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Abstract

Objective: To investigate the association of single nucleotide polymorphisms (SNPs) 

at the interleukin (IL)-18 gene locus with wheat-dependent exercise-induced 

anaphylaxis (WDEIA) in the Han Chinese population.

Method: 130 patients with WDEIA and 600 healthy subjects were recruited for this 

study. Three tag SNPs (rs360729, rs360717 and rs1946518) were selected and 

genotyped, and total IgE and sIgE levels were measured using the ImmunoCAP 

system. 

Results: After Bonferroni correction, the frequency of the G-allele in rs1946518 in 

the WDEIA group was significantly higher than that in control group (P = 0.0015). 

Genotypic distributions of rs1946518 significantly differed between WDEIA and 

control groups, and compared with the TT genotype, the homozygote GG genotype 

was associated with a higher risk of WDEIA (P = 0.0031). At position rs1946518, the 

log-transformed total IgE values were significantly higher in the group with the 

heterozygous GT genotype than in TT genotype group (P = 0.0024). Haplotype AGG 

formed by three SNPs alleles occurred significantly more frequently in WDEIA group 

than in control group (P = 0.003). 

Conclusion The minor allele G at position rs1946518 might serve as a marker for the 

risk of WDEIA.

Key words: Wheat-dependent exercise-induced anaphylaxis; Interleukin-18; Single 

nucleotide polymorphisms; Immunoglobulin E

1. Introduction



Wheat-dependent exercise-induced anaphylaxis (WDEIA) is a relatively rare but 

potentially severe immunoglobulin E (IgE)-mediated food allergy. WDEIA is 

clinically characterized by anaphylactic reactions, including urticaria, angioedema, 

dyspnea, hypotension, and shock. WDEIA is a special form of food-dependent 

exercise-induced anaphylaxis (FDEIA) that includes reactions to many other foods, 

such as shellfish, vegetables, nuts, and rice [1,2]. In a recent study on the Chinese 

population, 57% of severe episodes of food anaphylaxis were triggered by wheat [3]. 

There is a general agreement that IgE-dependent mast cell degranulation and 

histamine release are key factors involved in WDEIA [4,5]; however, the precise 

underlying mechanisms and genetic background of the disease still remain unclear.

Interleukin-18 (IL-18) belongs to the IL-1 superfamily of proinflammatory 

cytokines, which has been known to be involved in allergic inflammatory reactions by 

influencing the balance of Th1/Th2 immune response [6,7]. Serum levels of IL-18 in 

patients with allergic rhinitis (AR) [8], allergic asthma (AA) [9], and atopic dermatitis 

(AD) [10] are higher than those in healthy controls. Several important polymorphic 

sites in the IL-18 gene, including two in the promoter region (-607C/A and -137G/C) 

have been reported in different allergic diseases, including AA, AR, AD, and drug 

allergies [11]. However, the role of IL-18 gene polymorphisms in WDEIA or FDEIA 

has not been reported yet. In the present study, in order to understand the exact role of 

IL-18 in the development of WDEIA and food anaphylaxis, we determined the 

distribution of three single nucleotide polymorphisms (SNPs) of the IL-18 gene 

(rs360729, rs360717, and rs1946518) in Han Chinese patients with WDEIA and 

controls. Serum total IgE and antigen-specific IgE (sIgE) levels were measured and 

analyzed for regulatory effects of IL-18 genotypes on IgE production. 

2. Material and methods



2.1. Subjects

130 patients with WDEIA and 600 healthy control subjects were included in this 

study. WDEIA samples were collected from patients who were examined at the 

Peking Union Medical College Hospital in Beijing, China, from 2008 to 2015. 

Diagnosis of WDEIA was standardized based on a definitive episode plus 

confirmation of sIgE levels using the following inclusion criteria [12]: (1) skin 

symptoms, respiratory manifestations, and cardiovascular system symptoms were 

involved as clinical manifestations and may occur in combination with digestive 

symptoms; (2) symptoms mentioned in (1) were triggered when patients engaged in 

physical exercise within 1–6 h after wheat product ingestion; (3) an acute allergy was 

diagnosed by simultaneous detection of the concentration of sIgE to wheat, gluten, 

and ω-5-gliadin. Specially, patients did not suffer from WDEIA if they avoided 

ingesting wheat products or did not exercise within 6 h after wheat product ingestion; 

moreover, patients who showed FDEIA caused by foods other than wheat were 

excluded. All the control subjects were healthy individuals who had no history of 

food allergy, AR, allergic asthma and cough, AD and any other allergic 

manifestations, who were recruited from individuals on regular physical check-ups in 

the same hospital and from healthy volunteers who were living or working in Beijing.

