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Abstract:  
 
Background: Peanut allergy (PA) is a complex disease with both environmental and genetic risk 
factors. Previously PA loci were identified in FLG and HLA in candidate gene studies, and loci 
in HLA in a genome-wide association study and meta-analysis. 
Objective: To investigate genetic susceptibility to PA. 
Methods:  Eight hundred and fifty cases and 926 hyper-controls and >7.8 million genotyped and 
imputed single nucleotide polymorphisms (SNPs) were analyzed in a genome-wide association 
study to identify susceptibility variants for PA in the Canadian population. Meta-analysis of two 
phenotypes (PA and food allergy) was conducted using 7 studies from the Canadian, American 
(2), Australian, German and Dutch (2) populations.   
Results: A SNP near ITGA6 reached genome-wide significance with PA (p=1.80×10-8), while 
SNPs associated with SKAP1, MMP12/MMP13, CTNNA3, ARHGAP24, ANGPT4, c11orf30 
(EMSY), and EXOC4 reached a threshold suggestive of association (p≤1.49×10-6). In the meta-
analysis of PA, loci in or near ITGA6, ANGPT4, MMP12/MMP13, c11orf30 and EXOC4 were 
significant (p≤1.49×10-6). When a phenotype of any food allergy was used for meta-analysis, the 
c11orf30 locus reached genome-wide significance (p=7.50×10-11), while SNPs associated with 
ITGA6, ANGPT4, MMP12/MMP13, EXOC4 and additional c11orf30 SNPs were suggestive 
(p≤1.49×10-6). Functional annotation indicated SKAP1 regulates expression of CBX1, which co-
localizes with the EMSY protein coded by c11orf30.  
Conclusion: This study identifies multiple novel loci as risk factors for PA and food allergy and 
establishes c11orf30 as a risk locus for both peanut and food allergy. Multiple genes 
(c11orf30/EMSY, SKAP1 and CTNNA3) identified by this study are involved in epigenetic 
regulation of gene expression.  
 
Key messages:  

• The c11orf30 (EMSY) locus is a novel genetic risk factor for both peanut and food 
allergy, reaching genome-wide significance for food allergy in meta-analysis (p=7.50×10-
11) 

• New loci associated with ANGPT4, MMP12/MMP13, and EXOC4 are suggestive of 
association with peanut allergy and food allergy  

• Epigenetic mechanisms may be a new pathway in the pathogenesis of peanut allergy 
 
Capsule summary:  
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C11orf30 (EMSY) is a risk locus for food allergy, reaching genome-wide significance in meta-
analysis (p=7.50×10-11). Meta-analyses showed five loci suggestive of significance with peanut 
allergy. These 6 novel loci suggest epigenetic mechanisms.  
 
Key words:  peanut allergy; food allergy; genome-wide association study; meta-analysis; EMSY; 
c11orf30; epigenetics 
 
Abbreviations: peanut allergy, PA; genome-wide association study, GWAS; skin prick test, 
SPT; single nucleotide polymorphism, SNP; human leukocyte antigen, HLA; confidence 
interval, CI; quantile-quantile, QQ; odds ratio, OR; copy number variant, CNV; LD, linkage 
disequilibrium; CanPAR: Canadian Peanut Allergy Registry; eQTL: expression quantitative trait 
loci 
 
Introduction:  
 
Peanut allergy (PA) is a main cause of anaphylaxis in North America.1, 2 In Canada, the 
prevalence of PA is 1% overall, with a prevalence of 2.2% in children.2 Self-reported prevalence 
of tree nut and peanut allergy in the United States was 2.1% in children,1 while 3% of infants in 
an Australian study had a positive food challenge to peanut.3 PA is highly heritable, with a 
concordance rate of 64% in monozygotic twins compared with 7% in dizygotic twins.4 Family 
studies have found the risk of PA in individuals with a peanut-allergic sibling to be significantly 
higher than the general population, with odds ratios (ORs) ranging from 6.7 to 13.5.5, 6 
 
The pathogenesis of PA involves both genetics and the environment. Involvement of 
environmental exposures is supported by: 1) findings that early oral exposure to peanut leads to 
development of tolerance7, 8 2) the differences in PA prevalence internationally 9-11 and 3) the 
rapid increase in disease prevalence reported in some studies that cannot be explained by genetic 
changes.1  
 
Previous genetic work has found risk factors for PA in the innate and adaptive immune 
pathways, including human leukocyte antigen (HLA),12-15 cluster of differentiation 14 (CD14),16 
interleukin 9 (IL9),17 and filaggrin (FLG).18, 19 Recently, genome-wide association studies 
(GWAS) of food allergy identified associations between PA and the HLA region.20, 21 We have 
previously identified HLA and FLG associations with PA in a well-characterized group of 
Canadian peanut-allergic individuals from the Canadian Peanut Allergy Registry (CanPAR).15, 18, 

19 As a follow-up to this work, we conducted a GWAS of PA,22 along with a meta-analysis of 
results from the previously published GWAS20, 21 and other studies of food allergy. HLA variants 
were identified as significant risk factors for PA in the CanPAR GWAS (rs1049213, p=1.82×10-
11) and in meta-analysis (rs1063347, p=3.67×10-23), as reported in a separate publication, where 
we have narrowed the locus to HLA-DQB1 and show that its relationship to PA is independent of 
asthma.22 Here we present novel non-HLA loci identified in a GWAS and meta-analysis in an 
additional 6 populations. 
 
Methods:  
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Clinical characteristics: Inclusion criteria for CanPAR cases are found in the online repository 
(Table E1).19  
 
GWAS: Salivary DNA was isolated from PA cases in CanPAR. Hyper-controls were self-
reported Caucasians from the Busselton Health Study in Australia with no history of asthma, 
airway hyper-responsiveness, atopy, eczema, allergic rhinitis or food allergy who had blood-
derived DNA, and assessment by methacholine challenge and skin prick testing.23 Genotyping of 
1974 individuals (987 cases, 987 controls) was conducted on the Illumina Omni 2.5M+Exome 
8v1.1 chip (Génome Québec Innovation Centre, Montréal, Canada). Quality control (QC) 
including batch effects, single nucleotide polymorphism (SNP) and sample quality are described 
in the online repository (Figure E1a to c). A total of >7.8 million SNPs (1,388,588 genotyped 
and 6,441,607 imputed) and 1,776 individuals (850 cases, 926 controls) passed QC (Figure E2a 
and b). Details on imputation are in the online repository. 
 
Two analyses were performed (related and unrelated), as examination of alleles identical by state 
and KING24 kinship coefficients identified related cases (siblings) and controls (1st-3rd degree 
relatives). PC-AiR25 and KING24 (KING1.4;  http://people.virginia.edu/~wc9c/KING/)24 were 
used to estimate principal components (PC) and kinship coefficients for the related analysis. 
Association analyses were conducted using Stata®26 with sandwich estimation to model the 
clustering of family genotypes with the addition of a family group identifier, 10 PCs to account 
for population stratification, and plate number to account for plate effects.  
 
A secondary case-control study excluding related individuals was conducted with PLINKv1.07.27 
To make the sample unrelated, 160 individuals were excluded (14 cases, 146 controls); the 
youngest individual in each family was retained. The unrelated analysis was performed using 
834 cases and 781 controls (N=1,615)(Figure E2b).  
 
The analysis including related individuals is our primary analysis, as it has the largest sample 
size and greatest power. Rank order and odds ratio (OR) differences were evaluated between 
related and unrelated analyses. All subsequent analyses, including conditioning, were conducted 
using the related analysis. A p-value of 3.60×10-8 was considered as the threshold for genome-
wide significance (Bonferroni correction), with 1.49×10-6 being suggestive evidence for 
association. We chose 1.49×10-6 as our threshold based upon the significance levels presented in 
two previously published PA GWAS studies.20, 21 
 
Conditioning on HLA: Following the identification of multiple SNPs in the HLA region,22 we 
conditioned on the top genotyped SNP (rs3134976) to investigate independence of signals from 
the rest of the genome and to determine the contribution of HLA associations to deviation from 
the expected line observed in the QQ plots (Figure 1a and b).  
 
Meta-analysis: A meta-analysis was conducted using two phenotypes (PA, food allergy), 
including previously published PA GWAS results20, 21 and unpublished data. CanPAR and six 
additional studies were included in the meta-analysis: two American studies: the Chicago Food 
Allergy Study (CFA)(N= 2,197; 316 PA cases)20 and the Genetic Epidemiology Research on 
Aging (GERA) cohort (N=29,053; 5,108 self-reported food allergy),28 the Australian HealthNuts 
study (N=221; 73 PA cases),21 and the German Understanding Food Allergy (UFA) study21  
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(N=2,592; 205 PA cases) which contributed 21 previously published SNPs. Genotyping for 
SNPs was conducted in two Dutch studies: IDEAL and GENEVA (N=512; 138 PA cases). Both 
IDEAL and GENEVA include cases with general food allergy.29 See Table E2 for full study and 
phenotype descriptions. The meta-analysis for PA included 1,582 PA cases and 5,446 controls, 
with over half the cases and controls coming from CanPAR. As GERA utilized self-reported 
food allergy phenotypes, with no additional diagnostic testing or history, the meta-analysis was 
completed both with and without GERA to evaluate the sensitivity of the meta-analysis results to 
stringent food allergy phenotyping. The meta-analysis for food allergy included 7,267 food 
allergy cases and 29,084 controls, with inclusion of GERA. 
 
Fixed and random effects models evaluate heterogeneity but require point estimates and standard 
errors. As the CFA study provided p-value and sample sizes only, for the meta-analyses p-values 
were obtained using Stouffer’s weighted z-score, which requires consistency in the direction of 
effects (for accurate p-value estimation) we were able to confirm that the direction of effect is the 
same for the CFA study as the investigators provided us with the case/control allele frequencies, 
which are consistent with the CanPar associations (Table 2). 
 
Identification of expression quantitative trait loci (eQTL): The Genotype-Tissue Expression 
(gtexportal.org)30 database was queried for the novel regions.  
 
Results: 
 
GWAS: SNPs in HLA22 and an imputed SNP on chromosome (Chr) 2 close to integrin α 6 
(ITGA6; rs115218289, p=1.80×10-8) (Table 1, E3, Figure 1a and b) reached genome-wide 
significance. Several SNPs with suggestive evidence for association were detected in novel loci 
(Tables 1, E3),  including multiple SNPs located in Src kinase associated phosphoprotein 1 
(SKAP1; Chr17), one located between matrix metallopeptidase 12 (MMP12) and MMP13 
(rs144897250, Chr11; p=2.90×10-7), multiple SNPs within catenin α3 (CTNNA3; Chr10), 
rs744597 near rho GTPase activating protein 24 (ARHGAP24; Chr4; p=3.98×10-7), rs523865 in 
angiopoietin 4 (ANGPT4; Chr20; p=4.42×10-7), multiple SNPs near chromosome 11 open 
reading frame (c11orf30; Chr11), also known as EMSY, and rs78048444, located in a region 
between coiled-coil-helix-coiled-coil-helix domain containing 3 (CHCHD3) and exocyst 
complex component 4 (EXOC4; Chr7; p=5.44×10-7).  
 
No significant difference in OR for SNPs was noted between the unrelated and related analyses 
(Table 1). For two imputed SNPs (rs115218289 and rs144897250) with low (~2%) minor allele 
frequency (MAF), there were differences in the rank order between the related and unrelated 
analyses (Table E3), likely due to the low MAF.  
 
Conditioning: After conditioning on the top genotyped HLA SNP (rs3134976, Figure 2a and b), 
the deviation observed in the QQ plot was largely resolved (Figure 1a and 2a); the residual 
deviation is primarily due to the number of SNPs supporting SKAP1, CTNNA3, and 
c11orf30/EMSY associations. Conditioning identified 16 additional SNPs near SKAP1 and 
CTNNA3 (rs139902172) (Table E4).  
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Meta-analysis for peanut allergy: We identified 85 SNPs in common between CanPAR and one 
or more of the previously reported PA GWAS.20, 21 The top novel SNP identified in the meta-
analysis for PA was rs115218289, located near ITGA6, which did not reach genome-wide 
significance but met the threshold suggestive for significance (p=9.16×10-8) (Table 2, Table E5, 
full results in Table E6). Loci in ANGPT4 (rs523865, p=1.54×10-7), and intragenic SNPs 
(rs144897250, p=2.94×10-7) near MMP12/MMP13, c11orf30 (rs7936434, p=3.13×10-7), and 
EXOC4 (rs78048444, p=3.73×10-7) were suggestive of significance (p≤1.49×10-6) in meta-
analysis for the phenotype of PA.  
 
Meta-analysis of food allergy: Using the phenotype of “any food allergy” in all 6 populations, 
both with and without GERA, the top SNP identified in meta-analysis was rs7936434 near 
c11orf30 (p=1.98×10-8 and p=7.50×10-11 with and without GERA, respectively) (Table 2a, Table 
E5). The SNPs associated with ITGA6, ANGPT4, and MMP12/MMP13 were suggestive of 
significance (p≤1.49×10-6) in meta-analysis for food allergy, but only if GERA was not included 
(Table 2a, Table E5). SNPs in EXOC4, ARHGAP24, SKAP1 and CTNNA3 were not suggestive 
of significance for food allergy.  
 
Identification of eQTLs: Many SNPs identified near SKAP1 by the CanPAR study were eQTLs, 
regulating expression of two genes – sorting nexin 1 (SNX11) and chromobox protein homolog 1 
(CBX1) – in numerous tissues (sun-exposed skin, whole blood, transformed fibroblasts, testis, 
colon and thyroid).  Results are presented for tissues relevant to PA and food allergy (sun-
exposed skin, whole blood and transformed fibroblasts) with a p-value <1.0×10-6 (Table 3, Table 
E7). Little is known about SNX11; it belongs to a family of retrograde transport molecules31 and 
its protein is involved in targeting cell surface molecules to the lysosome.32 CBX1 is a member of 
the highly conserved heterochromatin protein family that binds to histones via methylated lysine 
residues, mediating gene silencing and alternative splicing.33, 34 It is believed that CBX1 may 
play an important role in epigenetic regulation and gene expression.  
 
Discussion: 
 
This study identifies several novel loci for PA and food allergy. The effect sizes for the identified 
loci are large, with ORs ranging from 0.18 to 0.22 and 1.57 to 6.20; these effect sizes are 
particularly impressive for a complex disease and a small GWAS. The most significant novel PA 
locus from the CanPAR GWAS and PA meta-analysis was rs115218289, located in ITGA6. This 
was an imputed SNP with low MAF (0.021) with no directly genotyped SNPs supporting the 
association (Figure 1a). A second imputed SNP near MMP12/MMP13 also had a low MAF 
(0.02). While significant or suggestive of significance in both the PA GWAS and the meta-
analyses, the rank order of these two loci changed between the related and unrelated analyses, 
but no significant changes in the OR were observed. SKAP1, CTNNA3, and ARHGAP24 were 
identified as suggestive for association with PA in the CanPAR GWAS, but were not suggestive 
for association with PA in the meta-analysis. This is likely due to the small sample size and 
limited number of contributing studies as evidenced by the minimal change in p-values for these 
loci in CanPAR GWAS data compared to the meta-analysis.  
 
