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Case-control admixture mapping in Latino populations
enriches for known asthma-associated genes
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Lindsey A. Roth, MA,? Celeste Eng, BS,? Scott Huntsman, MS,? Raul Torres, BS,? Pedro C. Avila, MD,”
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Ryan D. Hernandez, PhD,? and Esteban G. Burchard, MD, MPH**
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Background: Polymorphisms in more than 100 genes have been
associated with asthma susceptibility, yet much of the
heritability remains to be explained. Asthma disproportionately
affects different racial and ethnic groups in the United States,
suggesting that admixture mapping is a useful strategy to
identify novel asthma-associated loci.

Objective: We sought to identify novel asthma-associated loci in
Latino populations using case-control admixture mapping.
Methods: We performed genome-wide admixture mapping by
comparing levels of local Native American, European, and
African ancestry between children with asthma and
nonasthmatic control subjects in Puerto Rican and Mexican
populations. Within candidate peaks, we performed allelic tests
of association, controlling for differences in local ancestry.
Results: Between the 2 populations, we identified a total of 62
admixture mapping peaks at a P value of less than 10~ that
were significantly enriched for previously identified asthma-
associated genes (P = .0051). One of the peaks was statistically
significant based on 100 permutations in the Mexican sample
(6q15); however, it was not significant in Puerto Rican subjects.
Another peak was identified at nominal significance in both
populations (8q12); however, the association was observed with
different ancestries.

Conclusion: Case-control admixture mapping is a promising
strategy for identifying novel asthma-associated loci in Latino
populations and implicates genetic variation at 6q15 and 8q12
regions with asthma susceptibility. This approach might be
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useful for identifying regions that contribute to both shared and
population-specific differences in asthma susceptibility. (J
Allergy Clin Immunol 2012 ;mm8;muN-EEN,)
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Asthma is a chronic respiratory disease that disproportionately
affects different racial and ethnic groups in the United States. In
the United States the highest incidence, morbidity, and mortality
caused by asthma is found in Puerto Rican subjects, whereas the
lowest is found in Mexican subjects. Both of these populations are
largely considered Hispanic or Latino in studies of disease,
despite their many differences in both social and genetic archi-
tecture. Discrepancies in the incidence of asthma between Puerto
Rican and Mexican subjects might reside in differences in
environmental exposures. However, estimates of the heritability
of asthma are around 75%, "> suggesting there is also a strong ge-
netic component to asthma susceptibility. More than 100 genes
have been implicated in asthma susceptibility to date,® including
many identified through recent genome-wide association studies
(GWASs), primarily in populations of European origin*® but
also in African Americans’ and Latinos,'®!' and from meta-
analyses including 3 ethnic groups.12 Among previously identi-
fied asthma-associated genes, several appear to have differential
effects in Mexican and Puerto Rican subjects,'? suggesting the
possibility of population-specific genetic risk factors in different
Latino populations.

Admixture mapping is different from a typical GWAS in that
the variable compared between cases and control subjects is
genetic ancestry at a given location in the genome (ie, local
ancestry) rather than genotypes at single nucleotide polymor-
phisms (SNPs). The method can be applied to any disease
whereby risk alleles are at varying frequencies in the ancestral
populations of admixed subjects and in theory might have
increased statistical power over traditional GWASs."* Local an-
cestry is estimated by using information from multiple SNPs
and can therefore capture more of the underlying genetic variation
at a locus compared with analyzing tagging SNPs independently
on commercial genotyping arrays. Local ancestry might also pro-
vide better coverage of rare variation because rare variants are
more likely to differ in composition and frequency between pop-
ulations with varying demographic histories.'> Admixture map-
ping with a selection of ancestry informative markers has
successfully been used to identify novel genetic risk factors for
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Abbreviations used
CEU: Utah residents with Northern and Western European ancestry
from the CEPH collection (CEPH: Centre d’Etude du
Polymorphisme Humain)
GALA: Genetics of Asthma in Latino Americans
GWAS: Genome-wide association study
LD: Linkage disequilibrium
SNP: Single nucleotide polymorphism
YRI: Yoruba in Ibadan, Nigeria

several common diseases,'®"” including the 5q23 locus and

asthma susceptibility in Puerto Rican subjects.10 However,
methods have been developed to enable fine-scale estimation of
local ancestry at individual SNPs,?*! enabling ancestry associa-
tion testing to identify candidate peaks at a higher resolution com-
pared with using more traditional ancestry informative markers.

We performed case-control admixture mapping in 2 Latino
populations to identify novel genetic loci that contribute to
asthma susceptibility. We hypothesized that our approach would
have increased power over more traditional SNP-based GWASs to
obtain statistical significance in smaller sample sizes and that
admixture mapping would identify regions enriched for asthma-
associated genes.

METHODS

Study subjects

The Genetics of Asthma in Latino Americans (GALA) study22 includes
subjects with asthma (probands) and their biological parents recruited from
schools, clinics, and hospitals at 4 sites: San Francisco Bay Area, New York
City, Puerto Rico, and Mexico City. In all health care centers medical records
were reviewed to identify patients with physician-diagnosed mild or
moderate-to-severe asthma based on medical billing records (International
Classification of Diseases, ninth revision, codes). Patients were contacted to
participate in the study if approved by their primary physician. Bilingual
and bicultural physicians specialized in asthma were present at all interviews,
and all forms and questionnaires for subjects were available in English and
Spanish. On the basis of interviews and questionnaire data, subjects were in-
cluded in the study if they were between the ages of 8 and 40 years with
physician-diagnosed mild to moderate-to-severe asthma and had experienced
2 or more symptoms in the previous 2 years at the time of recruitment (includ-
ing wheezing, coughing, and/or shortness of breath) and if both parents and 4
sets of grandparents self-identified as being of either Puerto Rican or Mexican
ethnicity. We note that bronchial hyperresponsiveness was not used as the cri-
terion for inclusion in the study because of the difficulty in assessing these pa-
rameters in children. The research was approved by the institutional review
boards at each participating center.

