Sequencing the IL4 locus in African Americans implicates
rare noncoding variants in asthma susceptibility
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Background: Common genetic variations in the IL4 gene have
been associated with asthma and atopy in European and Asian
populations, but not in African Americans.

Objective: Because populations of African descent have
increased levels of genetic variation compared with other
populations, particularly with respect to low frequency or rare
variants, we hypothesized that rare variants in the IL4 gene
contribute to the development of asthma in African Americans.
Methods: To test this hypothesis, we sequenced the /L4 locus in
72 African Americans with asthma and 70 African American
controls without asthma to identify novel and rare
polymorphisms in the IL4 gene that may be contributing to
asthma susceptibility.

Results: We report an excess of private noncoding single
nucleotide polymorphisms (SNPs) in the subjects with asthma
compared with control subjects without asthma (P = .031).
Tajima’s D is significantly more negative in subjects with
asthma (-0.375) than controls (-0.073; P = .04), reflecting an
excess of rare variants in the subjects with asthma.
Conclusion: Our findings indicate that SNPs at the IL4 locus
that are potentially exclusive to African Americans are
associated with susceptibility to asthma. Only 3 of the 26 private
SNPs (ie, SNPs present only in the subjects with asthma or only
in the controls) are tagged by single SNPs on one of the common
genotyping platforms used in genome-wide association studies.
We also find that most of the private SNPs cannot be reliably
imputed, highlighting the importance of sequencing to identify
genetic variants contributing to common diseases in African
Americans. (J Allergy Clin Immunol 2009;124:1204-9.)
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IL-4 is the major T2 cytokine that induces the isotype switch
tolgEinB lymphocytesl’2 and is involved in host response to both
parasitic infection and allergens.’ Genetic variations in the /L4
gene have been associated with expression levels of IL-4* as
well as susceptibility to atopic diseases, including asthma (see

From the Department of Human Genetics, University of Chicago.

*G. Haller is currently affiliated with Washington University, Division of Biology and
Biomedical Sciences, St Louis, Mo.

Supported by RO1 HL72414, U01 HL049596, and MO1 RR00055. D.G.T. is supported by
RO1 HLO87665 and U10 HL064313. E.E.T. is supported by T32 HL007605.

Disclosure of potential conflict of interest: The authors have declared that they have no
conflict of interest.

Received for publication July 20, 2009; revised September 9, 2009; accepted for publi-
cation September 10, 2009.

Available online November 12, 2009.

Reprint requests: Emma E. Thompson, PhD, University of Chicago, Department of
Human Genetics, 920 E. 58th Street, Chicago, IL 60637. E-mail: eethomps@uchicago.
edu.

0091-6749/$36.00

© 2009 American Academy of Allergy, Asthma & Immunology

doi:10.1016/j.jaci.2009.09.013

1204

Abbreviations used
MAF: Minor allele frequency
SNP: Single nucleotide polymorphism

review®), and to parasitic infections.®’ Even though /L4 is among
the most replicated asthma/atopy susceptibility loci,” only 2 stud-
ies have included individuals of African descent.®° To date, all or
part of the /L4 gene has been sequenced in 78 European and 50
non-European individuals (38 African American, 6 Asian, 6
Hispanic).®'*!'" Together, 5 single nucleotide polymorphisms
(SNPs) have been identified in the coding region of the gene (3
of which are rare nonsynonymous SNPs).'> On the other hand,
an abundance of noncoding SNPs have been identified at the
IL4 locus, several of which have been implicated in disease
risk. For example, 2 common SNPs have been associated with
allergic disease (including asthma) in many studies.” These poly-
morphisms, a functional promoter SNP (-589C/T; rs2243250) and
an SNP of unknown function in the 5" untranslated region (-33C/
T; rs2070874), are in linkage disequilibrium in European and
Asian HapMap samples (Europeans, 2= 1; Asians, 2= 1;
Africans, 2= 0.18). Other variations in intron 2 (3017 T/G,
rs2227284, and 2 repeat polymorphisms) have also been associ-
ated with asthma and IgE in diverse populations. However,
none of these common polymorphisms or any of the other tested
variants in the /L4 gene has been associated with disease risk in
African Americans when P values are corrected for multiple
testing.g’9

Because populations of African descent have increased levels
of genetic variation compared with other populations, particularly
with respect to low-frequency or rare variants,'>'* we hypothe-
sized that rare variants in the /L4 gene contribute to the develop-
ment of asthma in African Americans. To test this hypothesis, we
sequenced nearly the entire /L4 gene in 72 African American
subjects with asthma and 70 African American control subjects.
We report a significant excess of private SNPs (ie, SNPs present
only in subjects with asthma or only in controls) and rare noncod-
ing SNPs (minor allele frequency [MAF] < 5%) in subjects with
asthma compared with control subjects, supporting the hypothesis
that rare variants in the /L4 gene play an important role in disease
susceptibility in African Americans.