Loci in ANGPT4, c11orf30 and EXOC4 were suggestive of significance in meta-analysis for the 
phenotype of PA, but did not reach genome-wide significance, likely due to small PA sample 
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sizes, and heterogeneity in study designs (case-control versus family-based studies) and 
ascertainment criteria. Phenotype definition of both cases and controls differed in each 
population: cases were defined by food-challenge (IDEAL, GENEVA), food challenge and 
history with confirmatory testing (CanPAR, CFA, HealthNuts) or self-report (GERA) while 
controls ranged from hyper-controls (CanPAR), controls without food allergy (IDEAL, 
GENEVA), controls without positive prick test to foods (HealthNuts), population-based controls 
(CanPAR, GERA, UFA), and subjects with other food allergies (CFA). Ethnicity was diverse 
across studies with variable analytic methods used to control for it; age also differed due to the 
use of population-based controls. The Busselton cohort is a longitudinal dataset, the use of which 
is required for hyper-controls as they must be negative for allergic phenotypes, and inherently be 
older to ensure they will not develop eczema, asthma, or other allergic phenotypes. Our efforts to 
evaluate effect sizes across studies and populations were additionally hindered by differences in 
GWAS chip and imputation reference panels. C11orf30 is a prime example: it was identified in 
the CanPAR GWAS with PA, but it only reaches genome-wide significance (p=7.50×10-11) in 
the meta-analysis of food allergy. This is likely due to the small PA sample sizes in the other 
studies. This finding has important implications for other loci identified in the CanPAR GWAS: 
the lack of significance of the other loci in the meta-analysis should be interpreted with care, as 
there is insufficient power in the other studies to replicate CanPAR PA findings.   
 
The identification of c11orf30 as a susceptibility locus for food allergy fits within what is known 
about this area as it has been implicated in serum IgE levels35 and asthma.36 Recently, c11orf30 
was identified as a risk factor for eosinophilic esophagitis (OR, 2.22, p=5.38×10-10),37 a chronic 
allergic inflammatory disease of the esophagus that is mainly triggered by food proteins. Loci in 
this region have been significantly associated with atopic dermatitis38 both with (rs2155219)39, 40 
and without (rs7927894) any other disease-related phenotypes such as asthma, allergic 
rhinoconjunctivitis, total serum IgE or family history of atopy.41 These findings indicate that 
c11orf30 is a risk factor for the atopic march, particularly those studies that investigated 
childhood eczema with later development of asthma.38 FLG and HLA-DQB1, genes previously 
examined in CanPAR,18, 19, 22 have similarly been found to be associated with childhood eczema 
and asthma.38  
 
It could be argued that genome-wide significance of c11orf30 in the food allergy meta-analysis 
with the addition of the GERA cohort indicates that the locus represents association with an 
allergic diathesis rather than with food allergy or PA specifically, due to the potential 
misclassification rate for self-reported food allergy in the GERA cohort.42 The idea of c11orf30 
being associated with an allergic phenotype is supported by data that show that c11orf30 is a risk 
factor for poly-sensitization to multiple allergens on prick testing.43 C11orf30 is associated with 
Crohn’s disease and ulcerative colitis,44, 45 autoimmune inflammatory bowel diseases (IBD) that 
are not classically part of the atopic march, although some epidemiologic data link eczema with 
IBD and other autoimmune diseases.46, 47 Therefore, c11orf30 could be a risk factor for immune 
dysfunction disorders in general. 
 
Peanut allergy, food allergy, or atopy? 
 
The underlying genetic model for PA is unknown: food allergy, asthma, eczema and allergic 
rhinitis may share common genetic susceptibility, while environmental factors determine which 
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specific atopic disease develops; alternatively, each specific allergy may have its own risk 
variants. The genetic model and study design impact the power to identify risk variants. The 
CanPAR GWAS subjects were recruited to investigate risk factors specific for PA, with the use 
of hyper-controls to increase power, in addition to a defined phenotype for allergy to peanut. The 
other food allergy case groups recruited on any food allergy or on egg allergy and PA;20, 21, 29 this 
design may be more powerful if one assumes that all food allergies are influenced by the same 
genetic risk loci, rather than specific risk loci for specific foods. 
 
Novel pathways in pathogenesis of food allergy: 
 
The identification of c11orf30 as a genetic risk locus for food allergy opens further research 
possibilities into the pathways to food allergy. Mechanistically, it is possible that the c11orf30 
region could be responsible for multiple phenotypes associated with the atopic march including 
food allergy, eczema, and asthma, and other autoimmune conditions. There are several potential 
ways c11orf30 could exert its influence to result in a variety of clinical presentations, and are 
consistent with an epigenetic connection to allergic disease.20, 48 The protein complex formed by 
KDM5A, a histone demethylase, and EMSY, the protein encoded by c11orf30, appears to 
increase gene transcription.49 EMSY acts as a reader for trimethylation of lysine 4 on histone 
protein H3 (H3K4me3)50 via its recruitment with other members of the EMSY complex to 
H3K4me3 marked promoters, where it appears to be positively correlated with transcriptional 
activity of target genes and cell proliferation.49  
 
Along with members of the EMSY protein complex, EMSY co-localizes with CBX1.33 Similar 
to its highly conserved Drosophila homolog protein dHP1, CBX1 protein has a binding affinity 
for trimethylation of lysine 9 on histone protein H3 (H3K9me3),51 modifications that are linked 
to transcription repression.52 In this study, CBX1 was identified as being regulated by SKAP1 as 
the same SNPs that are associated with PA also regulate the gene expression of CBX1, increasing 
the connections between the novel loci identified in the CanPAR GWAS. SKAP1, which has 
multiple SNPs identified in the CanPAR GWAS, has a known eQTL in CBX1, which encodes a 
protein that mediates gene silencing and alternative splicing,33, 34 and whose product co-localizes 
with EMSY protein, encoded by c11orf30.  
 
CTNNA3, also identified as a PA locus in this study, has an identified copy number variant 
(CNV; CNVR 6828297068284017)53 in pediatric food allergy. It is also tied to histone 
modification as there is an enrichment of enhancer- and promoter- associated histone marker 
H3K4me1 (mono methylation of lysine 4 on histone protein 3) in CTNNA3 CNVR.53  
 
The identification of multiple genes (c11orf30, SKAP1, and CTNNA3) involved with histone-
related proteins supports the hypothesis that epigenetic regulation is mechanistic in the 
development of allergy. Early exposure to peanut prevents development of PA,7 and maintenance 
of peanut consumption promotes continued tolerance of peanut;8 the identified theme of histone-
related loci reveals a potential biological mechanism through which this epigenetic phenomenon 
may occur. This finding could pave the way for potential therapies for those already affected by 
PA. 
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Several SNPs in or near genes related to vascular and endothelial cell factors were identified in 
this study and could be involved in the pathophysiology of PA and food allergy by two putative 
mechanisms: 1) an endothelial barrier defect, promoting sensitization 2) endothelial cells acting 
as antigen presenting cells. Some evidence suggests lymphatic endothelial cells present self-
antigens and help to regulate peripheral T-cell tolerance.54 Several identified loci from this study 
have connections to both allergy and vascular regulation (CTNNA3),55 permeability (ANGPT4)56, 

57 or endothelial cell function (SKAP1,58 EXOC459). Their true role in the pathogenesis of allergic 
disease requires further research. 
 
Strengths and Limitations of the study:  
 
Many of the strengths of this study are directly tied to its limitations. The CanPAR study is large 
with 850 cases after QC and is the largest of the included case groups by a factor of 3, but it is 
still small for a GWAS. There are no similar PA case groups of equivalent size; this complicates 
the replication of novel hits. The 6 studies included in the meta-analysis only contribute an 
additional 732 PA cases, which results in insufficient power to replicate CanPAR findings.  
 
There are numerous sources of heterogeneity that increase the variance of effect size estimation 
and reduce power. These include study design, ascertainment criteria, case and control 
phenotype definition, ethnicity, age, and small sample sizes. Differences in ascertainment criteria 
(food allergy vs PA) may result in differences in the power of the studies to identify 
susceptibility genes for PA versus food allergy even in the presence of equivalent sample sizes. 
The impact of the ascertainment criteria on the power ultimately depends upon the underlying 
genetic model, and will differentially impact loci with peanut-specific susceptibility.  The Dutch 
IMPACT and GENEVA samples are small and contribute point estimates for only 4 SNPs that 
were specifically genotyped for this study; the absence of genome-wide association data 
precludes the use of principal components to control for population stratification when 
generating the point estimates for IMPACT and GENEVA studies. 
 
The importance of phenotyping food allergy is evident by the sizable changes in p-value when a 
large cohort of self-reported food allergy GERA subjects was added to the meta-analysis; it 
highlighted the potential difference in mechanism for c11orf30. The prevalence of food allergy 
in GERA subjects – which is self-reported with no corroborating clinical history or diagnostic 
tests – is 17.58%, which is much higher than other population-based studies in North America 
(6.4 to 7.5%),2 indicating there is likely a high case misclassification rate. Misclassification is a 
known differential bias to the null and can result in false negatives, which can be problematic for 
relatively rare phenotypes such as PA and food allergy, as the misclassification rate can exceed 
the disease prevalence rate. This is particularly an issue in the use of universal controls, where 
genotyping of the controls has been performed in a separate experiment, and misclassification of 
cases and controls is common. Misclassification of an affected individual as a control is much 
less costly than the misclassification of a control as an affected individual.60 A strength of the 
CanPAR study is that the cases and controls were genotyped in the same experiment. 
Additionally, using hyper-controls with comprehensive longitudinal lifetime history and in-depth 
phenotyping of asthma, atopy, skin prick tests, IgE, airway hyper-responsiveness and eczema 
phenotypes virtually eliminates misclassification of controls in the CanPAR study.  
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Careful consideration of potential misclassification needs to be made when using self-reported 
food allergy phenotypes in the absence of food challenges, skin prick tests and food-specific IgE 
levels. This has important implications in today’s research environment where investigators are 
continually striving to maximize the utilization of existing GWAS data. We also see this 
conundrum with the common adoption of general population controls which may contribute to 
population stratification and can result in false positives, a differential bias away from the null; 
both CanPAR and UFA employed this approach. The use of hyper-controls in CanPAR increased 
the power to detect associations with PA, but makes the evaluation of confounders such as 
eczema or asthma difficult, as none of the controls express these phenotypes. The use of this 
study design with controls from a different population limits our ability to evaluate early life 
environmental exposures.  
 
Direct genotyping was not conducted for rs7936434 (imputed), the most significant association 
observed in the c11orf30/EMSY region. While direct genotyping would ensure that the finding is 
not an imputation artifact it is unlikely that the observed association is due to artifact. The 
c11orf30/EMSY locus, reached genome-wide significance due to the contributions not only of 
CanPAR but two other studies (CFA and GERA). Additionally, the strong correlation of this 
locus with allergy and atopic conditions in multiple studies35-41 serve to alleviate concerns that 
this association may be an imputation artifact. 
 
Despite all limitations, this study robustly identified new loci for PA and food allergy with 
genome-wide significance (p=7.50×10-11) across populations in a meta-analysis of 
unprecedented size (1,582 PA cases and 5,446 controls, and 7,627 food allergy cases and 29,084 
food allergy controls). It is important to note the effect sizes for the loci identified are large, 
particularly for a complex disease, and that the finding of c11orf30/EMSY is robust as it 
demonstrates association across the studies despite the diversity of the studies. The eQTL data 
support these new loci and suggest new pathways in the pathogenesis of food allergy. 
 
Conclusion and future directions: 
 
Results of this study identify novel genetic risk factors for PA and food allergy. New pathways 
identified by this unbiased approach include c11orf30/EMSY in peanut and food allergy, and the 
importance of epigenetic mechanisms. It is evident that further work will require larger sample 
sizes, and international collaboration using well-phenotyped individuals for both food allergies 
and other atopic conditions. Functional work including studies of vascular and endothelial cell 
factors may be valuable. Future studies will need to examine gene-environment interactions, 
including duration, timing and mode of environmental exposure, and the role of CNVs, 
methylation, and histone modification.  
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peanut allergy and establishes c11orf30/EMSY as a genetic risk factor for food allergy 
 
Table 1: Most significant SNPs from 10 genomic regions identified in the Canadian Peanut Allergy Registry genome-wide 
association study, listed by order of significance* 

  Related analysis  
(850 cases, 926 controls) 

Unrelated analysis  
(834 cases, 781 controls) 

 

SNP Chr Position Allele MAF Source of SNPs OR LCI UCI P OR LCI UCI P P# Gene/Nearest Gene 

rs115218289 2 173265750 A/C 0.02 Imputed 0.18 0.10 0.32 1.80x10-8 0.20 0.09 0.46 1.39x10-4 8.04x10-1 (298kb)DLX2 | (26kb)ITGA6 

rs72827854 17 46460525 T/C 0.09 Imputed 2.16 1.61 2.90 2.60x10-7 2.08 1.50 2.87 9.00x10-6 8.58x10-1 SKAP1 

rs144897250 11 102750264 A/C 0.02 Imputed 6.20 3.09 12.45 2.90x10-7 6.72 2.72 16.64 3.79x10-5 8.90x10-1 (5kb)MMP12 | (63kb)MMP13 

rs7475217 10 68444013 T/C 0.38 Genotyped 1.64 1.35 1.98 3.58x10-7 1.56 1.28 1.90 9.19x10-6 7.37x10-1 CTNNA3 

rs744597 4 86337028 A/G 0.40 Genotyped 0.61 0.50 0.74 3.98x10-7 0.63 0.52 0.77 3.91x10-6 8.01x10-1 ARHGAP24 

rs523865 20 894881 C/T 0.23 Genotyped 0.57 0.46 0.71 4.42x10-7 0.57 0.45 0.71 1.19x10-6 9.49x10-1 ANGPT4 

rs7936434 11 76293805 C/G 0.49 Imputed 1.58 1.32 1.90 5.17x10-7 1.58 1.31 1.91 2.73x10-6 9.85x10-1 (30kb)C11orf30 | (43kb)LOC101928813 

rs78048444 7 132832218 C/T 0.02 Genotyped 0.22 0.12 0.39 5.44x10-7 0.23 0.11 0.46 4.57x10-5 9.35x10-1 (65kb)CHCHD3 | (106kb)EXOC4 

rs56151068 17 46381431 T/C 0.10 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.70 2.34x10-5 8.39x10-1 SKAP1;LOC101927148 

rs139462954 17 46523678 A/AC 0.09 Imputed 2.06 1.54 2.76 1.23x10-6 1.97 1.43 2.71 2.92x10-5 8.37x10-1 LOC101927166 

