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Abstract

Objective—To identify genetic determinants of granulomatosis with polyangiitis (Wegener’s)
(GPA).

Methods—We carried out a genome-wide association study (GWAS) of 492 GPA cases and
1,506 healthy controls (white subjects of European descent), followed by replication analysis of
the most strongly associated signals in an independent cohort of 528 GPA cases and 1,228
controls.

Results—Genome-wide significant associations were identified in 32 single-nucleotide
polymorphic (SNP) markers across the HLA region, the majority of which were located in the
HLA-DPB1 and HLA-DPA1 genes encoding the class Il major histocompatibility complex
(MHC) DPg chain 1 and DPa chain 1 proteins, respectively. Peak association signals in these 2
genes, emanating from SNPs rs9277554 (for DPP chain 1) and rs9277341 (DPa chain 1) were
strongly replicated in an independent cohort (in the combined analysis of the initial cohort and the
replication cohort, P = 1.92 x 10730 and 2.18 x 10739, respectively). Imputation of classic HLA
alleles and conditional analyses revealed that the SNP association signal was fully accounted for
by the classic HLA-DPB1*04 allele. An independent single SNP, rs26595, near SEMABA (the
gene for semaphorin 6A) on chromosome 5, was also associated with GPA, reaching genome-
wide significance in a combined analysis of the GWAS and replication cohorts (P = 2.09 x 1078).

Conclusion—We identified the SEMAGA and HLA-DP loci as significant contributors to risk for
GPA, with the HLA-DPB1*04 allele almost completely accounting for the MHC association.
These two associations confirm the critical role of immunogenetic factors in the development of
GPA.

Granulomatosis with polyangiitis (Wegener’s) (GPA) is a systemic vasculitis characterized
by vessel inflammation and granuloma formation with involvement of the respiratory tract,
kidneys, and other organs and tissues (1). It is a rare disease and is associated with high
morbidity and mortality (2,3). GPA, microscopic polyangiitis, and eosinophilic
granulomatosis with polyangiitis (Churg-Strauss) are collectively referred to as
antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) due to their
association with the presence of cytoplasmic ANCA (CANCA) (4-6).

The primary etiology of GPA remains unknown, but epidemiologic data link its expression
to both environmental and genetic factors (2,7-15). The HLA class Il region is the best-
established risk gene/locus in GPA, with an extended haplotype comprising alleles of HLA-
DPB1*0401 and RXRp (the gene for retinoid X receptor §) showing the strongest known
association with risk for GPA (P = 7.13 x 10717, odds ratio [OR] 6.41) (16). Other genes
that have been implicated in the development of GPA based on candidate genetic association
data include SERPINA1 (17,18), CTLA4 (19,20), PTPN22 (21), FCGR3B (22), PRTN3 (23),
CD226 (24), LEPR (25), IL10 (20,26), TNF (20), TNFAIP3 (27), CDK®6 (27), IRF5 (27),
UCP2 (28), INFG (20), and TGF/L (29). One of the non—-major histocompatibility complex
(non-MHC) loci, SERPINAL, emerged as a risk locus in a recent genome-wide association
study (GWAS) of a European AAV cohort as well (30). However, the majority of non-MHC
loci identified as candidates for GPA risk have not been independently replicated, and the
genetic basis of GPA remains largely undefined (31). Accordingly, to further delineate the
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genetic factors underlying GPA, we performed a GWAS of GPA cases ascertained from the
US and Canada.

PATIENTS AND METHODS

Study subjects were all of European descent. All GPA cases fulfilled a modified version of
the American College of Rheumatology criteria for the disease (6,32). The study was
approved by the local institutional ethics committee at each center. Demographic data and
blood and/or saliva samples for genomic DNA extraction were obtained from all study
subjects, with written informed consent. A 2-stage approach was adopted in this study, as
described below and summarized in Supplementary Figure 1 (on the Arthritis &
Rheumatism web site at http://onlinelibrary.wiley.com/doi/10.1002/art.38036/abstract).

