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A genome-wide association study for different types of allergic diseases

Abstract. All over the world, there is an active search for genes that are responsible for the formation of
predisposition to allergic diseases, which is associated both with the undoubted relevance of studying risk
factors for the development of allergies, and with the emergence of new opportunities for genetic research. In
addition, anthropogenic impact can cause allergic reactions and modifications in the functions of antioxidant
defense cells and the immune system. Due to the fact that in the cohort of the population of Almaty and the
Almaty region (going forward we will say Almaty to include the region also), respiratory diseases with an
allergic component, such as bronchial asthma, bronchitis, allergic rhinitis, are common, we consider it is
appropriate to conduct an epidemiological study of candidate genes for allergic diseases — cytokines and
their receptors (IL4, IL4RA , IL12B, IL13, TNFA, CCLS5), adrenoreceptor (ADRB?2), transcription factors
involved in T-lymphocyte differentiation (STAT6, GATA3, TBX21), major histocompatibility complex
(HLA-DRBI, HLA-DQBI). The aim of our study is to conduct genome-wide genotyping in people with
allergic diseases and to search for marker genes that affect the risk of developing allergies as well as
to identify genes that are involved in the pathogenesis of allergic diseases. We performed genome-wide
microarray genotyping of 25355 SNPs on the iScan platform of 103 samples with allergic diseases and 108
control DNA samples using the kit (Infinitum® ImmunoArrayY ¢- v, + BeadChip Kit). The results obtained,
using the GWAS analysis, which considers numerous polymorphisms, showed the involvement of some
genes in the development of allergic diseases (rs20541-asthma, allergic rhinitis, rs841718-atopic dermatitis,
rs3212227-immunodeficiency).

Keywords: allergy, marker genes, Allergic rhinitis (AR), Bronchial asthma (BA), Atopic dermatitis (AD),
GWAS-genome-wide genotyping, single nucleotide polymorphism (SNP).
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Introduction

Allergies, “alien reactions” of human immunity,
are the plague of the third millennium. Allergies
are one of the diseases of peacetime and a distinc-
tive marker of the state’s well-being. For the past 25
years, WHO has been seriously concerned about the
epidemic spread of allergies, as well as the fact that
among all the main causes of death, mortality caused
by respiratory diseases continues to grow [1]. De-
spite the undoubted achievements in the fight against
allergic diseases, it must be admitted that no country
in the world has so far managed to reduce the preva-
lence of allergies in general. The main concern is the
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fact that allergic diseases affect people of working
age, children, and also affect the gene pool. If urgent
measures are not taken at the national level, aller-
gies might become a threat to the health and well-
being of the nation and cause huge financial losses.
In the Republic of Kazakhstan, respiratory diseases
take first place in the general disease pattern which,
in absolute terms, is about 2.5 million cases and in-
cludes such diseases as: allergic rhinitis, bronchial
asthma, pneumonia, bronchitis, emphysema. About
1 million suffer only from bronchial asthma and the
highest prevalence is noted in children [2]. Intensive
anthropogenic pollution of the natural environment
affects the state of plant and animal populations, as
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well as human health. It is known that people’s health
is 12% dependent on the level of healthcare, 18% on
genetic predispositions and 70% on lifestyle, not
least of which is the ecological environment and nu-
trition [3]. The relationship of genetic polymorphism
with the individual sensitivity of the human genome
to the action of mutagenic environmental factors, in
particular, to pesticide pollution, is being actively
studied in the world.

Genome-wide association studies (GWAS) are
the basis for the search for candidate genes for mono-
genic and multifactorial diseases, including allergic
diseases, coronary heart disease, vascular diseases,
and others. In some cases, GWAS results allow for
not only the understanding of the pathophysiological
basis of diseases, but can also serve as an impetus for
the creation of new therapeutic agents and drugs [4].
Predicting the occurrence of allergic manifestations
can help prevent the spread in high-risk individuals.
The first GWAS of asthma were studied in Germany
and England, showing the association of single nu-
cleotide polymorphisms localized in the 17q12-q21
region (ORMDL3 and GSDMB genes) [5]. In recent
years, asthma GWAS have been carried out in vari-
ous populations of the world, new genes associated
with the development of asthma in individuals of
European origin — DENNDIB, PDE4D, RAD50, IL-
IRLI / ILI8RI1, HLA-DQ, IL33, IL6R, SMAD3 and
IL2RB have been discovered; African origin — ADR-
AIB, PRNP and DPP10; Mexicans — TLE4; Koreans
— CTNNA3 (http://www.genome.gov/GW AStudies/)
[6]. A GWAS is conducted to identify genetic vari-
ants specifically for allergic rhinitis (AR) in an ethnic
Chinese population [7], and two GWAS results for
AD were published that revealed an association with
the SNP of the 11q13.5 regions in individuals of Eu-
ropean origin [8]. Recent data from scientists have
shown that NPSRI and CTLA4 may serve as genetic
links between AR and asthma [9].

It is known that the genes that regulate antioxi-
dants and immune systems play a key role in the
mechanisms of allergy manifestation. Recent re-
search has focused on the role of oxidative stress
and antioxidants in allergic rhinitis and asthma.
Some studies have examined whether specific oxi-
dative markers are associated with specific diseases
and performed cluster analysis to compare the clini-
cal relevance of oxidative stress markers and the
correspondence between diseases [10]. According
to the literature, the most common markers for a
genetic association with asthma were 1L4 (91 refs),
followed by IL13 (75 refs) and TNF (73 refs). Sig-
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nificant associations of SNPs in IL4 with asthma
have been reported in 15 different populations. The
following 14 genome-wide genes have been associ-
ated with the diagnosis of asthma in more than three
independent study populations: ADAM33, CCLS,
CD14, DPP10, EDNI1, GPRI154, GSTPI, IL12B,
IL13, IL4, IL4R, PTGDR, TNF. [11]

Most of these studies are devoted to the study of
polymorphism of genes encoding xenobiotic metab-
olizing enzymes, DNA repair defense systems, cell
cycle control, antioxidant protection and immune re-
sponse, which are indicators of hereditary individual
sensitivity.