 
*Nearest gene was used to determine genomic location.  Chr: chromosome; Allele: minor allele/major allele; MAF: minor allele 
frequency; OR: odds ratio; LCI: lower 95% confidence interval; UCI: upper 95% confidence interval; P: p-value; #comparing related 
and unrelated analyses odds ratio 
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Table 2: Meta-analysis of Canadian, American, Australian, German, and Dutch populations for association with peanut and 
food allergy phenotypes 

 

 
Peanut allergy Food allergy 

 

SNP† C
hr  

Allele 
P-

CanPAR*
a
 P – CFA

b
 

P -

HealthNuts*
c
 

P- 

UFA*
d
 

P - 
IDEAL/GENEVA 

Case-control
e
 

P - Dutch  
GENEVA 
Family -

based
f
 

Pmeta_PA
g
 P –CFA

h
 

P - 
IDEAL/GENEVA 

Case-control
i
 

P - 
GENEVA  

Family 

study
j
 

P -   

GERA
k
 Pmeta

l
 

Pmeta 
(without 

GERA)
m

 

Gene/Nearest 
Gene 

rs115218289^ 2 A/C 1.80 x10-8 NA 6.77x10-1 NA 7.18x10-1 3.54x10-1 9.16x10-8 NA 1.84x10-1 1.90x10-1 5.25x10-1 2.91x10-2 2.38x10-8 (298kb)DLX2| 
(26kb)ITGA6 

rs523865# 20 C/T 4.42x10-7 NA NA NA 8.33x10-1 1.63x10-2 1.54x10-7 NA 2.03x10-1 2.60x10-2 2.66x10-1 9.29x10-3 4.09x10-8 ANGPT4 

rs144897250^ 11 A/C 2.90x10-7 NA 3.84x10-1 NA NA NA 2.94x10-7 NA NA NA 5.89x10-1 6.83x10-2 2.94x10-7 
(5kb)MMP12| 
(63kb)MMP13 

rs7936434^ 11 C/G 5.17x10-7 3.66x10-2 1.43x10-1 NA NA NA 3.13x10-7 5.89x10-5 NA NA 4.13x10-4 1.98x10-8 7.50x10-11 
(30kb)C11orf30| 

(43kb) 
LOC101928813 

rs78048444# 7 C/T 5.44x10-7 NA 2.13x10-1 NA 6.46x10-1 3.54x10-1 3.73x10-7 NA 8.29x10-1 7.87x10-1 6.97x10-1 8.88x10-2 2.53x10-6 
(65kb)CHCHD3| 
(106kb)EXOC4 

rs744597# 4 A/G 3.98x10-7 1.15x10-1 5.57x10-1 NA 8.20x10-2 9.62x10-1 1.63x10-6 5.19x10-1 1.13x10-1 2.69x10-1 3.63x10-1 1.29x10-2 1.42x10-5 ARHGAP24 

rs72827854^ 17 T/C 2.60x10-7 1.36x10-1 3.55x10-1 NA NA NA 3.43x10-6 5.83x10-1 NA NA 7.69x10-1 9.27x10-2 7.47x10-5 SKAP1 

rs55765969^ 17 T/C 1.23x10-6 1.97x10-1 2.81x10-1 NA NA NA 1.45x10-5 6.59x10-1 NA NA 3.77x10-1 3.18x10-2 1.97x10-4 LOC101927166 

rs56151068^ 17 T/C 9.58x10-7 2.51x10-1 3.57x10-1 NA NA NA 2.33x10-5 7.33x10-1 NA NA 4.45x10-1 4.45x10-2 2.66x10-4 
SKAP1; 

LOC101927148 

rs71193762^ 10 A/G 3.77x10-7 8.63x10-1 3.62x10-1 NA NA NA 2.73x10-4 6.87x10-1 NA NA 7.06x10-1 8.83x10-2 1.41x10-4 CTNNA3 

† SNPs in this table were selected to represent each of the 10 genomic regions identified in the CanPAR GWAS (see Table E4 for full 
results).  
Shaded rows indicate suggestive significance (p≤1.49x10-6) in peanut allergy.  
* Used for both - Peanut allergy (PA) and food allergy (FA) 
aP-value from CanPAR (N=1,776), bP-value from Chicago FoodAllergy Study (N=2,197), cP-value from Australian HealthNutstudy 
(N=221), dP-value from German Understanding of Food Allergy study (N=2,592) 
eNumber of individuals 226, 229, 227, and 217 for rs115218289, rs523865, rs78048444, and rs744597, respectively, corrected for 
atopic dermatitis (AD), Asthma (As), and rhinoconjunctivitis (RC) 
fP-value from Dutch GENEVA family study, number of informative families 20, 112, 21, and 112 for rs115218289, rs523865, 
rs78048444, and rs744597, respectively 
gP-value from Stouffer's weighted z-score meta-analysis method for peanut allergy 
hP-value from Chicago Food Allergy Study (N=2,197) 
iP-value from Dutch IDEAL and GENEVA case-control study, number of individuals for SNPs 479, 487, 482, and 466 for 
rs115218289, rs523865, rs78048444, and rs744597, respectively, corrected for atopic dermatitis (AD), Asthma (As), and 
rhinoconjunctivitis (RC) 
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jP-value from Dutch GENEVA, number of informative families for SNPs 26, 196, 37, and 214 for rs115218289, rs523865, 
rs78048444, and rs744597, respectively 
kP-value from GERA food allergy study (N=29,053) 
lP-value from Stouffer's weighted z-score meta-analysis method for food allergy 
mP-value from Stouffer's weighted z-score meta-analysis method for food allergy without GERA study 
Chr: chromosome; Allele: minor allele/major allele; P: p-value 
^ imputed SNP from CanPAR 
# genotyped SNP from CanPAR
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Table 3: Top Canadian Peanut Allergy Registry SNPs associated with PA and Expression Quantitative Trait Loci (eQTL) for 
each locus and tissue type  
SNP Chr  Position Nearest gene Tissue p-value Gene symbol 
rs4491576 17 46408636 SKAP1 whole blood 1.05x10-10 SNX11 
rs16956501 17 46497274 SKAP1 skin, sun exposed lower leg 4.48x10-10 SNX11 
rs139462954 17 46523678 LOC101927166 skin, sun exposed lower leg 8.94x10-10 SNX11 
rs139462954 17 46523678 LOC101927166 cells, transformed fibroblasts 7.36 x10-7 CBX1 

Chr: chromosome; P: p-value
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FIGURE LEGENDS: 
 
Figure 1: QQ and Manhattan plots of related and unrelated analyses. a) QQ plot of the expected 
distribution of test statistics (x-axis) versus observed p-values (y-axis) for related (left) and unrelated analysis 
(right). b) Manhattan plot: SNPs in 850 PA cases and 926 hyper-controls for the related (upper) and unrelated 
(lower) analyses. The x-axis denotes the genomic location and the y-axis the association level. The solid line 
indicates the threshold for genome-wide significance (p≤3.60×10-8) and the dashed line indicates the 
suggestive association significance threshold (p≤1.49x10-6).  
 
 
Figure 2: QQ and Manhattan plots of related and unrelated analyses, conditioned on the top HLA SNP 
(rs3134976). a) QQ plot of the expected distribution of test statistics (x-axis) versus observed p-values (y-
axis) for related analysis, conditioned on rs3134976. SNPs in complete linkage with rs3134976 were 
excluded. b) Manhattan plot: SNPs in 850 PA cases and 926 hyper-controls for the related analysis, 
conditioned on rs3134976. The x-axis denotes genomic location and the y-axis association level. The solid 
line indicates the threshold for genome-wide significance (p≤3.60×10-8) and the dashed line indicates the 
suggestive association significance threshold (p≤1.49x10-6). 
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Online Repository Material for: Genome-wide association study and meta-analysis in multiple 
populations identifies new loci for peanut allergy and establishes c11orf30/EMSY as a genetic 
risk factor for food allergy 

METHODS:  
Genome-wide association study (GWAS): Inclusion criteria for the PA casesE1are shown in 
Table E1. Hyper-controls: individuals with no history of asthma, airway hyperresponsiveness, 
atopy, eczema, allergic rhinitis or food allergy selected from the Busselton Health Study from 
Busselton, Australia.E2 Hyper-controls were selected to maximize the potential of capturing any 
potential risk variants given the small number of cases for a GWAS; this was weighed against 
the possibility of population stratification given the recruitment of cases and controls from 
different countries, and differential SNP call rates from saliva versus blood–derived samples. PA 
case DNA was extracted from saliva and controls from blood.E2 Genotyping of 987 cases and 
987 controls (N=1974) was conducted on the Illumina Omni 2.5M+Exome 8v1.1 chip at the 
Génome Québec Innovation Centre (Montréal, Canada).  

Quality control (QC) included evaluation of batch effects, single nucleotide polymorphism 
(SNP) and sample quality. Testing for batch effects identified statistically significant differences 
in call rates between plates and cases and controls but no interaction between the two (Figure 
E1a to c). Plate number was included as a covariate to account for these differences, which 
increased the p-values but did not change the ranking of the top SNPs. To further investigate 
confounding by DNA source, genotypes were clustered in the cases and controls jointly (which 
is ideal), then cases and controls were clustered separately and genotype calls between joint and 
separated clustering were compared. No significant differences were observed and the joint 
genotype calls were used for the analysis. (Figure E1a and b and c)  

SNPs with a call rate of less than 98% (N= 56,988), ≥2 Mendelian errors (N=2), and 
monomorphic SNPs (N=483,553) were excluded. SNPs with 1 Mendelian error (N=312) and 
departure from Hardy-Weinberg equilibrium (HWE), with p<10-8 (N=424), were flagged but 
retained in the analysis; SNPs with ≥2 of these analysis flags were excluded (N=19). It should be 
noted that none of the SNPs associated in this study with either PA or food allergy were flagged 
during the analysis.  Due to the design of the chip, 94,443 SNPs were included two or more 
times: 90,296 duplicates (45,148x2), 4,131 triplicates (1,377x3), and 16 quadruplicates (4x4). Of 
the duplicated SNPs, those with more than one discordant genotype (N=1,900) and those with 
the lowest call rate were excluded (N=41,521). Analysis was restricted to SNPs with a minor 
allele frequency (MAF) >2%; a total of 1,388,588 SNPs were included 8 genotyping failures (4 
cases, 4 controls); 24 gender errors (19 cases, 5 controls) and 49 samples with call rates <98% 
(26 cases, 23 controls) were removed (Figure E2a). One case subject withdrew consent, and 5 
cases failed to meet clinical criteria set out in the protocol. Identity by state and multidimensional 
scaling as implemented in PLINKv1.07 (http://pngu.mgh.harvard.edu/purcell/plink/)E3 was used 
to identify 13 duplicated case samples and 71 population outliers (56 cases, 15 controls) which 
were removed from the analysis. Heterozygosity outliers (>3 standard deviations) were identified 
and removed (13 cases, 14 controls). A primary related analysis and a secondary unrelated 
analysis were completed (Figure E2a and b). After completion of QC 1,776 individuals (850 
cases, 926 controls) were available for the primary related analysis and 1,615 (834 cases, 781 
controls) in the secondary unrelated case-control analysis (Figure E2a and b). 

Imputation: Genotypic imputation was performed using reference data from 1000 Genomes 
Project (phase 3). Haplotypes were phased using SHAPEIT2 
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(https://mathgen.stats.ox.ac.uk/genetics_software/shapeit/shapeit.html).E4 Genotype data from 
1,388,588  directly genotyped variants were used to impute unmeasured variants, using 
IMPUTEv2.3.2 (https://mathgen.stats.ox.ac.uk/impute/impute_v2.html).E5 QC for imputed data 
was performed by filtering for information score < 80%, certainty < 98%, and MAF < 0.02 
(among unrelated individuals) resulting in 6,441,607 SNPs that passed all QC.  

Meta-analysis: Case and control groups used for the meta-analysis are described in Table E2. 
Analysis of published studies has been previously described.E6-10 Due to differences in 
genotyping platforms and imputation reference panels, it was not possible to evaluate all SNPs in 
all studies. 

Dutch case groups (IDEAL and GENEVA): Two Dutch case groups were included, GENEVA 
and IDEAL. IDEALE11 was designed to study the diagnosis of cashew allergy in children 
sensitized to cashew. GENEVA was initiated to study the genetics of food allergyE12 and 
includes children who had a double-blind, placebo-controlled food challenge (DBPCFC) and 
have clinical data for a variety of foods. DNA was collected by blood or saliva depending on the 
clinical routine. Genotyping was performed by competitive allele-specific PCR using KASPar 
genotyping chemistry (LGC Genomic, Teddington, UK). Associations between the SNPs and 
DBPCFC outcomes were analyzed in trios of the GENEVA cohort using a family-based design. 
The case-control analysis of both GENEVA and IDEAL was performed by logistic regression 
using SPSS 20.0 (IBM, Chicago, IL, USA). Atopic co-morbidities (asthma, eczema, and rhinitis) 
were used in the model as confounders. FBAT software version 2.0.4 was used for family-based 
analyses under the additive model and for testing for Mendelian errors. All analyses were 
performed for food allergy in general and for peanut separately. For detailed information 
regarding cases and controls, see Table E2. Complete trios (father, mother and child) with a non-
western ethnicity were only included in FBAT analysis. For all tests, a two-tailed significance 
level of p< 0.05 was used unless otherwise specified. QC was performed using Haploview 
(https://www.broadinstitute.org/haploview/haploview), removing SNPs with a call rate below 
90% or deviating from HWE. Samples were excluded from analyses if the call rate was ≤50% or 
if trios had ≥ 2 Mendelian errors.E12 
 
References: 
 
 
E1. Asai Y, Greenwood C, Hull PR, Alizadehfar R, Ben-Shoshan M, Brown SJ, et al. 
Filaggrin gene mutation associations with peanut allergy persist despite variations in peanut 
allergy diagnostic criteria or asthma status. J Allergy Clin Immunol 2013; 132:239-42. 
E2. James AL, Knuiman MW, Divitini ML, Hui J, Hunter M, Palmer LJ, et al. Changes in the 
prevalence of asthma in adults since 1966: the Busselton health study. Eur Respir J 2010; 
35:273-8. 
E3. Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, Bender D, et al. PLINK: a 
tool set for whole-genome association and population-based linkage analyses. Am J Hum Genet 
2007; 81:559-75. 
E4. Delaneau O, Marchini J, Genomes Project C, Genomes Project C. Integrating sequence 
and array data to create an improved 1000 Genomes Project haplotype reference panel. Nat 
Commun 2014; 5:3934. 
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Online Repository Tables and Figure Legends for: Genome-wide association study and meta-analysis in multiple populations 
identifies new loci for peanut allergy and establishes c11orf30/EMSY as a genetic risk factor for food allergy 
 