Genotyping and quality control

Genotyping of GALA subjects was performed by using the Affymetrix 6.0
GeneChip Array (Affymetrix, Santa Clara, Calif) that contained more than
900,000 SNPs before quality control measures. Data quality control was
performed with PLINK,>® R (http://www.R-project.org), and EIGEN-
STRAT.***> Markers were filtered based on 95% call rates, Hardy-Weinberg
equilibrium P values of greater than 10~°, and unambiguous mapping to
the human reference genome. Subjects were filtered based on 95% call rates
and consistency between genetic and reported sex (Fstat [a measure of homo-
zygosity] from X-linked markers between —0.2 and 0.3 for female subjects
and between 0.8 and 1 for male subjects). SNPs were filtered for linkage dis-
equilibrium (LD) based on 7 values of greater than 0.5 before performing a
principal component analysis in EIGENSTRAT.**** Three iterations of outlier
removal were performed based on 3 principal components from a principal

J ALLERGY CLIN IMMUNOL
mmm 2012

component analysis including unrelated subjects from 11 phase 3 HapMap
populations. Subjects were also filtered based on high or low autosomal het-
erozygosity (Fstat <0.5 and >—0.2) and unexpected pairwise relatedness
(identity by descent >30%) or genetic identity (identity by state >90%).

Statistical analysis

Genomic levels of European, Native American, and African ancestry were
evaluated separately for Puerto Rican and Mexican subjects by using the
program ADMIXTURE,?® assuming 3 ancestral populations (K = 3). Unre-
lated subjects from the phase 3 HapMap CEU (Utah residents with Northern
and Western European ancestry from the CEPH collection [CEPH: Centre
d’Etude du Polymorphisme Humain]) and YRI (Yoruba in Ibadan, Nigeria)
populations and 88 Native American subjects courtesy of Mark Shriver (25
Aymaran, 24 Quechuan, 14 Nahuan, and 25 Mayan) were included as a refer-
ence. Local ancestry was estimated at each SNP independently for Mexican
and Puerto Rican subjects by using the program LAMP* under a
3-population model, assuming 20 generations of admixture. Genomic propor-
tions of European, Native American, and African ancestry were modeled
based on the estimated proportions from the program ADMIXTURE?® for
each population. Windows were offset by a factor of 0.2, the cutoft for linkage
was set to 0.1, and a constant recombination rate was set to 108 (bp)~ ! An-
cestral allele frequencies at the 729,685 SNPs were estimated from the Hap-
Map CEU population to represent European ancestry, the HapMap YRI
population to represent African ancestry, and 88 Native American subjects
(25 Aymaran, 24 Quechuan, 14 Nahuan, and 25 Mayan) to represent Native
American ancestry.

Admixture mapping was performed at each SNP by using logistic
regression to compare the proportion of local European, Native American,
and African ancestry between cases and control subjects, including the
respective global ancestry estimations from the program ADMIXTURE® as a
covariate (asthma ~ local + global ancestry). Global ancestry is therefore the
overall ancestry proportions across the genome. Candidate admixture map-
ping peaks were defined as having a peak association P value of less than
1073 to a width at which the P value was less than .01. Statistical significance
was evaluated by using 100 permutations for each population and ancestry by
swapping the case-control labels to maintain the haplotype structure. We used
permutations to correct for multiple testing over a traditional Bonferroni cor-
rection because of the high correlation between neighboring SNPs. To test for
replication between the 2 populations, we extracted the smallest P value
within each peak and performed a Bonferroni correction for 33 and 29 tests
in Mexican and Puerto Rican subjects, respectively (the number of candidate
peaks identified in each population).

A Fisher exact test was used to test for an enrichment of known genes
within admixture mapping peaks that showed at least 1 positive association
with asthma, as compiled from the Genetic Association Database.’ Known
genes were defined as those included in RefSeq build 36,”7 and their positions
in the human genome (build hg18) were downloaded from the UCSC genome
browser.?®2° Allelic association testing within admixture mapping peaks was
performed by using logistic regression, including 2 of the 3 local ancestries as
covariates to correct for population structure. Genotypes were imputed from
the 1000 Genomes Project (pilot study) by using the program Impute2*°
and using the European, African, and Asian haplotypes as a reference.

RESULTS

After quality control, the total number of SNPs included in the
study was 729,685, and the total number of subjects was 529
children with asthma (253 Mexican and 276 Puerto Rican
subjects) and 347 control subjects (158 Mexican and 189 Puerto
Rican subjects). Global proportions of Native American, Euro-
pean, and African ancestry as estimated by using ADMIXTURE
were 0.13, 0.67, and 0.20, respectively, in Puerto Rican subjects,
and 0.51, 0.45, and 0.05, respectively, in Mexican subjects (Fig 1).

