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Allergic diseases such as asthma, allergic rhinitis, and atopic
dermatitis are heterogeneous diseases characterized by multiple
symptoms and phenotypes. Recent advancements in genetic
study enabled us to identify disease associated genetic factors.
Numerous genome-wide association studies (GWAS) have re-
vealed multiple associated loci for allergic diseases. However,
the majority of previous studies have been conducted in pop-
ulations of European ancestry. Moreover, the associations of sin-
gle nucleotide polymorphisms (SNPs) with allergic diseases
have not been studied amongst the large-scale general Korean
population. Herein, we performed the replication study to vali-
date the previous variants, known to be associated with allergic
diseases, in the Korean population. In this study, we categorized
three allergic related phenotypes, one allergy and two asthma
related phenotypes, based on self-reports of physician diagnosis
and their symptoms from 8,842 samples. As a result, we found
nominally significant associations of 6 SNPs with at least one al-
lergic related phenotype in the Korean population. [BMB reports
2012; 45(5): 305-310]

INTRODUCTION

Allergic diseases are complex ailments caused by crosstalk be-
tween multiple genes and environmental factors (1). According
to a recent report from the World Allergy Organization (WAQO),
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the prevalence of allergic diseases is rising dramatically on a
global scale (2). Allergic diseases brought the significant burden
of global morbidity and mortality in the world and are regarded
as one of the major contributors to the considerable drain on
health budgets of developed and emerging economies (2).
Given the reports from the Korean National Health and
Nutrition Examination Survey (3), the prevalence of allergic dis-
eases is increasing in Korea, and the prevalence of asthma, aller-
gic rhinitis and atopic dermatitis in adult population are 7.6%,
11.9% and 2.95%, respectively. Therefore, it is valuable to iden-
tify genes or loci associated with allergic diseases for under-
standing underlying complex mechanisms of diseases.
Numerous previous genetic studies have been conducted using
linkage designs and candidate gene association studies to eluci-
date etiology of allergic diseases (4). Although these cases provide
strong evidence for the involvement of genetic factors in allergic
diseases, identifying these susceptible genes has been a
challenge. A number of genome-wide association studies (GWAS)
have been conducted for various allergic disease/phenotypes, in-
cluding asthma (5-12), atopy (13), atopic dermatitis (14), serum
IgE levels (15), eosinophilic esophagitis (16), and plasma eosino-
phil count (17). However, most of these GWASs have been fo-
cused primarily on samples of European origin. Currently, more
than two dozen GWAS for asthma and allergic disease have been
performed (18). However, few GWAS have been conducted in
populations of racial and ethnic minorities. Moreover, several pri-
or studies reported significant discrepancies in allele frequencies
of the variants and differences in genetic architecture between
European and Asian (19, 20). In this context, we conducted the
replication study on allergic disease amongst an Asian population.

RESULTS

Description of KOGES for KARE project in its relation allergic
phenotypes

The Korean Association REsource (KARE) was established as a
part of the Korean Genome and Epidemiology study (KoGES). In
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KARE, 8,842 subjects with 352,228 SNPs were analyzed.
Average ages of male and female were 51.78 + 8.78 (SD) and
52.61 + 9.01 (SD), respectively. Female participants were
52.7% (N=4,659) of all subjects, 5.5% and 2.2% of these had
allergy and asthma diagnostic history, respectively. The charac-
teristics of the study are shown in Table 1.

Comparison analysis between previous GWAS results and
KARE

To gain insight into the genetic influence of previously allergic
diseases associated loci in an Asian population, we conducted a
replication study for those known candidate loci in the Korean
population. From GWAS catalog, 46 significant associations of
12 independent GWA studies on allergic diseases were
retrieved. Supplementary Table 1 shows the summarized in-
formation of all 46 known associations. For comparison analy-
sis, we retrieved the corresponding SNPs comprising directly
genotyped, imputed genotype and proxy SNPs in LD (r* > 0.8).
As a result, 32 SNPs were available in KARE (Supplementary
Table 1). As expected, difference in allele frequencies across
populations was observed. For example, the SNPs including
rs1342326, rs17525472, rs3184504 and rs4815617 are mono-
morphic in Asian populations. Due to this disparity in allele fre-
quencies, those loci were not able to directly compare to those
of SNPs in our dataset. We defined SNPs with P values less than
0.05 as a replicated result. Given these criteria, we observed 6
replicated SNPs in total. We summarized the comparison analy-
sis (Supplementary Table 2) and the replicated results (Table 2).
We successfully replicated three allergy phenotype associated
SNPs comprising rs12619285 (near IKZF2; IKAROS family zinc
finger 2), rs1295686 (at IL13; Interleukin 13) and rs2073643 (at