Stage 1 GWAS

Cases initially entered into the stage 1 GWAS (n = 492) were recruited between 2001 and
2011, with 149 patients ascertained from Ontario and the remaining patients from regions
across Canada and the US (see Supplementary Figure 1). Cases passing quality control
measures (n = 459) were compared to controls from Canada and the US passing quality
control measures (n = 1,503) (Supplementary Table 1 [http://onlinelibrary.wiley.com/doi/
10.1002/art.38036/abstract]). The control subjects (“historical” controls) included 380
healthy volunteers with no prior history of autoimmune disease (ascertained in Canada
between 2005 and 2008) and 1,123 healthy controls recruited to the M. D. Anderson Lung
Cancer Study, a case—control study that has been ongoing since 1999 (33).

Stage 2 replication analysis

In stage 2, several independently collected populations were used in analyses to replicate
significant genetic associations with disease that had been discovered in stage 1 (2 single-
nucleotide polymorphisms [SNPs] in the HLA region and 16 SNPs in non-HLA regions).
Cases used for replication analyses were recruited from 2 cohorts: the Wegener’s
Granulomatosis Genetic Repository (WGGER) and the Vasculitis Clinical Research
Consortium (VCRC). The WGGER is an ancillary study emanating from the Wegener’s
Granulomatosis Etanercept Trial conducted at 8 academic centers in the US between 2001
and 2005 (34,35). The VCRC, a member of the National Institutes of Health Rare Disease
Clinical Research Network (http://RareDiseasesNetwork.org/\VCRC/), conducts research
studies that include patients with systemic vasculitis followed up at 10 major referral centers
in the US and Canada (31). Any cases included in both the VCRC and WGGER collections
were retained in the WGGER and removed from the VCRC cohorts studied here. Controls
used for replication analyses came from the WGGER cohort and the Multi-Institutional
Research in Alzheimer’s Genetic Epidemiology (MIRAGE) study, a genetic epidemiologic
study of Alzheimer’s disease (36). Replication set 1 (stage 2a, examining 2 HLA SNPs and 4
non-HLA SNPs) included 291 cases and 317 controls from the WGGER cohort. Replication
set 2 (stage 2b, examining 12 non-HLA SNPs) included 528 cases (279 from the WGGER
and 249 from the VCRC) and 1,228 controls (300 from the WGGER and 928 “historical”
controls from the MIRAGE study) (Supplementary Table 1 and Supplementary Figure 1).
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Data from all patients and controls in stages 1 and 2 were then included in a combined
analysis.

Genotyping and quality control

DNA was prepared using standard methods. For stage 1, 492 samples from GPA cases and
382 from historical controls were genotyped using Illumina HumanHap370 BeadChips. An
additional 1,124 historical control samples from the M. D. Anderson Cancer Center Lung
Cancer Study were genotyped at the Johns Hopkins University Center for Inherited Disease
Research, using Illumina HumanHap300 v1.1 BeadChips. Each SNP was determined using
Illumina Genome Studio version 2010.3 with Genotyping Module version 1.8.4 and the
combined intensity data from >90% of study samples. The cluster definition file was used to
determine genotype calls and quality scores, for all study samples with genotype calls made
when a genotype yielded a quality score (GenCall value) of >0.15. Stage 2 samples were
genotyped at the Boston University Molecular Genetics Core Facility, on an ABI 7900 (real-
time) platform, using SNP assay Kits according to the protocol of the manufacturer (ABI).
After setting both maximum per-person missingness and maximum per-SNP missingness to
be no more than 0.05, minor allele frequency to be no less than 0.01, and Hardy-Weinberg
equilibrium to be no less than 0.0001, we retained 459 samples and 332,290 SNPs from the
GPA case group, 382 samples and 336,887 SNPs from the Canadian historical control
group, and 1,124 samples and 312,412 SNPs from the US historical control group.
Genotyping data from 459 patients, 382 Canadian historical controls, and 1,124 US
historical controls were merged, and the same missingness settings were applied to all of the
samples and SNPs. The final combined data set contained 1,962 subjects (459 patients with
GPA, 380 controls from Canada, and 1,123 controls from the US), with 287,802 common
SNPs. Quantile—quantile plots of the test statistics (P values) for the GPA GWAS are shown
in Supplementary Figure 2 (on the Arthritis & Rheumatism web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.38036/abstract).