Comparisons of local ancestry between cases and control
subjects identified 62 admixture mapping peaks with a difference
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FIG 1. Global ancestry proportions of Mexican (A) and Puerto Rican (B) subjects in the GALA study esti-
mated by using ADMIXTURE (K = 3); included are the HapMap CEU, YRI, and 88 Native American subjects
kindly provided by Mark Shriver (25 Aymaran, 24 Quechuan, 14 Nahuan, and 25 Mayan). Mexican subjects
were, on average, 51% Native ancestry, 5% African ancestry, and 45% European ancestry, whereas Puerto
Rican subjects were, on average, 13% Native ancestry, 20% African ancestry, and 67% European ancestry.
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FIG 2. Admixture mapping in GALA Puerto Rican and Mexican subjects. The Manhattan plot for compar-
isons of local African ancestry in Mexican cases and control subjects shows a statistically significant peak on
6915 based on 1000 permutations. Candidate admixture mapping peaks were defined as those with
association Pvalues of less than 102 (gray line). The complete set of Manhattan plots for all ancestries/pop-

ulations is shown in Figs E1 and E2.

in local ancestry at a P value of less than 10> (Fig 2 and see Figs
E1-E3 and Table E1 in this article’s Online Repository at www.
jacionline.org). Extending the peak out to a P value of less than
.01 resulted in an average peak width of 721 Kb, ranging in length
from 79 Kb (14q23) to 5 Mb (4p12-4q12). A total of 29 peaks
were identified in Puerto Rican subjects and 33 in Mexican sub-
jects (see Table E1). On the basis of permutations, we observed
an excess of small P values for the comparisons of local African
ancestry between Mexican cases and control subjects genome
wide (Fig 3 and see Fig E3). African ancestry was significantly
lower in Mexican asthmatic patients compared with that seen in
control subjects at 6ql5 (P = 4.6 X 10_6; odds ratio, 0.56;

Fig 4) and was statistically significant based on 100 permutations
(permutation P <.01). One of the peaks overlapped between the 2
populations (8q12.1) in the direction of decreased African ances-
try in Mexican cases compared with control subjects and in-
creased Native American ancestry in Puerto Rican cases
compared with control subjects. None of the peaks replicated in
the same direction for any ancestry across the 2 populations after
a multiple testing correction (see Table E1).

We observed a significant enrichment of previously identified
asthma-associated genes within the 62 admixture mapping peaks
(P =.0051, Tables I and II). Six (9.6%) of the 62 admixture map-
ping peaks contained at least 1 gene that had been positively
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FIG 3. Admixture mapping quantile-quantile plot for genome-wide ances-
try association testing of local African ancestry in Mexican cases and
control subjects. Red points show the observed versus expected P values,
and the gray shaded area represents the 95% quantile range of the permu-
tations. Quantile-quantile plots for the other comparisons are shown in
Fig E3.

associated with asthma, as compiled from the Genetic Associa-
tion Database.> Moreover, 2 additional peaks were within 50
Kb of CFTR and DPP10, both of which have been previously as-
sociated with asthma.”>'* The enrichment is driven by both
Mexican and Puerto Rican subjects independently, with 3 of the
genes identified by means of admixture mapping in Mexican sub-
jects (P = .028 for enrichment excluding Puerto Rican subjects)
and 4 in Puerto Rican subjects (P =.055 for enrichment excluding
Mexican subjects, see Table E2 in this article’s Online Repository
at www.jacionline.org). No individual SNP within the 62 admix-
ture mapping peaks was significantly associated with asthma after
multiple testing correction, including SNPs imputed from the
1000 Genomes Project. The top associated genotyped SNPs are
shown in Tables E3 and E4 in this article’s Online Repository at
www.jacionline.org.

DISCUSSION

A major challenge in performing GWASs in Latino populations
is lower coverage of the genetic variation present in non-
European populations on commercial genotyping arrays. This
leads to substantially reduced power to identify disease-
associated genetic loci in non-European populations. Another
challenge is that Latino populations have increased genetic
variation and lower linkage compared with European popula-
tions, notably in populations with higher proportions of African
ancestry. Furthermore, the majority of SNPs on commercial
genotyping arrays was ascertained from European populations
and might be a poor representation of the genetic variation present
on ancestral Native American and African haplotypes present in
Latino populations. To overcome these challenges, we applied
genome-wide case-control admixture mapping in 2 Latino pop-
ulations by performing tests of association with local Native
American, European, and African ancestry compared with gen-
otypes at individual SNPs. We identified 62 admixture mapping
peaks with P values of less than 1073 that were enriched for pre-
viously identified asthma-associated genes, demonstrating the
ability of admixture mapping to identify novel genetic associa-
tions. Furthermore, the enrichment was observed in both Puerto
Rican and Mexican subjects, although with different loci, high-
lighting the advantage of studying multiple and diverse Latino
populations to maximize discovery in studies of complex disease.
Although additional studies are required to identify and confirm
the presence of novel asthma-associated genes within candidate
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peaks, our results confirm the utility of performing case-control
admixture mapping in Latino populations in studies of complex
disease.