Table 1. Characteristics of the study population

Characteristic Total Male Female
Sample size (N, %) 8,842 4,183 (47.31) 4,659 (52.69)
Age (year) 52.22 + 891 51.78 + 8.78 52.61 + 9.01
(mean + SE)

BMI 24.60 + 3.12 2425+ 292 2490+3.25
FEV1 (%) 111.7 + 17.71 106.3 + 16.25 116.6 + 17.58

FEV1/FVC (%)
Allergic disease

79.88 £ 7.76 7791 £ 8.39 81.66 + 6.65

phenotype
Allergy diagnosis (N)
Control 8,348 4,008 4,340
Case 490 173 317
Asthma | (N)
Control 8,645 4,111 4,534
Case 193 70 123
Asthma Il (N, %)
Control 7,450 3,632 3,818
Case 44 14 30

BMI: Body Mass Index (kg/mz), FEV1(%): % predicted value of forced
expiratory volume in 1 second, FEV1/FVC (%): % predicted value of
FEV: and forced vital capacity (FVC). Asthma I: asthma diagnosis,
Asthma II: asthma diagnosis and self-reported symptom.
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SLC22A5; solute carrier family 22 (organic cation/carnitine
transporter), member 5). In asthma phenotypes, rs13106227 (at
SHROOM3; shroom family member 3) for both asthma | and
asthma I, rs2416257 (at WDR36; WD repeat domain 36 and
near TSLP; Thymic stromal lymphopoietin) for asthma Il and
rs3806932 (near WDR36) for asthma | were replicated in our
studly.

In order to scrutinize the reason for replication failure of 26
SNPs, the statistical power was calculated. The power analysis re-
vealed that 26 non-replicated SNPs in our study would be de-
tected due to the lack of statistical power (Supplementary Table
2). All 6 replicated loci have relatively high statistical power
(0.56-0.86) for the disease association while the power of the re-
maining variants was found to be relatively low (< 0.47).

Since the statistical power is the main reason for non-repli-
cation, we performed an alternative association analysis.
Gene-based association analysis is a well-known approach for
testing the association between multiple markers within gene re-
gion and a trait. It is known to be more powerful than the classi-
cal single marker association test under the condition of genetic
architecture (21). We performed a gene-based association test
for the candidate gene regions near previously reported 46
variants. We observed significant results (P-value < 0.05) at the
loci near replicated variants from single SNP analysis in one or
more allergic disease related phenotypes (Supplementary Table
3). Unfortunately, however, we did not observe any newly re-
plicated locus that is not listed in the single SNP analysis.

DISCUSSION

We performed the replication study on previously known allergic
diseases associated loci in the Korean population. Previously,
Kim et al. (8) reported GWA results of toluene-induced asthma.
However, the investigation was mainly conducted in a pop-
ulation with specific material induced disease. Thus, to the best
of our knowledge, we present the first replication study focused
on the general Korean population.

From 46 previously reported allergic disease related variants,
32 SNPs were available for the single SNP association test in the
current study excluding 4 monomorphic SNPs and 9 SNPs with
low imputation quality. Among 32 SNPs, 6 SNPs were success-
fully replicated in this study (P-value < 0.05). The result from
gene-based association test also confirmed the associations of 4
loci that were identified by single marker analysis. Four of six
SNPs were found to be located at chromosome 5 including
rs1295686 at IL13, rs2073643 at SLC22A5, rs2416257 at WDR36
and rs3806932 near WDR36. Both IL13 and SLC22A5 have been
reported to be associated with asthma (6). WDR36 was previously
associated with eosinophilic esophagitis (16), plasma eosinophil
count, as well as with atopic asthma (17). Interestingly, Gudbjart-
sson et al. (17) confirmed this signal in both Europeans and
Asians. SHROOM3 and IKZF2 were reported to be associated
with eosinophilic esophagitis (16) and plasma eosinophil count
(17), respectively. Here we excluded 9 SNPs due to low im-
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Table 2. Significant results of replication analysis on allergic disease phenotype in KARE