To search for genes responsible for predisposi-
tion to allergic diseases, we conducted a molecular
genetic study using microarray genotyping of genes
of the antioxidant and immune systems: cytokines
(IL4, IL4RA, ILI2B, IL13, TNFA), major histo-
compatibility complex (HLA-DRBI), 2-adrenergic
receptors (ADRB?2), transcription factors involved
in T-lymphocyte differentiation (STAT6, GATA3,
TBX21), CYP gene polymorphisms (CYP2D6, CY-
P2B6, CYP2C19), xenobiotic biotransformation en-
zymes (GSTM1, GSTP1, GCLM, NAT2) in patients
with allergic diseases and in control group individ-
uals on the example of the three most common al-
lergic diseases — Allergic rhinitis (AR), Bronchial
asthma (BA) and Atopic dermatitis (AD). The choice
of candidate genes for association analysis is based
on the significance of their protein products in the
etiopathogenesis of allergy and literature data. Many
believe that diseases of the upper and lower respira-
tory tract, such as allergic rhinitis, chronic rhinosi-
nusitis, and asthma, often coexist (the “single airway
concept”) [12,13]. Most patients with asthma suffer
from allergic rhinitis, and many patients with rhinitis
have asthma [14,15].

The aim of our study is to conduct genome-wide
genotyping on the iScan™ System platform using
high-resolution Infinium® ImmunoArray-24v2.0
BeadChipKit biochips of people with allergic diseas-
es and to search for marker genes that affect the risk
of developing allergies along with the identification
of genes that are involved in pathogenesis of allergic
diseases. Such an associative analysis will help deter-
mine the genetic risk in people with allergic diseases,
identifying causal mutations in cohorts of allergic
patients, giving more definite answers on the mecha-
nisms of disease development, suggesting measures
for diagnosis, personalized treatment, prevention of
environmentally dependent diseases, and suggesting
new ways of health correction.
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Materials and methods

Research objects. The object of the study were
patients in Almaty, with various types of allergic
diseases (103 people), who complained to the pri-
vate clinic “Allergo clinic”. The diseases were di-
agnosed by qualified pulmonologists, allergists and
dermatologists on the basis of data from clinical,
general laboratory and additional research methods
in accordance with the criteria of program docu-
ments for the diagnosis, treatment and prevention
of diseases. As a control, a cohort of apparently
healthy individuals (108 people) from Almaty and
Almaty region was chosen. Questionnaires, EDTA-
treated frozen (-20°C) peripheral blood samples,
peripheral blood samples, accompanied by personal
data and clinical health survey data, served as the
materials for the study. When selecting biomateri-
als from conditionally healthy people, the absence
of a history of oncological, cardiovascular, neuro-
logical, autoimmune and allergic diseases, diabetes,
metabolic disorders and thyroid function was con-
sidered.

Molecular genetic analysis of people was car-
ried out on the basis of existing voluntary informed
consents and approvals of local ethical commissions
(Protocol No. 52 from 05.09.2017 LEK NUO Ka-
zakh-Russian Medical University).

DNA extraction. DNA was isolated from frozen
(-20°C) EDTA-treated peripheral blood samples
using the GeneJet Genomic DNA Purification Kit
(Thermo Scientific, USA) and ReliaPrep™ Blood
gDNA Miniprep System (Promega, USA) accord-
ing to the manufacturer’s protocols. DNA samples
were stored at —20°C. Quantitative and qualitative
evaluation of isolated DNA was performed spectro-
photometrically (BioPhotometer Plus, Eppendorf,
Germany; NanoDrop 2000, Thermo Fisher Scien-
tific, USA) and fluorometrically (Qubit Fluoromet-
ric Quantification, Thermo Fisher Scientific, USA).
DNA samples with a purity factor of 1.75-1.80 were
used for analysis. Samples contaminated with RNA
(factor 1.8-2.0) and samples with protein contamina-
tion (1.5-1.7) were additionally washed and repre-
cipitated with ethanol until the desired purity of the
preparation was obtained.

SNP genotyping by microarray. Preparation of
DNA samples for microarray genotyping was carried
out using the Infinium Automation Kit — 8 Tip Tecan
Non LIMS automated sample preparation station. Mi-
croarray genotyping of the target population cohorts
was carried out on the iScan System platform (Illu-
mina, USA) using the Infinium® ImmunoArray-24
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v2.0 BeadChip Kit (Illumina, USA) according to the
Infinium HTS Automated Workflow protocol.

Initial microarray genotyping data were pro-
cessed using Illumina GenomeStudio v.2.05 soft-
ware. Software (Illumina, USA), PLINK, RStudio.
Samples with quality less than 98% (percentage of
progenotyped SNPs expressed in terms of call rate)
were excluded from the analysis.

Bioinformatic analysis. Bioinformatic analysis of
the results of microchip SNP genotyping included de-
termining the reliability of data, determining the ge-
netic status — homozygosity / heterozygosity for the
identified changes, detection and analysis of identi-
fied mutations and polymorphisms by comparing the
found mutations with mutations identified as patho-
genic in well-known databases and scientific articles.
For annotation and interpretation of genetic variants
obtained using iScan, the Genome-Wide Association
Studies data catalog (GWAS catalog — https://www.
ebi.ac.uk/gwas/), single nucleotide polymorphisms
database (dbSNP, https:// www.ncbi.nlm.nih.gov/
snp/), ClinVar (https://www.ncbi.nlm.nih.gov/clin-
var) and 1000 Genomes (1000G — https://www.inter-
nationalgenome.org/1000- genomes-browsers).

Statistical methods for data analysis. Traditional
methods of variation statistics were used to assess
the fit of case-control cohorts on key population
characteristics such as age, gender, ethnicity, and bad
habits. Differences were regarded as significant at
p<0.05. Significance level (P) was determined using
Chi2 (y%2) and Student’s t-test.

Compliance with the Hardy-Weinberg equilibri-
um (x2) was assessed in all cases of SNP genotyping.

Statistical analysis of the association of polymor-
phisms of the studied genes was performed using the
Software GraphPad Instat™ software (V. 2.04. Ralf
Stahlman, Purdue University) and the “Calculator for
calculating statistics in case-control studies” provided
by the website of the Tapotili company of the Labo-
ratory of Molecular Diagnostics and genomic finger-
printing of the State Scientific Center of the Russian
Federation “GosNII genetics” (http://www.tapotili.ru).

The relative risk index (OR) was calculated using
the standard formula:

OR =a/b x d/c,

where:

a is the number of people in the allergy group
with the mutant genotype;

b is the number of people in the allergy group
who have a normal genotype;

¢ is the number of people in the control group
with the mutant genotype;
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d is the number of people in the control group
with a normal genotype.