METHODS
Study samples

DNA from 142 unrelated African Americans who participate in the
Chicago Asthma Genetics study were included in this study. The 72 subjects
with asthma met the following criteria: (1) a physician’s diagnosis of asthma
(with no conflicting diagnosis); (2) the presence of at least 2 self-reported
symptoms (cough, wheeze, shortness of breath); (3) current use of asthma
medications; (4) either bronchial hyperresponsiveness, defined as a >20%
decrease in FEV, after inhalation of <25 mg/mL methacholine, or
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reversibility to inhaled bronchodilator, defined as a >15% increase in baseline
FEV, after inhalation of a bronchodilator (albuterol) or after treatment; (5)
birth weight <4.4 1b; and (6) <3 pack-years of cigarette smoking. The 70 con-
trol subjects had no personal or family history of asthma among first-degree
relatives and were > 18 years of age. All subjects with asthma and control sub-
jects reported at least 3 grandparents of African or African American descent.
Total serum IgE measurements were available for all but 19 subjects with
asthma and 11 controls without asthma; allergen skin prick testing was not per-
formed in the control subjects, and those data therefore were not included in
this study.

Sequencing studies

The consensus sequence AF395008 (Genbank) was used to design overlap-
ping primer sets to cover the entire /L4 gene, including 1743 bp upstream of
the ATG start site, and 1724 bp downstream of the last exon (exon 4; see
this article’s Table E1 in the Online Repository at www.jacionline.org). Nucle-
otide positions throughout this article are given with respect to the ATG start
site unless otherwise noted. PCR was performed in a total volume of 23 pL,
with 5 mmol/L deoxyribonucleotide triphosphates (dANTPs), 37.5 mmol/L
MgCl,, 12.5 pmol/L each primer, 5 pL 5x Taq Buffer, 0.2 pL GoTaq Flexi
DNA polymerase (Promega, Madison, Wis), and 20 ng genomic DNA. Unin-
corporated nucleotides and excess primers were removed from PCR products
by using Exonuclease (New England Biolabs, Ipswich, Mass)/Shrimp Alka-
line Phosphatase (USBio, Marblehead, Mass). All amplifications were se-
quenced in both directions by using BigDye Terminator Sequencing Kits
(Applied Biosystems, Foster City, Calif). The chimpanzee consensus se-
quence (GenelD: 449565) was aligned to the human reference sequence
with ClustalW'® and used to determine ancestral alleles.

SNP identification

The Phred-Phrap-Consed-PolyPhred package was used to assemble the
sequences and identify SNPs.'® All sequences were visually inspected.
Because of the sequence overlap, more than 1 call for each genotype was often
obtained for each position in a sample.

Genotyping a variable element in intron 3

The genotypes for a variable element in intron 3 (VE6566),'* a 70-bp copy
number variant, were determined by size separation on 3% agarose gels (1-3
copies). DNA was amplified by using PCR primers (Table E1) that flanked the
variable element. Genotypes at a TG dinucleotide repeat in the second intron
of IL4'""® were not included in this study because we could not discern
genotypes by sequencing or by an electrophoretic gel assay.

Data analysis

Polymorphisms were tested for Hardy-Weinberg equilibrium in the
subjects with asthma, the controls, and the combined sample by using
Haploview. 19 Single SNPs were tested for association with asthma status using
a X test as implemented in PLINK (http:/pngu.mgh.harvard.edu/purcell/
plink/).%° The proportion of private SNPs in subjects with asthma compared
with controls was evaluated by permutation test, in which case/control status
was permuted 100,000 times in the subjects with asthma and controls (com-
bined), holding the genotypes constant and preserving the pattern of missing
data, to build an empirical distribution of the differences in the proportion of
private SNPs. As a second test, a weighted-sum statistic was calculated to test
for association of the locus as a whole with case status, using the method of
Madsen and Browning.?' In this method, each variant was weighted by its
MAF in unaffected individuals, and then individuals were given a score con-
sisting of the sum of their weighted alleles (with rarer alleles given greater
weight). Individuals were ranked on the basis of their score, and a sum of ranks
for affected individuals was calculated. Significance was determined by per-
muting case/control status 100,000 times to produce an empirical distribution
of summed ranks, and to preserve the pattern of missing data. For all permu-
tation tests, a threshold for statistical significance was set at P <.05 (ie, less
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than 5000 of the 100,000 permutations were greater than the observed sum
of ranks for affected individuals).