Statistical power

Power calculations for the GWAS were performed using Quanto version 1.2.4 (http://
hydra.usc.edu/gxe/), with the following parameters: disease prevalence for GPA
30/1,000,000, minor allele frequency 0.20, 459 cases and 1,503 controls, a 1.00 x 1077
(0.05/287,802 SNPs tested) and (less conservative) 1.00 x 104 under a log-additive model.
For a =1.00 x 1077 or a = 1.00 x 1074, the power to detect associations with relative risks
of 1.8 or =1.6, respectively, was estimated to be >80%. In the combined analysis, with 987
cases and 2,731 controls, a = 1.00 x 1077, and the same parameters, the power to detect SNP
associations with relative risks of =1.5 was also estimated to be >80%.

Population structure

Genome-wide relatedness was explored using pairwise identity-by-state analysis
implemented in Plink (version 1.07, http://pngu.mgh.harvard.edu/purcell/plink/) (37) to
identify subjects with excess identity-by-descent sharing (PI_HAT >0.10). One subject from
each of the 15 pairs exceeding this threshold was removed from the association analysis.
Hierarchical cluster analysis was performed with Plink to identify subjects with similar
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genotypes over the entire genome; samples that were >4 SD from a nearest neighbor were
excluded from the analysis.

Association testing

Imputation

We used Plink version 1.07 to perform the Cochran-Mantel-Haenszel test in order to adjust
for stratification among groups of subjects identified by hierarchical clustering. To test for
robustness of our analytical approach, we also performed association analyses with
adjustment for the top 10 eigenvectors, on the basis of a principal components analysis
implemented with the EigenStrat method (38). SNPs in regions of high linkage
disequilibrium (e.g., the MHC region) were removed from the principal components
analysis. The lambda values showed minimal inflation (1.029 and 1.022, respectively,
before and after adjustment for eigenvectors (Supplementary Figure 2 [http://
onlinelibrary.wiley.com/doi/10.1002/art.38036/abstract]), and were thus not used to adjust P
values in this study.

We imputed additional SNPs in the 1,962 samples that passed quality control standards in
the GWAS, using Impute 2 version 2.1.2 (https://mathgen.stats.ox.ac.uk/impute/
impute_v2.html) (39) and the Centre d’ Etude du Polymorphisme Humain study population
of Utah residents with ancestry from northern and western Europe (CEU) 1000 Genomes
reference set (version 37), containing whole-genome sequence data from 629 individuals
including 19,097,376 SNP variants (40). To impute classic HLA alleles, we used a reference
data set from the Type 1 Diabetes Genetics Consortium, which includes genotype data for
7,261 SNPs selected across the entire MHC, high-resolution 4-digit typing data for 424
classic alleles at HLA-A, B, C, DRB1, DQAL, DBQ1, DPA1, and DPB1, and 1,276 amino
acids corresponding to serologically defined antigens in 5,225 individuals of European
descent (41-43). From the GWAS data set, we removed SNPs with missingness of >0.01,
MAF of <0.1, and Hardy-Weinberg equilibrium in controls at P < 0.05 before performing
the HLA imputations. We imputed SNPs, classic HLA alleles (at both 4-and 2-digit
resolution), and their amino acid polymorphisms in the 1,962 individuals from our GWAS,
using Beagle software as previously described (44). After the HLA imputations, we
removed samples with cumulative dosage of >2.5 across all 4-digit classic alleles at any
HLA gene, resulting in omission of 24 subjects (5 cases and 19 controls) from further
analysis.