Table E1: Case definition of peanut allergy in the Canadian Peanut Allergy Registry 
 History  Skin 

prick 
test to 
peanut 

 Peanut-specific 
IgE 

# of 
subjects 
(N=850) 

1 Oral food challenge     27 
2 A convincing history of an allergic reaction* AND ≥ 3 mm AND ≥ 0.35 kU/L 314 
3 A convincing history of an allergic reaction* AND ≥ 3 mm   354 
4 A convincing history of an allergic reaction* AND   ≥ 0.35 kU/L 45 
5 Uncertain history of an allergic reaction& AND ≥ 3 mm AND ≥ 15 kU/L 46 
6 No history of a reaction^ AND ≥ 3 mm AND ≥ 15 kU/L 64 
*Convincing history includes: 2 mild symptoms or signs, OR 1 moderate or 1 severe symptom or sign, AND occurring within 120 
minutes after known peanut contact or ingestion; & Uncertain history includes: 1 mild symptom or sign occurring within 120 minutes after 
known peanut contact or ingestion, OR 1 moderate or 1 severe symptom or sign but lacking information on time or mode of peanut 
contact; ^No history of a reaction; individuals were advised to avoid peanut due to testing AND/OR affected sibling, OR have no history 
of peanut exposure. A mild reaction was defined by pruritus, itchy throat, urticaria, flushing, or rhinoconjunctivitis. A moderate reaction 
was defined by angioedema, coughing, stridor, tight throat, voice change, nausea, abdominal pain, vomiting, or difficulty breathing. A 
severe reaction was defined by wheezing, cyanosis, or circulatory collapse. 
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Table E2: Summary of case and control groups 
Location Cases Controls Study design Age Ethnicity Genotyping chip 
Canadian 
Peanut Allergy 
Registry 
(CanPAR) 
(PA: N=1,776, 
FA: N=1,776) 

PA (N=987, N=850 after 
quality control), see Table E1 
for inclusion criteria. Self-
reported FA and PA (N=636 
after quality control) 

Controls for PA and FA 
(N=987; 926 after quality 
control): non-atopic, no 
history of asthma, airway 
hyper-responsiveness, 
atopy, eczema, allergic 
rhinitis or FA (Australia, 
Busselton Health Study)  

Case-control and 
related analysis, 
recruited on PA 

Cases:  
Mean age in years 
(SD): 12(6)  
Range: 1-63years 
Hyper-controls:  
Mean age in years 
(SD): 49(25)  
Range : 6-93years 

Self-
identified 
Caucasian 

Illumina Omni 
2.5M+Exome 8v1.1 

American 
(Chicago Food 
Study)E6  
(PA: N=2,197, 
FA: N=2,197) 

PA (N=316), convincing 
history of clinical allergic 
reaction on ingestion to 
peanut and evidence of 
sensitization to peanut 
(peanut-specific 
IgE≥0.10kU/L and/or a 
positive SPT ≥3 mm); food 
allergy (N=671) 

Controls for PA 
(N=1,881): 144 non-
allergic non-sensitized 
controls and 1737 
controls of uncertain 
phenotypes  
Controls for FA 
(N=1,526): 144 non-
allergic non-sensitized 
controls and 1,382 
controls of uncertain 
phenotypes 

Case-control, 
and family-
based, recruited 
on food allergy 

Mean age in years 
(SD):  
European: 5.8 
(3.8) 
Non-European: 
6.0 (3.8) 
 
Age range of 
children in 
discovery: 0-21 
years  

Multi-ethnic Illumina HumanOmni1-
Quad BeadChip  
 

American 
GERA cohort 
(Genetic 
Epidemiology 
Research on 
Aging)E8-10  
(FA: N= 
29,053) 

Total cohort members: 
N=103,067 
Data used for the analysis is a 
nested case-control 
Cases: Self-reported food 
allergy in medical chart: 
(N=5,108) 
 

Controls for FA (N= 
23,945): Controls without 
self-reported FA 
 

Cohort study Age range: 18 to 
>100 years, 
average age 63 
years 

Multi-ethnic Affymetrix Axiom with 

674,517 SNPs 

German 
(Understanding 
Food allergy)E7 
** 
(PA and FA: 
N=2,592) 

PA (N=205), +DBPCFC or a 
history of a severe allergic 
reaction to peanuts plus 
specific sensitization to 
peanut protein (>0.35 kUl-1); 
food allergy (N=205) 
 

Controls for PA and FA 
(N= 2,387): unrelated 
individuals from the 
German population based 
Heinz Nixdorf Recall 
Study E12 

Case-control 
recruited on food 
allergy 

Cases: No 
information 
available  
 
Controls: adults 
aged 45-75 years 

Self-
reported 
German 
ancestry 

HumanOmniExpressExome-
8 v1.2 (Cases) 
HumanOmniExpress-12 
v1.1 plus HumanExome-12 
v1 or HumanOmni1M-4 v1 
plus HumanExome-12 v1. 
(Controls) 

Australian 
(Health Nuts 

PA (N=73), + oral challenge 
to peanut or parent report of 

Controls for PA and FA 
(N=148): SPT negative to 

Case-control, 
recruited on PA 

Mean age in 
months (SD):  

Multi-ethnic Illumina Omni 2.5+8 
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Study)  
(PA and FA: 
N=221)E7 

clear history of immediate 
reaction in the past 2 months 
(N=3); food allergy (N=73) 

egg white, peanut, 
sesame, shrimp, cow’s 
milk, cashew, almond, 
hazelnut, soy and wheat, 
with negative oral 
challenge to peanut  

and egg allergy PA cases: 12.8 
(0.8) 
Non-atopic 
controls 12.6 
(0.67) 

 Dutch  
IDEAL study $ 

(PA: N=27, 
FA: N=138) 

PA (N=13): +DBPCFC to 
peanut 
FA in general (N=115): 
+DBPCFC to any food; 
peanut (N=13), cashew 
(N=111), cow’s milk (N=4), 
hazelnut (N=5), hens egg 
(N=7), walnut (N=2) and 
sesame seed (N=1). Some 
subjects have a +DBPCFC for 
multiple foods. 

Controls for PA (N=14): -
DBPCFC to peanut  
Controls for FA (N=23): 
only -DBPCFC to any 
food including: peanut 
(N=14), cashew (N=23), 
hazelnut (N=1) and 
walnut (N=1).   
Some subjects have a -
DBPCFC for multiple 
foods 

Case-control, 
recruited on 
cashew allergy 

Age range: 
peanut-tested 
children: 1-
18years 
 
Mean (SD) age in 
years: 
peanut-tested 
children: 9(7) 
years 

Self-
reported 
Western 
ancestry 

Competitive allele-specific 
PCR using KASPar 
genotyping chemistry, under 
contract by LGC Genomic 
(LGC, Teddington, UK). 

Dutch  
GENEVA 
study $ 

(PA: N=215, 
FA: N=375) 

PA (N=125): +DBPCFC to 
peanut 
FA in general (N=246): 
+DBPCFC to any food; 
peanut (N=125), cashew 
(N=22), cow’s milk (N=68), 
hazelnut (N=39), hens egg 
(N=43), walnut (N=19), soy 
(N=10), almond (N=1), 
buckwheat (N=1), sesame 
seed (N=2), pine nut (N=2) 
and brazil nut (N=1). Some 
subjects have a +DBPCFC for 
multiple foods. There were no 
+ DBPCFCs for wheat, lupin 
seed, pistachio and 
macadamia.  

Controls for PA (N=90): -
DBPCFC to peanut  
Controls for FA (N=129): 
-DBPCFC to any food 
including: peanut (N=90), 
cashew (N=5), cow’s 
milk (N=45), hazelnut 
(N=12), hens egg (N=27), 
walnut (N=6), soy (N=3), 
almond (N=2), wheat 
(N=3), lupin seed (N=2), 
pistachio (N=2) and 
macadamia (N=1). 
Some subjects have a -
DBPCFC for multiple 
foods 
 

Family-based, 
recruited based 
on any food 
allergy 
 
 

Age range: 
cashew-tested 
children: 2-
18years 
 
Mean (SD) age in 
years: 
cashew-tested 
children: 9(9) 

Multi-ethnic Competitive allele-specific 
PCR using KASPar 
genotyping chemistry, under 
contract by LGC Genomic 
(LGC, Teddington, UK). 

** Only previously published data were available from this study for the following SNPs: rs57144668, rs4240433, rs6928827, 
rs73220497, rs16870788, rs6763069, rs10018666, rs2439871, rs864481, rs10812871, rs73971133, rs6686894, rs12142904, rs7131777, 
rs10474468, rs8077351, rs11700330, rs6584390, rs7300806, rs9362681, rs17555239 
PA: peanut allergy; FA: food allergy, DBPCFC: double-blind, placebo-controlled food challenge, SPT: skin prick test 
$ for the case-control analyses, members from both the IDEAL and GENEVA were used
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Table E3: Canadian Peanut Allergy Registry (CanPAR) related analysis, genome-wide associations (n=61) with p-value ≤1.49x10-6*  

       
Related analysis 

(850 cases, 926 controls) 
Unrelated analysis 

(834 cases, 781 controls)  

SNP Chr Position r2# Allele MAF' Source of SNPs OR LCI UCI P OR LCI UCI P Gene/Nearest Gene 

rs115218289 2 173265750 - A/C 0.02 Imputed 0.18 0.1 0.32 1.80x10-8 0.2 0.09 0.46 1.39x10-4 (298kb)DLX2 | (26kb)ITGA6 

rs744597 4 86337028 - A/G 0.4 Genotyped 0.61 0.5 0.74 3.98x10-7 0.63 0.52 0.77 3.91x10-6 ARHGAP24 

rs78048444 7 132832218 - C/T 0.02 Genotyped 0.22 0.12 0.39 5.44x10-7 0.23 0.11 0.46 4.57x10-5 (65kb)CHCHD3 | (106kb)EXOC4 

rs7475217 10 68444013 - T/C 0.38 Genotyped 1.64 1.35 1.98 3.58x10-7 1.56 1.28 1.9 9.19x10-6 CTNNA3 

rs71193762 10 68437687 0.9961 A/G 0.38 Imputed 1.63 1.35 1.98 3.77x10-7 1.56 1.28 1.9 9.42x10-6 CTNNA3 

rs2394283 10 68432211 0.9967 G/T 0.38 Imputed 1.64 1.36 1.99 4.42x10-7 1.56 1.28 1.91 1.08x10-5 CTNNA3 

rs12779828 10 68437537 0.9973 C/T 0.38 Imputed 1.63 1.35 1.97 4.66x10-7 1.55 1.28 1.89 1.08x10-5 CTNNA3 

rs2394298 10 68462751 0.9970 G/A 0.38 Imputed 1.62 1.34 1.96 5.73x10-7 1.55 1.27 1.88 1.42x10-5 CTNNA3 

rs34018067 10 68447638 0.9998 A/G 0.38 Imputed 1.62 1.34 1.96 5.73x10-7 1.54 1.27 1.88 1.42x10-5 CTNNA3 

rs7911791 10 68459353 0.9997 A/T 0.38 Imputed 1.62 1.34 1.96 6.04x10-7 1.54 1.27 1.88 1.42x10-5 CTNNA3 

rs11815638 10 68450128 0.9997 G/A 0.38 Imputed 1.62 1.34 1.96 6.04x10-7 1.54 1.27 1.88 1.49x10-5 CTNNA3 

rs11816216 10 68451379 0.9997 T/A 0.38 Imputed 1.62 1.34 1.96 6.04x10-7 1.54 1.27 1.88 1.49x10-5 CTNNA3 

rs61866029 10 68455505 0.9997 C/T 0.38 Imputed 1.62 1.34 1.96 6.04x10-7 1.54 1.27 1.88 1.49x10-5 CTNNA3 

rs7910177 10 68450290 0.9997 T/G 0.38 Imputed 1.62 1.34 1.96 6.04x10-7 1.54 1.27 1.88 1.49x10-5 CTNNA3 

rs7894410 10 68466106 0.9959 G/A 0.38 Imputed 1.62 1.34 1.95 7.42x10-7 1.54 1.26 1.88 1.71x10-5 CTNNA3 

rs748704 10 68481094 0.9285 C/T 0.37 Imputed 1.6 1.32 1.93 1.06x10-6 1.52 1.25 1.86 3.05x10-5 CTNNA3 

rs144897250 11 102750264 - A/C 0.02 Imputed 6.2 3.09 12.45 2.90x10-7 6.72 2.72 16.64 3.79x10-5 (5kb)MMP12 | (63kb)MMP13 

rs7936434 11 76293805 - C/G 0.49 Imputed 1.58 1.32 1.9 5.17x10-7 1.58 1.31 1.91 2.73x10-6 (30kb)C11orf30 | (43kb)LOC101928813 

rs7931483 11 76302067 0.9831 A/C 0.49 Imputed 1.58 1.32 1.89 5.44x10-7 1.58 1.3 1.91 3.16x10-6 (38kb)C11orf30 | (35kb)LOC101928813 

rs7936070 11 76293527 0.9933 T/G 0.49 Imputed 1.57 1.31 1.88 7.81x10-7 1.57 1.3 1.9 4.03x10-6 (30kb)C11orf30 | (43kb)LOC101928813 

rs7936312 11 76293726 0.9933 T/G 0.49 Imputed 1.57 1.31 1.88 7.81x10-7 1.57 1.3 1.9 4.03x10-6 (30kb)C11orf30 | (43kb)LOC101928813 

rs7936323 11 76293758 0.9933 A/G 0.49 Imputed 1.57 1.31 1.88 7.81x10-7 1.57 1.3 1.9 4.03x10-6 (30kb)C11orf30 | (43kb)LOC101928813 

rs72827854 17 46460525 - T/C 0.09 Imputed 2.16 1.61 2.9 2.60x10-7 2.08 1.5 2.87 9.00x10-6 SKAP1 

rs200314279 17 46446542 0.9404 A/T 0.1 Imputed 2.06 1.55 2.74 6.36x10-7 1.94 1.42 2.66 3.32x10-5 SKAP1 
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rs4491576 17 46408636 0.9513 T/A 0.1 Imputed 2.09 1.56 2.79 6.70x10-7 2.03 1.48 2.78 1.03x10-5 SKAP1 

rs17623518 17 46438150 0.9674 A/G 0.1 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.7 2.34x10-5 SKAP1 

rs17695179 17 46370309 0.9674 T/C 0.1 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.7 2.34x10-5 SKAP1 

rs111396120 17 46445042 0.9674 A/G 0.1 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.7 2.34x10-5 SKAP1 

rs143328356 17 46427578 0.9674 TA/T 0.1 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.7 2.34x10-5 SKAP1 