Two measures of nucleotide diversity are commonly used to compare SNP
frequencies among samples of varying size and DNA fragment length: the
average number of pairwise differences in a given set of chromosomes (1),
and nucleotide diversity estimated from the allele frequency of the polymor-
phic sites (GW).23 The difference between these 2 estimates (relative to their
SE) is expressed as Tajima’s D, which is expected to be 0 under neutrality.
A positive Tajima’s D reflects a larger  than 6, and indicates an excess of
intermediate-frequency variants, whereas a negative value (larger 0,
than 1) indicates an excess of rare variants. Significant deviations from 0 in
either direction indicate a skew in the allele frequency spectrum, which can
be a sign of nonneutral evolution (ie, selection) or demographic events (ie,
population history). Permutation tests were used to assess whether Tajima’s
D was significantly more negative in subjects with asthma compared with
controls. A total of 100,000 permutations were conducted by randomly sam-
pling 72 individuals without replacement to represent subjects with asthma
from the pooled set of cases and controls. The remaining sample of 70 individ-
uals was then taken to represent controls. For each permutation, Tajima’s D
was calculated for the sampled subjects with asthma and controls, and the dif-
ference between their values was calculated to assess the probability that we
have observed a larger difference between the values of Tajima’s D for
subjects with asthma and controls than expected by chance.

Admixture estimates

European admixture in 112 African American subjects (54 cases, 58
controls) was estimated at both the genomic and local scales by using
genotypes from more than 1 million SNPs on the Illumina Human 1 M array.
Genomic European admixture was estimated from the first principal compo-
nent in a principal component analysis including the HapMap CEU and
YRI as reference populations in EIGENSTRAT.?* Local European admixture
at the /L4 locus was estimated using 63,598 SNPs on chromosome 5 with the
program Local Ancestry in adMixed Populations (LAMP)® by assuming 20
generations of European admixture, a constant recombination rate of 1077,
and a population admixture rate of 81% obtained from genomic admixture es-
timates. Wilcoxon rank sum tests (WRSTSs) with continuity corrections were
used to compare percent European ancestry in subjects with asthma and con-
trols, and between individuals who harbored private SNPs and those who did
not. Genomic European admixture did not differ between subjects with asthma
and controls (P = .64; see this article’s Fig El in the Online Repository at
www.jacionline.org) or between individuals who carried private polymor-
phisms and those who did not (Wilcoxon rank-sum test; P = .83). At the local
scale, there was also no significant difference in European admixture between
subjects with asthma and controls (P = .28; see this article’s Fig E2 in the On-
line Repository at www.jacionline.org), or between individuals who carried
private polymorphisms and those who did not (P = .49).

Estimates of linkage disequilibrium and SNP

imputation

Linkage disequilibrium between SNPs identified from the sequencing of
14 and SNPs genotyped on the Illumina 1 M genotyping platform in 112 Af-
rican American individuals (54 cases, 58 controls), was estimated by using
Haploview 4.1.'° The IL4 SNPs from sequencing were considered to be tagged
by SNPs on the [llumina 1 M if they demonstrated an * value >0.5 and were
within 500 kb of the /L4 locus. To evaluate the potential for imputing the /L4
SNPs identified by sequencing, we generated 2 datasets (a query and reference
panel) including the same 112 African American individuals who were typed
on the Illumina 1 M platform. The query dataset included only the 588 SNPs
typed on the Illumina 1 M platform that were within 500 kb of the /L4 tran-
scription start and stop site. The reference panel included both the 588
SNPs from the Illumina 1 M and the /L4 SNPs from the sequencing of the
same individuals. The /L4 SNPs in the query dataset were imputed with
Mach 1.0% by using 50 iterations of the Markov sampler and considering
200 haplotype states when updating each individual. The accuracy in imputing
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the minor allele for each SNP was defined as the number of times the minor
allele was correctly imputed/the number of minor alleles observed in the data.

