46) 0.314 139/553/631 0.302 141/745/816 3.01x10-1 1.06 (0.95-1.18) 9.59x10-5 1.17

rs2093558 10 98130038 G,T 0.46 0.503 8.05x10-5 0.81 (0.73-0.90) 0.494 341/658/357 0.489 420/832/459 6.69x10-1 1.02 (0.92-1.13) 2.24x10-3 1.12

rs1868997 11 14850796 T,C 0.325 0.37 2.61x10-5 0.79 (0.7-0.88) 0.368 172/663/535 0.36 232/744/701 5.53x10-1 1.03 (0.93-1.15) 1.63x10-2 0.91

rs1945566 11 21559214 T,C 0.103 0.072 1.26x10-5 1.52 (1.27-1.82) 0.085 14/201/1129 0.073 12/229/1483 8.78x10-2 1.18 (0.98-1.42) 1.10x10-5 0.87

rs10430934 11 26606000 G,T 0.512 0.447 1.30x10-6 1.3 (1.17-1.45) 0.438 264/657/432 0.428 312/832/558 4.25x10-1 1.04 (0.94-1.15) 1.04x10-4 1.16

rs3812724 11 78486119 G,A 0.099 0.074 8.63x10-5 1.46 (1.22-1.75) 0.084 7/213/1129 0.086 11/272/1432 8.26x10-1 0.98 (0.82-1.17) 7.70x10-3 0.82

rs2555614 13 32686314 G,A 0.378 0.333 9.93x10-5 1.25 (1.11-1.39) 0.332 141/598/587 0.328 194/727/781 7.26x10-1 1.02 (0.92-1.14) 3.08x10-3 0.91

rs842385 13 46155793 G,T 0.3 0.257 5.07x10-5 1.28 (1.14-1.43) 0.278 97/551/690 0.29 135/682/822 3.07x10-1 0.94 (0.84-1.06) 3.66x10-2 0.86

rs7993551 13 88025453 A,G 0.106 0.137 1.76x10-5 0.7 (0.59-0.83) 0.143 23/326/950 0.139 37/396/1263 6.10x10-1 1.04 (0.9-1.2) 1.94x10-2 0.88
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rs1448564 14 40274788 C,A 0.204 0.165 3.56x10-5 1.33 (1.16-1.52) 0.185 44/406/889 0.178 48/493/1112 5.29x10-1 1.04 (0.91-1.19) 6.09x10-4 0.89

rs7140785 14 56965594 T,G 0.137 0.094 6.36x10-6 1.46 (1.25-1.72) 0.13 24/303/1023 0.145 34/412/1214 1.03x10-1 0.88 (0.76-1.03) 5.37x10-2 0.79

rs1665050 15 57080897 A,G 0.299 0.252 7.12x10-5 1.27 (1.13-1.43) 0.296 121/561/676 0.255 100/669/937 3.48x10-4 1.23 (1.1-1.38) 9.65x10-8 1.25

rs11630106 15 57244224 A,G 0.42 0.369 1.70x10-4 1.23 (1.1-1.36) 0.407 222/671/476 0.384 264/769/657 6.14x10-2 1.1 (1-1.22) 7.24x10-5 1.16

rs4965117 15 96293254 C,T 0.293 0.246 1.03x10-4 1.26 (1.12-1.41) 0.267 95/521/715 0.256 128/616/958 3.36x10-1 1.06 (0.94-1.19) 5.93x10-4 1.15

rs7193563 16 17933165 C,G 0.245 0.292 5.82x10-5 0.78 (0.69-0.88) 0.309 134/577/658 0.28 134/691/890 1.28x10-2 1.15 (1.03-1.28) 4.49x10-1 0.97

rs11859061 16 19562272 T,C 0.29 0.335 6.58x10-5 0.79 (0.7-0.88) 0.333 143/604/588 0.335 182/744/727 8.83x10-1 0.99 (0.89-1.11) 5.0-x10-3 1.11

rs1581054 16 54654634 C,T 0.421 0.475 9.28x10-4 0.84 (0.75-0.93) 0.451 239/702/368 0.44 334/822/538 3.98x10-1 1.05 (0.94-1.16) 9.11x10-2 1.12