The reliable confidence interval was calculated
by the formulas:

CImin=exp(InOr-1,960(1/a+1/b+1/c+1/d))
CImax=exp(InOr+1,960(1/a+1/b+1/c+1/d))

Results and discussion

Health assessment. Allergic diseases have a com-
plex multifactorial nature and develop through the
interaction of environmental factors and hereditary
predisposition. All over the world, researches are
working to identify genes responsible for the forma-
tion of allergic predispositions. For the first time, we
used a genome-wide analysis of associations in the
study of allergic diseases in the population of Al-
maty, represented by a mixed population: Kazakhs
(73.79%), Russians (14.56%) and others (12%).

Table 1 — Main characteristics of cohorts “case-control”

To determine candidate genes for allergy pre-
disposition, blood samples were collected from pa-
tients with various allergic diseases (103 people).
When collecting material, a questionnaire was si-
multaneously conducted and voluntary informed
consent was issued. Personal data and clinical and
morphological characteristics of diseases were stud-
ied (Supplement, Appendix A). The selection of the
control group was carried out considering previous
studies of the state of human health, which materi-
als are presented in the genetic bank of the Labora-
tory of Molecular Genetics of the Institute of Genet-
ics and Physiology. The control group was formed
from apparently healthy individuals, based on gen-
der, ethnicity and age, and bad habits. Analysis of
personal data in the control group showed no his-
tory of oncological, cardiovascular, neurological,
autoimmune and allergic diseases. Table 1 reflects
representative data for the study group with allergic
diseases and in the control group.

Characteristics Study group, % Control group, %
n 103 108
Age (years) 35.58+6.79 36.67+7.77
Male 33 (32.04) 33(30.56%)
Gender, n (%)
Women 70 (67.96) 75(69.44)
Kazakhs 76 (73.79%) 100 (92.59%)
Nationality, n (%) Other nationalities
Russians 15(14.56%) 5(4.63%)
Uighurs 4 (3.88%) 3 (2.79%)
Koreans 5(4.85) 0
Tatars 3(2.9%) 0
Smokers 21(20.39) 10(9.30)
Non-smokers 82(79.61) 98(90.74)

On the basis of the results obtained it may be
concluded that the obtained and analyzed groups of
people with allergic diseases and apparently healthy
people can be considered suitable for this molecu-
lar epidemiological study based on the case-control
method.

Regarding the types of allergic diseases, that were
established based on clinical examinations, the fol-
lowing groups of patients with category of diagnoses
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were distinguished: 52 — allergic rhinitis, 13 — atopic
dermatitis, 19 — urticaria, 9 — drug allergy, 1 — acute
bronchitis, 10 — bronchial asthma, 1 — toxic erythema,
7 — Quincke’s edema, 3 — allergic conjunctivitis, 1 —
solar urticaria, 5 — food allergy. Figure F.1 presents
data on the types of diseases occurring in patients with
allergic diseases. 44% were patients suffering from al-
lergic rhinitis, and there was also an increase in atopic
dermatitis (11%) and urticaria (16%).
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Disease distribution
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Figure 1 — Dynamics of allergic diseases in study group

The highest percentage of morbidity (50%) falls
on allergic rhinitis. It is known that allergic rhini-
tis (AR) is the main chronic respiratory disease and
the most common allergic disease with a worldwide
prevalence of 10-25% [16]. AR is a disease charac-
terized by IgE-mediated inflammation that develops
as aresult of allergens entering the nasal mucosa. Ac-
cording to statistics, the incidence of allergic rhinitis
ranges from 10% to 40% of the population in vari-
ous countries. The problem of allergic rhinitis is also
relevant for Kazakhstan, primarily because of the
continental climate with severe winters and a long
flowering period. It has long been recognized that
the development of AR depends on the interaction
between genetic and environmental factors and that
genetic factors play an important role, with an esti-
mated heritability of AR as high as 70-90% [17,18].
A large number of studies have identified more than
100 single nucleotide polymorphisms (SNPs) associ-
ated with AR, but few of them have been success-
fully replicated.

Bronchial asthma (BA) is a chronic inflammatory
disease of the airways in which many cells and cel-
lular elements play a role. Asthma is well known to
be closely associated with AR, as a significant pro-
portion of people with asthma also have symptoms
of AR, and patients with AR have a 5- to 6-fold in-
creased risk of developing asthma [19-21]. Accord-
ing to statistics, in 2018 in Kazakhstan, the preva-
lence of BA among children under 17 years old is
23.5%, 105365 cases of BA were registered among
adults [22]. The genetics of asthma has been exten-
sively studied and many genes have been linked to
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the development or severity of the disease. It is cur-
rently believed that about 300 million people suffer
from asthma worldwide, and these numbers are pro-
jected to rise in the coming years. Asthma is a syn-
drome with a heterogeneous pathophysiology and
various asthma phenotypes differ in age of onset,
environmental risk factors, clinical manifestations,
prognosis, and response to therapy. Comorbidities
have been reported between asthma and other aller-
gic diseases (especially allergic rhinitis and atopic
dermatitis) [23]. Clinical and epidemiological evi-
dence suggests that asthma and allergic diseases are
related and may share a common genetic etiology.

Atopic dermatitis (AD) is a chronic relapsing
inflammatory skin disease that can affect 20% of
children and 3% of adults. Atopic dermatitis (AD) is
most often the first manifestation of allergy in a child,
can continue into adulthood and leads to physical and
emotional maladjustment of the patient. Almost half
of the children against the background of AD subse-
quently develop bronchial asthma or allergic rhinitis.
The prevalence of AD in children is 15-20%, in the
adult population — 2-10% [24].

Thus, the next 10-15 years will be accompanied
by an inevitable increase in allergies in general and
chronic allergic diseases in particular. At the moment,
the official statistics for the Republic of Kazakh-
stan is as follows — according to scientific research
(including the own data of the Republican Allergy
Center), the approximate figures for the incidence of
bronchial asthma in urban residents are approach-
ing 5-6%, in rural areas — 1-2%. For allergic rhini-
tis — 15-20% and 10-15%, respectively. At the same
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time, the proportion of asthma in the pool of patients
with chronic respiratory diseases (chronic bronchitis,
COPD, asthma, etc.) is at least 40%. Moreover, all
these indicators are growing in full accordance with
global trends [25]. According to the World Allergy
Organization, about 30-40% of the world’s popula-
tion suffer from various allergic diseases (World Al-
lergy Organization).