RESULTS
Sequence variation

We identified 92 genetic polymorphisms in the 12.4 kb of DNA
encompassing the /14 gene in 142 African Americans (see this
article’s Table E2 in the Online Repository at www.jacionli
ne.org). Of these, 86 were SNPs and 6 were insertion/deletion
polymorphisms. More than half of the SNPs (N = 57) had
MAFs <0.05. One SNP was in the coding region of exon
1 (44A/G; Leu33Leu; rs2070874), 17 were in the 3’ downstream
region, 13 were in the 5" upstream region, and 61 were intronic.
All SNPs were in Hardy-Weinberg equilibrium in the combined
sample, in subjects with asthma, and in controls without asthma
after applying a Bonferroni correction for multiple testing. Only
a single SNP (4400A/G; rs2243270) had a Hardy-Weinberg un-
corrected P value <.05 in both the control (P = .02) and combined
(P = .008) samples. The MAFs for each of the 92 polymorphisms
in subjects with asthma and controls and in atopic cases and atopic
controls are shown in Table E2. Consistent with our previous
report, which included the subjects in this study,” the -589C/T
(rs2243250), -33C/T (rs2070874), and 3017 T/G (rs2227284)
SNPs had similar minor allele frequencies in subjects with asthma
and controls (P > .15).

Private SNPs and the allele frequency spectrum in
subjects with asthma and controls

We identified 26 private SNPs: 18 occurred only in subjects
with asthma and 8 occurred only in controls, all with MAF <0.02.
Only 2 of these SNPs were present in dbSNP (4614/rs2243272
and 5342/rs2243277), each of which had been identified by
sequencing a single heterozygous individual in an African Amer-
ican sample (N = 46 chromosomes).'! Two of the private SNPs
(-996 and -593) in our study occurred together in 2 subjects
with asthma (CA4748 and CA9994) and presumably reside on
the same haplotype in these individuals; 2 additional private
SNPs (612, 8982) were each present in 2 subjects with asthma,
1 private SNP (4614) was present in 3 subjects with asthma,
and 1 private SNP (-1621) was present in 2 controls (Fig 1).

The proportion of private SNPs (among all SNPs detected) was
higher in subjects with asthma than controls (P = .031; permuta-
tion test; Table I). The sex ratios among individuals carrying pri-
vate SNPs (16 females, 10 males) and among individuals not
carrying private SNPs (73 females, 30 males) were not different
(P = .358). Private SNPs were not associated with European ad-
mixture in either subjects with asthma (Fisher exact test; P = 1.0)
or controls (P = .710; see this article’s Table E3 in the Online Re-
pository at www.jacionline.org), indicating that an excess of pri-
vate SNPs in the subjects with asthma is not a result of differences
in the number of admixed individuals or the proportion of Euro-
pean admixture between the groups. In addition, the weighted
sum method®' revealed an association between variation at the
114 locus and asthma status (P = .017; permutation test). Last,
we investigated whether individuals with private SNPs had higher
IgE levels than individuals without private SNPs. Seventeen of 23
(77%) subjects with private SNPs had IgE levels above the me-
dian value (72 IU/mL), whereas only 39 of 80 (49%) subjects
without private SNPs had IgE levels above the median (P =
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.004), indicating that increased IgE levels are associated with
rare, private SNPs and suggesting that at least some of these
SNPs may be regulatory in function.

We next calculated Tajima’s D to identify differences in the
allele frequency spectrum between subjects with asthma and
controls. Tajima’s D** considers the difference between 2 mea-
sures of nucleotide diversity, Oy and 1, and is positive when there
is an excess of intermediate frequency variants, negative when
there is an excess of rare variants (at either high-frequency or
low-frequency derived SNPs), and O under neutral expectations
(where Oy = ). The value for Tajima’s D in the control sample
is —=0.073, which is in the 78th percentile of values from an empir-
ical distribution based on 327 autosomal loci in African Ameri-
cans (Seattle SNPs). However, Tajima’s D is more negative in
subjects with asthma (—0.375) than in controls (-0.073; P =
.041; permutation test; Table I), reflecting the increased number
of low-frequency variants in the subjects with asthma.