rs4796793 17 37795736 G,C 0.3 0.252 9.26x10-6 1.3 (1.16-1.47) 0.287 96/567/661 0.265 116/673/919 6.03x10-2 1.12 (1-1.25) 7.65x10-6 0.93

rs11664104 18 2984861 G,A 0.309 0.267 9.51x10-5 1.26 (1.12-1.41) 0.246 73/513/751 0.251 104/642/950 7.11x10-1 0.98 (0.87-1.1) 1.11x10-2 0.88

rs17637670 18 2986922 G,A 0.197 0.152 1.66x10-6 1.42 (1.23-1.64) 0.149 29/344/973 0.159 51/441/1211 2.80x10-1 0.93 (0.8-1.07) 6.62x10-3 0.81

rs12373294 18 39920535 C,T 0.343 0.294 3.23x10-5 1.27 (1.13-1.42) 0.334 142/595/581 0.312 164/725/799 7.58x10-2 1.1 (0.99-1.23) 3.0-x10-5 1.18

rs17808190 18 54168503 T,G 0.253 0.297 1.96x10-4 0.8 (0.7-0.9) 0.294 112/565/663 0.287 153/668/874 5.46x10-1 1.04 (0.93-1.16) 4.25x10-2 1.13

rs6110715 20 15592956 G,A 0.085 0.051 2.47x10-6 1.64 (1.35-2) 0.074 9/184/1172 0.066 11/204/1496 2.23x10-1 1.13 (0.93-1.38) 1.89x10-5 0.83

rs2752914 20 51051356 C,T 0.469 0.409 2.92x10-5 1.26 (1.13-1.4) 0.428 228/657/414 0.431 319/820/553 8.50x10-1 0.99 (0.89-1.1) 6.13x10-3 1.11

rs6013912 20 52235684 C,T 0.347 0.401 8.61x10-5 0.8 (0.71-0.89) 0.375 163/653/488 0.382 234/820/632 6.03x10-1 0.97 (0.88-1.08) 2.07x10-3 0.89

rs2835541 21 37240765 G,T 0.4 0.446 6.20x10-4 0.83 (0.75-0.93) 0.446 261/638/403 0.444 322/794/505 8.84x10-1 1.01 (0.91-1.12) 2.37x10-2 0.92

rs378376 21 43335510 C,A 0.334 0.282 3.65x10-5 1.27 (1.14-1.41) 0.301 109/569/630 0.321 181/728/789 9.50x10-2 0.91 (0.82-1.02) 8.38x10-2 0.85
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Table E3a: Results of in silico analyses for XIRP2. Associated SNPs in LD = 1 with the lead SNP are listed. ENCODE: number of cell

lines with positive DNaseI Hypersensitive Sites (DNaseI HS); chromatin state in keratinocytes (NHEC)/lymphocytes (NHLF); predicted

number of transcription factor binding sites (TFBS) (details see Table E3b). Genomatix: loss/gain of TFBS. Genevar: expression

quantitative trait loci (eQTLs) in lymphoblastoid cell lines (LCL) and skin. DCODE: conservation status.

ENCODE Genomatix Genevar (Muther) DCODE
conservation

associated SNP
(LD=1) PGWAS gene # of cell lines with

DNaseI HS

chromatin state
# of TFBS lost TFBS new TFBS

LCL skin

NHEC NHLF eQTL (XIRP2)
evidence (P≤0.05)

eQTL (XIRP2)
evidence (P≤0.05)

rs6720763 5,03E-05 XIRP2 24 NA strong
enhancer 2 -

HBOX
(Homeobox

transcription factor)
PAR/bZIP, ZFHX

(Two-handed zinc
finger homeodomain
transcription factors)

NA NA high

rs7569147 7,59E-03 XIRP2 9 NA weak
enhancer NA - - NA NA high
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Table E3b: Detailed ENCODE information of cell lines with DNaseI HS and predicted

transcription factors listed in Table E3a.

associated SNP cell lines with DNaseI HS cell line (detail) transcription factor (cell line)

rs6720763 AG04449 fetal buttock/thigh fibroblast GATA2 (HUVEC)