Two of the admixture mapping peaks likely contain novel
genes involved in asthma susceptibility, including 6ql5 (a
statistically significant peak) and 8q12 (a replicated peak across
the 2 populations). African ancestry was protective for asthma in
the Mexican sample at 6q15 and 8ql2, and Native American
ancestry was a risk factor for asthma in the Puerto Rican subjects
at 8q12. The peak at 6q15 was statistically significant in Mexican
subjects based on permutation tests; however, it was not associ-
ated with asthma in Puerto Rican subjects for any of the 3
ancestries compared. Failure to replicate genetic associations
across populations are often attributed to differences in statistical
power caused by varying patterns of LD between the associated
SNP and underlying causal variants.'* The same principal applies
to admixture mapping, making it possible that the lack of replica-
tion at 6q15 in Puerto Rican subjects is due to lower LD between
local African ancestry and protective alleles compared with the
Mexican population. Alternatively, the 6q15 locus might contain
population-specific genetic risk factors, be subject to varying
gene-environment or gene-gene interactions across populations,
or might simply be a false-positive signal of association. Addi-
tional studies are required to distinguish between these
possibilities.

The peak at 8q12 was associated with asthma in both Puerto
Rican and Mexican subjects, suggesting this locus contains either
shared genetic risk factors or shared risk loci, although with
different risk alleles. The association was observed at 2 different
ancestries, including African ancestry at 8q12 being protective for
asthma in Mexican subjects and Native American ancestry being
a risk factor for asthma in Puerto Rican subjects. However, this
does not exclude the possibility of shared genetic risk factors
between the populations because there might be shared risk
alleles on both the European and Native American haplotypes in
Mexican subjects that are driving the protective association with
local African ancestry. The intersection of the 2 peaks is centered
on the XK, Kell blood group complex subunit-related family,
member 4 (XKR4) gene, which contains polymorphisms associated
with attention deficit disorder’ and response to 2 antipsychotic
drugs.34’35 However, this peak also contains the v-yes-1 Yamaguchi
sarcoma viral related oncogene homolog (LYN) gene that, when
underexpressed in mice, results in severe persistent asthma,>® mak-
ing it an interesting candidate gene for follow-up studies of asthma
susceptibility in human subjects.

One of the admixture mapping peaks (9q21.32-21.33) is
flanking a locus previously identified as showing an under-
transition of Native American ancestry in children with asthma
from Mexico City (9q21.31)."' However, in the current study we
observed a deficit of Native American ancestry in Mexican con-
trol subjects compared with Mexican cases, which is opposite
to what we would have expected based on the results from the
study by Hancock et al.!!

No individual SNP within the 62 candidate peaks was signif-
icantly associated with asthma in either Mexican or Puerto Rican
subjects when using standard GWAS techniques after correcting
for ancestry and multiple tests, even within peaks containing
known asthma-associated genes. However, because we observe a
significant enrichment of asthma-associated genes within the
peaks, it is likely we failed to identify any associated SNPs
because of low statistical power. Causal variants might be
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FIG 4. Admixture mapping peak on 615 in Mexican subjects. African ancestry (left y-axis) is significantly
lower in cases (red line) compared with control subjects (blue line, P = 1.3 X 1079 at 6q15. The —log10
(P values) for genotyped (black circles) and imputed SNPs from the 1000 Genomes Project (gray circles)
are indicated on the right y-axis. The location of genes within the peaks are indicated with green arrows

indicating the direction of transcription.

TABLE I. Admixture mapping peaks containing genes previously associated with asthma

Population Band Ancestry Mean cases Mean control subjects P value Associated genes
Mexican 2ql14.1 European 0.63 0.89 6.2 X 107* DPPI10*

Mexican 4q22.1 African 33 1.9 52x107* FAM13A

Mexican 5q32-q33.1 Native American 0.91 1.1 7.5 % 107* SPINKS5 SCGB3A2
Mexican 7q31.2-31.31 Native American 0.58 0.83 13 x 107* CFTR*

Puerto Rican 4q13.1 African 1.4 0.89 6.8 X 1074 MuUc7

Puerto Rican 5q31.2 Native American 1.3 1.9 6.9 x 107* EGRI

Puerto Rican 5q33.3 Native American 1.2 0.7 6.5 % 107* ILI2B

Puerto Rican Tpll.2 Native American 0.87 1.4 50 %X 107* EGFR

Local ancestry was adjusted by genomic ancestry at the individual level before calculating the mean.

*Gene is within 50 Kb of a candidate peak.

common but have small effect sizes, might have large effect sizes
but be rare in frequency, or might not be captured through LD on
the Affymetrix 6.0 GeneChip (or attained through genotype
imputation). Indeed, the majority of asthma-associated SNPs
identified have relatively small effect sizes, with odds ratios
ranging from 1.1 to 1.3.4%112 Given our sample size of Mexican
and Puerto Rican subjects, we expect under an additive disease
model to have at most 34% power to detect risk alleles at a P value
of less than 107> (assuming a 50% minor allele frequency and a
relative risk of 1.3). Thus we did not expect to identify even pre-
viously reported asthma-associated SNPs.

Furthermore, admixture mapping specifically targets genetic
loci with risk alleles that differ in frequency between the
ancestral populations. Given that the majority of genetic vari-
ation that differs between populations resides in rare variation, '’
the candidate peaks we identified might be enriched for loci con-
taining rare variation that contributes to differences in asthma
susceptibility between populations. Rare causal alleles are not
likely to be represented by the predominantly common SNPs
on the Affymetrix 6.0 GeneChip and require an even larger sam-
ple size to reach statistical significance. Therefore additional
studies involving the resequencing of candidate peaks are
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TABLE Il. Fisher exact test comparing the proportion of genes
showing a previous positive association with asthma in at least
1 study in the Genetic Association Database for genes within and
outside of admixture mapping peaks (P = .0051)

No. of genes
within peaks

No. of genes
outside peaks

Asthma-associated genes 7 144
Other genes 299 21,716
Percentage 2.3% 0.66%

The number of unique genes was compiled from the National Center for
Biotechnology Information RNA reference sequences collection (RefSeq). The
number of genes within peaks does not include CFTR or DPP10, which were both
within 50 Kb of a peak.

required to test for the presence of any associated variants within
these regions.