Imputing rare and private SNPs

None of the private SNPs and only a single rare variant identified
in this study were present on the [llumina 1 M genotyping array.
Furthermore, only 3 of the private SNPs in /[4 were tagged by
SNPs on that platform (2 > 0.5, 2 private to controls and 1 private
to a subject with asthma; see this article’s Table E4 in the Online
Repository at www.jacionline.org). As expected, a greater propor-
tion of private SNPs failed to be correctly imputed at even a
single minor allele compared with SNPs that were shared between
subjects with asthma and controls (57% vs 1.7%; Fisher exact test;
P < 1075 see this article’s Table E5 and Fig E3 in the Online
Repository at www.jacionline.org). This is similarly true for rare
SNPs (57% vs 3.1%; P = 9 X 10~°).

DISCUSSION

The prevalence of asthma in the United States has risen in
recent decades,”’ and the disease burden disproportionately
affects African Americans.?® In addition, the clinical presentation
of asthma with respect to associations with and severity of atopy
and bronchial hyperresponsiveness differs between African
Americans and European Americans.”® Yet relatively few studies
have investigated the genetics of asthma in African American
populations, in whom associations are less often replicated,?**°
as is the case at the /L4 locus.®” One explanation for this finding
could be differences in haplotype structure and patterns of linkage
disequilibrium between individuals of European or Asian ances-
try and those of African ancestry (see review'?), as suggested in a
recent genome-wide association study for asthma genes.”
An alternative explanation is that rare alleles present in Afri-
can-derived populations, but not in European or Asian popula-
tions, contribute to disease susceptibility, possibly even
masking the effects of other variants. Because of their unique
demographic history, African-derived populations harbor more
nucleotide diversity in general, and more rare alleles in particular,
than populations of European or Asian descent.'>1*31 It is possi-
ble, therefore, that rare alleles account for more of the genetic risk
for common diseases in African-derived populations. Our
sequencing study revealed an excess of private and rare SNPs in
African Americans with asthma compared with African Ameri-
can control subjects without asthma, suggesting that this may
indeed be the case at some loci.
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FIG 1. Private SNP haplotypes in subjects with asthma and controls. A schematic of the /L4 gene is shown at
the top of the figure, with relative SNP positions (with respect to ATG start site) marked. SNPs present only
in asthma cases (CA) or only in asthma controls (CO; ie, private SNPs) are shown. SNPs present in asthma
cases are connected to the gene figure by solid lines, and SNPs present in controls are connected by
hatched lines. Individual haplotypes appear in rows, with nucleotides against a dark background represent-

ing the derived (private) allele.

The idea that rare SNPs contribute to common diseases is not
new,32'34 and a number of recent studies have reported excesses of
rare, highly penetrant coding SNPs in individuals with cardiovas-
cular disease phenotypes, tuberculosis, colorectal cancer, pancre-
atitis, folate response, type 1 diabetes, trichotillomania, and
obsessive compulsive disorder.>>*® In contrast, we present here
for the first time an association between a common disease and
rare, noncoding variants. Because relatively few sequencing stud-
ies have been conducted in disease susceptibility genes, and be-
cause most of those studies focus on coding regions, it is not

known whether this is an unusual finding or reflects a shared
genetic architecture among asthma or other common disease
susceptibility genes in African Americans. Regardless, the find-
ing of an excess of private and rare variants in African American
subjects with asthma compared with controls is consistent with
the hypothesis that multiple rare variants at disease susceptibility
loci contribute to complex disease risk and, if generalizable to
other loci, could explain the relatively poor replicability of
disease susceptibility loci in African Americans.?*>%4°! In
that case, characterizing the genetic architecture of common
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TABLE I. Descriptive statistics for SNPs at the /L4 locus
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Permutation

Permutation

Proportion of private SNPs P value Ow* wt Tajima D P value
Combined sample — — 12.53 X 107* 11.09 X 10~* —-0.356 =
(n = 142)
Controls without 0.076 031 11.26 X 10~* 11.00 x 107* -0.073 041
asthma (n = 70)
Subjects with 0.211 — 12.71 X 107* 11.20 X 10~* -0.375 =

asthma (n = 72)

*The Watterson? estimate of the population mutation rate (§ = 4N, ., where N, is the effective population size and  is the per generation mutation rate).

FAverage number of pairwise differences between samples.22

diseases in populations of African descent may be particularly
challenging.