Genotyping for candidate SNPs of a cohort of pa-
tients and healthy individuals. One of the most prom-
ising modern methods for studying complex traits
is the Genome-wide Association Studies (GWAS)
method, which involves genotyping and testing the
association with the disease of hundreds of thousands
of single nucleotide polymorphisms (SNPs) [6]. To
identify genetic disorders of candidate allergy genes,
the genes of cytokines — interleukins (IL4, IL13,
IL4R, 1L12B, STAT) — the main molecular mediators
of triggering, development and regulation of allergic
inflammation, the major histocompatibility complex
(HLA-DRB1) — playing a key role in the develop-
ment acquired immune response to foreign protein
antigens, beta-2 adrenergic receptor (ADRB2) — re-
ceptor-protein ion channel, polymorphisms of mark-
ers of the CYP2B6 family, xenobiotic biotransforma-
tion enzymes (GSTM1, GSTPI, GSTTI), genes of a
polyprotein (APOE)-associated with human immu-
nity etc., found in a genome-wide association analy-
sis. We performed genome-wide microarray geno-
typing for 25355 SNPs on the iScan platform of 103
samples with allergic diseases and 108 control DNA
samples using the kit (Infinium® ImmunoArray-24
v2.0 BeadChip Kit. Microarray genotyping data were
processed using Illumina GenomeStudio v.2.05 soft-
ware. Software, PLINK, RStudio 23 samples with
poor reading quality of SNPs (call rate <95%) were
excluded from the analysis (Supplement, Appendix
B). The mean genotyping efficiency of the remaining
83 samples was 96%. In the control group, a total of
43 genes were analyzed, 43 polymorphisms associ-
ated with allergic diseases were identified, of which
14 were in the exon part, 8 were assessed as missense
mutations (sense), 1- as synonymous, 34 polymor-
phisms were in non-coding regions of genes. SNPs
genotypes were read in almost all case and control
samples with exception of 23 persons because of call
rate less then 95%. Heterozygosity/homozygosity, as
well as the frequency of identified alleles and geno-
types are presented in Table 2. Analysis of literature
data and analysis using the program http://www.ncbi.
nlm.nih.gov/projects/SNP made it possible to iden-
tify genes associated with allergic rhinitis, bronchial
asthma, atopic dermatitis, such as the /13 (rs20541,

Int. j. biol. chem. (Online)

rs848),STAT6 gene (rs1059513, rs841718), ADRB2
(rs1042714), IL4R (rs1805015), IL12B (1s2569254,
1s3212227),etc. We pay special attention to SNPs of
these genes.

For each SNP, the odds ratio for separate allelic
variants and for genotypes was estimated using mul-
tiplicative, dominant, and recessive models.

Table 3 presents only significantly identified as-
sociations with the development of allergic diseases.
According to the multiplicative inheritance model,
for the total sample, the relative risk is expressed
for individual alleles of the /L/2B gene with dif-
ferent SNPs: rs2569254 — OR=1.79, CI95%=1.08
— 2.96, ¥2=5.174, p=0.023, rs2853694 — OR=1.97,
CI95% =1.24 — 3.13, ¥2=8.287, p=0.004, rs3213094
— OR=1.87, CI95%=1.20-2.91, %2=7.652, p=0.006,
1s3212227-OR=11.78 CI95%=5.43-25.54, y32=53.,
p=0.00; for the IL13 gene: 1s1295686 — OR=5.08,
CI195%=2.89-8.96, x2=35.24, p=0.000), rs20541-
OR=4.46, C195%=2.54 -7.83, ¥2=29.731, p=0.000);
for the CYP2B6 gene: 152279345 — OR=1.30,
CI195%=0.81-2.07, ¥2=20.67, p=0.000).

According to the multiplicative model, rs1805015
of the IL4R gene (OR=0.20), rs841718 of the STAT6
gene (OR=0.62), rs3789453 of the GCLM gene
(OR=0.83) exhibit protective properties both in the
homozygous state and in the heterozygous state (in
combination with the risk allele risk lowered). It
should be noted that the involvement of some SNPs
in the development of specific allergic diseases was
determined: 1rs20541 is significantly associated with
the development of asthma and allergic rhinitis,
rs841718 — atopic dermatitis, rs3212227 — immuno-
deficiency.

An analysis of the association of individual geno-
types according to the general model of inheritance
(Table 4) determined an increased relative risk of
the influence of homozygotes on the development
of allergic diseases in the general population and
which are consistent with the GWAS database in
the /L13 gene with the following polymorphisms:
rs1295686(OR=7.38, CI95% 3.69-14.74, ¥2=35.56,
p=0.000);  1s20541(OR=4.92, CI95%  2.51-
9.64, ¥2=28.69, p=0.000); in the ILI2B gene
1s3212227(OR=14.61, C195% 6.27-34.08, x2=49.58,
p=0.000); rs2853694 (OR=3.41, CI95% 1.82 -6.37,
12=16.84, p=0.000); rs3213094 (OR=2.52,CI95%
1.35-4.72, y2=8.74, p=0.01); 1s2569254 (OR=2.27,
CI95% 1.23-4 .19, %2=7.03, p=0.03); for the
IL4R gene 1s1805015 (OR=I1.16, CI95% 0.08-
0.32, x2=28.69, p=0.000); for the CYP2B6 gene
rs2279345 (OR=2.15), rs707265(0OR=2.51);
GATA3 1rs3824662(OR=2.19, p=0.018);
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GATA3 1s3824662(OR=2.19, CI95% 1.19-4.01, p=0.5) and rs6107696 gene SRXNI (OR=0.72, CI
v2=86.05, p=0.018). However, rs3789453 for gene  95%=0.26-1.98, ¥2=3.70, p=0.157) show protective
GCLM (OR=0.90, CI95%=0.49-1.64, x2=1.36, properties.