Lastly, it is important to note that we identified a statistically
significant admixture mapping peak despite a smaller number of
cases and control subjects than is typically required for a
sufficiently powered GWAS based on allelic association testing.
Admixture mapping in Latino populations might offer increased
statistical power over traditional GWASSs in smaller sample sizes
by increasing coverage of the genome through admixture LD and
reducing the number of statistical comparisons. Overall, our
results demonstrate the utility of case-control admixture mapping
for performing GWASs in Latino populations and implicate the
6q15 and 8q12 regions as being involved in asthma susceptibility.
Furthermore, admixture mapping has the potential to identify
both shared (8q12) and population-specific (6q15) genetic risk
factors that contribute to asthma susceptibility.

We thank the families and patients for their participation. We also thank the
numerous health care providers and community clinics for their support and
participation in the GALA study. We especially thank Jeffrey M. Drazen, MD,
Scott Weiss, MD, Ed Silverman, MD, PhD, and Homer A. Boushey, MD, for
all of their effort toward the creation of the GALA study.

Key messages

o Case-control admixture mapping identified 62 candidate
peaks enriched for previously identified asthma-
associated genes, highlighting the utility of this method
to identify novel candidate regions in Latino populations.

African ancestry was significantly associated with asthma
in Mexican subjects at 6q15 (P = 4.6 X 10~ %; odds ratio,
0.56) but not in Puerto Rican subjects.

Ancestry at 8q12.1 was associated with asthma in both
populations but with African and Native American ances-
try in Mexican and Puerto Rican subjects, respectively.
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FIG E1. Manhattan plots for comparisons of local Native American, European, and African ancestry in
Puerto Rican cases and control subjects. Genomic ancestry was included as a covariate.
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TABLE E1. Location of the 62 admixture mapping peaks identified in Mexicans (MX) and Puerto Ricans (PR), including size of the peak, the regression coefficient indicating
the direction of the association in each population (Estimate), P values, mean local ancestry adjusted for global ancestry in cases and controls, and a list of genes underlying
the peaks

Adjusted Adjusted Estimate P value

Start Size Position P mean  mean control other other

Population Ancestry Chromosome (hg18) Stop (hg18) Band (bp) of peak  Estimate value cases subjects population population Genes

MX African 1 118772973 118897326 1pl2 124353 118772973 —1.06 5.70E-04 1.20 2.10 —0.17 6.36E-01 NA

MX European 1 225987548 226155229 1q42.13 167681 226030114 —0.55 9.48E-04 1.20 1.38 NA 1.00E+00 JMJDA4,
LOC100130093,
PRSS38, SNAP47

MX European 2 116607163 116913674 2ql4.1 306511 116746412 —0.57 6.23E-04 0.63 0.89 NA 1.00E+00 NA

MX European 3 32066144 32817231 3p23-p22.3 751087 32592593 —0.83 7.62E-04 0.90 1.19 NA 1.00E+00 CMTM6, CMTM7,
CMTMS,
CNOTI0,
DYNCILII,
GPDIL

MX Native 3 163409853 163922419 3q26.1 512566 163670024 0.44  2.09E-04 1.04 0.81 NA 1.00E+00 NA

MX European 4 10873906 11186234 4pl16.1-p15.33 312328 11054584 0.86  4.00E-04 0.93 0.69 0.22 4.15E-01 HS3ST1, MIR572

MX African 4 90054476 90292813 4q22.1 238337 90054476 0.83 5.21E-04 3.26 1.87 0.60 6.19E-02  FAMI3A, TIGD2

MX European 5 27619491 28094810 5pl4.1 475319 27894334 0.79  2.86E-04 1.10 0.80 0.40 1.55E-01 NA

MX Native 5 27860402 28094810 5Spl4.1 234408 27860402 —0.79 7.49E-04 1.02 1.27 —0.17 6.30E-01 NA

MX Native 5 146504449 147502740 5q32-q33.1 998291 147112781 —0.75 7.52E-04 0.91 1.13 —0.40 2.07E-01 C5orf46, DPYSL3,
JAKMIP?2,
SCGB3A2,
SPINK1,
SPINKS, STK32A

MX Native 5 152131588 152480216 5q33.2 348628 152340374 —0.77 4.90E-05 0.92 1.22 —0.59 7.50E-02 NA

MX European 5 152131588 152480216 5q33.2 348628 152421333 0.64 3.19E-04 1.09 0.78 0.65 2.66E-02 NA

MX European 5 169105660 169282573 5q35.1 176913 169222931 0.61 6.23E-04 1.35 1.04 NA 1.00E+00 DOCK2, FAMI196B

MX African 6 90115388 90420965 6ql15 305577 90205994 —0.58 1.28E-06 0.31 1.31 NA 1.00E+00 ANKRDG, LYRM2,
MDNI, RRAGD,
UBE2J1

MX African 7 86179382 86465185 7q21.11-q21.12 285803 86281104 —0.87 8.56E-05 1.44 2.55 NA 1.00E+00 GRM3, KIAA1324L

MX African 7 92613677 93021926 7q21.3 408249 92898496 —1.57 3.63E-04 0.31 1.05 NA 1.00E+00 CALCR, CCDCI132,
HEPACAM?2,
MIR489,
MIR653,
SAMDYL