Currently, the relative contribution of rare genetic variants to
asthma risk is unknown. Future resequencing studies of IL4 and
additional genes in larger samples of well characterized subjects
with asthma and controls are required to address this important
question. Our study was limited with respect to sample size and
the corresponding low power to detect clinical differences
between individuals with and without private or rare SNPs. As
a result, we were not able to address the possibility that rare var-
iants in the /L4 gene are markers for clinical subtypes of asthma,
such as atopic asthma (based on allergen skin prick tests), steroid-
resistant asthma, or childhood versus adult onset. However,
resquencing studies in large samples are becoming more feasible
with the availability of high-throughput Next Generation
sequencing technologies,”® which will enable more comprehen-
sive surveys of rare variations in asthma and other common
diseases. A final caveat is that sequencing artifacts caused by
the misincorporation of bases during PCR can bias studies of
rare variations. We have attempted to minimize this possibility
by sequencing each amplicon in both directions and by designing
overlapping PCR fragments that would allow the identification of
the same variant in independent amplicons. However, even if
some were a result of PCR artifacts, we would not expect this
to occur more commonly in the subjects with asthma than in
the controls. Therefore, we are confident that the excess of rare
or private SNPs in subjects with asthma compared with controls
in our study is not a result of PCR or sequencing artifacts.

Last, we note that only 2 of the 26 private variants present in our
sample (Fig 1) have been reported previously (rs2243272 and
1s2243277), and none of the private variants are present on the
Affymetrix 6.0 or Illumina 1 M genotyping platforms. Further-
more, only 3 of the 26 private variants are tagged by SNPs on
the Illumina 1 M genotyping platform (Table E4). We also find
that a greater proportion of private SNPs failed to be correctly im-
puted at even a single minor allele compared with SNPs that are
shared between subjects with asthma and controls, which reflects
the challenges of imputing rare alleles in general (Fig E3). Given
that our reference and query panels for imputation are perfectly
matched (ie, identical samples used in both), our findings repre-
sent the best case scenario for a reference panel similar in size
to the HapMap CEU and YRI samples. Thus, if an excess of
rare or private variation reflects a common mechanism of disease
susceptibility in African Americans, genome-wide association
studies with 1 million or more SNP genotypes may still miss
the majority of susceptibility alleles for common diseases in pop-
ulations of African descent.

Clinical implications: Rare, noncoding SNPs in /L4 may play an
important role in asthma susceptibility in African Americans.

This study highlights the importance of resequencing for discov-
ering risk variants in African populations.
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FIG E1. Distribution of genomic European admixture in African American subjects with asthma (n = 54) and
controls (n = 58) as estimated from the first principal component (PC) in EIGENSTRAT by using SNPs from

the lllumina 1 M genotyping array.
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FIG E2. Local ancestry in African American subjects with asthma (n = 54)
and controls (n = 58) at the /L4 locus. The proportion of African ancestry
(red) and European ancestry (blue) was estimated using SNPs from the
Illumina 1 M genotyping array with the program LAMP.
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FIG E3. Accuracy in imputing the minor allele for SNPs identified from
sequencing studies of 112 African American individuals (54 subjects with
asthma, 58 controls) as it relates to the MAF in the sample. Accuracy, Num-
ber of correctly inferred minor alleles/number of observed minor alleles;
Private, SNPs that are unique to either subjects with asthma or controls;
Shared, SNPs present in both subjects with asthma and controls; Tagged,
IL4 SNPs that are tagged by a SNP on the Illlumina 1 M genotyping array
with an /2 > 0.5.
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TABLE E1. /L4 primer information

HALLER ET AL 1209.e4

Name Primer sequence Reference position* Tm (°C)
IL4_Promoter_F ggcaaaaccttagcaacaca 10749 58.4
IL4_Promoter_R gccaatcagceacctetctte 12302

IL4_Exonl_F tgtggceceteteecttctatg 12109 58.4
IL4_Exonl_R attctcagccgtgtgtttcc 13722

IL4_Intronl.1_F cceccacccctctatetgta 13601 58.4
IL4_Intronl.1_R ggctggattttggaaagatg 15261

IL4_Intron2.2_Fb ccctgaacttcatcetectg 15080 61.8
IL4_Intron2.2_Rb tggcagatttttgcttetgt 16663

IL4_Intron2.2_Fc caaaggtggtatgcagaggaa 15211 61.8
IL4_Intron2.2_Rc aaacgcattgcacagtggta 16707