rs17623125 17 46410661 0.9674 G/C 0.1 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.7 2.34x10-5 SKAP1 

rs17623416 17 46430565 0.9674 C/A 0.1 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.7 2.34x10-5 SKAP1 

rs2175156 17 46442786 0.9674 G/A 0.1 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.7 2.34x10-5 SKAP1 

rs56151068 17 46381431 0.9674 T/C 0.1 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.7 2.34x10-5 SKAP1;LOC101927148 

rs72827825 17 46392352 0.9674 T/C 0.1 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.7 2.34x10-5 SKAP1 

rs72827848 17 46445747 0.9674 A/C 0.1 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.7 2.34x10-5 SKAP1 

rs16956001 17 46451808 0.9674 G/C 0.1 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.7 2.34x10-5 SKAP1 

rs72827851 17 46452495 0.9674 A/C 0.1 Imputed 2.06 1.54 2.76 9.58x10-7 1.97 1.44 2.7 2.34x10-5 SKAP1 

rs16955960 17 46445993 0.9674 G/T 0.1 Genotyped 2.06 1.54 2.75 1.01x10-6 1.97 1.44 2.7 2.40x10-5 SKAP1 

rs56093336 17 46468579 0.9675 T/C 0.09 Imputed 2.06 1.54 2.75 1.01x10-6 1.97 1.44 2.7 2.44x10-5 SKAP1 

rs143892933 17 46478338 0.9674 A/AT 0.09 Imputed 2.06 1.54 2.75 1.06x10-6 1.97 1.44 2.7 2.55x10-5 SKAP1 

rs16956501 17 46497274 0.9670 C/G 0.09 Imputed 2.06 1.54 2.75 1.12x10-6 1.97 1.43 2.69 2.67x10-5 SKAP1 

rs55912545 17 46487324 0.9672 C/A 0.09 Imputed 2.06 1.54 2.75 1.12x10-6 1.97 1.44 2.7 2.55x10-5 SKAP1 

rs55641965 17 46487300 0.9672 G/T 0.09 Imputed 2.06 1.54 2.75 1.12x10-6 1.97 1.44 2.7 2.55x10-5 SKAP1 

rs72827805 17 46349432 0.9271 C/T 0.1 Imputed 2.04 1.53 2.73 1.23x10-6 1.95 1.43 2.66 2.55x10-5 SKAP1 

rs112147946 17 46350146 0.9273 C/T 0.1 Imputed 2.05 1.53 2.73 1.23x10-6 1.95 1.43 2.66 2.55x10-5 SKAP1 

rs72827806 17 46351066 0.9273 A/C 0.1 Imputed 2.05 1.53 2.73 1.23x10-6 1.95 1.43 2.66 2.55x10-5 SKAP1 

rs17694670 17 46356471 0.9274 T/C 0.1 Imputed 2.05 1.53 2.73 1.23x10-6 1.95 1.43 2.66 2.55x10-5 SKAP1 

rs72827810 17 46355550 0.9274 G/A 0.1 Imputed 2.05 1.53 2.73 1.23x10-6 1.95 1.43 2.66 2.55x10-5 SKAP1 

rs17621689 17 46358952 0.9274 G/T 0.1 Imputed 2.05 1.53 2.73 1.23x10-6 1.95 1.43 2.66 2.55x10-5 SKAP1 

rs16957085 17 46532956 0.9410 A/G 0.09 Imputed 2.06 1.54 2.76 1.23x10-6 1.97 1.44 2.71 2.79x10-5 LOC101927166 

rs56311919 17 46528350 0.9411 T/C 0.09 Imputed 2.06 1.54 2.77 1.23x10-6 1.97 1.44 2.71 2.92x10-5 LOC101927166 

rs55765969 17 46528015 0.9411 T/C 0.09 Imputed 2.06 1.54 2.76 1.23x10-6 1.97 1.44 2.71 2.92x10-5 LOC101927166 
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rs139462954 17 46523678 0.9433 A/AC 0.09 Imputed 2.06 1.54 2.76 1.23x10-6 1.97 1.43 2.71 2.92x10-5 LOC101927166 

rs138636532 17 46386930 0.9642 G/GAT 0.09 Imputed 2.06 1.54 2.75 1.23x10-6 1.97 1.43 2.7 2.79x10-5 SKAP1 

rs17694404 17 46348354 0.9268 A/G 0.1 Imputed 2.04 1.53 2.73 1.30x10-6 1.95 1.43 2.66 2.67x10-5 SKAP1 

rs147813436 17 46344017 0.9268 T/C 0.1 Imputed 2.04 1.53 2.73 1.30x10-6 1.95 1.43 2.66 2.55x10-5 SKAP1 

rs17694168 17 46340934 0.9269 A/G 0.1 Imputed 2.04 1.53 2.73 1.30x10-6 1.95 1.43 2.66 2.55x10-5 SKAP1 

rs17694092 17 46334294 0.9269 G/A 0.1 Imputed 2.04 1.53 2.73 1.30x10-6 1.95 1.43 2.66 2.55x10-5 SKAP1 

rs72825596 17 46334340 0.9269 A/G 0.1 Imputed 2.04 1.53 2.73 1.30x10-6 1.95 1.43 2.66 2.55x10-5 SKAP1 

rs10514944 17 46398352 0.9635 A/G 0.09 Imputed 2.05 1.53 2.74 1.37x10-6 1.96 1.43 2.69 2.92x10-5 SKAP1 

rs523865 20 894881 - C/T 0.23 Genotyped 0.57 0.46 0.71 4.42x10-7 0.57 0.45 0.71 1.19x10-6 ANGPT4 

 
*p-value obtained in related analysis. ∀Table does not include SNPs in HLA. ∋ taken from related analyses. # r2 indicates LD with the 
most significant SNP for each locus, which is always the first entry. Chr: chromosome; Allele: minor allele/major allele; MAF: minor 
allele frequency; OR: odds ratio; LCI: lower 95% confidence interval; UCI: upper 95% confidence interval; P: p-value 
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Table E4: SNPs with p-values ≤≤≤≤1.49x10-6 after conditioning on SNP rs3134976 in the related analysis, ordered by the conditioning p-value. 

 

Related analysis       
(850 cases, 926 controls)                                                                           

Related analysis  
conditioned on rs3134976   
(850 cases, 926 controls)                                                                           

SNP CHR Position Allele OR LCI UCI P OR LCI UCI P Gene/Nearest Gene 

rs115218289 2 173265750 A/C 0.18 0.10 0.32 1.80x10-8 0.16 0.08 0.31 3.59x10-8 (298kb)DLX2|(26kb)ITGA6 

rs72827854 17 46460525 T/C 2.16 1.61 2.90 2.60x10-7 2.29 1.69 3.08 6.30x10-8 SKAP1 

rs200314279 17 46446542 A/T 2.06 1.55 2.74 6.36x10-7 2.18 1.63 2.92 1.70x10-7 SKAP1 

rs4491576 17 46408636 T/A 2.09 1.56 2.79 6.70x10-7 2.19 1.63 2.95 2.22x10-7 SKAP1 

rs7475217 10 68444013 T/C 1.64 1.35 1.98 3.58x10-7 1.65 1.36 1.99 2.75x10-7 CTNNA3 

rs112147946 17 46350146 C/T 2.05 1.53 2.73 1.23x10-6 2.16 1.61 2.91 3.06x10-7 SKAP1 

rs17621689 17 46358952 G/T 2.05 1.53 2.73 1.23x10-6 2.16 1.61 2.91 3.06x10-7 SKAP1 

rs17694670 17 46356471 T/C 2.05 1.53 2.73 1.23x10-6 2.16 1.61 2.91 3.06x10-7 SKAP1 

rs72827806 17 46351066 A/C 2.05 1.53 2.73 1.23x10-6 2.16 1.61 2.91 3.06x10-7 SKAP1 

rs72827810 17 46355550 G/A 2.05 1.53 2.73 1.23x10-6 2.16 1.61 2.91 3.06x10-7 SKAP1 

rs147813436 17 46344017 T/C 2.04 1.53 2.73 1.30x10-6 2.16 1.61 2.90 3.22x10-7 SKAP1 

rs17694092 17 46334294 G/A 2.04 1.53 2.73 1.30x10-6 2.16 1.61 2.90 3.22x10-7 SKAP1 

rs17694168 17 46340934 A/G 2.04 1.53 2.73 1.30x10-6 2.16 1.61 2.90 3.22x10-7 SKAP1 

rs17694404 17 46348354 A/G 2.04 1.53 2.73 1.30x10-6 2.16 1.61 2.90 3.22x10-7 SKAP1 

rs71193762 10 68437687 A/G 1.63 1.35 1.98 3.77x10-7 1.64 1.36 1.98 3.22x10-7 CTNNA3 

rs72825596 17 46334340 A/G 2.04 1.53 2.73 1.30x10-6 2.16 1.61 2.90 3.22x10-7 SKAP1 

rs72827805 17 46349432 C/T 2.04 1.53 2.73 1.23x10-6 2.16 1.61 2.90 3.22x10-7 SKAP1 

rs111396120 17 46445042 A/G 2.06 1.54 2.76 9.58x10-7 2.16 1.61 2.91 3.40x10-7 SKAP1 

rs143328356 17 46427578 TA/T 2.06 1.54 2.76 9.58x10-7 2.16 1.61 2.91 3.40x10-7 SKAP1 

rs16956001 17 46451808 G/C 2.06 1.54 2.76 9.58x10-7 2.16 1.61 2.91 3.40x10-7 SKAP1 

rs17623125 17 46410661 G/C 2.06 1.54 2.76 9.58x10-7 2.16 1.61 2.91 3.40x10-7 SKAP1 

rs17623416 17 46430565 C/A 2.06 1.54 2.76 9.58x10-7 2.16 1.61 2.91 3.40x10-7 SKAP1 

rs17623518 17 46438150 A/G 2.06 1.54 2.76 9.58x10-7 2.16 1.61 2.91 3.40x10-7 SKAP1 

rs17695179 17 46370309 T/C 2.06 1.54 2.76 9.58x10-7 2.16 1.61 2.91 3.40x10-7 SKAP1 

rs2175156 17 46442786 G/A 2.06 1.54 2.76 9.58x10-7 2.16 1.61 2.91 3.40x10-7 SKAP1 
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rs56151068 17 46381431 T/C 2.06 1.54 2.76 9.58x10-7 2.16 1.61 2.91 3.40x10-7 SKAP1;LOC101927148 

rs72827825 17 46392352 T/C 2.06 1.54 2.76 9.58x10-7 2.16 1.61 2.91 3.40x10-7 SKAP1 

rs72827848 17 46445747 A/C 2.06 1.54 2.76 9.58x10-7 2.16 1.61 2.91 3.40x10-7 SKAP1 

rs72827851 17 46452495 A/C 2.06 1.54 2.76 9.58x10-7 2.16 1.61 2.91 3.40x10-7 SKAP1 

rs16955960 17 46445993 G/T 2.06 1.54 2.75 1.01x10-6 2.16 1.61 2.91 3.40x10-7 SKAP1 

rs56093336 17 46468579 T/C 2.06 1.54 2.75 1.01x10-6 2.16 1.61 2.91 3.58x10-7 SKAP1 

rs744597 4 86337028 A/G 0.61 0.50 0.74 3.98x10-7 0.60 0.49 0.73 3.58x10-7 ARHGAP24 

rs143892933 17 46478338 A/AT 2.06 1.54 2.75 1.06x10-6 2.16 1.60 2.90 3.77x10-7 SKAP1 

rs2394283 10 68432211 G/T 1.64 1.36 1.99 4.42x10-7 1.65 1.36 2.00 3.77x10-7 CTNNA3 

rs12779828 10 68437537 C/T 1.63 1.35 1.97 4.66x10-7 1.63 1.35 1.98 3.98x10-7 CTNNA3 

rs16956501 17 46497274 C/G 2.06 1.54 2.75 1.12x10-6 2.15 1.60 2.90 3.98x10-7 SKAP1 

rs35261737* 17 46333537 ATG/A 2.03 1.52 2.71 1.67x10-6 2.15 1.60 2.89 3.98x10-7 SKAP1 

rs55641965 17 46487300 G/T 2.06 1.54 2.75 1.12x10-6 2.16 1.60 2.90 3.98x10-7 SKAP1 

rs55912545 17 46487324 C/A 2.06 1.54 2.75 1.12x10-6 2.16 1.60 2.90 3.98x10-7 SKAP1 

rs138636532 17 46386930 G/GAT 2.06 1.54 2.75 1.23x10-6 2.15 1.60 2.90 4.42x10-7 SKAP1 

rs2394298 10 68462751 G/A 1.62 1.34 1.96 5.73x10-7 1.63 1.35 1.97 4.42x10-7 CTNNA3 

rs11815638 10 68450128 G/A 1.62 1.34 1.96 6.04x10-7 1.63 1.35 1.97 4.66x10-7 CTNNA3 

rs11816216 10 68451379 T/A 1.62 1.34 1.96 6.04x10-7 1.63 1.35 1.97 4.66x10-7 CTNNA3 

rs34018067 10 68447638 A/G 1.62 1.34 1.96 5.73x10-7 1.63 1.35 1.97 4.66x10-7 CTNNA3 

rs61866029 10 68455505 C/T 1.62 1.34 1.96 6.04x10-7 1.63 1.35 1.97 4.66x10-7 CTNNA3 

rs7910177 10 68450290 T/G 1.62 1.34 1.96 6.04x10-7 1.63 1.35 1.97 4.66x10-7 CTNNA3 

rs7911791 10 68459353 A/T 1.62 1.34 1.96 6.04x10-7 1.63 1.35 1.97 4.66x10-7 CTNNA3 

rs72825595* 17 46330118 C/T 2.03 1.52 2.70 1.51x10-6 2.13 1.59 2.86 4.66x10-7 SKAP1  

rs10514944 17 46398352 A/G 2.05 1.53 2.74 1.37x10-6 2.14 1.59 2.89 5.17x10-7 SKAP1 

rs202084258 17 46369506 A/AAAG 2.00 1.50 2.67 2.36x10-6 2.12 1.58 2.85 5.17x10-7 SKAP1 

rs7894410 10 68466106 G/A 1.62 1.34 1.95 7.42x10-7 1.63 1.34 1.97 5.44x10-7 CTNNA3 

rs139462954 17 46523678 A/AC 2.06 1.54 2.76 1.23x10-6 2.15 1.59 2.90 5.73x10-7 LOC101927166 

rs16957085 17 46532956 A/G 2.06 1.54 2.76 1.23x10-6 2.15 1.59 2.90 5.73x10-7 LOC101927166 

rs55765969 17 46528015 T/C 2.06 1.54 2.76 1.23x10-6 2.15 1.59 2.90 5.73x10-7 LOC101927166 