Conditional analysis

Conditional analysis of imputed HLA alleles was performed to test for multiple independent
effects within the region. We first used a logistic regression framework to test individual
alleles for association, including the top 10 principal components as covariates to account
for population stratification. After identifying the single most significant marker, we tested
for additional independent effects by including the dosage of that marker as a covariate.
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Population attributable fraction

Population attributable fraction (PAF) was estimated using ORs obtained with a multivariate
logistic regression model incorporating SNPs from multiple loci. For an individual SNP the
population attributable fraction is calculated from the OR, as

[AFcpris X (OR — 1)]
[AFCtﬂS X (OR — 1)]+1

PAF=

where AF s is the risk allele frequency in controls. The combined population attributable
fraction allowing for all SNPs jointly is 1 - Hasnps (1 - PAF;) where PAF; is the population
attributable fraction for SNP; and 11 denotes multiplication (45).

RESULTS

Results of the stage 1 GWAS

A total of 287,802 SNPs and 1,962 subjects (459 cases and 1,503 controls) met all sample
and SNP quality control standards with minimal inflation of the test statistic (A\gc = 1.02)
(Supplementary Figure 2 [http://onlinelibrary.wiley.com/doi/10.1002/art.38036/abstract]),
suggesting that population stratification was limited. The study design and subject
characteristics are summarized in Supplementary Figure 1 and Supplementary Table 1.

Association analysis revealed that the SNPs most significantly associated with GPA mapped
within the HLA region on chromosome 6 (Table 1, Figure 1, and Supplementary Table 2).
Thirty-two SNPs across this region met a genome-wide significance threshold for
association (P < 5.00 x 1078), with the majority and most significantly associated of these
SNPs located in the HLA-DPB1 and HLA-DPAL genes encoding class I1 MHC DPJ chain 1
and DPBa chain 1, respectively (Figure 2A). Peak association signals in these 2 genes arose
from SNPs rs9277554 (P = 4.88 x 10738) and rs9277341 (P = 1.84 x 10730), |ocated 3’ of
HLA-DPBL1 and in intron 1 of HLA-DPAL, respectively. In addition to multiple HLA-DPB1
and HLA-DPAZ1 variants, SNPs significantly associated with GPA were found in the HLA-
DOA and HLA-DPB?2 genes, in 4 other MHC region genes (COL11A2, RXRB, HSD17B8,
and RING1), and in 4 non-MHC genes (DCTD, COBL, CCDC86, and WSCD1) (Table 1).

Results of the imputation analysis

HLA region—As multiple SNPs across the HLA region met a genome-wide significance
threshold for association, an imputation procedure specific for this locus was used to
finemap these signals. To this end, 424 classic HLA alleles and 1,276 corresponding amino
acid polymorphisms at the HLA-A, B, C, DRB1, DQAL, DQB1, DPAL, and DPB1 loci along
with 7,261 SNPs across the MHC were imputed in 459 cases and 1,503 controls from the
GWAS data set, and conditional analysis was then used to identify independent variants,
with adjustment for the top 10 principal components in the GWAS.

In this analysis, 215 variants with genome-wide significant disease association were
identified (Supplementary Table 3, on the Arthritis & Rheumatism web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.38036/ abstract). Among these, the strongest signal
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(P =5.56 x 10747) mapped to the classic HLA-DPB1*04 allele (Figure 2B). We did not
observe a statistically significant difference in results between a model for HLA-DPB1*04
(2-digit) and a model for both HLA-DPB1*04:01 and HLA-DPB1*04:02 (4-digit) (P =
0.796), suggesting that the association signal is common to all 4-digit alleles of the HLA-
DPB1*04 2-digit (serologic) type. Conditioning on the HLA-DPB1*04 allele dramatically
diminished the association with other variants (including SNPs in 2 genes, RXRB and
RING1, previously implicated in GPA susceptibility) (46,47), revealing that the association
signal emanated almost exclusively from HLA-DPB1 (Supplementary Table 3 and
Supplementary Figure 3). However, the data do not exclude the possibility that this signal
derives from an unobserved allele in a neighboring gene carried by HLA-DPB1*04
haplotypes.