The present study was approved by the Ethics Committee of the Peking Union 

Medical College Hospital of the Chinese Academy of Medical Sciences. Written 

informed consent was obtained from all participants.

2.2. Total IgE and sIgE detection

Peripheral blood was collected from all participants, and total IgE and sIgE 

levels were measured using the ImmunoCAP system (Phadia250 Detection System, 

Phadia AB, Uppsala, Sweden) according to the manufacturer’s instructions [13]. The 



sIgE antibody levels were measured for three allergens: wheat, gluten, and 

ω-5-gliadin. Subjects who showed level > 0.35 kUA/L for at least one of the three 

sIgE measured were defined as patients with WDEIA. 

2.3. Tag-SNP selection

To comprehensively measure polymorphisms at IL-18, tag SNPs were selected 

based on the positions of the SNPs in genes from NCBI dbSNP 

(https://www.ncbi.nlm.nih.gov/projects/SNP) and genotypic data of the Han Chinese 

in Beijing (CHB) available from the HapMap project on the SNPinfo Web Server 

(https://snpinfo.niehs.nih.gov). The tagger function of the SNPinfo Web Server was 

used to evaluate minor allele frequencies (MAF) and linkage disequilibrium (LD) of 

the three SNPs selected for analysis. SNPs were selected as follows: First, the 

selection criteria for SNPs were set to MAF > 1% in the Han Chinese population. 

Next, LD between SNPs was evaluated using the squared correlation coefficient (r2). 

For SNPs with strong LD (r2 > 0.8), one SNP could be chosen as a representative of 

the other SNPs. Finally, we selected two tag SNPs (rs1946518 and rs360717) in the 

regulating regions and one (rs360729) in the intron region of IL-18 (Table 1).

2.4. DNA extraction and SNP genotyping

Genomic DNA was extracted from Ethylene Diamine Tetraacetic Acid 

EDTA-anticoagulated whole blood samples using the QIAamp DNA Blood Mini Kit 

(Qiagen, Tokyo, Japan), according to the manufacturer’s instructions. SNP 

genotyping was performed using the Sequenom MassARRAY System (Sequenom, 

San Diago, CA, USA). Primers for the multiplex assay were designed using the 

MassARRAY Assay Design 4.0 software (Sequenom, San Diago, CA, USA), and the 

sequences were listed in supplementary table 1. The sample was first amplified by 

multiple PCR. The reaction system (5μl) contained 1 μl (50 ng/μl) of DNA sample, 

https://snpinfo.niehs.nih.gov


1.9 μl of H2O, 0.5 μl of PCR Buffer (10×), 0.4 μl (25 mmol/L) of MgCl2, 0.1 μl (5 

units/μl) of Qiagen Hot Star Taq, 0.1 μl (25 mmol/L) of dNTP mix, and 1 μl of the 

PCR primer mix. PCR reaction conditions were as follows: 45 cycles of 4 min at 

94°C, 20 s at 94°C, 30 s at 56°C, and 1 min at 72°C, followed by 3 min at 72°C and 

hold at 4°C. Next, locus-specific single-base extension reaction and matrix-assisted 

laser desorption/ionization time of flight mass spectrometry (MALDI-TOF-MS) were 

performed. Finally, genotypes were identified using MassARRAY Typer software 

(Sequenom, San Diego, CA, USA) on the basis of the mass of PCR products after the 

extension reaction.

2.5 Validation analysis

For further validation of our findings, the serum levels of IL-8 were also 

determined in a subgroup of 60 clinical WDEIA samples and 60 normal serum 

samples from healthy controls by ELISA kit (Sangon Biotech Company, Shanghai, 

China).

2.6. Statistical analysis

Statistical analyses were performed using SPSS software (version 24.0, SPSS & 

IBM, Inc, Chicago, IL, USA) and GraphPad Prism software (La Jolla, CA, USA). 