Allergy

Asthma Asthma& self reported

SNP chr Position Gene Allele symptoms
OR SE P value OR SE P value OR SE P value
rs12619285 2q34 213532290 IKZF2 A 0.865 0.07 0.038 0.907 0.109 0.371 1.028 0.22 0.899
rs13106227 4q21.1 77637705 SHROOM3 G 0.901 0.067 0.123 0.733 0.107 0.004 0.462 0.241 0.001
rs1295686  5q31.1 132023742 1IL13 T 1.237 0.069 0.002 1.042 0.11 0.707 1.19 0.222 0.433
rs2073643  5q31.1 131751187 SLC22A5 C 0.84 0.082 0.033 0.785 0.129 0.059 0.763 0.271 0.319
rs2416257  5922.1 110463389 WDR36, TSLP T 1.007 0.151 0.962 1.079 0.227 0.738 2.723 0.327 0.002
rs3806932 5g22.1 110433574 WDR36 G 0.962 0.07 0.586 1.271 0.107 0.025 1.342 0.22 0.182

putation quality prior to comparison analysis based on single SNP
analysis. Despite the unavailability for directly matched or proxy
makers of these 9 SNPs, we were able to perform the gene-based
association test on 7 of 9 excluded loci in the single SNP analysis
while 2 gene desert loci were excluded from the analysis.
However, these 7 loci were not replicated in the gene-based asso-
ciation analysis (P-value > 0.05). The remainder of the un-
replicated 26 SNPs was due to lack of statistical power. In the pool
of the failed SNPs, all SNPs were below 50% of statistical power.
These results together indicate that further analysis including
more sampling and genotyping is required for exploring the possi-
ble association of non-replicated loci and SNPs with low im-
putation quality.

As mentioned above, some SNPs (such as rs1342326,
rs3184504, rs4815617, and rs17525472) were not polymorphic
in Asian populations. All 4 loci showed distinct LD patterns and
some evidence of genetic differentiation across populations
(Supplementary Fig. 1 and Supplementary Fig. 2). Given iHS
(Integrated Haplotype Score) values within the loci, little evi-
dence of population difference were shown in terms of positive
selection. However, F4 score indicates that genetic diversity be-
tween populations exists around the loci. For instance, the re-
gions around the 4 loci show numerous points of SNPs in the top
1% difference between HapMap CEU and CHB/JPT (Supple-
mentary Fig. 2). This implies that genetic diversity may cause
population specific effects of some genomic regions. For exam-
ple, Soranzo et al. (22) reported the hematological trait asso-
ciated loci at 12924 and showed this region is positively se-
lected in populations with European ancestry. However, Kato et
al. (20) reported the blood pressure associated loci at 12g24 in
Asian populations and showed underlying complexity in the ge-
netic architecture among populations. Reports have indicated
that the phenotype associated loci in a certain population may
be varied by genetic diversity in terms of population specificity.
Interestingly, previously known allergic disease related
rs3184504, monomorphic in Asians, is also located at the 12q24
region. Therefore, further study concentrating on fine mapping
and targeted resequencing analysis would be required for under-
standing the effect of variants in a population specific manner.

In conclusion, our study may provide a deeper understanding
of the unraveled mechanisms of allergic diseases. Moreover, the
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comparison results among populations may play a role as a
guide to personal genomics. As shown in this study, previously
allergic disease associated loci may have an effect in a pop-
ulation specific manner. Therefore, the association study in mul-
ti-ethnic populations would provide valuable information to dis-
cover the underlying mechanism of allergic diseases. Moreover,
further investigation is needed with a large number of disease
samples and accurately defined phenotype information in order
to understand the disease mechanism and genetic diversity in
the context of disease associated loci.