rs56311919 17 46528350 T/C 2.06 1.54 2.77 1.23x10-6 2.15 1.59 2.90 5.73x10-7 LOC101927166 
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rs17620866* 17 46328398 G/C 2.03 1.51 2.72 2.60x10-6 2.14 1.59 2.90 6.36x10-7 SKAP1 

rs748704 10 68481094 C/T 1.60 1.32 1.93 1.06x10-6 1.61 1.34 1.94 6.36x10-7 CTNNA3 

rs2036520* 17 46328970 A/G 2.02 1.51 2.72 2.60x10-6 2.14 1.59 2.89 6.70x10-7 SKAP1 

rs2036521* 17 46328976 G/T 2.02 1.51 2.72 2.60x10-6 2.14 1.59 2.89 6.70x10-7 SKAP1 

rs2271264* 17 46507417 A/G 2.04 1.52 2.72 1.51x10-6 2.12 1.58 2.86 6.70x10-7 SKAP1 

rs55751709* 17 46531175 C/G 2.04 1.52 2.73 1.59x10-6 2.13 1.58 2.87 6.70x10-7 LOC101927166 

rs56371910* 17 46530731 T/C 2.04 1.52 2.73 1.59x10-6 2.13 1.58 2.87 6.70x10-7 LOC101927166 

rs9907565* 17 46535345 G/A 2.03 1.52 2.72 1.75x10-6 2.12 1.58 2.86 7.05x10-7 LOC101927166 

rs17693878* 17 46328110 G/A 2.02 1.51 2.71 2.87x10-6 2.14 1.58 2.88 7.42x10-7 SKAP1 

rs56103412* 17 46542302 A/T 2.03 1.52 2.72 1.75x10-6 2.12 1.58 2.86 7.42x10-7 LOC101927166 

rs9899997* 17 46542719 G/T 2.03 1.52 2.72 1.75x10-6 2.12 1.58 2.86 7.42x10-7 LOC101927166 

rs78048444 7 132832218 C/T 0.22 0.12 0.39 5.44x10-7 0.19 0.10 0.37 7.81x10-7 (65kb)CHCHD3|(106kb)EXOC4 

rs112560794* 17 46509723 A/G 2.02 1.51 2.70 1.94x10-6 2.11 1.57 2.83 8.65x10-7 (2kb)SKAP1|(12kb)LOC101927166 

rs3809744* 17 46507918 C/G 2.02 1.51 2.70 1.94x10-6 2.11 1.57 2.83 8.65x10-7 (<1kb)SKAP1|(14kb)LOC101927166 

rs72827869* 17 46506699 A/G 2.02 1.51 2.70 1.94x10-6 2.11 1.57 2.83 8.65x10-7 SKAP1 

rs72827873* 17 46515784 C/T 2.02 1.51 2.70 1.94x10-6 2.11 1.57 2.83 8.65x10-7 (8kb)SKAP1|(6kb)LOC101927166 

rs139902172* 10 68453196 T/C 1.60 1.32 1.94 1.59x10-6 1.61 1.33 1.96 1.30x10-6 CTNNA3 

rs144897250 11 102750264 A/C 6.20 3.09 12.45 2.90x10-7 5.86 2.86 12.03 1.44x10-6 (5kb)MMP12|(63kb)MMP13 

 
* SNPs are significant only after conditioning on rs3134976; Allele: minor allele/major allele; OR: odds ratio; LCI: lower 95% confidence interval; UCI: upper 95% 
confidence interval; P: p-value 
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Table E5: Meta-analysis of Canadian, American, Australian, German, and Dutch populations for association with peanut and 
food allergy phenotypes for previously published association SNPs 

   

 

 Peanut allergy Food allergy  

SNP† Chr Position Allele Source of 
SNPs 

P-

CanPAR*
a
      

P – 

CFA
b
          

P -

HealthNuts*
c
              

P- 

UFA*
d
          

P - IDEAL/ 
GENEVA 

Case-

control
e
  

P - Dutch                 
GENEVA Family 

-based
f
  

Pmeta_PA
g
 

P –

CFA
h
     

P - IDEAL/ 
GENEVA 

Case-control
i
 

P – GENEVA 

Family study
j
  

P -   

GERA
k
 Pmeta

l
 

Pmeta 
(without 

GERA)
m

 
Gene/Nearest Gene 

rs862942 14 26492233 C/T Hong et al. 1.62x10-1 3.00x10-6 1.07x10-1 NA NA NA 3.14x10-6 2.70x10-4 NA NA 5.21x10-1 4.64x10-2 8.96x10-5 (973kb)STXBP6|(423kb)NOVA1 

rs10878354 12 66384885 A/G Hong et al. 1.50x10-1 5.10x10-6 4.62x10-1 NA NA NA 1.05x10-5 3.10x10-2 NA NA 4.41x10-1 9.55x10-2 7.65x10-3 (25kb)HMGA2|(75kb)RNA5SP362 

rs4584173 8 135336557 G/A Hong et al. 8.34x10-1 3.60x10-6 3.77x10-1 NA NA NA 2.22x10-4 3.10x10-2 NA NA 6.64x10-2 1.68x10-2 5.74x10-2 (422kb)LOC101927822|(153kb)ZFAT 

rs57144668 4 186704292 T/C Martino et al. 2.26x10-1 9.00x10-3 3.37x10-5 2.30x10-1 NA NA 3.24x10-4 NA NA NA 1.39x10-1 2.01x10-2 1.03x10-2 SORBS2 

rs4240433 9 132008809 G/A Martino et al. 4.88x10-2 6.36x10-1 6.62x10-6 2.60x10-1 NA NA 5.33x10-3 5.14x10-1 NA NA 6.09x10-1 8.60x10-2 3.87x10-3 (68kb)IER5L|(36kb)LOC101929331 

rs6928827 6 144315219 A/G Martino et al. 1.68x10-1 4.30x10-1 9.54x10-8 3.90x10-1 NA NA 8.07x10-3 9.72x10-2 NA NA 1.38x10-1 6.88x10-3 1.67x10-3 PLAGL1 

rs73220497 7 115842729 T/G Martino et al. 8.57x10-1 5.84x10-1 2.73x10-5 3.00x10-2 NA NA 1.23x10-2 5.31x10-1 NA NA 8.43x10-2 7.75x10-3 1.09x10-2 (43kb)TFEC|(8kb)TES 

rs16870788 8 104883146 G/A Martino et al. 4.47x10-1 7.04x10-1 3.02x10-5 9.00x10-2 NA NA 1.61x10-2 5.26x10-1 NA NA 8.82x10-1 2.14x10-1 1.08x10-2 RIMS2 

rs6763069 3 180686365 T/A Martino et al. 6.17x10-1 4.20x10-1 1.58x10-5 1.50x10-1 NA NA 1.71x10-2 7.91x10-1 NA NA 8.67x10-1 2.92x10-1 3.79x10-2 FXR1 

rs10018666 4 10004805 C/T Martino et al. 5.22x10-1 6.46x10-1 3.68x10-8 3.00x10-1 NA NA 2.62x10-2 6.43x10-1 NA NA 8.51x10-1 2.55x10-1 2.61x10-2 SLC2A9 

rs2439871 11 20123190 C/G Martino et al. 6.53x10-1 2.10x10-1 2.17x10-5 4.90x10-1 NA NA 3.26x10-2 NA NA NA 3.53x10-1 1.33x10-1 8.35x10-2 NAV2 

rs864481 5 179411289 T/C Martino et al. 5.96x10-1 6.92x10-2 4.63x10-5 8.80x10-1 NA NA 3.29x10-2 6.62x10-2 NA NA 5.55x10-1 1.43x10-1 3.20x10-2 RNF130 

rs10812871 9 28757900 A/G Martino et al. 2.67x10-1 1.78x10-1 3.84x10-5 9.40x10-1 NA NA 3.37x10-2 8.85x10-1 NA NA 7.45x10-1 3.58x10-1 1.50x10-1 LINGO2 

rs73971133 18 76652861 T/C Martino et al. 5.96x10-1 4.20x10-1 2.60x10-5 3.60x10-1 NA NA 3.99x10-2 6.43x10-1 NA NA 1.64x10-1 3.90x10-2 6.30x10-2 (235kb)LOC101928018|(84kb)LOC645321 

rs6686894 1 165082110 G/A Martino et al. 6.60x10-1 2.53x10-1 3.56x10-7 7.50x10-1 NA NA 4.65x10-2 4.76x10-1 NA NA 2.48x10-1 7.17x10-2 8.08x10-2 (261kb)PBX1|(89kb)LMX1A 

rs12142904 1 192351266 G/A Martino et al. 2.46x10-1 8.40x10-1 5.00x10-6 4.70x10-1 NA NA 4.79x10-2 NA NA NA 6.60x10-1 2.13x10-1 2.34x10-2 (15kb)RGS21|(194kb)RGS1 

rs7131777 12 21594028 T/C Martino et al. 1.21x10-1 9.20x10-1 4.16x10-5 8.10x10-1 NA NA 8.21x10-2 9.37x10-2 NA NA 6.64x10-2 5.12x10-3 8.41x10-3 PYROXD1 

rs10474468 5 75659270 C/T Martino et al. 3.73x10-1 8.60x10-1 4.63x10-5 4.80x10-1 NA NA 8.41x10-2 NA NA NA 6.81x10-2 1.53x10-2 4.79x10-2 (10kb)SV2C|(40kb)IQGAP2 

rs8077351 17 2545473 C/T Martino et al. 4.12x10-1 9.46x10-1 3.08x10-5 4.20x10-1 NA NA 8.75x10-2 4.09x10-1 NA NA 2.28x10-1 4.38x10-2 3.24x10-2 PAFAH1B1 

rs11700330 20 52489424 T/C Martino et al. 9.52x10-1 9.00x10-1 2.75x10-6 2.80x10-1 NA NA 1.06x10-1 NA NA NA 8.41x10-2 2.15x10-2 6.04x10-2 (279kb)ZNF217|(71kb)BCAS1 

rs6584390 10 102476167 C/T Martino et al. 5.55x10-1 6.59x10-1 3.76x10-5 7.50x10-1 NA NA 1.35x10-1 6.37x10-1 NA NA 5.35x10-1 2.24x10-1 1.31x10-1 (162kb)HIF1AN|(19kb)PAX2 

rs7300806 12 68603179 A/G Martino et al. 8.26x10-1 5.62x10-1 1.24x10-5 7.50x10-1 NA NA 1.53x10-1 5.17x10-1 NA NA 7.66x10-1 3.65x10-1 1.42x10-1 IL26 

rs9362681 6 90476452 C/T Martino et al. 8.81x10-1 5.66x10-1 1.36x10-5 7.00x10-1 NA NA 1.54x10-1 2.90x10-1 NA NA 7.46x10-2 1.90x10-2 8.88x10-2 MDN1 
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rs17555239 15 25840403 T/C Martino et al. 7.57x10-1 5.57x10-1 2.78x10-5 8.80x10-1 NA NA 1.79x10-1 2.23x10-1 NA NA 3.74x10-1 1.23x10-1 8.88x10-2 (156kb)UBE3A|(83kb)ATP10A 

 
 
 
† Replication SNPs from two previously published PA GWAS studies:3 SNPs from Table 1 from Hong et al.19 and 21 SNPs from 
Supplementary Table 4 from Martino et al.20 
Shaded rows indicate suggestive significance (p≤1.49x10-6) in peanut allergy.  
* Used for both - Peanut allergy (PA) and food allergy (FA) 
aP-value from CanPAR(N=1,776), bP-value from Chicago FoodAllergy Study (N=2,197), cP-value from Australian HealthNutstudy 
(N=221), dP-value from German Understanding of Food Allergy study (N=2,592) 
eDutch IDEAL/GENEVA Case-control study 
f Dutch GENEVA family study 
gP-value from Stouffer's weighted z-score meta-analysis method for peanut allergy 
hP-value from Chicago Food Allergy Study (N=2,197) 
iDutch IDEAL and GENEVA case-control study 
jDutch GENEVA family study 
kP-value from GERA food allergy study (N=29,053) 
lP-value from Stouffer's weighted z-score meta-analysis method for food allergy 
mP-value from Stouffer's weighted z-score meta-analysis method for food allergy without GERA study 
Chr: chromosome; Allele: minor allele/major allele; P: p-value 
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Table E6: Meta-analysis of Canadian, American, Australian, German, and Dutch populations for association with peanut and 
food allergy phenotypes, by peanut allergy meta-analysis p-value. 

   

 

 Peanut allergy Food allergy  

SNP† Chr Position Allele Source of SNPs 
P-

CanPAR*
a
      

P – 

CFA
b
          

P -

HealthNuts*
c 

             

P- 

UFA*
d  

        

P - 
IDEAL/ 

GENEVA 
Case-

control
e
  

P - 
GENEVA 
Family-

based
f
  

Pmeta_PA
g
 

P – 

CFA
h
     

P - IDEAL/ 
GENEVA 

Case-

control 
i
  

P -  
GENEVA 
Family -

based 
j
 

P -   

GERA
k
 Pmeta

l
 

Pmeta 
(without 

GERA)
m

 
Gene/Nearest Gene 

rs115218289 2 173265750 A/C CanPAR -  Imputed 1.80x10-8 NA 6.77x10-1 NA 7.18x10-1  3.54x10-1  9.16x10-8 NA 1.84x10-1  1.90x10-1  5.25x10-1 2.91x10-2 2.38x10-8 (298kb)DLX2|(26kb)ITGA6 

rs523865 20 894881 C/T CanPAR - Genotyped 4.42x10-7 NA NA NA 8.33x10-1  1.63x10-2  1.54x10-7 NA 2.03x10-1  2.60x10-2  2.66x10-1 9.29x10-3 4.09x10-8 ANGPT4 

rs144897250 11 102750264 A/C CanPAR -  Imputed 2.90x10-7 NA 3.84x10-1 NA NA NA 2.94x10-7 NA NA NA 5.89x10-1 6.83x10-2 2.94x10-7 (5kb)MMP12|(63kb)MMP13 

rs7936434 11 76293805 C/G CanPAR -  Imputed 5.17x10-7 3.66x10-2 1.43x10-1 NA NA NA 3.13x10-7 5.89x10-5 NA NA 4.13x10-4 1.98x10-8 7.50x10-11 (30kb)C11orf30|(43kb)LOC101928813 

rs7936312 11 76293726 T/G CanPAR -  Imputed 7.81x10-7 3.66x10-2 1.15x10-1 NA NA NA 3.60x10-7 5.89x10-5 NA NA 2.28x10-4 9.00x10-9 8.94x10-11 (30kb)C11orf30|(43kb)LOC101928813 

rs7936323 11 76293758 A/G CanPAR -  Imputed 7.81x10-7 3.66x10-2 1.20x10-1 NA NA NA 3.69x10-7 5.89x10-5 NA NA 2.38x10-4 9.69x10-9 9.22x10-11 (30kb)C11orf30|(43kb)LOC101928813 

