Letter to the Editor

The C110rf30-LRRC32 region is associated
with total serum IgE levels in asthmatic
patients

To the Editor:

Asthma is a chronic inflammatory respiratory disease charac-
terized by bronchial hyperresponsiveness, increased Ty2 cyto-
kine levels, and increased serum IgE levels. Atopic dermatitis
or eczema is a chronic inflammatory skin disease characterized
by epidermal barrier dysfunction and IgE-mediated sensitiza-
tion. The only published genome-wide association study
(GWAS) of atopic dermatitis identified rs7927894 on chromo-
some 11q13.5 between the chromosome 11 open reading frame
30 (Cll1orf30) and leucine-rich repeat containing 32 (LRRC32)
genes." A replication study further confirmed the association
of 157927894 with childhood eczema.” The same variant is
also associated with Crohn disease, an inflammatory bowel
disease.” Increased total serum IgE levels are common in both
patients with asthma and those with eczema, and therefore we
studied whether the CI1orf30-LRRC32 region is associated
with total serum IgE levels and asthma in 3 independently ascer-
tained non-Hispanic white populations: the National Heart,
Lung, and Blood Institute (NHLBI)-funded Severe Asthma
Research Program (SARP); the NHLBI’s Collaborative Studies
on the Genetics of Asthma (CSGA) studies; and the Epidemiol-
ogy and Natural History of Asthma: Outcomes and Treatment
Regimens (TENOR) multicenter study. For additional informa-
tion on the methods used, see the Methods section in this
article’s Online Repository at www.jacionline.org.

After quality control analysis, data from 1334 subjects
(SARP plus CSGA patients with asthma, n = 607; SARP
plus CSGA healthy control subjects, n = 292; and TENOR
patients with asthma, n = 435) were analyzed either combined
or separately for association with total serum IgE levels (see
Table E1 in this article’s Online Repository at www.jacionline.
org). Multiple testing was minimized because analysis was re-
stricted to 25 single nucleotide polymorphisms (SNPs) covering
the whole C110rf30-LRRC32 region (P value for Bonferroni ad-
justment = .002, P = .05/25 SNPs).

Four SNPs (rs7130588, 1rs2508746, 1510899234, and
1$6592657) were significantly associated with total serum IgE
levels after multiple test adjustment (Table I and see Fig E1 in this
article’s Online Repository at www.jacionline.org). rs7130588,
approximately 8 kb downstream of CI1orf30, showed the stron-
gest association with total serum IgE levels (P =.000034), which
remained significant after adjusting for asthma status (P =
.00021, see Table E2 in this article’s Online Repository at
www.jacionline.org) or positive skin test response status (P =
.033, see Table E3 in this article’s Online Repository at www.
jacionline.org). rs7130588 was marginally associated with skin
prick test response status (P = .080, see Table E3). rs7130588
is in almost perfect linkage disequilibrium (LD; P = 0.97),
with the previous top SNP, rs7927894, identified from the
GWAS of eczema.' SNPs rs2508746 and rs10899234 were also
located at the 3’ end of CI1orf30 and were in moderate =
0.60) and mild (* = 0.27) LD with rs7130588, respectively
(see Fig E1, D). rs6592657, in intron 1 of LRRC32, was associated
with total serum IgE levels (P = .00068) but was not in LD with

the other 3 SNPs. The association with total serum IgE levels was
significant and in the same direction for both the combined and
separate SARP plus CSGA and TENOR populations (Table I),
but the association was stronger for the TENOR population com-
pared with the SARP plus CSGA population. To more accurately
calculate the variance in our mixed asthma case-control study,
these 4 SNPs were tested for association with total serum IgE
levels by using stratified weighted regression analysis (see
Table E4 in this article’s Online Repository at www.jacionline.
org). The results from the stratified weighted analysis were
largely comparable with those from standard linear regression
analysis (see Table E2).

These top 4 SNPs were tested further for association with
asthma susceptibility and lung function in the SARP plus CSGA
population (661 cases and 363 control subjects). rs6592657 (P =
.04) and rs7130588 (P = .06) were borderline associated with
asthma in the SARP plus CSGA cohort (see Table ES5 in this arti-
cle’s Online Repository at www.jacionline.org), whereas
rs2508746 and rs10899234 were not. rs6592657 (P = .02) was
also associated with asthma and in the same direction in TENOR
(473 cases and 1892 Illumina control subjects). The association
with asthma was most likely related to total serum IgE levels be-
cause the association was lost after adjustment for IgE levels in
the SARP plus CSGA population (data not shown). No associa-
tion with lung function (percent predicted FEV,, percent
predicted forced vital capacity [FVC], and FEV,/FVC ratio) in
the SARP plus CSGA population (661 cases and 363 control sub-
jects) and the TENOR population (438 cases) was found for any
of these 4 SNPs (see Table ES).