Table 2 — Detected SNP-genotyping data

Gene(s) Chr Name Mutatiol AA Horw Hete Home 1000 G TOPMed gnomAD  Am Alleles
SPOM1 11 r1025412 Silent MM _006108.4:c826-18582G=4A 22 42 19 G:0466 0489214  G:0.490 G [ANG]
ADERER 2 5 rel042714 Missense MC_000005.10:g148826910G =4 9 3a 38 0446 G=0.304575 G=0.316528 G [G/C]
ADERER Y 5 rel042718 Synonyn NI _000024 6:c523C>4 46 30 T A=02077  A=0246658 A=0215180C [AA]
MNFEZ 12 re10506328 Silent  NMC_000012.11:g54687 23240 o1z 65 A=01212 A=0256458 A=02483484 [AN]
STATE 12 11059513 Silent  MNC_000012.11:g57489709T>C 75 3 0 C=0.0701 C=0.033547 C=0.0805376 T [T/C]
SPOM1 11 re12146558 Silent  NMC_000011.9:g2142537921T=G a3 1] 0 G=0.0062 G=0.0153748 3=0.015900T [T/G]
SPOM1 11 r12575169  Silent MM _006108.4:c239 658640 57 26 0 C=0.1072 C=0.169706 A [AAC]
IL13 5 rgl2056 86 Silent  MNC_000005.9:g131995843T>C 738 38 T=0.4219 T=0386448 T=0377092 T [T/Z]
APOE 19 rg140808909  MlissenseMMM_001302688 2c 862G =4 a3 1] 0 A=0.0006 A=0000045A=0000057 G [&4G]
ILAE. 16 rzl2050135 Ifizzense MM _000418.4:c1507T=C 66 1a 2 C=02017 C=0226907 C=0.225574 T [T/C]
APOE 19 12201672011 Missense MM _001302688. 2c 169G =4 a3 1] 0 A=0.0006 A=0000045A=0000057 G [&4G]
IL13 5 rsdlsdl Mizzense MM _002188.3:c431AG 3@ 39 6 A4=02700 A=03225470 A=0226468 G [AG]
IL13 5 re20aa960 Silent MM _002133.3:c174+383C=4 w427 2A=01993 A=0161090 A=0.156756 C [&C]
THFAIRS 6 rgd2300 26 Missenst MM _001270508.2:c.380T =G a0 3 0 G=0.1396 G=0140202 3=0.134318 T [T/G]
CYPIBE 19 rg2270545 Silent  MNC_000019.9:g41515702T=C a3 43 T=0.2652 T=0309460 T=0.326698 T [T/C]
IL12B 5 rgd5aRisd Silent  MNC_000005.9:g1587512409C>T a0 26 7 T=0.1160 T=0.139892 T=0.150169 C [T/Z]
IL12B 5 rglB55604 Silent  MNC_000005.9:g158749088G>T 12 41 30 G=03560 G=0.392240 G [T/3]
HLA-DJBI 6 rgdB5dds Silent  MNC_000006.11:g32628428C>4A 7111 1 A=0.0649 A=0095787 C [A&NC]
ILAER. 16 rg3024658 Silent  MNC_000016.9:g273704544 =G 1] 3 75 A=01369 A=0135134 A=0.134652 4 [AAT]
IL12B 5 rg3212227 Silent  MNC_000005.9:g158742050T>G 42 33 3 G=0.3590 G=0.280502 T [T/3]
IL12B 5 rg3215004 Silent  MC_000005.9:g158750760C=T 42 33 3 T=03626 T=0.231813 o [T
THFAIPS 6 re3757173 Silent  MNC_000006.11:g13819015445>G 7ro11 0 G=0.2055 G=0.211990 G3=0.199752A [&0G]
GCLM 1 rs37898453 Silent  MC_000001.10:g94374028C=T 6 29 48 C=0.2504 C=0262892 C=0.176436 C [T/C]
THFAIPE 5 re37O7543 Silent MM _0143504:c31+7245C 47 30 6 C=03305 C=0.378953 C=0.388604 A [AC]
GATAS 10 re3e24662 Silent MM _001002295.2:c779-17480=4 46 28 0 A=01059  A=0185417 A=0.173865C [AC]
HLA-DEE | 6 rg3830135 Silent  MNG_002432.1:g127953G=4A 69 14 0 A=0.0847 A=0.114801 G [&M5]
GATAS 10 re444020 Silent  MNC_000010.10:g8110024C=T 2 ia 55 C=0.1358 C=0.189871 C=0.193814 C [T/Z]
THFAIPS 6 rg5020030 Silent MM _001270508.2:c.296-259C =G a0 3 0 G=0.1396 G=0139007 3=0.133958 C [GAZ]
GATAS 10 re569421 Silent  MNC_000010.10:g8108592T=C 34 30 10 C=0.2953 C=0.201787 C=0.203257 T [T/C]
THFAIPS 6 reSBTET Silent  MNC_000006.11:g138197824C=T 2 Za 55 C=0.2584 C=0.289716 C=0.20a668 C [T/Z]
THFAIPS 6 rel0a04 Silent  MNC_000006.11:g138190417G>T 234 47 G=03366 G=04272136 G=0423267 G [T/3]
SR 20 rz6107696 Silent  MNC_000020.10:g6300704A=C 749 27 A=03183 A=0305622A=02047384 [ANT]
THFAIPS 6 regd 3177 Silent  MNC_000006.11:g138195693T=C HE 54 T=0.2574 T=0.280588 T=0.296607 T [T/Z]
THFAIPE 5 resfETHETY Silent MM _001077654.3:c 24572200 =T 43 32 2 T=0.1577  T=0.1921953 T=0.204301 C [T/C]
CYPIBG 19 rg707265 Silent  MNC_000019.9:g415240874=G o 23 45 A=02602 A=0301317 A [AMG]
SPOM1 11 rg7104613 Silent MM _0061084:c479+16730C=T 7a 2 0 T=0.0805 T=0.075643 T=0.073234 C [T/C]
THFAIRS 6 rg719150 Silent  MNC_000006.11:g1381927614A>G 711 0 G=0.2057 G=0212426 3=0.200240 A [&AG]
HLA-DEE 1 6 rg72850287  Silent  NMC_000006.11:g3255584 1A =0 69 14 0 C=0.0705 C=0.17621 A [ANC]
APOE 19 rg7412 Missense MM _001302688.2:c.604C=T Th 7 0 T=0.0751 T=0.078122 T=0.079856 C [T/C]
APOE 19 rg760455 Missense MM _001302688.2:c.565C=>T a3 i] 0 T=0.0074  T=0.007847 T=0.007012 C [T/C]
STATE 12 re841718 Silen NC_000012.11:g57492908G =4 200 44 19 A=04249 A=0401337 A=0405373 G [A&0G]
IL13 5 re@4d Silent  MNC_000005.9:g1319965004=C 6 30 38 A=03724 A=07350553 A=0326017 4 [AA]
POM1 7 rzd545710 Silent  MNC_000007.13:g94952692C>4A 15 42 16 A=04866 C=0484661 C=0477169 C [AA]
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Throughout the world, in the molecular genetic
study of allergic diseases, cytokines, especially inter-
leukin 4 (IL 4) and interleukin 13 (IL 13) [6], play
an important role in controlling all stages of devel-
opment and maintenance of allergic reactions and
inflammation [6]. IL 4 was first described by M.
Howard et al. in 1982 as a factor that stimulated the
proliferation of B lymphocytes and their synthetic ac-
tivity, therefore it was originally called B cell growth
factor, B stimulating factor and B cell differentiat-
ing factor. It was then found that this mediator also
stimulates the proliferation and functional activity of
certain types of T lymphocytes. In 1986, this cyto-
kine was given the name “IL 4. [26]. According to
the literature, the IL4Ra gene is actively studied as
a candidate gene for AD. There are at least 14 SNPs
in coding exons that lead to amino acid substitutions
and are associated with AD and atopy, for example,
Val50, Glu375, GIn551, Cys406, Serd78, [27-28].
IL 13 has biological activity, in many respects simi-
lar to the activity of IL 4. Studying their biological
functions showed fundamental differences between
the two cytokines. IL 13 and IL 4 similarly stimulate
the function in lymphocytes and monocytes/macro-
phages, however IL 13 has absolutely no effect on T
lymphocytes, since T cells do not express their recep-
tors [26]. In particular, the signal from IL 4 and IL 13
is transmitted using the STAT6 protein.