rs78048444 7 132832218 C/T CanPAR - Genotyped 5.44x10-7 NA 2.13x10-1 NA 6.46x10-1  3.54x10-1  3.73x10-7 NA 8.29x10-1  7.87x10-1  6.97x10-1 8.88x10-2 2.53x10-6 (65kb)CHCHD3|(106kb)EXOC4 

rs7936070 11 76293527 T/G CanPAR -  Imputed 7.81x10-7 3.57x10-2 1.91x10-1 NA NA NA 4.77x10-7 6.12x10-5 NA NA 4.97x10-6 5.86x10-11 1.40x10-10 (30kb)C11orf30|(43kb)LOC101928813 

rs744597 4 86337028 A/G CanPAR - Genotyped 3.98x10-7 1.15x10-1 5.57x10-1 NA 8.20x10-2  9.62x10-1  1.63x10-6 5.19x10-1 1.13x10-1  2.69x10-1  3.63x10-1 1.29x10-2 1.42x10-5 ARHGAP24 

rs862942 14 26492233 C/T Hong et al. 1.62x10-1 3.00x10-6 1.07x10-1 NA NA NA 3.14x10-6 2.70x10-4 NA NA 5.21x10-1 4.64x10-2 8.96x10-5 (973kb)STXBP6|(423kb)NOVA1 

rs72827854 17 46460525 T/C CanPAR -  Imputed 2.60x10-7 1.36x10-1 3.55x10-1 NA NA NA 3.43x10-6 5.83x10-1 NA NA 7.69x10-1 9.27x10-2 7.47x10-5 SKAP1 

rs10878354 12 66384885 A/G Hong et al. 1.50x10-1 5.10x10-6 4.62x10-1 NA NA NA 1.05x10-5 3.10x10-2 NA NA 4.41x10-1 9.55x10-2 7.65x10-3 (25kb)HMGA2|(75kb)RNA5SP362 

rs17695179 17 46370309 T/C CanPAR -  Imputed 9.58x10-7 1.66x10-1 3.57x10-1 NA NA NA 1.07x10-5 7.46x10-1 NA NA 4.98x10-1 5.43x10-2 2.78x10-4 SKAP1 

rs55765969 17 46528015 T/C CanPAR -  Imputed 1.23x10-6 1.97x10-1 2.81x10-1 NA NA NA 1.45x10-5 6.59x10-1 NA NA 3.77x10-1 3.18x10-2 1.97x10-4 LOC101927166 

rs56311919 17 46528350 T/C CanPAR -  Imputed 1.23x10-6 1.97x10-1 2.81x10-1 NA NA NA 1.45x10-5 6.59x10-1 NA NA 3.78x10-1 3.18x10-2 1.97x10-4 LOC101927166 

rs16957085 17 46532956 A/G CanPAR -  Imputed 1.23x10-6 1.97x10-1 2.81x10-1 NA NA NA 1.45x10-5 6.59x10-1 NA NA 3.82x10-1 3.24x10-2 1.97x10-4 LOC101927166 

rs16956501 17 46497274 C/G CanPAR -  Imputed 1.12x10-6 2.13x10-1 2.78x10-1 NA NA NA 1.56x10-5 7.10x10-1 NA NA 4.02x10-1 3.63x10-2 2.27x10-4 SKAP1 

rs56093336 17 46468579 T/C CanPAR -  Imputed 1.01x10-6 2.10x10-1 3.57x10-1 NA NA NA 1.71x10-5 7.01x10-1 NA NA 6.61x10-1 8.64x10-2 2.41x10-4 SKAP1 

rs55641965 17 46487300 G/T CanPAR -  Imputed 1.12x10-6 2.10x10-1 3.56x10-1 NA NA NA 1.81x10-5 7.01x10-1 NA NA 4.06x10-1 3.79x10-2 2.53x10-4 SKAP1 

rs55912545 17 46487324 C/A CanPAR -  Imputed 1.12x10-6 2.10x10-1 3.56x10-1 NA NA NA 1.81x10-5 7.01x10-1 NA NA 4.06x10-1 3.79x10-2 2.53x10-4 SKAP1 

rs111396120 17 46445042 A/G CanPAR -  Imputed 9.58x10-7 2.51x10-1 3.56x10-1 NA NA NA 2.32x10-5 7.33x10-1 NA NA 4.96x10-1 5.34x10-2 2.65x10-4 SKAP1 

rs17623416 17 46430565 C/A CanPAR -  Imputed 9.58x10-7 2.51x10-1 3.56x10-1 NA NA NA 2.32x10-5 7.33x10-1 NA NA 4.45x10-1 4.45x10-2 2.65x10-4 SKAP1 

rs17623518 17 46438150 A/G CanPAR -  Imputed 9.58x10-7 2.51x10-1 3.56x10-1 NA NA NA 2.32x10-5 7.33x10-1 NA NA 4.96x10-1 5.33x10-2 2.65x10-4 SKAP1 

rs2175156 17 46442786 G/A CanPAR -  Imputed 9.58x10-7 2.51x10-1 3.56x10-1 NA NA NA 2.32x10-5 7.33x10-1 NA NA 4.96x10-1 5.34x10-2 2.65x10-4 SKAP1 
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rs72827848 17 46445747 A/C CanPAR -  Imputed 9.58x10-7 2.51x10-1 3.56x10-1 NA NA NA 2.32x10-5 7.33x10-1 NA NA 4.95x10-1 5.32x10-2 2.65x10-4 SKAP1 

rs17623125 17 46410661 G/C CanPAR -  Imputed 9.58x10-7 2.51x10-1 3.56x10-1 NA NA NA 2.32x10-5 7.33x10-1 NA NA 4.37x10-1 4.33x10-2 2.65x10-4 SKAP1 

rs72827825 17 46392352 T/C CanPAR -  Imputed 9.58x10-7 2.51x10-1 3.57x10-1 NA NA NA 2.33x10-5 7.33x10-1 NA NA 4.34x10-1 4.26x10-2 2.66x10-4 SKAP1 

rs16956001 17 46451808 G/C CanPAR -  Imputed 9.58x10-7 2.51x10-1 3.57x10-1 NA NA NA 2.33x10-5 7.33x10-1 NA NA 6.41x10-1 8.34x10-2 2.66x10-4 SKAP1 

rs72827851 17 46452495 A/C CanPAR -  Imputed 9.58x10-7 2.51x10-1 3.57x10-1 NA NA NA 2.33x10-5 7.33x10-1 NA NA 6.41x10-1 8.34x10-2 2.66x10-4 SKAP1 

rs56151068 17 46381431 T/C CanPAR -  Imputed 9.58x10-7 2.51x10-1 3.57x10-1 NA NA NA 2.33x10-5 7.33x10-1 NA NA 4.45x10-1 4.45x10-2 2.66x10-4 SKAP1;LOC101927148 

rs16955960 17 46445993 G/T CanPAR - Genotyped 1.01x10-6 2.51x10-1 3.56x10-1 NA NA NA 2.39x10-5 7.33x10-1 NA NA 4.96x10-1 5.37x10-2 2.72x10-4 SKAP1 

rs139462954 17 46523678 A/AC CanPAR -  Imputed 1.23x10-6 1.97x10-1 NA NA NA NA 2.66x10-5 6.59x10-1 NA NA 3.77x10-1 3.87x10-2 3.56x10-4 LOC101927166 

rs10514944 17 46398352 A/G CanPAR -  Imputed 1.37x10-6 2.51x10-1 3.59x10-1 NA NA NA 2.86x10-5 7.33x10-1 NA NA 4.25x10-1 4.29x10-2 3.18x10-4 SKAP1 

rs143892933 17 46478338 A/AT CanPAR -  Imputed 1.06x10-6 2.19x10-1 NA NA NA NA 2.96x10-5 6.77x10-1 NA NA 5.01x10-1 6.14x10-2 3.54x10-4 SKAP1 

rs143328356 17 46427578 TA/T CanPAR -  Imputed 9.58x10-7 2.51x10-1 NA NA NA NA 3.63x10-5 7.33x10-1 NA NA 5.87x10-1 8.30x10-2 4.16x10-4 SKAP1 

rs4491576 17 46408636 T/A CanPAR -  Imputed 6.70x10-7 3.21x10-1 5.34x10-1 NA NA NA 4.21x10-5 8.54x10-1 NA NA 5.40x10-1 6.88x10-2 4.49x10-4 SKAP1 

rs72827806 17 46351066 A/C CanPAR -  Imputed 1.23x10-6 3.24x10-1 3.52x10-1 NA NA NA 4.44x10-5 7.62x10-1 NA NA 5.01x10-1 5.69x10-2 3.33x10-4 SKAP1 

rs112147946 17 46350146 C/T CanPAR -  Imputed 1.23x10-6 3.24x10-1 3.56x10-1 NA NA NA 4.47x10-5 7.62x10-1 NA NA 4.97x10-1 5.62x10-2 3.35x10-4 SKAP1 

rs72827810 17 46355550 G/A CanPAR -  Imputed 1.23x10-6 3.24x10-1 3.57x10-1 NA NA NA 4.47x10-5 7.62x10-1 NA NA 4.92x10-1 5.53x10-2 3.35x10-4 SKAP1 

rs17694670 17 46356471 T/C CanPAR -  Imputed 1.23x10-6 3.24x10-1 3.57x10-1 NA NA NA 4.47x10-5 7.62x10-1 NA NA 4.92x10-1 5.53x10-2 3.35x10-4 SKAP1 

rs17621689 17 46358952 G/T CanPAR -  Imputed 1.23x10-6 3.24x10-1 3.57x10-1 NA NA NA 4.47x10-5 7.62x10-1 NA NA 4.92x10-1 5.54x10-2 3.35x10-4 SKAP1 

rs17694092 17 46334294 G/A CanPAR -  Imputed 1.30x10-6 3.24x10-1 3.48x10-1 NA NA NA 4.53x10-5 7.62x10-1 NA NA 5.01x10-1 5.72x10-2 3.39x10-4 SKAP1 

rs72825596 17 46334340 A/G CanPAR -  Imputed 1.30x10-6 3.24x10-1 3.48x10-1 NA NA NA 4.53x10-5 7.62x10-1 NA NA 5.10x10-1 5.89x10-2 3.39x10-4 SKAP1 

rs17694168 17 46340934 A/G CanPAR -  Imputed 1.30x10-6 3.24x10-1 3.50x10-1 NA NA NA 4.54x10-5 7.62x10-1 NA NA 5.17x10-1 6.03x10-2 3.39x10-4 SKAP1 

rs147813436 17 46344017 T/C CanPAR -  Imputed 1.30x10-6 3.24x10-1 3.57x10-1 NA NA NA 4.60x10-5 7.62x10-1 NA NA 5.57x10-1 6.87x10-2 3.43x10-4 SKAP1 

rs17694404 17 46348354 A/G CanPAR -  Imputed 1.30x10-6 3.98x10-1 3.26x10-1 NA NA NA 6.70x10-5 8.83x10-1 NA NA 4.93x10-1 6.04x10-2 4.99x10-4 SKAP1 

rs72827805 17 46349432 C/T CanPAR -  Imputed 1.23x10-6 4.04x10-1 3.55x10-1 NA NA NA 7.10x10-5 8.59x10-1 NA NA 5.59x10-1 7.37x10-2 4.70x10-4 SKAP1 

rs4584173 8 135336557 G/A Hong et al. 8.34x10-1 3.60x10-6 3.77x10-1 NA NA NA 2.22x10-4 3.10x10-2 NA NA 6.64x10-2 1.68x10-2 5.74x10-2 (422kb)LOC101927822|(153kb)ZFAT 

rs71193762 10 68437687 A/G CanPAR -  Imputed 3.77x10-7 8.63x10-1 3.62x10-1 NA NA NA 2.73x10-4 6.87x10-1 NA NA 7.06x10-1 8.83x10-2 1.41x10-4 CTNNA3 

rs2394283 10 68432211 G/T CanPAR -  Imputed 4.42x10-7 8.63x10-1 3.31x10-1 NA NA NA 2.79x10-4 6.87x10-1 NA NA 7.51x10-1 9.96x10-2 1.44x10-4 CTNNA3 

rs12779828 10 68437537 C/T CanPAR -  Imputed 4.66x10-7 8.63x10-1 3.29x10-1 NA NA NA 2.85x10-4 6.87x10-1 NA NA 7.56x10-1 1.01x10-1 1.47x10-4 CTNNA3 

rs57144668 4 186704292 T/C Martino et al. 2.26x10-1 9.00x10-3 3.37x10-5 2.30x10-1 NA NA 3.24x10-4 NA NA NA 1.39x10-1 2.01x10-2 1.03x10-2 SORBS2 

rs748704 10 68481094 C/T CanPAR -  Imputed 1.06x10-6 8.23x10-1 3.05x10-1 NA NA NA 3.53x10-4 8.10x10-1 NA NA 7.86x10-1 1.27x10-1 3.37x10-4 CTNNA3 

rs11815638 10 68450128 G/A CanPAR -  Imputed 6.04x10-7 8.58x10-1 4.23x10-1 NA NA NA 3.70x10-4 8.41x10-1 NA NA 7.08x10-1 1.05x10-1 3.48x10-4 CTNNA3 
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rs7475217 10 68444013 T/C CanPAR - Genotyped 3.58x10-7 9.75x10-1 3.28x10-1 NA NA NA 3.72x10-4 6.62x10-1 NA NA 7.73x10-1 1.01x10-1 1.16x10-4 CTNNA3 

rs34018067 10 68447638 A/G CanPAR -  Imputed 5.73x10-7 9.63x10-1 3.64x10-1 NA NA NA 4.73x10-4 6.59x10-1 NA NA 7.27x10-1 9.50x10-2 1.56x10-4 CTNNA3 

rs11816216 10 68451379 T/A CanPAR -  Imputed 6.04x10-7 9.32x10-1 4.34x10-1 NA NA NA 4.86x10-4 5.82x10-1 NA NA 7.28x10-1 9.22x10-2 1.30x10-4 CTNNA3 

rs7910177 10 68450290 T/G CanPAR -  Imputed 6.04x10-7 9.78x10-1 3.39x10-1 NA NA NA 4.89x10-4 6.07x10-1 NA NA 6.65x10-1 7.70x10-2 1.24x10-4 CTNNA3 

rs2394298 10 68462751 G/A CanPAR -  Imputed 5.73x10-7 9.78x10-1 3.69x10-1 NA NA NA 5.01x10-4 6.07x10-1 NA NA 7.68x10-1 1.02x10-1 1.27x10-4 CTNNA3 

rs7911791 10 68459353 A/T CanPAR -  Imputed 6.04x10-7 9.78x10-1 3.66x10-1 NA NA NA 5.11x10-4 6.07x10-1 NA NA 7.81x10-1 1.05x10-1 1.30x10-4 CTNNA3 