MATERIALS AND METHODS

Subjects and genotyping

All participants provided informed consent using a form that was
approved by all participating Institutional Review Boards. The
relevant information for the subjects used in the current study
has been described in the previous study (23). In brief, the epi-
demiologic and clinical data for the study were collected from
10,038 participants within a large-scale Ansan and Ansung gen-
eral population-based cohort, which was established as part of
the KoGES by Korea Center for Diseases Control and Prevention
(KCDQ). The genomic DNAs were isolated from peripheral
blood drawn from the participants and were genotyped on the
Affymetrix Genome-Wide Human SNP array 5.0 containing
500,568 SNPs. After quality control on samples and SNPs, we
selected 352,228 SNPs with 8,842 individuals for further
analysis. The genotype data of the participants were provided
from the Korean Genome Analysis project and GWAS was con-
ducted as part of the KARE project.

Definition of Allergic related phenotype

Allergic disease related phenotypes are defined based on in-
formation from self-report of physician diagnosis and their
symptoms. On the basis of the survey questionnaire, three aller-
gic disease phenotypes were defined: one of them for allergy
and two of them for asthma related phenotypes. Allergy diag-
nosis phenotype was defined based on the history of physician
diagnosis on allergic rhinitis and atopic dermatitis. Asthma phe-
notypes were defined according to the history of physician diag-
nosis on asthma and self-reported symptoms. Asthma related
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phenotypes were classified in detail by the presence of self-re-
ported symptoms. Asthma | was defined based on the history of
physician diagnosis on asthma. Asthma Il was defined by both
the history of physician diagnosis as well as awakening with
chest tightness, cough, wheeze, or night time awakening due to
shortness of breath during the last 12 months. The control sam-
ples were retrieved from 8,842 samples based on no history of
asthma, wheezing and allergy.

Comparison between previous GWAS result and KARE

Twelve GWAS on allergic diseases have been reported and 46
statistically significant results from each study (P-value < 1 x
1077 were retrieved from GWAS catalog (24). Due to the lim-
ited amount of directly genotyped data, we used imputed geno-
type data for the comparison analysis. Those SNPs that were not
available in our directly genotyped or imputed data were com-
pared to proxy markers (SNPs in linkage disequilibrium, r* >
0.8 in CHB/JPT HapMap Phase Il samples) within our dataset.
Among 46 previously reported SNPs, 13 SNPs were excluded
for further analysis due to monomorphism in Asians (4 SNPs)
and low imputation quality (9 SNPs, information score < 0.5).

Statistical analysis

Statistical analysis was performed using PLINK (25) and R
software. We performed logistic regression analysis for the bina-
ry phenotypes, adjusting age, sex, and recruiting geographic
area under additive models. Imputation was carried out by using
the IMPUTE program on the basis of NCBI build 36 and dbSNP
build 126, we initially used 90 individuals from JPT and CHB
founders in HapMap as a reference panel (release 22) (26).
Before the association analysis on the imputed genotypes, we re-
moved imputed SNP markers with low genotype information
content (info < 0.5), posterior probability score < 0.90, low
call rate < 0.90, MAF < 0.01 and HWE (P-value < 1 x 10 ).
Among the markers, we selected 32 previously known variants
for further analysis. To calculate the statistical power, we used
the R statistics software and its package “GeneticsDesign”. The
power analysis was performed under the additive model and
with specific parameters such as odds ratio as estimated in this
study, a disease prevalence of 0.07 (3), marker allele frequency
in the current study, and alpha as 0.05.

Gene-based associations

A gene-based approach tests for the association between a phe-
notype and all variants within a gene region. We used set-based
tests implemented in PLINK software for the gene-based associa-
tion test. Gene information near 46 previously allergic diseases
associated SNPs was retrieved from UCSC genome browser
(hg18). In the association test, we selected options for analysis as
r-square = 0.5, 10,000 permutations, and no threshold for p-val-
ue of the variants within gene region. After excluding the gene
regions with no available SNPs, we performed the set-based test
on 34 genes near previously reported variants from asthma and
allergic GWAS.
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Assessment of linkage disequilibrium (LD) and population
structure

To view the LD patterns of genomic regions across populations,
we used Haploview software (27) to draw LD plots based on
HapMap phase Il CEU and CHB/JPT populations. In addition to
the graphical view of difference in genetic structure, we also as-
sessed the differential levels of genetic structure using iHS
(Integrated Haplotype Score) and F score. Haplotter is used for
retrieving pre-calculated iHS and Fy score (28). iHS is a statistic
representing the degree of recent positive selection at a locus. Fy
is a measure of the magnitude of population differentiation be-
tween two populations.
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