Demographic data were compared between WDEIA and control groups using Χ2 

analysis. SNPstats software (http://bioinfo.iconcologia.net/snpstats/start.htm) was 

used to calculate the Hardy–Weinberg equilibrium, compare genotypic frequencies 

between WDEIA and control groups under co-dominant, log-additive, dominant and 

reccessive models of inheritance, and calculate odds ratios (OR) and 95% CIs. 

Statistic power was calculated by online software Genetic Power Calculator [14]. The 

χ2 and Fisher’s exact tests were used to compare allele frequencies between groups. 

Haploview 4.2 software was used for calculating pairwise LD of SNPs and estimating 



haplotype frequencies in the case-control analysis [15]. sIgE levels and 

log-transformed serum total IgE values were compared in patients with WDEIA with 

different genotypes using ANOVA or Kruskal–Wallis test. A P < 0.05 was considered 

to be statistically significant. For multiple allelic frequency comparisons, a positive 

threshold was set at a corrected p-value of 0.0167 (Bonferroni corrected p-value of 

0.05 for multiple testing of three SNPs). And the Bonferroni correction was also 

applied to genetic associations considering different genetic models and haplotypes.

3. Results

3.1. Demographic characteristics

Demographic characteristics of all patients were summarized in Table 1. The 

results showed that, the difference of total IgE between WDEIA and control groups 

was significant (P<0.0001). But no significant differences in terms of gender (P = 

0.54) and age (P = 0.11) were observed. Additionally, the wheat sIgE, gluten sIgE and

ω-5-Gliadin sIgE in the control group were negative.

3.2. Hardy–Weinberg equilibrium in study populations

As illustrated in Table 2, the distributions of individual IL-18 alleles in the 

control group followed the Hardy–Weinberg equilibrium (all, P > 0.05). Successful 

genotyping rates for the three selected SNPs were in the range of 98%–100%. The 

accuracy of genotyping has been further confirmed by Sanger’s sequencing in 40 

randomly selected cases. Furthermore, the power analysis showed that the statistical 

power was >80 % to detect a genotype relative risk of 1.8 at an alpha level of 0.05 for 

variants with an MAF of 45%, assuming a WDEIA prevalence of 0.01% of in 

Chinese.

3.3. Allele frequencies in WDEIA and control groups



According to the results of the allele association analysis (Table 2), the 

frequency of the G-allele in rs1946518 of WDEIA group was significantly higher 

than that in the control group (OR = 1.547, 95% CI = 1.177–2.025, P = 0.0015) after 

Bonferroni correction, suggesting the minor allele G of rs1946518 is a potential risk 

factor for WDEIA. However, no significant differences in allele frequencies of 

rs360729 and rs360717 were observed between the WDEIA and the control groups 

after Bonferroni correction (both, P > 0.0167).

3.4. Genotype frequencies in WDEIA and control groups

As shown in Table 3, significant differences in genotype frequencies of 

rs1946518 between the WDEIA and control groups were observed (OR = 1.56, 95% 

CI = 1.18–2.04, P = 0.0014) after Bonferroni correction under log-additive model.  

In addition, compared with the TT genotype, the homozygote GG genotype was 

associated with a higher risk of WDEIA (OR = 2.34, 95% CI = 1.38–3.98, P = 0.0031) 

under co-dominant model. Significant differences in genotypes frequencies of 

rs1946518 were observed under recessive model rather than dominant model. 

However, the associations between other two SNPs and risk of WDEIA were not 

significant (P > 0.05) after Bonferroni correction. 

3.5. Linkage disequilibrium (LD) and case-control haplotype analysis

Next, we calculated LD and constructed haplotype blocks for the three SNPs 

(Fig. 1). After haplotypes analysis using the three SNPs, the haplotypes with 

frequencies in the two groups were listed in Table 4. The results showed the AGG 

haplotype formed by rs360729, rs360717, and rs1946518 alleles occurred more 

frequently in the WDEIA than that in control group (P = 0.003, OR = 1.511, 95% CI 

= 1.153–1.980) after Bonferroni correction. But the frequency of the AGT haplotype 



in the WDEIA group was significantly lower than that in the control group (P = 0.001, 

OR = 0.624, 95% CI= 0.468–0.832).

3.6. Association of rs1946518 genotypes with total IgE and sIgE levels in the 

WDEIA group

To determine whether IL-18 SNPs were related with IgE production, 

log-transformed total IgE values at position rs1946518 among different genotypes 

were measured. As shown in Fig. 2, the log-transformed IgE values significantly 

differed among patients with TT, GT, and GG genotypes (P = 0.0036). 