AG04450 fetal lung fibroblast FOS (HUVEC)

CD34+ mobilized hematopoietic progenitor cells

CMK acute megakaryocytic leukemia cells

HBMEC brain microvascular endothelial cells

HCF cardiac fibroblasts

HCFaa cardiac fibroblasts- adult atrial

HCPEpiC choroid plexus epithelial cells

HFF-Myc foreskin fibroblast cells expressing canine cMyc

HIPEpiC iris pigment epithelial cells

HMVEC-dAd adult dermal microvascular endothelial cells

HMVEC-dBl-Neo neonatal blood microvascular endothelial cells, dermal-
derived

HMVEC-dLy-Ad adult lymphatic microvascular endothelial cells, dermal-
derived

HMVEC-LLy lymphatic microvascular endothelial cells, lung-derived

HNPCEpiC non-pigment ciliary epithelial cells

HPAF pulmonary artery fibroblasts

HPF pulmonary fibroblasts isolated from lung tissue

HRGEC renal glomerular endothelial cells

HUVEC umbilical vein endothelial cells

Jurkat T lymphoblastoid derived from an acute T cell leukemia

NHDF-Ad adult dermal fibroblasts

PANC-1 pancreatic carcinoma

SK-N-MC neuroepithelioma cell line derived from a metastatic supra-
orbital human brain tumor

WI-38 embryonic lung fibroblast cells

rs7569147 HCPEpiC choroid plexus epithelial cells

Jurkat T lymphoblastoid derived from an acute T cell leukemia

NHDF-Ad adult dermal fibroblasts

WI-38 embryonic lung fibroblast cells

HMF mammary fibroblasts

HRPEpiC retinal pigment epithelial cells

Medullo Medulloblastoma

NT2-D1 malignant pluripotent embryonal carcinoma

WERI-Rb-1 Retinoblastoma
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Table E4a: Results of in silico analyses for DMRTA1. Associated SNPs in LD = 1 with the lead SNP are listed. ENCODE: number of cell

lines with positive DNaseI Hypersensitive Sites (DNaseI HS); chromatin state in keratinocytes (NHEC)/lymphocytes (NHLF); predicted

number of transcription factor binding sites (TFBS) (details see Table E4b). Genomatix: loss/gain of TFBS. Genevar: expression

quantitative trait loci (eQTLs) in lymphoblastoid cell lines (LCL) and skin. DCODE: conservation status.

ENCODE Genomatix Genevar (Muther) DCODE
conservation

associated
SNP (LD=1) PGWAS gene

# of cell lines with
DNaseI HS

chromatin state

# of TFBS lost TFBS new TFBS

LCL skin

NHEC NHLF eQTL (DMRTA1)
evidence (P≤0.05)

eQTL (DMRTA1)
evidence (P≤0.05)

rs10738626 1,96E-06 DMRTA1 NA NA NA NA

E2FF
(E2F-myc

activator/cell cycle
regulator)

YTBP
(Yeast TATA binding

protein factor)
ETSF

(Human and murine
ETS1 factors)

AP2F
(Activator protein 2)

NA NA low

rs10757319 NA NA NA NA NA 1 2 NA NA low

rs10757316 NA NA NA NA NA - 2 NA NA low

rs10965335 NA NA NA NA NA 2 1 NA NA high

rs11536672 NA NA NA NA NA 3 1 NA NA high

rs11534173 NA NA NA NA NA 1 1 NA NA high

rs10811699 6,99E-05 NA NA NA NA 1 1 NA NA high

rs10757315 NA NA NA NA NA 1 1 NA NA low

rs2383223 1,38E-04 NA NA NA NA 4 - NA NA high

rs7038483 NA NA NA NA NA 3 1 NA NA high

rs10811698 NA NA NA NA NA - - NA NA low

rs1854491 NA NA NA NA NA - 2 NA NA low

rs1854490 NA NA NA NA NA - 1 NA NA low

rs10738625 3,00E-04 2 NA NA NA 1 4 NA NA low
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rs1536462 2,92E-04 NA NA NA NA 4 1 NA NA low