MX Native 7 117157568 117531896 7q31.2-q31.31 374328 117282530 —0.78 1.26E-04 0.58 0.83 NA 1.00E+00 CTTNBP2

MX African 7 118240062 118822562 7q31.31 582500 118445206 1.46  9.12E-05 1.85 0.64 NA 1.00E+00 NA

MX African 8 56410052 56565688 8ql2.1 155636 56496615 —1.02 5.27E-04 0.48 1.20 —0.87 6.97E-03  SBFIPI, XKR4

MX Native 8 63256978 63584883 8ql2.3 327905 63524853 —0.64 1.20E-04 0.68 0.99 —0.01 9.83E-01 NKAIN3

MX European 8 129956367 130322625 8q24.21 366258 130226986 0.73  9.28E-05 1.00 0.67 NA 1.00E+00 LOC728724

MX European 9 31843754 32096337 9p2l1.1 252583 31843754 0.71  7.30E-04 1.55 1.19 0.61 1.98E-02 NA

MX Native 9 85562113 86414325 9q21.32-21.33 852212 86191647 0.75 8.03E-04 1.06 0.79 0.74 6.21E-02  CYorf64, GKAPI,
HNRNPK,

KIF27, MIR7-1,
RMI1, SLC28A3

(Continued)
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TABLE E1. (Continued)

Start

Population Ancestry Chromosome (hg18) Stop (hg18) Band

Adjusted
mean
cases

Adjusted
mean control
subjects

Estimate P value
other other
population population

Size Position P

(bp) of peak Estimate value Genes

MX African 10 120686439 121817825 10q26.11-q26.12

MX Native 10 123964418 124666325 10q26.13

MX European 12 4970162 5598695 12p13.32-p13.31

MX European 13 52058906 52584486 13ql14.3-q21.1

MX African 13
MX Native 14
MX European 14
MX Native 18

62301884
42232954
58564897

6243260

62818944
42505445
58644385

7386574

13q21.31
14q21.2
14q23.1
18q11.31-11.23

MX European 18 40528480 41543866 18ql12.3

MX African 21 29729870 30059808 21q21.3

PR Native 1
PR Native 1

115534231
118053780

115820648
118451363

1p13.2
1p12

1131386 120849911 —1.53 4.00E-04  0.36 1.12 —0.32  3.41E-01 BAG3, Cl0Oorfll9,
EIF3A, FAM45A,
FAMA45B, GRKS,
INPPSF,
NANOSI,
PRDX3, RGSI0,
SEC23IP, SFXN4,
SNORA19, TIALI

1.00E+00 ARMS2, BTBDI6,

C100rf120,
CUZDI, DMBTI,
FAM24A,
FAM?24B,
FLJ46361,
HTRAI
LOC399815,
PLEKHAI,

TACC2

ANO2, KCNAS,
NTF3

HNRNPAIL2,
LECTI, MIR759,
OLFM4, PCDHS,
SUGTI,
TPTE2P3

1.00E+00 NA

2.65E-01 NA

1.00E+00 NA

4.97E-01 ARHGAP2S,
L3MBTIA,
LAMAI,
LOC400643,
LRRC30,
MIR4317

MIR4319, SETBPI,
SLCI4A2

GRIKI, GRIKI-AS,
NCRNA00258

NGF
GDAP2, SPAG17,
WDR3

701907 124155206 0.73  9.95E-04 1.11 0.84 NA

628533 5141346 —0.68 7.64E-04  0.92 1.20 —0.05  8.43E-0l

525580 52234932 047 292E-04  0.95 0.66 0.08  7.77E-01

517060
272491
79488
1143314

62507470
42297072 —0.54
58620967 —0.80

6603585 0.69

—0.65 7.04E-04 1.03 1.95 NA

4.09E-04  0.70 0.95 —0.36
9.50E-04  0.73 0.97 NA
8.01E-04 1.06 0.80 0.25

1015386 41029219 —0.70 3.59E-04  0.92 1.22 —0.58  4.08E-02

329938 29765240 1.20 6.94E-05 2.16 0.86 0.12  6.96E-01

286417
397583

115637023 0.83
118083417 0.69

5.07E-04 1.35 0.83 0.33
3.33E-04  2.09 1.43 0.02

3.36E-01
9.45E-01

(Continued)
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TABLE E1. (Continued)

Adjusted Adjusted Estimate P value
Start Size Position P mean  mean control other other
Population Ancestry Chromosome (hg18) Stop (hg18) Band (bp) of peak Estimate value cases subjects population population Genes

PR Native 2 130669841 132948884 2q21.1-21.2 2279043 132187075 —0.88 6.10E-04  0.76 1.21 -0.37 2.54E-01 ANKRD30BL,
ARHGEF4,
C2orfl4,
C2orf27A,
C20rf27B,
CCDC115,
CCDC74A,
CFCI, CFCIB,
FAM123C,
FAM168B,
GPR148, GPR39,
IMP4,
LOC150527,
LOC150776,
LOC150786,
LOC389043,
LOC401010,
LOC440910,
LOC646743,
MIRG663B,
MZT2A,
PLEKHB?2,
POTEE,
POTEKP,
PTPNIS,
TUBA3D,
TUBA3E