Log-transformed IgE values were significantly lower in the group with the major 

allele homozygous TT genotype than in the group with the heterozygous GT genotype 

(2.145 ± 0.466 vs. 2.52 ± 0.437, P = 0.0024). However, sIgE levels (sIgE to wheat, 

gluten, and ω-5-gliadin) did not significantly differ among patients with WDEIA with 

TT, GT, and GG genotypes (P > 0.05, Fig. 2).

3.7. Validation analysis of association of rs1946518 polymorphisms and serum 

level of IL18

To confirm the reliability of the role of rs1946518 polymorphisms of IL18 in 

WDEIA, the association of rs1946518 polymorphisms and serum level of IL18. As 

illustrated in Figure 3A, the IL18 serum levels in WDEIA patients were significantly 

higher than that in normal controls (P=0.012). More importantly, at rs1946518, the 

serum IL18 level in WDEIA group was significantly different between TT, GT and 

GG genotypes groups (P = 0.045), and the serum IL18 level in GT group was higher 

than that in TT and GG group (Figure 3B).

4. Discussion

WDEIA is considered to be a complex disease that is influenced by genetic 

predisposition and environmental factors [16]. The human IL-18 gene has been 



regarded as an important regulator of innate and acquired immune responses [17], 

indicating IL-18 may have allergy-promoting and anti-allergic effects [18]. Various 

SNPs of IL-18 are associated with allergic diseases, such as AR [19], AA [20], and 

AD [21]. However, the role of IL-18 in allergic diseases still remains controversial 

[20,22]. Till now, many studies have shown that polymorphisms at the IL-18 

promoter (in particular IL-18-607C/A and -137G/C) influence IL18 production and 

activity [19,23]. In addition, a functional polymorphism of IL-18 is involved in severe 

asthma and might contribute to enhanced innate immunity and Th1- and Th2-driven 

immune responses [24]. In the present study, our data showed that the significant 

differences in allele and genotype frequencies of rs1946518 of IL-18 were observed 

between WDEIA and control groups. Moreover, the minor allele G of rs1946518 is a 

risk factor for WDEIA. Compared with homozygote TT, genotypes with the minor 

allele G (GG and GT) increased the risk of WDEIA. Moreover, the verification 

analysis revealed that the serum IL18 level in patients with GT genotype was higher 

than that in patients with TT and GG genotypes. The reason might be that a change 

from T to G at this position alters the activity of the IL-18 promoter leading to 

abnormal expression of IL-18. This promotes the Th2 response, thereby leading to the 

development of allergic diseases.

Recent evidences showing the involvement of IL-18 in ultimately IgE production 

from B cells have shed a new insight on the dual effects of IL-18 on inflammatory 

responses [10,25]. In our study, in keeping with studies from Kruse [26] and Sebelova 

[17], we found that the serum total IgE levels of individuals with the GT genotype of 

rs1946518 were significantly higher than that in individuals with the TT genotype. 

We speculated that rs1946518 polymorphisms upregulated IgE production, thereby 

contributing to the development of the WDEIA phenotype. Additionally, several other 



studies have shown that IL-18 polymorphisms are associated with sIgE levels to mite 

allergens among patients with asthma [27] and AR [19]. However, our data showed 

no association between rs1946518 genotypes and serum sIgE levels (sIgE to wheat, 

gluten, and ω-5-gliadin) in patients with WDEIA.

Furthermore, several studies have reported significant associations of IL-18 

haplotypes with AA [28] and AR [29]. In the present study, although the SNPs of 

rs360729 and rs360717 did not show any association with WDEIA, the haplotype 

AGG formed by rs360729, rs360717, and rs1946518 alleles was associated with a 

high risk of WDEIA. Taken together, all these results in our study indicated that SNPs 

in the IL-18 gene might have functional interactions and could play a role in WDEIA 

of Han Chinese population. And the IL-18 rs1946518 polymorphism is a biomarker 

for predicting the susceptibility of a Han Chinese to WDEIA. However, there were 

several limitations in our study. Firstly, the diagnosis of WDEIA in our study was 

based on clinical history, physical examination, sIgE levels, and elimination diets. 