Non-HLA region—All SNPs meeting quality control standards in the GWAS were used to
impute more than 19 million SNPs present at >1% allele frequency in the CEU 1000
Genomes reference panel. This analysis, performed using logistic regression with
adjustment for the top 10 principal components as covariates, did not identify any new non-
HLA loci with genome-wide significant association with GPA (data not shown).

Results of the independent replication (stage 2a) and combined analysis

In contrast to associations within the HLA region, each of the significant non-HLA
associations emerging from the GWAS arose from a single SNP. For this reason and
because of the modest size of the initial cohort surveyed, a second-stage analysis (stage 2a)
was performed, involving genotyping of the most strongly associated SNPs at each of the
HLA-DPB1 and HLA-DPAL loci, together with the 4 disease-associated non-MHC SNPs, in
an independently collected, US-derived cohort (WGGER: 291 patients with GPA and 317
controls) (see Supplementary Figure 1 [http://onlinelibrary.wiley.com/doi/10.1002/art.
38036/abstract]). Both the HLA-DPB1 and HLA-DPA1 associations with GPA were
strongly replicated in this population (P = 1.40 x 10713 and P = 3.84 x 1079, respectively),
yielding combined (GWAS and replication) P values of 1.92 x 107°0 and 2.18 x 10739,
respectively (Table 1). In contrast, none of the non-HLA loci were replicated in this cohort
(Table 1).

Results of the independent replication (stage 2b) and combined analysis

To ascertain whether use of a reduced stringency threshold for significance might reveal any
non-HLA SNPs of potential relevance to GPA, the replication analysis was expanded (stage
2b) to include 12 additional SNPs that were selected based on suggestive evidence for
disease association in the stage 1 GWAS (P values between 1.00 x 10~/ and 1.00 x 1074)
and proximity to at least 1 other SNP with nominal evidence for association (P value
between 1.00 x 1074 and 1.00 x 1072). These SNPs were genotyped in an enlarged set of
cases (n = 528) and controls (n = 1,228) derived by combining the WGGER cohort with the
VCRC cohort and the MIRAGE control collection (Supplementary Figure 1). Among the 12
variants tested, genome-wide statistical significance was achieved only for SNP rs26595 in a
combined analysis of the GWAS and replication cohorts (P = 2.09 x 1078) (Table 2).
Located on chromosome 5g23.1, rs26595 lies 20 kb proximal to the 3’ end of the SEMAGA
gene, which is the most compelling candidate gene from this region since the next closest
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gene (COMMD10) lies another 120 kb upstream and several imputed SNPs across SEMAGA
also show suggestive evidence for disease association (Figure 3). No significant interaction
between rs26595 at SEMAGA and HLA-DPB1*04 was detected (P > 0.66).

The relevance of the HLA and SEMAGA associations to specific sub-phenotypes of GPA was
also explored. Comparisons of the HLA-DPB1, HLA-DPA1, and SEMAGA peak risk allele
frequencies between the proteinase 3 (PR3) cANCA-—positive subgroup (88% of cases) and
the ANCA-negative subgroup revealed that all 3 associations were restricted to the PR3
cANCA-—positive group (Table 3), a finding consistent with other data suggesting genetic
divergence between ANCA-positive and -negative GPA (30). Stratification based on
specific organ involvement did not reveal any significant differences in associations between
subgroups (data not shown).