However, in recent years, researchers believe
that the cause of allergic diseases are disorders in the
immune system, which is associated with increased
unbalanced activation of allergen-specific clones of
type 2 helper T-lymphocytes. And here, the cytokines
involved in the triggering and regulation of allergies
are synthesized by epithelial cells, various types of
leukocytes, innate lymphoid cells, and allergen-acti-
vated T-helper lymphocyte clones. After interacting
with allergens, epithelial cells synthesize cytokines
that cause inflammation, activation of dendritic cells
(DCs), and recruitment of many types of leukocytes
to the submucosal layer of the epithelium. The fol-
lowing cytokines are most important in these pro-
cesses: thymic stromal lymphopoietin (TSLP), inter-
leukins IL-25 and IL-33, which determine a special
variant of activation of antigen-presenting DCs that
direct the differentiation of T-lymphocytes of helpers
(Th), activated by the allergen, according to proaller-
gic Th2 and Th9 pathways. [29-30]. N.I. Baranova et
al. (2014) showed an association of genetic polymor-
phisms of IL-4, IL-10 and IL-17 in the pathogenesis
of allergic diseases, with a quantitative deviation of
cytokines and the formation of one or another form of
an allergic disease [31].

Int. j. biol. chem. (Online)

In recent years, AD GWAS have been carried out
in various populations of the world, new genes asso-
ciated with the development of AD in individuals of
European origin have been discovered — DENND1B,
PDEA4D, RADS0, ILIRL1/IL18R1, HLA-DQ, 1L33,
IL6R, SMAD3 and IL2RB; African origin — ADR-
A1B, PRNP and DPP10; Mexicans — TLE4, Koreans
— CTNNA3 (http://www.genome.gov/GW AStud-
ies/). The results of two GWAS for AD have been
published, which revealed an association with SNPs
of the 11q13.5 regions in individuals of European or-
igin [8], and SNPs localized in the 5q22.1, 20q13.33
and 1921.3 regions (FLG) in the Chinese [32]. In
general, genetic studies have shown that many func-
tionally interconnected genes are involved in the
etiopathogenesis of allergy. It is known that immuno-
logical mechanisms underlie the development of al-
lergies, including drugs. CYP2D6 has been found to
be responsible for the metabolism of 20-30% of drugs
[33]. CYP2BG6 is a highly inducible and polymorphic
enzyme that is expressed in the brain, mainly in neu-
rons and astrocytes. It metabolizes not only clinically
important drugs (e.g. bupropion, cyclophosphamide,
efavirenz, propofol, selegiline) but also many chemi-
cals. Goodwin et al. Have shown that transcription of
human CYP2B6 is directly regulated by the human
pregnane X receptor (PXR) [34]. Transactivation
of CYP2B6 by PXR is mediated by a region of the
PBREM gene. This 51 bp amplifier module regulates
constitutive androstane receptor (CAR) mediated in-
duction of CYP2B6 [35]. PBREM contains two DR4
(four base pair direct repeat) elements that are capable
of binding PXR-Rxr. In addition, the distal region of
the CYP2B6 promoter, together with PBREM, me-
diates drug-induced transcription of CYP2B6. Wang
et al. Showed that this distal response area could be
activated by PXR [36].

Tripeptide glutathione (GSH; y-glutamylcys-
teinylglycine) is one of the most abundant cellular
thiols. GSH is a major player in cellular defense
against ROS as it nonenzymatically scavenges both
singlet oxygen and hydroxyl radicals and is used by
glutathione peroxidase and glutathione transferases
to limit the levels of certain reactive aldehydes and
peroxides in the cell. The enzyme consists of two
subunits, a large (73 kDa) catalytic subunit (GCLC)
and a smaller (31 kDa) modifier or regulatory subunit
(GCLM), which are encoded by separate genes [37].
GCLC provides catalytic activity and is the site of
GSH feedback inhibition. The GCLC gene has been
shown to contain oxidative stress sensitive elements
in the promoter/enhancer region, and polymorphisms
associated with reduced GCLC expression are sug-
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gested to be important determinants of susceptibility
to oxidative stress and DNA damage [38].

The results of genome-wide studies make it pos-
sible to discover a number of new loci and genes as-
sociated with allergic diseases, however, the results
of these works are contradictory, in many studies the
results of GWAS do not coincide with each other.
Perhaps one of the reasons for this inconsistency is
both the ethnic component of the genetic component
(features of haplogroups of different populations,
different allele frequencies of susceptibility genes)
and the environmental component (differences in
the structure of allergic sensitization, microbial and
helminth environment). This dictates the need for
GWAS to study AD in ethnically different popula-
tions. World achievements in genetics are widely
used in Kazakhstan, however, often without consid-
ering the specifics of Kazakhstani genotype. Data on
the genetic diversity of Kazakh populations are frag-
mentary and not systematized.