However, the gold standard for diagnosing WDEIA with food allergies, the 

double-blind, placebo-controlled oral food challenges (DBPCFC) is not allowed in 

China, because it places patients at risk of a severe anaphylactic reactionTherefore, 

we assessed the relevant sIgE levels (to wheat, gluten and ω-5-gliadin) using the 

Pharmacia CAP System, which should provide similar predictive values at lower risk 

for the patient. Secondly, our sample was relatively small, and hence future studies 

should enlarge the sample sizes and select more susceptible gene polymorphisms for 

analysis. 

In summary, the present study showed that the rs1946518 polymorphism in the 

IL-18 promoter region might be associated with WDEIA and the total IgE levels. To 

the best of our knowledge, this was the first association study to explore the role of 



IL-18 gene polymorphisms in Chinese patients with WDEIA. The results of this study 

will be helpful in understanding the pathogenesis of WDEIA and possibly FDEIA and 

guide diagnosis and treatment of this allergic disease.
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Figure legends

Figure 1. Linkage disequilibrium (LD) plot and haplotype block construction of the 

three SNPs at IL18 gene. The relative chromosomal positions of the three SNP were 

marked on the straight lines. The D’ value between pairs of SNPs was expressed as a 

percentage and shown within the respective square. 

Figure 2. Association of rs1946518 genotypes with total IgE and sIgE levels in the 

WDEIA group. (a) Comparison of the log-transformed total IgE values among the 

different genotypes (b) Comparison of the levels of sIgE to wheat among the different 

genotypes (c) Comparison of the levels of serum sIgE to gluten among the different 

genotypes (d) Comparison of the levels of serum sIgE to ω-5-gliadin among the 

different genotypes.

Figure 3. IL18 serum levels in WDEIA and normal controls detected by ELISA. IL18 

serum levels in WDEIA patients were significantly higher than that in normal controls 

(A). In WDEIA group, serum IL18 level in GT group was higher than that in TT and 

GG groups (B).
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Highlights

1. SNP genotyping was conducted for 130 patients with Wheat-dependent 

exercise-induced anaphylaxis (WDEIA) and 600 healthy individuals.

2. The rs1946518 polymorphism at the IL-18 gene locus was associated with the 

increased risk for WDEIA. 

3. Carriage of the rs1946518 variant G allele might be a risk factor for the elevated 

serum total IgE levels.

4. The haplotype AGG formed by rs360729, rs360717, and rs1946518 alleles was 

associated with a high risk of WDEIA.

Table 1  Characteristics of the WDEIA and control groups

WDEIA Controls P 

Xiang Gao ,    Liping Wen,    Hong Li,    Riqi Wang,    Jia Yin



(n=130) (n=600)

Gender, n (%)

  Male 73 (56.15%) 319 (53.17%) 0.54

  Female 57 (43.85%) 281 (46.83%)

Age (years)

  Mean±SD 36.34±15.75 39.53±12.56 0.11

Totle IgE (kUA/L) 209 (115.50, 597.5) 33.80(26.30, 49.15)

  log-transformed 

total IgE

2.376±0.47 1.53±0.22 <0.0001

Wheat sIgE (kUA/L) 0.56 (0.12, 1.51) 0 (0,0)

Gluten sIgE (kUA/L) 1.87 (0.75, 4.84) 0 (0,0)

ω-5-Gliadin sIgE 

(kUA/L)

5.70 (1.91, 11.70) 0 (0,0)



Table 2 Comparison of the minor allele frequencies of the three SNPs in IL-18 gene 

between WDEIA and control groups

MAF
SNPs Alleles PHW

a

WDEIA, n (%) Controls, n (%)
χ2 P OR (95% CI)

rs360729 A>T 0.86 35 (13%) 164 (14%) 0.007 0.930 0.983 (0.657-1.444)

rs360717 G>A 1.00 36 (14%) 159 (13%) 0.066 0.798 1.052 (0.709-1.540)

rs194651

8
T>G

0.46
145 (56%) 538 (45%) 10.12 0.0015b 1.547 (1.177-2.025)

 a P value from Hardy–Weinberg equilibrium test among controls
 b P < 0.050.0167 (Bonferroni corrected p-value)



Table 3  Association between IL-18 SNPs and risk of WDEIA under four different 

genotypes co-dominant and log-additive models 

OR (95% CI) and P values were adjusted by age and gender
a P < 0.0167 (Bonferroni corrected p-value)5