IL4_Intron2.3_F attctggtgcctcagtctgg 16530 61.8
IL4_Intron2.3_R catttggaggatgggagaga 18130

IL4_Exon3_F cagccttccttcagtggaat 18033 61.8
IL4_Exon3_R ttgcaagttctgacctetee 19570

IL4_Intron3.1_F aatgaagcaagatggceetgt 19126 55.5
IL4_Intron3.1_R tttgcctattttgggtgcat 20779

IL4_Exon4_F tcaagttccaccetetgage 20647 61.8
IL4_Exon4_R atggaaagccgaaagtctec 22177

IL4_Exon4_Fa gctgtgacacacctctceag 20676 61.8
1L4_Exon4_Ra tttcaccectecttagtceca 22150

IL4_Intron4.1_F gggtteectctcgagttagg 21295 55.5
IL4_Intron4.1_R tacagcagcgcagtcatage 22786

IL4_VE_F acgagtatggcagggaacac 18934 61.8
IL4A_VE_R accgatctgtcagcaaatcc 19321

IL4_Promoter_Finternal gggaaggttctgggagaaaa 11147 55.5

*Reference position is with respect to the start of the reference sequence.
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TABLE E2. /L4 polymorphisms
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Position with

Derived allele
frequency in the total

Derived allele
frequency in subjects

Derived allele
frequency in controls

SNP ID respect to ATG Ancestral allele Derived allele sample with asthma without asthma
— -1665 G A 0.054 0.070 0.037
— -1621 G A 0.007 0.000 0.014
rs10080170 -1608 T G 0.879 0.910 0.848
— -1603 C G 0.004 0.007 0.000
— -1587 G A 0.035 0.035 0.036
— -1543 G A 0.014 0.007 0.022
rs10065221 -1535 A G 0.085 0.056 0.116
rs10058157 -1532 T C 0.167 0.132 0.203
1s2243242 -1508 G — 0.377 0.355 0.400
1s2243247 -1137 G A 0.176 0.176 0.177
1s2243248 -1099 T G 0.158 0.155 0.162
152243249 -1046 T C 0.026 0.021 0.030
— -996 T C 0.007 0.014 0.000
— -869 A C 0.004 0.000 0.008
— -593 T C 0.007 0.014 0.000
rs2243250 -589 C T 0.691 0.704 0.677
rs2070874 -33 T C 0.580 0.542 0.619
rs2243251 44 A G 0.183 0.190 0.176
— 240 G A 0.004 0.000 0.007
— 612 C T 0.007 0.014 0.000
— 708 C T 0.004 0.007 0.000
1s2243252 845 T C 0.022 0.021 0.023
— 856 G A 0.004 0.007 0.000
— 969 C T 0.004 0.007 0.000
18734244 983 C T 0.419 0.458 0.377
1$2243253 1018 C T 0.139 0.134 0.144
— 1113 C T 0.011 0.007 0.015
— 1304 C T 0.014 0.014 0.014
— 1420 G C 0.004 0.007 0.000
rs11479198 1424 C — 0.426 0.441 0.410
— 2187 T C 0.015 0.023 0.008
— 2307 A G 0.019 0.022 0.015
1$2243258 2401 C T 0.030 0.036 0.024
rs2243259 2402 C T 0.019 0.021 0.016
— 2992 C A 0.014 0.022 0.007
1s2227284 3017 T G 0.131 0.116 0.147
rs2243260 3041 A T 0.015 0.014 0.015
1$2243261 3097 G T 0.164 0.167 0.162
— 3150 — TC 0.026 0.036 0.015
— 3212 G A 0.004 0.000 0.007
— 3261 G C 0.004 0.000 0.008
— 3384 G A 0.004 0.007 0.000
— 3407 T C 0.004 0.007 0.000
— 3444 G A 0.004 0.007 0.000
1s2227282 3470 C G 0.118 0.114 0.121
152243263 3590 G C 0.174 0.167 0.182
— 3675 C T 0.008 0.007 0.008
— 3726 C A 0.037 0.050 0.023
rs2243264 3938 A G 0.018 0.021 0.015
1s2243265 4000 C A 0.019 0.014 0.023
1s2243266 4080 G A 0.343 0.371 0.313
— 4142 T A 0.004 0.007 0.000
1s2243267 4177 G C 0.353 0.371 0.333
rs2243268 4254 A C 0.275 0.297 0.254
1s9282745 4291 T A 0.047 0.051 0.043
rs9282746 4294 G A 0.051 0.043 0.058
1s2243269 4303 AA — 0.274 0.284 0.265
rs2243270 4400 A G 0.673 0.657 0.689
— 4470 T C 0.011 0.015 0.007
rs2243271 4590 G A 0.037 0.043 0.030