DISCUSSION

Results of this GWAS provide compelling evidence of HLA class I1 region involvement in
GPA, with HLA-DPB1 and HLA-DPA1 variants showing the strongest association signals.
Data from previous candidate gene analyses have suggested that 2 other genes in this region,
RXRB and RING, confer GPA risk independent of the HLA-DPBL1 gene (47). Three SNPs at
this locus (1 in HLA-DPB1 and 2 in COL11A2) were also associated with AAV at the
genome-wide significance level in a recent study of patients with AAV from Europe (30).
However, the results of our conditional analysis suggest that associations with these genes,
which were also observed in the present study, are entirely or nearly entirely attributable to
the DPB1*04 allele. Our data also suggest negligible effects of HLA class I or class Il genes
in GPA, but do not pinpoint any single functional variant in the DPB1 gene as the driver of
the HLA effect. However, while the causal variant(s) at this locus remains unknown, the
population attributable fraction (63%) for the HLA-DPB1 rs9277554 C allele
(Supplementary Table 4 [http://onlinelibrary.wiley.com/doi/10.1002/art.38036/abstract]) and
the OR of 3.41 for the risk (C) allele indicate a substantive contribution of this locus to risk
for GPA.

We also identified an association of the SEMAGA locus on chromosome 5g23.1 with GPA,
with the 19% population attributable fraction for the rs26595 T risk allele (Supplementary
Table 4) implying that this locus has an important role in disease risk. The SEMAGA gene
codes for semaphorin 6A, a member of the semaphorin protein family (48). Semaphorins
were originally identified as axon guidance factors that are needed to direct neuronal axons
to their appropriate targets (49). However, further studies have demonstrated that they have
diverse roles in many physiologic processes unrelated to axon guidance, including
vasculogenesis, cardiogenesis, osteoclastogenesis, tumor metastasis, and immune regulation
(49,50). The functions of SEMAGA are not well characterized, but this gene is expressed in
dendritic cells and expression of its product, semaphorin 6A, appears to be increased in
Langerhans’ cells in patients with Langerhans’ cell histiocytosis (48). The mechanisms by
which SEMAGBA may influence GPA risk are unclear, but a possible link to the disease is
consistent with recognized roles of other semaphorins, e.g., semaphorins 3A, 4D, 6D, and
7A, in the immune response as well as in autoimmune and allergic disorders (50,51). Further
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studies are needed, however, to identify the disease-causal allele at this locus and to
delineate other non-MHC GPA risk loci.

It is noteworthy that our GWAS data also provide nominal evidence of an association of
GPA with 4 of 15 loci that have been previously shown in candidate gene analyses to be
associated with risk for GPA (16-20,28). These include the SERPINAI (rs1956707; P =
0.009), CTLA4 (rs231726 and rs3096851; P = 0.003 for both SNPs), PTPN22 (rs2476601; P
=0.006), and TGF/A1 (rs8110090; P = 0.03) loci. Among these loci, SERPINAL was the only
non-MHC locus that achieved genome-wide significance in a combined discovery and
replication data set from the recent GWAS of a European AAV population (30). However,
the SNP that was most strongly associated in that study (rs7151526) is located 557 bp from,
and is not in linkage disequilibrium with, rs1956707 and was not independently associated
with risk in that population. Suggestive associations of the PTPN22 and CTLA4 loci with
risk for GPA were also observed in the European GWAS as in our study. However, the peak
association signals at each of these loci again emanated from different SNPs in the
respective studies, and, in the European study, did not include the PTPN22 rs2476601(T)
allele that is considered to be the disease-causal variant in other autoimmune diseases (30).
Similarly, the peak association signal detected within the HLA region also differed between
the two studies.

These differences in GWAS results may reflect several factors, including differences in the
patient cohorts (i.e., ANCA-positive GPA and microscopic polyangiitis in the European
study versus ANCA-positive and -negative GPA in our study), in the array platforms (e.g.,
the peak HLA region SNP in each of the 2 GWAS was not tested in the other study), and in
statistical power. Although our GWAS had statistical power of >80% to detect association
with disease with an average minor allele frequency of 0.20 and an OR of 1.8 for cases as
compared to controls, the power to detect associations with more modest effects, even in the
combined analysis, was diminished (combined analysis >80% power to detect associations
with an OR of =21.5).