Research carried out by Rogers et al. (2009)
showed that 160 associated SNPs from 39 genes from
the Illumina 550k array in 422 families successfully
replicated 10 SNPs in six genes [39]. At the gene
level, they found additional association support in 15
of 39 genes, but none were significant after adjusting
for multiple comparisons. Ober and Hoffjan (2006)
listed 118 genes that were reported to be associated
with phenotypes associated with asthma or atopy
[40]. Of these genes, 25 were positively associated
with asthma in six or more independent studies and
thus were highly implicated as true genes for suscep-
tibility to asthma-associated phenotypes. Initial asso-
ciations have been identified in many different types
of studies; linkage studies, positional cloning and as-
sociation of candidate genes, and have subsequently
been replicated mainly through association studies.

Conclusion

Thus, we evaluated the genes of allergic diseases
using the GWAS technology. However, our sample
is not large enough for such studies and needs to be
continued with a larger sample. In addition, GWAS
does not represent all candidate genes in its arrays and
this requires additional direct genotyping. We hope
that as the number of available GWAS for AR, AD,
AD increases, we will soon be able to pool results
from multiple cohorts and thus have enough power
to answer more definitively whether these SNPs are
indeed allergy susceptibility loci. Determination of
individual genetic risks underlying personalized pre-
dictive medicine will allow primary prevention of

Int. j. biol. chem. (Online)

diseases. To date, Kazakhstan does not produce a
single diagnostic test system based on genomic in-
formation that is in demand on the domestic or for-
eign market. In this regard, the creation of genetic
banks and national information databases that inte-
grate information about the genome of Kazakhstanis
seems to be a strategically important direction in the
development of fundamental and applied science in
Kazakhstan.

The research was carried out within the frame-
work of the project: OR11465435 “Development and
application of new genomic technologies to protect
organisms from mutagenic influence, increase the
productivity of natural resources and improve the
quality of life of the population”

References

1. Allergology in Kazakhstan: progress and pros-
pects. Bulletin of KAZNMU No. 4-2017, pp. 416-
418.

2. XVIII National International Scientific Con-
gress “Asthma and Allergy” in 2018.

3. Manisalidis I, Stavropoulou E, Stavropoulos A,
Bezirtzoglou E. Environmental and Health Impacts
of Air Pollution: A Review. Front Public Health.
2020 Feb 20; 8:14. doi: 10.3389/fpubh.2020.00014.
PMID: 32154200; PMCID: PMC7044178.

4. Dedov L.I., Smirnova O.M., Kononenko 1.V.
Significance of the results of genome-wide studies
for the primary prevention of type 2 diabetes mellitus
and its complications. Personalized approach. Diabe-
tes. 2014;17(2):10-19.

5. Moffatt, M., Kabesch, M., Liang, L. et al. Ge-
netic variants regulating ORMDL3 expression con-
tribute to the risk of childhood asthma. Nature 448,
470473 (2007). https://doi.org/10.1038/nature06014

6. https://www.dissercat.com/content/mo-
lekulyarno-geneticheskoe-issledovanie-allergich

7. Andiappan AK, Wang DY, Anantharaman R,
Parate PN, Suri BK, Low HQ, Li Y, Zhao W, Cast-
agnoli P, Liu J, et al: Genome-wide association study
for atopy and allergic rhinitis in a Singapore Chinese
population. PLoS One 2011, 6(5): e19719

8. Esparza-Gordillo J., Weidinger S., Folster-
Holst R. et al. A commonvariant on chromosome
11g13 is associated with atopic dermatitis //Nat Genet.
—2009. - V.41 (5). — P.596-601.

9. Park J, Jang H, Kim M, Hong JY, Kim YH,
Sohn MH, Park SC, Won S, Kim KW. Predicting al-
lergic diseases in children using genome-wide asso-
ciation study (GWAS) data and family history. World
Allergy Organ J. 2021 May 8§;14(5):100539. doi:

International Journal of Biology and Chemistry 15, Ne 2 (2022)



36 A genome-wide association study for different types of allergic diseases

10.1016/j.waojou.2021.100539. PMID: 34035874;
PMCID: PMC8131739.

10. Freihoft J., Wynyard P.G., Zarkovich N., Da-
vis S.S., Stoker R., Cheng D., Knight A.R., Sentence
E.L., Ottrich J., Ruskovska T. et al. Clinical sensi-
tivity of biomarkers of oxidative stress. Antioxidant.
redox signal. 2015; 23:1144-1170. doi: 10.1089/
ars.2015.6317.

11. Freidin M.B., Bragina E.Yu., Fedorova O.S.
Genome-Wide Analysis of Associations of Allergic
Diseases with Molecular Markers in Russian Patients
with Allergy // Molecular Biology. — 2011. — V.45
(3). — S.464-472.

12. Brozek, J. L. et al. Allergic rhinitis and its im-
pact on asthma (ARIA) guidelines-2016 revision. J.
Allergy Clin. Immunol. 140(4), 950-958 (2017).

13. Samitas K, Carter A, Kariyawasam HH, Xan-
thou G. Upper and lower airway remodelling mecha-
nisms in asthma, allergic rhinitis and chronic rhino-
sinusitis: The one airway concept revisited. Allergy.
2018 May;73(5):993-1002. doi: 10.1111/all.13373.
Epub 2017. PMID: 29197105.

14. Mohammad H. Shamssain, Negin
Shamsian,Prevalence and severity of asthma, rhini-
tis, and atopic eczema in 13- to 14-year-old school-
children from the northeast of England,Annals of
Allergy, Asthma & Immunology, Volume 86, Issue
4, 2001, P. 428-432, ISSN 1081-1206, https://doi.
org/10.1016/S1081-1206(10)62490-8.

15. Bousquet J., Annesi-Maesano 1., Carat F., Lé-
ger D., Rugina M., Pribil C., El Hasnaoui A., Chanal
1. Characteristics of intermittent and persistent aller-
gic rhinitis: DREAMS study group

Clinical $ Experimental Allergy Trusted
Evidence in Allergy, 2005.; 35: 728-732. doi.
org/10.1111/j.1365-2222.2005.02274.x

16.Akdis CA, Agache I, editors. Global atlas of
allergic rhinitis and chronic rhinosinusitis. Zurich:
EAACI; 2017.452 p

17. Baranov AA, Namazova-Baranova LS, Khai-
tov RM, llyina NI, Kurbacheva OM, Novik GA,
Petrovsky FI, Vishneva EA, Alekseeva AA, Selimzy-
anova LR. Allergic Rhinitis in Children: Principles
of Early Diagnosis and Effective Therapy. Overview
of Clinical Recommendations. Pediatricheskaya far-
makologiya — Pediatric pharmacology. 2017; 14 (4):
272-282. doi: 10.15690/pf. v14i4.1758)

18. Civelek, E. et al. Prevalence, burden, and
risk factors of atopic eczema in schoolchildren aged
10-11 years: a national multicenter study. J Investig
Allergol Clin Immunol 21, 270-277 (2011).