PR African 4 47528052 52630202 4pl2-pll-qll-q12 5102150 48294037 0.82 1.29E-04 1.32 0.81 0.76  2.45E-01 CNGAI, CORIN,
CWH43,
DCUNIDA4,
FRYL, LRRCG66,
NFXLI, NIPALI,
OCIADI,
OCIAD2, SGCB,
SLAIN2,
SLC10A4,
SPATAIS, TEC,
TXK, ZARI

PR African 4 71085620 71478030 4q13.3 392410 71269352 051 6.78E-04 135 0.89 020 7.61E-01 AMIN, C4orf35,
C4orf7, CSN3,
MUC7, ODAM,
PROLI, SMR3A,
SMR3B

PR European 4 84701659 85309961 4q21.23 608302 85029487 —0.64 3.02E-04 0.87 1.07 —021  4.80E-01 AGPAT9

(Continued)
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TABLE E1. (Continued)

Adjusted Adjusted Estimate P value
Start Size Position P mean  mean control other other
Population Ancestry Chromosome (hg18) Stop (hg18) Band (bp) of peak  Estimate value cases subjects population population Genes

PR Native 5 926798 3303352 5pl5.33 2376554 2741597 093 6.17E-05 1.00 0.50 NA 1.00E+00 BDPI, BRDY,
CSorf38,
CARTPT,
CLPTMIL,
GTF2H2,
GTF2H2B,
GTF2H2C,
GTF2H2D, IRX2,
IRX4,
LOC100049076,
LOC100170939,
LOC100272216,
LOC647859,
LOC728613,
LPCATI,
MCCC2,
MIR4277,
MRPL36, NAIP,
NDUFS6, NKD2,
OCLN, PMCHL2,
SDHAP3,
SLCI2A7,
SLC6AIS,
SLC6A19,
SLC6A3, SMAS,
TERT, TRIP13

PR European 5 123194325 123848351 5q23.2 654026 123307942 —0.74 5.69E-04 091 1.10 NA 1.00E+00 NA

PR Native 5 137726198 138846276 5q31.2 1120078 138478148 —0.75 6.92E-04 1.28 1.89 —0.65 346E-02 CTNNAI,
DNAJCIS,
ECSCR, EGRI,
ETFI1, HSPA9,
KDM3B,
LOC389333,
LRRTM?2,
MATRS3,
MGC29506,
PAIP2, REEP2,
SILI, SLC23A1,
SNHGA,
SNORA74A,
SNORDG3,
SPATA24,
TMEM173

(Continued)
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TABLE E1. (Continued)

Start

Population Ancestry Chromosome (hg18)

Stop (hg18)

Band

Adjusted
mean
cases

Adjusted
mean control
subjects

Estimate P value
other other
population population

Size Position P

(bp) of peak Estimate value Genes

PR Native 5 158663429

PR African 6
PR African
PR Native 7

78131890
82242875
55094492

N

PR Native 7 112165439

5032120
30141649

PR European 8
PR African 8

PR Native 8 56598023

PR African 8
PR African 12
PR Native 12
PR Native 13

58568817
40446358
65099099
39695477

PR African 13 92395800

159510391

78936231
82612008
55655594

112916150

5130073
32626887

59222829

58985156
40709402
65267538
41151351

92598115

5933.3

6ql4.1
6q14.1
7pl1.2

7q31.1

8p23.2
8pl2

8ql2.1

8ql12.1
1212
12q14.3
13q14.11

13¢31.3

846962 159023425 095 6.45E-04 1.18 0.70 NA 1.00E+00 ADRAIB, ILI2B,
LOC285627,
MIR548D2,

PWWP2A, TTCI

HTRIB

FAMA46A

EGFR, LANCL2,
VOPPI

C70rf60, GPRSS,
LOC401397,
TMEMI68

1.00E+00 NA

3.34E-02  DCTN6, RBPMS,
NRGI, PURG,
WRN

C8orf71, CHCHD?,
FAM110B,
IMPADI, LYN,
MOS, PENK,
PLAGI, RPS20,
SDRI16CS,
SNORD54, TGS1,
TMEM6S8, XKR4

9.93E-01 NA

1.00E+00 NA

1.00E+00 GRIPI

1.99E-01  Cl3orfl5, ELFI,

FOXO0l1,
KBTBDS,
KBTBD?,
KIAA0564,
LOC646982,
MIR320D1,
MIRG621,
MRPS31,
MTRF1, NAAIG,
OR7E37P,
SLC25A15,
SUGTIP3, WBP4
1.42E-01 NA

804341
369133
561102

78172987 0.77
82447679 0.79
55297839  —0.79

1.54E-04 1.29 0.78 0.76
4.60E-04  1.04 0.61 0.32
5.00E-04  0.87 1.38 —0.28

1.02E-01
5.06E-01
3.48E-01
750711 112415609 0.99

8.55E-04  1.05 0.62 036  2.27E-01

5045628 0.65
30284710 —0.84

6.52E-04  0.97 0.78 NA
4.48E-04  0.77 1.20 —1.17

97953
2485238

2624806 57696529 0.77  8.67E-05 1.36 0.77 033  2.57E-01

416339
263044
168439
1455874

58781609 —0.84
40505464 0.77
65118869 —0.82
40084501  —0.79

2.33E-04  0.85 1.30 —0.01
8.14E-04 1.74 1.24 NA
7.14E-04 1.05 1.57 NA
7.01E-04  0.58 1.01 —0.41

202315 92441215 —0.85 8.47E-04  0.88 1.27 —0.83

(Continued)
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TABLE E1. (Continued)

Population Ancestry Chromosome

Start
(hg18)