rs1536461 NA NA NA NA NA 1 1 NA NA low

rs1536460 3,02E-04 NA NA NA NA 3 - NA NA high

rs10811697 2,80E-04 NA NA NA 1 1 - NA NA high

rs10811696 NA NA NA NA NA 1 1 NA NA low

rs10811695 2,77E-04 9 NA NA NA 2 4 NA NA low

rs10738624 NA NA NA NA NA 1 2 NA NA low

rs10757312 NA NA NA NA NA 2 2 NA NA low

rs10738623 NA NA NA NA NA 1 - NA NA low

rs10757311 NA NA NA NA NA 1 4 NA NA low

rs1327063 2,78E-04 4 NA NA NA 1 - NA NA high

rs1536459 2,67E-04 4 NA NA NA 3 2 NA NA high

rs943396 2,70E-04 NA NA NA NA 3 2 NA NA low

rs10811694 2,47E-04 2 NA NA NA 1 5 NA NA low

rs7871660 NA 2 NA NA NA 1 4 NA NA low

rs1360136 3,32E-04 NA NA NA NA 1 2 NA NA low

rs2025795 3,42E-04 NA NA NA NA 4 1 NA NA low

rs7872794 3,76E-04 NA NA NA NA 3 1 NA NA low

rs10757309 3,72E-04 NA NA NA NA 1 - NA NA high

rs1409775 NA NA NA NA NA 1 3 NA NA low

rs10811692 6,60E-04 NA NA NA NA 1 1 NA NA low

rs1327061 3,57E-04 NA NA NA 5 1 3 NA NA high

rs1359741 4,03E-04 NA NA NA NA 2 1 NA NA low

rs716579 NA NA NA NA NA 1 - NA NA low
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Table E4b: Detailed ENCODE information of cell lines with DNaseI HS and predicted

transcription factors listed in Table E4a.

associated SNP cell lines with DNaseI HS cell line (detail) transcripition factor (cell line)

rs10738625 H1-hESC embryonic stem cells

H7-hESC embryonic stem cells

rs10811697 MAFK (HepG2)

rs10811695 Caco-2 colorectal adenocarcinoma

Chorion chorion cells

FibroP fibroblasts taken from individuals with Parkinson's disease

GM12892 B-lymphocyte

GM19238 B-lymphocyte

H1-hESC embryonic stem cells

HSMMtube skeletal muscle myotubes differentiated from the HSMM cell line

iPS induced pluripotent stem cell derived from skin fibroblast

rs1327063 Chorion chorion cells

HSMMtube skeletal muscle myotubes differentiated from the HSMM cell line

MCF-7 mammary gland, adenocarcinoma

pHTE primary tracheal epithelial cells

rs1536459 Chorion chorion cells

HSMMtube skeletal muscle myotubes differentiated from the HSMM cell line

MCF-7 mammary gland, adenocarcinoma

pHTE primary tracheal epithelial cells

rs10738623 Hepatocytes primary hepatocytes

pHTE primary tracheal epithelial cells

rs10757311 Melano epidermal melanocytes

Osteobl osteoblasts (NHOst)

rs1327061 EP300 (HeLa-S3)

FOSL2 (A549)

FOS (HUVEC)

FOS (MCF10A-Er-Src)

NR3C1 (A549)

FOXA1 (A549)
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Table E5: Explained AD heritability in Europeans including all previously reported loci and the 2

novel risk variants. Calculation was performed as previously described in 10 and 9. RA freq: risk

allele frequency.

locus variant chromosome RA freq explained heritability

FLG R501X, 222del4, R2447, S3247X 1q21.3 0.04 0.071
IL18R1/IL18RAP/SLC9A4 rs759382 2q12.1 0.24 0.006

IL2/IL21 rs17389644 4q27 0.23 0.004
RAD50/IL13/IL4/KIF3A rs848 5q31.1 0.20 0.016
HLA-C/HLA-B/MICA rs9368677, rs2251396 6p21.33 0.28 0.010

BAT1 rs2844509 6p21.33 0.74 0.010
C6orf48 rs9368699 6p21.33 0.04 0.010

TNXB/CREBL1 rs12153855 6p21.32 0.10 0.018
PRR5L rs12295535 11p13 0.02 0.006
OVOL1 rs479844 11q13.1 0.56 0.003