Our North American study and the European study also differ with regard to the finding of a
SEMAGA variant being significantly associated with risk for GPA (current study) and the
findings suggesting that the HLA-DP and several non-MHC loci are more strongly
associated with ANCA positivity than with disease status (European study). While effects of
ANCA status on genetic associations were also explored in our study (Table 3), the
inclusion of relatively low numbers of ANCA-negative patients in our GWAS, and of only
PR3 ANCA-—positive, rather than PR3 ANCA and myeloperoxidase ANCA—positive, cases
makes it difficult to gauge the extent to which phenotypic disparities between case
populations contribute to differences in the findings of the respective GWAS.

Genetic analyses of additional case cohorts are needed to more fully delineate the genetic
basis of GPA. However, the current data identify the SEMAGA and HLA loci as significant
contributors to GPA risk and demonstrate that the strongest association is HLA derived and
is almost entirely attributable to a single allele, HLA-DPB1*04.

Arthritis Rheum. Author manuscript; available in PMC 2015 June 18.
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40

Chromosome

Figure 1.
Results of the granulomatosis with polyangiitis (Wegener’s) genome-wide association

screen. The —logyg P values for association of 287,802 single-nucleotide polymorphisms
(SNPs) in 1,962 subjects are shown based on chromosomal locations. The y-axis represents
the level of significance (determined using Plink) for each SNP on each chromosome shown
along the x-axis. Dashed line shows the threshold for significance of the genome-wide
association (P < 5 x 1078). Circles with dots indicate the SNPs most significantly associated
with disease, in the major histocompatibility complex (MHC) region genes HLA-DPB1 and
HLA-DPAL (encoding class Il MHC DP f chain 1 and a chain 1, respectively) and in the
non-MHC region genes DCTD (encoding deoxycytidylate deaminase), COBL (encoding
protein cordon bleu), CCDC86 (encoding coiled-coil domain-containing protein 86), and
WSCD1 (encoding water-soluble carbodiimide domain-containing protein 1). Color figure
can be viewed in the online issue, which is available at http:onlinelibrary.wiley.com/doi/
10.1002/acr.38036/abstract.
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Figure 2.

Association plots from genome-wide analyses across the major histocompatibility complex
(MHC) region. A, The -log1g P values of 283 genotyped single-nucleotide polymorphisms
(SNPs) across the class Il MHC region are plotted against their physical position on
chromosome 6 (chr6). LocusZoom software was used for analysis. Estimated recombination
rates from the HapMap phase 11 Centre d’ Etude du Polymorphisme Humain study
population of Utah residents with ancestry from northern and western Europe (CEU)
population show the local linkage disequilibrium (LD) structure. Colors in the upper panel
indicate the extent of LD with the top HLA-DPB1 SNP (rs9277554) (#), according to a
scale of r2= 0 to r2= 1 based on pairwise r2 values from HapMap CEU. The HLA-DPA1
rs9277341 is indicated by an arrow. The lower panel shows gene annotation data from the
University of California at Santa Cruz genome browser. B, The-log1g P values of 1,160
genotyped SNPs and 7,261 imputed SNPs, 424 classic HLA alleles, and 1,276
corresponding amino acid polymorphisms across the MHC region are plotted against their
physical position on chromosome 6. Dotted line shows the threshold for significance of the
genome-wide association (P < 5 x 1078).
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Figure 3. cctf

Association plot and LD structure of the disease-associated region surrounding SEMAGA.
The -logygP values of 135 genotyped SNPs and 3,880 imputed SNPs surrounding SEMAGA
are plotted against their physical position on chromosome 5. LocusZoom software was used
for analysis. Estimated recombination rates from the HapMap phase 11 CEU population
show the local LD structure. Colors in the upper panel indicate the extent of LD with the top
SNP (rs26595), according to a scale of r= 0 to r2= 1 based on pairwise r2 values from
HapMap CEU. The lower panel shows gene annotation data from the University of
California at Santa Cruz genome browser. GWAS = genome-wide association study (see
Figure 2 for other definitions). Color figure can be viewed in the online issue, which is

available at http:onlinelibrary.wiley.com/doi/10.1002/acr.38036/abstract.
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