Stop (hg18)

Band

Size
(bp)

Position
of peak

Estimate

P
value

Adjusted
mean
cases

Adjusted
mean control
subjects

Estimate

other

population population

P value
other

Genes

PR

PR
PR
PR
PR

PR
PR

European

European
European
European
European

African
Native

16

17
18
18
20

20
22

30990744

68856659
48763478
53095273
31073726

37382469
46384494

32390507

69650934
49407236
53242291
31531223

38758602
46768144

16p11.2

1725.1
18q21.2
18q21.31
20q11.21-q11.22

20q12
22q13.31

1399763

794275
643758
147018
457497

1376133
383650

31757800

68997372
49204920
53182320
31164994

38138564
46561223

—0.04 5.77E-04

—0.74  4.52E-04
—0.62 1.04E-04
—0.67 6.87E-04

0.69 1.05E-04

—091 2.44E-04
0.95 5.98E-05

0.83

1.04
0.61
0.97
0.91

0.75
1.06

1.04

1.22
0.83
1.15
0.69

1.19
0.48

NA

NA
—0.38
NA

0.27

—0.61
0.76

1.00E+00 AHSP, ARMCS,

1.00E+00
2.41E-01
1.00E+00
3.39E-01

2.06E-01
1.61E-02

BCKDK,
Cl6orf58,
COX6A2,
CSDAPI, FUS,
HERC2P4,
ITGAD, ITGAM,
ITGAX,
KIAAO664L3,
LOC390705,

MYSTI, PRSS36,

PRSS53, PRSSS,
PYCARD,

PYDCI, SLC5A2,

TGFBI11,
TRIM?72,
VKORCI,
ZNF267,
ZNF646,
ZNF668,

ZNF720, ZNF843

Cl70rf54, SDK2

DcC

STSSIA3

BASE, BPILI,
BPIL3,
C200rf114,
C200rf185,
C200rf186,
C200r170,
C200rf71,
CDK5RAPI,
PLUNC, SNTAI

MAFB

FLJ46257

MX, Mexican; PR, Puerto Rican.
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TABLE E2. Fisher exact test comparing the proportion of genes
showing a previous positive association with “asthma,” “bron-
chial hyperreactivity,” or both in at least 1 study in the Genetic
Association Database for genes within and outside of admixture
mapping peaks identified in Mexican (P = .028) and Puerto Rican
(P = .055) subjects

No. of genes No. of genes
within peaks outside peaks
Mexican subjects
Asthma-associated genes 3 148
Other genes 93 21,922
Percentage 3.2% 0.68%
Puerto Rican subjects
Asthma-associated genes 4 147
Other genes 205 21,810

Percentage 2.0% 0.67%

TORGERSON ET AL 7.e10
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TABLE E3. Top signals of allelic association with asthma at a P value of less than 1072 in Mexican subjects
Band SNP Position (hg18) Estimate SE Test statistic P value
10926.13 rs2421016 124157502 —0.694 0.150 —4.64 3.56E-06
10q26.13 1s2280141 124183171 —0.606 0.149 —4.07 4.61E-05
10g26.13 rs10510110 124182420 —0.602 0.149 —4.05 5.17E-05
4q13.3 rs6839328 71086928 —0.889 0.223 —3.98 6.83E-05
4q13.3 rs17652789 71085620 —0.740 0.187 —3.95 7.82E-05
10g26.13 rs10749466 124128794 —0.623 0.165 —3.77 1.60E-04
10926.13 rs7088058 124139342 —0.623 0.166 —3.75 1.77E-04
10926.11-q26.12 rs11198804 120899775 —0.711 0.191 —3.73 1.94E-04
10q26.13 157068487 124135202 —0.603 0.166 —3.64 2.75E-04
Ip13.2 rs1777719 115583591 —0.653 0.182 —3.59 3.36E-04
9q21.32-21.33 rs6559804 86254868 1.525 0.426 3.58 3.47E-04
4q13.3 rs1514401 71085996 —0.671 0.191 —3.52 4.39E-04
4q13.3 rs1842483 71117798 —0.805 0.229 —3.51 4.46E-04
18q12.3 rs7235815 41078093 —2.714 0.786 —3.45 5.54E-04
10g26.13 rs10510109 124110447 —0.534 0.157 —3.41 6.49E-04
5p15.33 rs16883212 1742029 0.757 0.225 3.36 7.70E-04
10g26.13 rs10887149 124156994 —0.604 0.182 —3.32 8.88E-04

Local and global ancestries were used as covariates.
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TABLE E4. Top signals of allelic association with asthma at a P value of less than 1072 in Puerto Rican subjects

Band SNP Position (hg18) Estimate SE Test statistic P value
13ql14.11 rs1105145 40971812 —0.585 0.156 —3.76 1.72E-04
18q11.31-11.23 rs12454415 6898726 0.567 0.151 3.75 1.76E-04
13q21.31 rs1413065 62577703 0.646 0.184 3.52 4.35E-04
5p15.33 16896543 2560645 —1.347 0.389 —3.47 5.27E-04
4q21.23 rs10026591 84797731 0.522 0.151 3.46 5.42E-04
4pl16.1-p15.33 154697861 10877928 0.481 0.141 341 6.59E-04
8pl2 152979520 30567360 1.045 0.308 3.39 6.88E-04
1p13.2 rs12035380 115540607 —0.877 0.259 —3.39 7.06E-04

Local and global ancestries were used as covariates.
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