C11orf30/LRRC32 rs7110818 11q13.5 0.44 0.012
CLEC16A/DEXI rs2041733 16p13.13 0.45 0.009
ZNF652 rs16948048 17q21.32 0.38 0.005
ACTL9 rs2164983 19p13.2 0.15 0.002
TNFRSF6B rs909341 20q13.33 0.77 0.010
XIRP2 rs6720763 2q24.3 0.18 0.009
DMRTA1 rs10738626 9p21.3 0.51 0.014

total of explained heritability 0.215
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Table E6: EMSA oligonucleotide sequences. Cy5-labeled and unlabeled oligonucleotides

containing the major (Ma) or minor (Mi) allele of rs6720763 and rs10738626 or the consensus

sequence for SP1 (specificity protein 1). Forward (F) and reverse (R) oligonucleotides are listed.

SNP alleles are highlighted in red.

oligonucleotide 5’ -> 3’ sequence

F_rs6720763_Ma_T TATCAACATTTTACCTGAAGCATATTGAAAA
R_rs6720763_Ma_A TTTTCAATATGCTTCAGGTAAAATGTTGATA
F_rs6720763_Mi_C TATCAACATTTTACCCGAAGCATATTGAAAA
R_rs6720763_Mi_G TTTTCAATATGCTTCGGGTAAAATGTTGATA

F_rs10738626_Ma_C CCATGTATATTTCCTCGCCATAGGGAAACAT
R_rs10738626_Ma_G ATGTTTCCCTATGGCGAGGAAATATACATGG
F_rs10738626_Ma_T CCATGTATATTTCCTTGCCATAGGGAAACAT
R_rs10738626_Ma_A ATGTTTCCCTATGGCAAGGAAATATACATGG
F_SP1 ATTCGATCGGGGCGGGGCGAGC
R_SP1 GCTCGCCCCGCCCCGATCGAAT
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Supplementary Figures

Figure E1: quantile-quantile (Q-Q) plot of the dataset after quality control including 6,163

samples (870 cases, 5,293 controls) and 1,623,390 SNPs. The Q-Q plot of the association

statistics displays whether more significant results were generated than expected by chance.

95% confidence intervals are shown for the expected associations. The estimated genomic

inflation factor is λ1000=1.076, indicating minimal undetected population stratification.

Figure E2: Regional association plots of 2q24.3 (XIRP2), 9p21.3 (DMRTA1), 1q21.3 (EDC),

5q31.1 (RAD50/IL13/KIF3A) and 15q22.1 (RNF111). Presented are –log10 P-values as a

function of chromosomal position (NCBI’s build 36 (hg18)). Blue dot: lead SNP; differently

colored dots/diamond: analyzed genotyped/imputed SNPs, the fill color represents the strength

of LD (r2) with the lead SNP (see color legend). Red dotted lines: r2 > 0.8; blue line:

recombination rates (cM/Mb).

Figure E3: XIRP2 and DMRTA1 RNA expression using a human cDNA tissue panel and

keratinocytes, as determined by endpoint-PCR. Water served as a negative control, GAPDH as

a positive control for keratinocytes and ß-actin as a positive control for the cDNA tissue panel.

Figure E4: XIRP2 immunohistochemistry analysis in healthy controls and AD patients.

Immunostaining exhibited low expression of XIRP2 in the epidermis of a) healthy control persons

and b) lesions of AD patients (n=8, bars represent 50 µm).
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Figure E5: DMRTA1 immunohistochemistry analysis in healthy controls and AD patients.

DMRTA1 was detected in the epidermis of a) healthy control persons as well as in b) lesions of

AD patients (n=8, bars represent 50 µm).

Figure E6: Allele specific protein-DNA interactions of rs10738626 (DMRTA1). Two additional

complex formations (arrows c1+c2) could be shown for the risk-associated major allele T (lane

3), and three additional complex formations (arrows c3-c5) for the protective minor allele C (lane

10). Competition testing revealed specificity for c2 and c5 (lanes 4-9, 11-16, respectively), and a

more efficient competition for c1, c3 and c4 (lanes 4-9 for c1, 11-16 for c3+c4).
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