A stepwise linear regression approach was used to dissect
possible independent associations of the top 4 SNPs with total
serum IgE levels. rs2508746 and rs10899234 did not provide
more information when added to rs7130588 (based on the
likelihood ratio test, data not shown). rs6592657 generated an
association signal independent from rs7130588 (P < .05 for the
likelihood ratio test). Joint analysis was performed on the 2
SNPs (rs7130588 and rs6592657) with independent signals (see
Table E6 and Fig E2 in this article’s Online Repository at www.
jacionline.org). The geometric means for total serum IgE levels
increased from 52.7 IU/mL (AA) to 80.6 IU/mL (GA) and
81.2 IU/mL (GG) for rs7130588 (risk minor allele G frequency
= 0.377; see Fig E2, A). rs6592657 (minor allele A frequency
= 0.447) was protective, with the geometric means of total serum
IgE levels decreasing from 78.2 IU/mL (GG) and 71.9 IU/mL
(AG) to 49.1 IU/mL (AA; Fig E2, B). After recoding genotypes
and counting the number of risk SNPs, the joint effect of
rs7130588 and rs6592657 was stronger than the effect of each
SNP on its own (P = 1.14E-08 and regression slope 3 = 0.17;
see Table E6 and Fig E2, C). The geometric means of total serum
IgE levels increased from 38.7 IU/mL to 58.7 IU/mL and
86.0 IU/mL, with the increase in the number of risk SNPs from
0 (no G for any SNP) to 1 (=1 G in any 1 SNP) and 2 (>1 G in
both SNPs).

The total serum IgE level represents a valuable intermediate
phenotype for the study of atopic diseases, such as asthma,
eczema, and rhinitis. Some genes, such as FCERIA, are associ-
ated with total serum IgE levels in general but not with specific
atopic diseases™; other genes, such as RADSO-ILI3, are
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TABLE I. Association results of 10 of 25 SNPs from the C770rf30-LRRC32 region with total serum IgE levels
. Allt SARP + CSGAt TENOR+
Minor

No.* SNP Coordinate  Gene Location allele (MAF) P value, IgE B (95% CI) P value, IgE B P value, IgE B
1 rs4945087 75814130 Cllorf30 Flanking 5° A (0.41) 6.56E-03 —0.08 (—0.13 to —0.02) .073 —0.062 .048 —0.216
7 rs7130588 75948331 Flanking 3 G (0.38) 3.40E-05 0.12 (0.06 to 0.18) 013 0.087 2.75E-04 0.396
8 rs2508746 75948598 T (0.50) 6.77E-04 0.10 (0.04 to 0.15) 011 0.086 8.47E-03 0.286
9 rs1892953 75950190 G (0.40) 247E-03 —0.09 (—0.14 to —0.03) .018 —0.083 061 —0.208
11 157936562 75955906 T (0.40) 3.72E-03 —0.08 (—0.14 to —0.03) .023 —0.079 077 —0.197
13 rs10899234 75966585 A (0.32) 1.11E-03 —0.10 (—0.16 to —0.04) .041 —0.074 018 —0.272
21 rs3781701 76047067 LRRC32 3' UTR T (0.35) 4.57E-03 0.08 (0.03 to 0.14) .044 0.072 .057 0.210
22 151320646 76047695 A (0.25) 018 —0.08 (—0.14 to —0.01) 141 —0.059 126 —0.202
23 rs6592657 76055467 Intron A (0.45) 6.75E-04 —0.10 (—0.15 to —0.04) .014 —0.085 014 —0.261
24 1510899249 76058005 C (0.49) 014 0.07 (0.01 to 0.12) 137 0.052 .020 0.244

E, Scientific notation of the base number 10; MAF, minor allele frequency; UTR, untranslated region.
*The order of SNPs in which 10 of 25 entries are shown when associated with total serum IgE levels (P < .05) for combined analysis.
TAIl includes both SARP plus CSGA and TENOR subjects with total serum IgE levels. SARP + CSGA includes 607 cases and 292 control subjects from the SARP and CSGA

populations. TENOR includes 435 cases from the TENOR population.

associated with both total serum IgE levels and atopic diseases™”;
and some genes, such as HHIP, are associated with asthma
through association with measures of lung function rather than to-
tal serum IgE levels.®

In this study the C11orf30-LRRC32 region was strongly asso-
ciated with total serum IgE levels and weakly associated with
asthma susceptibility (Table I and see Table E5). The association
between the C11orf30-LRRC32 region and total serum IgE levels
might be specific for non-Hispanic whites. The analysis in a rel-
atively small sample of African Americans (SARP plus CSGA
patients with asthma, n = 324) did not show any significance
(P = .32 and .58 for rs7130588 and rs6592657, respectively).
One shortcoming of this study is that eczema information is un-
available, and thus we cannot exclude the potential confounding
effect of atopic dermatitis.