19. Allen M, Heinzmann A., Noguchi E., et al.
Positional cloning of a novel gene influencing asthma

Int. j. biol. chem. (Online)

from chromosome 2ql4 // Nat Genet. — 2003. -V.35.-
Ne3.-P. 258-263.

20.Zhang Y., Leaves N.I, Anderson G.G., et
al. Positional cloning of aquantitative trait locus on
chromosome 13ql4 that influences immunoglobulin
E levels and asthma // Nat Genet. —2003. - V.34. - P.
181-186.

21. LaitinenT., Polvi A., Rydman P., et al. Char-
acterization of a common susceptibility locus for
asthma-related traits // Science. — 2004. — V.304
(5668). — P.300-304.

22. Health of the population of the Republic of
Kazakhstan and the activities of medical organiza-
tions. Statistical compilations 2007-2018 — Astana,
2007-2018

23.LaitinenT., Polvi A., Rydman P., et al. Char-
acterization of a common susceptibility locus for
asthma-related traits // Science. — 2004. — V.304
(5668). — P.300-304.

24. Sun L.D., Xiao F.L., Li Y., et al. Genome-
wide association study identifies two new suscepti-
bility loci for atopic dermatitis in the Chinese Han
population // Nat Genet. —2 0 1 1. — V.43 (7). —
P.690-694.

25. Nurpeisov T.T. Clinical immunology and al-
lergology in Kazakhstan: achievements and develop-
ment prospects. / Bulletin of KazNMU. Republican
conference with the participation of RIAC — 2017.
Almaty, November 23-24, 2017

26. Mineev V.N., Sorokina L.N., Trofimov V.I.,
Nema M.A., Ivanov V.A. Receptors for interleukin-4
and -13: structure, function and genetic polymor-
phism. Pulmonology. 2010;(3):113-119. https://doi.
org/10.18093/0869-0189-2010-3-113-119

27. Ober C., Leavitt S.A., Tsalenko A. et al. Vari-
ation in the interleukin 4 receptor alpha gene con-
fers susceptibility to asthma and atopy in ethnically
diverse populations. Am. J. Hum. Genet. 2000; 66:
517-526.

28. Wu X., Di Rienzo A., Ober C. A population
genetics study of single nucleotide polymorphisms
in the interleukin 4 recep tor alpha (IL4RA) gene.
Genes Immun. 2001; 2: 128-134

29 Simbirtsev A.S. Cytokines in the immuno-
pathogenesis of clothing. BC Medical review. No. 1
dated April 26, 2021, pp. 32-37 DOI: 10.32364/2587-
6821-2021-5-1-32-37

30. Rochman Y., Dienger-Stam-
baugh K., Richgels P. et al. TSLP signaling
in CD4+ T cells programs a pathogenic T
helper 2 cell state. Sci. Signal. 2018;11(521):
eaam8858. DOI: 10.1126/scisignal.aam8858.
31. Baranova N.I., Kozhenkova S.V., Ashchina L.A.

International Journal of Biology and Chemistry 15, Ne 2 (2022)



N.K. Altynova et al. 37

The role of cytokines in the pathogenesis of chronic
urticaria. Cytokines and infections. 2014;13(1):11—
15.

32. Sun L.D., Xiao F.L., Li Y., et al. Genome-
wide association study identifies two new suscepti-
bility loci for atopic dermatitis in the Chinese Han
population // Nat Genet. —2 0 11. - V.43 (7). — P.690-
694.

33. Abdrashitov R.Kh., Gildeeva G.N., Ramen-
skaya G.V., Smirnov V.V. Review of a rapid proce-
dure for assessing CYP2D6 activity using exogenous
and endogenous markers. Pharmacokinetics and
Pharmacodynamics. 2015;(1):4-11.

34. Goodwin, B. et al. (2001) ‘Regulation of the
human CYP2B6 gene by the nuclear pregnane X re-
ceptor’, Molecular Pharmacology, 60(3), pp. 427—
431.

35. Zelko, 1. and Negishi, M. (2000) ‘Phenobar-
bital-elicited activation of nuclear receptor CAR in
induction of cytochrome P450 genes’, Biochemical
and Biophysical Research Communications, 277(1),
pp. 1-6. Available at: https://doi.org/10.1006/
bbrc.2000.3557.

36. Wang, H. et al. (2003) ‘A novel distal en-
hancer module regulated by pregnane X receptor/

constitutive androstane receptor is essential for the
maximal induction of CYP2B6 gene expression’,
The Journal of Biological Chemistry, 278(16), pp.
14146—-14152. Available at: https://doi.org/10.1074/
jbc.M212482200.

37. Cole, T.B. et al. (2011) ‘Behavioral Char-
acterization of GCLM-Knockout Mice, a Model for
Enhanced Susceptibility to Oxidative Stress’, Journal
of Toxicology, 2011, p. 157687. Available at: https://
doi.org/10.1155/2011/157687.

38. Koutros, S. et al. (2011) ‘Xenobiotic-me-
tabolizing gene variants, pesticide use, and the risk
of prostate cancer’, Pharmacogenetics and Genom-
ics, 21(10), pp. 615-623. Available at: https://doi.
org/10.1097/FPC.0b013e3283493a57.

39. Rogers AJ, Raby BA, Lasky-Su J, Murphy
Al, Lazarus R, Lange C, Silverman EK, Weiss ST.
Performance of genome-wide association studies for
the identification of genes with known genetic asso-
ciation with asthma [abstract]. Presented at the 58th
Annual American Society of Human Genetics Meet-
ing, Philadelphia, PA, November 11-15, 2008.

40. Ober C, Hoffjan S. Asthma genetics 2006: the
long and winding road to gene discovery. Genes Im-
mun 2006; 7:95-100.

© This is an open access article under the (CC)BY-NC license (https://creativecommons.org/licenses/by-

nc/4.0/). Funded by Al-Farabi KazNUent

Int. j. biol. chem. (Online)

International Journal of Biology and Chemistry 15, Ne 2 (2022)



38 A genome-wide association study for different types of allergic diseases

Appendix A — Example of a health questionnaire
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Appendix B — Genome-Wide Analysis of Allergic People Based on Microarray SNP Genotyping
Call Rate Analysis Examples
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