(Continued)
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TABLE E2. (Continued)

Derived allele Derived allele Derived allele
Position with frequency in the total frequency in subjects frequency in controls
SNP ID respect to ATG Ancestral allele Derived allele sample with asthma without asthma
rs2243272 4614 G T 0.011 0.023 0.000
152243273 5051 C T 0.051 0.043 0.058
1s2243274 5123 A G 0.404 0.368 0.441
1s2243275 5212 T C 0.022 0.029 0.014
1s2243276 5262 T C 0.007 0.007 0.007
rs2243277 5342 C T 0.004 0.007 0.000
— 5976 C G 0.004 0.007 0.000
1s2243278 6058 ACTAAAG — 0.018 0.021 0.014
ACACGCA
GGCCGAGTC
— 6566 1 copy 2 or 3 copies 0.650 0.632 0.669
1s2243281 6686 T C 0.067 0.045 0.088
1s2243285 7284 G T 0.164 0.144 0.184
— 7767 C T 0.004 0.007 0.000
— 7999 G C 0.011 0.014 0.007
1s2243286 8043 C T 0.029 0.029 0.029
1s2243287 8082 G C 0.014 0.014 0.014
— 8214 C G 0.004 0.000 0.007
152243288 8235 A G 0.638 0.679 0.596
1$2243289 8423 A G 0.270 0.301 0.239
1$2243290 8460 C A 0.339 0.375 0.304
— 8968 C T 0.036 0.050 0.022
— 8982 T C 0.007 0.014 0.000
— 9040 C T 0.037 0.050 0.023
— 9226 T C 0.011 0.014 0.008
— 9274 C G 0.404 0.357 0.455
— 9332 T C 0.004 0.000 0.008
— 9512 T C 0.041 0.043 0.039
— 9874 C T 0.011 0.014 0.007
— 10082 A G 0.622 0.643 0.601
— 10098 G A 0.331 0.300 0.362
— 10099 T C 0.004 0.007 0.000
— 10173 A C 0.029 0.043 0.015
— 10238 C T 0.004 0.000 0.007

Private SNPs found only in subjects with asthma appear in boldface. RS numbers are given for polymorphisms previously reported in dbSNP.
*The variable element is triallelic in the general population. Only 2 and 3 copies of the variable element were found in our population. The 2-copy allele is taken as the derived
allele in this table.
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TABLE E3. Number of individuals with private SNPs in admixed
and nonadmixed African Americans at the /L4 locus

Admixed Nonadmixed

Controls (P = .71)

With private SNP 3 5

Without private SNP 26 24
Subjects with asthma

(P =1.0)
With private SNP 6
Without private SNP 16 21

Admixed individuals are those inferred as having <2 African chromosomes at the /L4
locus.
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TABLE E4. Number of /L4 SNPs identified from sequencing
studies of 112 African Americans that are tagged by a SNP on the
lllumina 1 M genotyping array (* > 0.5; within 500 kb upstream
and downstream of the transcription start and stop site)

Private
Subjects with Controls Shared
asthma (rare) (rare) (rare)
Tagged, ”>05 1(1) 2 (2) 16 (3)
Untagged 13 (13) 5(05) 43 (31)

The number in parentheses represents the subset of rare SNPs in the cell counts (MAF
< 5%).

HALLER ET AL 1209.e8



1209.e9 HALLER ET AL

TABLE E5. Number of /L4 SNPs identified from sequencing
studies of 112 African Americans that failed to be correctly
imputed at even a single minor allele by using genotypes from
the Illlumina 1 M genotyping platform (accuracy = 0)

Private: subjects Shared

with asthma (rare)  Private: controls (rare) (rare)

Accuracy = 0 7(7) 5(5) 1(1)
Accuracy > 0 7(7) 2(2) 58 (32)

Accuracy was defined as the number of times the minor allele was correctly imputed/
the number of minor alleles observed in the data. The number in parentheses
represents the subset of rare SNPs in the sample (MAF < 5%).
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