Both C/10rf30 and LRRC32 are functionally potential candi-
dates for regulation of total serum IgE levels and asthma, and
both are expressed in lungs and skin.! CI1orf30 encodes the
EMSY protein and might play a role in epithelial barrier
function." The atopic march hypothesis states that early sensitiza-
tion through a dysfunctional skin barrier in patients with eczema
during infancy can lead to atopic asthma in childhood.” LRRC32
is a surface biomarker for regulatory T cells and is essential for
TGF-B expression and immune tolerance.®

Interestingly, on the basis of data from the UCSC genome
browser and the ENCODE database, the 4 SNPs (rs7130588,
rs2508746, rs10899234, and rs6592657) are located in possible
enhancer sites with monomethylation of lysine 4 (H3K4Mel) or
acetylation of lysine 27 (H3K27Ac) of the H3 histone protein (see
Fig E1, A-C). Therefore 2 independent signals might be involved
in the expression regulation of CI11orf30 and LRRC32, respec-
tively, and functional studies are necessary to investigate these
potential biological mechanisms.

During the preparation of this manuscript, Marenholz et al’
reported association of a single SNP, rs7927894, with atopic
asthma and hay fever through eczema but not atopy in a large
childhood cohort, providing further support for the importance
of this 11q13 region.

In summary, there are 2 independent signals, one in
C110rf30 and the other in LRRC32, that are strongly associated
with total serum IgE levels. The CIlorf30-LRRC32 region
might represent a common locus for atopic diseases through

biological pathways involved in the regulation of total serum
IgE levels.
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METHODS
Study subjects

The SARP non-Hispanic white population was composed of subjects from
the NHLBI-funded SARP, and the CSGA population was from the NHLBI
CSGA studies. Subjects with mild-to-severe asthma were recruited at SARP
centers and carefully characterized, including baseline spirometric results and
total serum IgE levels.®'? Subjects with asthma who were studied in CSGA
by the Wake Forest investigators using a similar protocol were included in the
analyses.™ In addition, healthy subjects without asthma recruited by SARP
and CSGA investigators were included in the analysis. A positive skin prick
test response was defined as a positive response to at least one of 14 common
aeroallergens (cockroach, Dermatophagoides farinae, diluent, Alternaria spe-
cies, tree mix, Cladosporium species, grass mix, Aspergillus species, ragweed,
cat, histamine, dog, weed mix, and Dermatophagoides pteronyssinus) in the
SARP study and similarly in the CSGA study.®""F* Subjects with severe or
difficult-to-treat asthma were recruited from the TENOR multicenter
study.F*E> A positive skin prick test response was defined as a positive
response to at least 1 allergen (pollen, animals, dust mites, cockroaches,
mold, food, and others) for TENOR." The SARP, CSGA, and TENOR studies
were approved by the appropriate institutional review board at the participat-
ing sites, including appropriate informed consent.

Genotyping

DNA was isolated by using standard protocols, and SNP genotyping was
performed with the Illumina HumanCNV370 BeadChip (Illumina, Inc, San
Diego, Calif) for TENOR. SARP and CSGA samples were genotyped by using
the Illumina HumanHaplM BeadChip. Genotyping for both studies was
performed with BeadStudio.

Statistical analysis

SARP samples were removed if they (1) had low genotyping call rates
(<95%), (2) were discrepant or ambiguous for genetic sex (heterozygous
haploid genotype percentage >0.01 or X-chromosome homozygosity F >0.9),
(3) were not non-Hispanic whites (as described), (4) failed the check for
family relatedness (PI_HAT > 0.125), or (5) were detected as an outlier (>6
SDs for the first or second principal component). After subjects meeting these
criteria were excluded, SNPs were removed if (1) the call rates were still low
(95%), (2) inconsistent with Hardy-Weinberg equilibrium (P < 10E-04), and
(3) minor allele frequency was less than 0.05. Quality control of the TENOR
and CSGA cases was performed in a similar manner.