rs61866029 10 68455505 C/T CanPAR -  Imputed 6.04x10-7 9.78x10-1 3.68x10-1 NA NA NA 5.13x10-4 6.07x10-1 NA NA 7.74x10-1 1.04x10-1 1.30x10-4 CTNNA3 

rs7894410 10 68466106 G/A CanPAR -  Imputed 7.42x10-7 9.78x10-1 3.84x10-1 NA NA NA 5.79x10-4 6.07x10-1 NA NA 7.93x10-1 1.11x10-1 1.49x10-4 CTNNA3 

rs4240433 9 132008809 G/A Martino et al. 4.88x10-2 6.36x10-1 6.62x10-6 2.60x10-1 NA NA 5.33x10-3 5.14x10-1 NA NA 6.09x10-1 8.60x10-2 3.87x10-3 (68kb)IER5L|(36kb)LOC101929331 

rs6928827 6 144315219 A/G Martino et al. 1.68x10-1 4.30x10-1 9.54x10-8 3.90x10-1 NA NA 8.07x10-3 9.72x10-2 NA NA 1.38x10-1 6.88x10-3 1.67x10-3 PLAGL1 

rs73220497 7 115842729 T/G Martino et al. 8.57x10-1 5.84x10-1 2.73x10-5 3.00x10-2 NA NA 1.23x10-2 5.31x10-1 NA NA 8.43x10-2 7.75x10-3 1.09x10-2 (43kb)TFEC|(8kb)TES 

rs16870788 8 104883146 G/A Martino et al. 4.47x10-1 7.04x10-1 3.02x10-5 9.00x10-2 NA NA 1.61x10-2 5.26x10-1 NA NA 8.82x10-1 2.14x10-1 1.08x10-2 RIMS2 

rs6763069 3 180686365 T/A Martino et al. 6.17x10-1 4.20x10-1 1.58x10-5 1.50x10-1 NA NA 1.71x10-2 7.91x10-1 NA NA 8.67x10-1 2.92x10-1 3.79x10-2 FXR1 

rs10018666 4 10004805 C/T Martino et al. 5.22x10-1 6.46x10-1 3.68x10-8 3.00x10-1 NA NA 2.62x10-2 6.43x10-1 NA NA 8.51x10-1 2.55x10-1 2.61x10-2 SLC2A9 

rs2439871 11 20123190 C/G Martino et al. 6.53x10-1 2.10x10-1 2.17x10-5 4.90x10-1 NA NA 3.26x10-2 NA NA NA 3.53x10-1 1.33x10-1 8.35x10-2 NAV2 

rs864481 5 179411289 T/C Martino et al. 5.96x10-1 6.92x10-2 4.63x10-5 8.80x10-1 NA NA 3.29x10-2 6.62x10-2 NA NA 5.55x10-1 1.43x10-1 3.20x10-2 RNF130 

rs10812871 9 28757900 A/G Martino et al. 2.67x10-1 1.78x10-1 3.84x10-5 9.40x10-1 NA NA 3.37x10-2 8.85x10-1 NA NA 7.45x10-1 3.58x10-1 1.50x10-1 LINGO2 

rs73971133 18 76652861 T/C Martino et al. 5.96x10-1 4.20x10-1 2.60x10-5 3.60x10-1 NA NA 3.99x10-2 6.43x10-1 NA NA 1.64x10-1 3.90x10-2 6.30x10-2 (235kb)LOC101928018|(84kb)LOC645321 

rs6686894 1 165082110 G/A Martino et al. 6.60x10-1 2.53x10-1 3.56x10-7 7.50x10-1 NA NA 4.65x10-2 4.76x10-1 NA NA 2.48x10-1 7.17x10-2 8.08x10-2 (261kb)PBX1|(89kb)LMX1A 

rs12142904 1 192351266 G/A Martino et al. 2.46x10-1 8.40x10-1 5.00x10-6 4.70x10-1 NA NA 4.79x10-2 NA NA NA 6.60x10-1 2.13x10-1 2.34x10-2 (15kb)RGS21|(194kb)RGS1 

rs7131777 12 21594028 T/C Martino et al. 1.21x10-1 9.20x10-1 4.16x10-5 8.10x10-1 NA NA 8.21x10-2 9.37x10-2 NA NA 6.64x10-2 5.12x10-3 8.41x10-3 PYROXD1 

rs10474468 5 75659270 C/T Martino et al. 3.73x10-1 8.60x10-1 4.63x10-5 4.80x10-1 NA NA 8.41x10-2 NA NA NA 6.81x10-2 1.53x10-2 4.79x10-2 (10kb)SV2C|(40kb)IQGAP2 

rs8077351 17 2545473 C/T Martino et al. 4.12x10-1 9.46x10-1 3.08x10-5 4.20x10-1 NA NA 8.75x10-2 4.09x10-1 NA NA 2.28x10-1 4.38x10-2 3.24x10-2 PAFAH1B1 

rs11700330 20 52489424 T/C Martino et al. 9.52x10-1 9.00x10-1 2.75x10-6 2.80x10-1 NA NA 1.06x10-1 NA NA NA 8.41x10-2 2.15x10-2 6.04x10-2 (279kb)ZNF217|(71kb)BCAS1 

rs6584390 10 102476167 C/T Martino et al. 5.55x10-1 6.59x10-1 3.76x10-5 7.50x10-1 NA NA 1.35x10-1 6.37x10-1 NA NA 5.35x10-1 2.24x10-1 1.31x10-1 (162kb)HIF1AN|(19kb)PAX2 

rs7300806 12 68603179 A/G Martino et al. 8.26x10-1 5.62x10-1 1.24x10-5 7.50x10-1 NA NA 1.53x10-1 5.17x10-1 NA NA 7.66x10-1 3.65x10-1 1.42x10-1 IL26 

rs9362681 6 90476452 C/T Martino et al. 8.81x10-1 5.66x10-1 1.36x10-5 7.00x10-1 NA NA 1.54x10-1 2.90x10-1 NA NA 7.46x10-2 1.90x10-2 8.88x10-2 MDN1 

rs17555239 15 25840403 T/C Martino et al. 7.57x10-1 5.57x10-1 2.78x10-5 8.80x10-1 NA NA 1.79x10-1 2.23x10-1 NA NA 3.74x10-1 1.23x10-1 8.88x10-2 (156kb)UBE3A|(83kb)ATP10A 

rs138636532 17 46386930 G/GAT CanPAR -  Imputed 1.23x10-6 NA NA NA NA NA NA NA NA NA NA NA 1.23x10-6 SKAP1 

rs200314279 17 46446542 A/T CanPAR -  Imputed 6.36x10-7 NA NA NA NA NA NA NA NA NA NA NA 6.36x10-7 SKAP1 
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rs7931483 11 76302067 A/C CanPAR -  Imputed 5.44x10-7 NA NA NA NA NA NA NA NA NA NA NA 5.44x10-7 (38kb)C11orf30|(35kb)LOC101928813 

†This table includes imputed and genotyped SNPs in CanPAR GWAS with p-value ≤1.49x10-6 in peanut allergy analysis. Replication 
SNPs from two previously published food allergy GWAS studies are also included, 3 SNPs from Table 1 from Hong et al.E6 and 21 SNPs 
from Supplementary Table 4 from Martino et al.E7 
Shaded rows indicate suggestive significance (p≤1.49x10-6) in peanut allergy.  
* Used for both - Peanut allergy (PA) and food allergy (FA) 
aP-value from CanPAR (N=1,776), bP-value from Chicago Food Allergy Study (N=2,197), cP-value from HealthNuts study (N=221), dP-
value from Understanding Food Allergy peanut allergy study (N=2,593) 
eP-value from Dutch peanut allergy case-control study (IDEAL/GENEVA), number of individuals for SNPs 226, 229, 227, and 217 for 
rs115218289, rs523865, rs78048444, and rs744597, respectively, corrected for atopic dermatitis (AD), Asthma (As), and 
rhinoconjunctivitis (RC) 
fP-value from Dutch peanut allergy family study (GENEVA), number of informative families for SNPs 20, 112, 21, and 112 for 
rs115218289, rs523865, rs78048444, and rs744597, respectively 
gP-value from Stouffer's weighted z-score meta-analysis method for peanut allergy 
hP-value from Chicago Food Allergy Study (N=2,197) 
iP-value from Dutch food allergy case-control study, number of individuals for SNPs 479, 487, 482, and 466 for rs115218289, rs523865, 
rs78048444, and rs744597, respectively, corrected for atopic dermatitis (AD), Asthma (As), and rhinoconjunctivitis (RC) 
jP-value from Dutch food allergy family study (GENEVA), number of informative families for SNPs 26, 196, 37, and 214 for 
rs115218289, rs523865, rs78048444, and rs744597, respectively 
kP-value from GERA food allergy study (N=29,053) 
lP-value from Stouffer's weighted z-score meta-analysis method for food allergy 
mP-value from Stouffer's weighted z-score meta-analysis method for food allergy without GERA study 
Chr: chromosome; Allele: minor allele/major allele; P: p-value
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Table E7: Canadian Peanut Allergy Registry SNPs associated with PA and Expression Quantitative Trait Loci (eQTL)  
 
SNP Chr Position Nearest gene Tissue p-value Gene symbol 
rs72827854 17 46460525 SKAP1 skin, sun exposed lower leg 4.66x10-10 SNX11 
rs4491576 17 46408636 SKAP1 skin, sun exposed lower leg 7.23x10-10 SNX11 
rs4491576 17 46408636 SKAP1 whole blood 1.05x10-10 SNX11 
rs111396120 17 46445042 SKAP1 skin, sun exposed lower leg 4.76x10-10 SNX11 
rs143328356 17 46427578 SKAP1 skin, sun exposed lower leg 6.13x10-10 SNX11 
rs16956001 17 46451808 SKAP1 skin, sun exposed lower leg 4.76x10-10 SNX11 
rs17623125 17 46410661 SKAP1 skin, sun exposed lower leg 4.79x10-10 SNX11 
rs17623416 17 46430565 SKAP1 skin, sun exposed lower leg 4.80x10-10 SNX11 
rs17623518 17 46438150 SKAP1 skin, sun exposed lower leg 4.76x10-10 SNX11 
rs17696179 17 46370309 SKAP1 skin, sun exposed lower leg 6.14x10-10 SNX11 
rs2175156 17 46442786 SKAP1 skin, sun exposed lower leg 4.76x10-10 SNX11 
rs56151068 17 46381431 SKAP1 skin, sun exposed lower leg 5.78x10-10 SNX11 
rs72827825 17 46392352 SKAP1 skin, sun exposed lower leg 5.21x10-10 SNX11 
rs72827848 17 46445747 SKAP1 skin, sun exposed lower leg 5.38x10-10 SNX11 
rs72827851 17 46452495 SKAP1 skin, sun exposed lower leg 4.76x10-10 SNX11 
rs16955960 17 46445993 SKAP1 skin, sun exposed lower leg 4.76x10-10 SNX11 
rs56093336 17 46468579 SKAP1 skin, sun exposed lower leg 4.77x10-10 SNX11 
rs143892933 17 46478338 SKAP1 skin, sun exposed lower leg 1.07x10-9 SNX11 
rs16956501 17 46497274 SKAP1 skin, sun exposed lower leg 4.48x10-10 SNX11 
rs55641965 17 46487300 SKAP1 skin, sun exposed lower leg 4.81x10-10 SNX11 
rs55912545 17 46487324 SKAP1 skin, sun exposed lower leg 4.81x10-10 SNX11 
rs112147946 17 46350146 SKAP1 skin, sun exposed lower leg 2.16x10-9 SNX11 
rs139462954 17 46523678 LOC101927166 cells, transformed fibroblasts 7.36 x10-7 CBX1 
rs139462954 17 46523678 LOC101927166 skin, sun exposed lower leg 8.94x10-10 SNX11 
rs16957085 17 46532956 LOC101927166 cells, transformed fibroblasts 7.36 x10-7 CBX1 
rs16957085 17 46532956 LOC101927166 skin, sun exposed lower leg 8.94x10-10 SNX11 
rs17621689 17 46358952 SKAP1 skin, sun exposed lower leg 1.81 x10-9 SNX11 
rs17694670 17 46356471 SKAP1 skin, sun exposed lower leg 1.83x10-9 SNX11 
rs55765969 17 46528015 LOC101927166 cells, transformed fibroblasts 7.36 x10-7 CBX1 
rs55765969 17 46528015 LOC101927166 skin, sun exposed lower leg 8.94x10-10 SNX11 
rs56311919 17 46528350 LOC101927166 cells, transformed fibroblasts 7.36 x10-7 CBX1 
rs56311919 17 46528350 LOC101927166 skin, sun exposed lower leg 8.94x10-10 SNX11 
rs72827805 17 46349432 SKAP1 skin, sun exposed lower leg 2.93x10-8 SNX11 
rs72827806 17 46351066 SKAP1 skin, sun exposed lower leg 2.09x10-9 SNX11 
rs72827810 17 46355550 SKAP1 skin, sun exposed lower leg 1.84x10-9 SNX11 
rs147813436 17 46344017 SKAP1 skin, sun exposed lower leg 9.94x10-9 SNX11 
rs17694092 17 46334294 SKAP1 skin, sun exposed lower leg 4.83x10-9 SNX11 
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rs17694168 17 46340934 SKAP1 skin, sun exposed lower leg 4.86x10-9 SNX11 
rs17694404 17 46348354 SKAP1 skin, sun exposed lower leg 7.26x10-8 SNX11 
rs72825596 17 46334340 SKAP1 skin, sun exposed lower leg 4.83x10-9 SNX11 
rs10514944 17 46398352 SKAP1 skin, sun exposed lower leg 5.18x10-10 SNX11 

 
Chr: chromosome; P: p-value
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FIGURE LEGENDS: 
 
Figure E1: Plate effects: a) distribution of sample call rates, mean DNA concentrations (ng/µl), 
as well as plating, transport and genotyping dates, b) Pair-wise testing of call rates reveals 
significant p values for all plates (Bonferroni-corrected), p-values in red are significant at 
α=0.05. Plates 9, 12, 13, 14, 17 and 18 show the most significant differences when compared to 
the other plates and seem to be responsible for the significant batch effects. We investigated 
dates of plating and genotyping, DNA concentration and proportion of cases from a previous 
candidate gene study, but none of these potential confounders explained the observed plate 
effects. c) Sample call rate for cases and controls per plate. Results of two-way ANOVA show 
significant case/control effect (<2×10-16). These results show that there is no interaction effect 
between plate and group study (case/control) (p=0.515). 
 
Figure E2: Flowcharts depicting exclusion criteria: a) Work flow for SNP exclusion in 
unrelated (left) and related (right) studies, b) Flowchart of subject exclusion criteria for unrelated 
(left) and related (right) analyses 
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Figure E2: Flowcharts depicting exclusion criteria  
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