Co-dominant Log-Additive Dominant Reccessive

Genotypes

WDEI

A

(N=130

)

Controls

(N=600) OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

rs360729

A/A 98 (75.4%) 446 (74.3%) 1.00 0.83 0.98 (0.66-1.46) 0.93

T/A 29 (22.3%) 144 (24%) 0.92 (0.58-1.45)

T/T 3 (2.3%) 10 (1.7%) 1.37 (0.37-5.05)

T/A + T/T vs A/A 0.95 (0.61-1.47) 0.80

T/T vs A/A + T/A 1.39 (0.38-5.14) 0.63

rs360717

G/G 97 (74.6%) 451 (75.2%) 1.00 0.89 1.05 (0.71-1.55) 0.80

A/G 30 (23.1%) 139 (23.2%) 1.00 (0.64-1.58)

A/A 3 (2.3%) 10 (1.7%) 1.39 (0.38-5.16)

A/G + A/A vs G/G 1.03 (0.38-5.14) 0.90

A/A vs G/G + A/G 1.39 (0.38-5.14) 0.63

rs1946518

T/T 28 (21.5%) 177 (29.6%) 1.00 0.0031a 1.56 (1.18-2.04) 0.0014a

G/T 59 (45.4%) 306 (51.1%) 1.22 (0.75-1.98)

G/G 43 (33.1%) 116 (19.4%) 2.34 (1.38-3.98)

G/T + G/G vs T/T 1.53 (0.97-2.40) 0.06

G/G vs T/T + G/T 2.06 (1.36-3.13) 0.001 a



Table 4  Haplotypes analysis using the three SNPs (rs360729-rs360717-rs1946518) 

between WDEIA and control groups

Haploty

pea

Case 

freq.

Controls 

freq.
P OR (95% CI)

Block 1

AGG 0.554 0.447 0.003b 1.511 (1.153-1.980)

AGT 0.308 0.411 0.001b 0.624 (0.468-0.832)

TAT 0.135 0.128 0.808 1.050 (0.708-1.558)

Global 

test of 

association

— — 0.004 b —

a Haplotypes with frequency less than 1 % were not listed
b P < 0.0167 (Bonferroni corrected p-value)0.05

Supplementary table 1 General characteristics of SNPs in IL-18 genes and primers 

for multiple PCR

SNPs Al

leles

Position 

(bp)

Function Primers Sequences

rs360

729

A>T 112146198 Intron-variant Upstream primer ACGTTGGATGTGGCCAAGCCTGGATATAGA

Downstream primer ACGTTGGATGGAGGGATTTGCTTTGAGAGG

rs360 G>A 112164002 UTR-variant-5-prime Upstream primer ACGTTGGATGTTCCCGAAGCTGTGTAGACT

http://genome.ucsc.edu/cgi-bin/hgTracks?clade=vertebrate&org=Human&db=hg38&position=chr11%3A112145698-112146698
http://genome.ucsc.edu/cgi-bin/hgTracks?clade=vertebrate&org=Human&db=hg38&position=chr11%3A112163502-112164502


717

Downstream primer ACGTTGGATGAAGGAATTGTCTCCCAGTGC

rs194

6518

T>G 112164735 Upstream-variant-2KB Upstream primer ACGTTGGATGCTCTCCCCAAGCTTACTTTC

Downstream primer ACGTTGGATGTATCAGATGCAAGCCACA

CG

Abbreviations list

WDEIA, wheat-dependent exercise-induced anaphylaxis; 

FDEIA, food-dependent exercise-induced anaphylaxis; 

AR, allergic rhinitis; 

AA, allergic asthma; 

AD, atopic dermatitis; 

sIgE, antigen-specific IgE; 

SNPs, single nucleotide polymorphisms; 

CHB, Han Chinese in Beijing population; 

MAF, minimum allele frequency; 

PCR, polymerase chain reaction; 

MALDI-TOF-MS, matrix-assisted laser desorption/ionization time of flight mass 

spectrometry; 

HWE, Hardy-Weinberg equilibrium; 

LD, linkage disequilibrium

http://genome.ucsc.edu/cgi-bin/hgTracks?clade=vertebrate&org=Human&db=hg38&position=chr11%3A112164235-112165235