Twenty-five SNPs (rs4945087, r1s4245443, rs7106446, 151939469,
rs1939468, rs2513511, rs7130588, rs2508746, rs1892953, rs1892954,
1s7936562, rs6592651, 1510899234, rs4438063, rs7943599, rs10751256,
rs947999, 1s7931131, rs1941603, rs1892952, rs3781701, rs1320646,
1$6592657, rs10899249, and rs947998) in the CIllorf30-LRRC32 region
were extracted from GWAS datasets of the SARP, CSGA, and TENOR non-
Hispanic white populations and tested for association with total serum IgE
levels either as combined (1042 cases and 292 control subjects) or separate
for the TENOR (435 cases) and SARP plus CSGA (607 cases and 292 control
subjects) populations. The identified top 4 SNPs (rs7130588, rs2508746,
rs10899234, and rs6592657) passed Bonferroni correction and were further
tested for association with asthma susceptibility, skin prick test response sta-
tus, and lung function (percent predicted FEV, percent predicted FVC, and
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FEV,/FVC ratio) in the SARP plus CSGA population (661 cases and 363
control subjects) and the TENOR population (473 cases and 1892 Illumina
common control subjects and 438 cases for asthma and lung function, respec-
tively).®> These 4 SNPs were also tested for association with total serum IgE
levels by using stratified weighted regression analysis (svyglm function of sur-
vey package in R),®® where the weights were defined as the inverse of variance
of total serum IgE levels for asthmatic patients or control subjects, respec-
tively. A linear additive model or logistic additive model was used for analysis
of log-transformed total serum IgE levels, percent predicted FEV, percent
predicted FVC, and FEV,/FVC ratio or asthma status, respectively, by using
PLINK (version 1.06, http://pngu.mgh.harvard.edu/purcell/plink/)*’ adjusted
for age, sex, and significant principal components (EIGENSTRAT, version
3.0, http://genepath.med.harvard.edu/~reich/Software.htm).®® A stepwise
linear regression in the R program (version 2.5.1, http://www.r-project.org/)
was used for analysis of independent signals from the top 4 SNPs
(rs7130588, rs2508746, rs10899234, and rs6592657) associated with total se-
rum IgE levels. Joint analysis was performed on 2 SNPs (rs7130588 and
1$6592657) with independent signals by recoding genotypes with no risk allele
or at least 1 risk allele into O or 1 and counting the number of risk SNPs.

Haploview (http://www.broad.mit.edu/mpg/haploview/) was used to gen-
erate LD plots,” and 95% Cls on D’ were used to define blocks.*'* The
UCSC genome browser (http://genome.ucsc.edu/) was used to generate
gene structure plot. The ENCODE Consortium data incorporated in the
UCSC genome browser was used to present regulatory regions, such as
DNAse I-hypersensitive clusters, histone methylation, histone acetylation,
and transcription factor binding sites.
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FIG E1. Gene structure and LD plot of the C770rf30-LRRC32 region. A, Gene structure of the C770rf30-
LRRC32 region. B, Gene structure of the 3’ end of C170rf30. C, Gene structure of LRRC32. D, LD plot of 25
SNPs in the C110rf30-LRRC32 region. Fig E1, A through C, were generated by using the UCSC genome
browser and ENCODE. Fig E1, D, was generated with Haploview.
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TABLE E1. Demographics (mean =
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SDs) of non-Hispanic white subjects in the SARP, CSGA, and TENOR studies

SARP + CSGA TENOR
Cases (n = 661) Control subjects (n = 363) Cases (n = 438) P value

Age (y) 33.1 = 15.1 32.1 =103 47.0 £ 18.1 <.0001
Sex (% female) 65 61 63 53
ppFEV, 79.6 = 21.0 97.9 = 10.7 784 = 21.0 <.0001
FEV,/FVC 0.74 = 0.13 0.82 = 0.08 0.72 = 0.12 <.0001
Log total serum IgE 2.02 = 0.63 1.29 = 0.70 1.95 = 0.71 <.0001

Geometric mean (IU/mL) 103.9 19.6 88.2
Skin prick test response (+/—/unknown) 487/103/17 64/87/141 394/15/26
No. 607 292 435

ppFEV,, Percent predicted FEV.



TABLE E2.

Association results of the top 4 SNPs from the C770rf30-LRRC32 region with total serum IgE levels with or without asthma status adjusted

SARP + CSGA All
Unadjusted for asthma status Adjusted for asthma status Unadjusted for asthma status Adjusted for asthma status
SNP P value, IgE B (95% Cl) P value, IgE B (95% CI) P value, IgE B (95% CI) P value, IgE B (95% Cl)
rs7130588 .013 0.087 (0.018 to 0.16) .07 0.056 (—0.004 to 0.12) 3.40E-05 0.12 (0.06 to 0.18) 2.12E-04 0.097 (0.046 to 0.15)
rs2508746 .011 0.086 (0.020 to 0.15) .042 0.061 (0.002 to 0.12) 6.77E-04 0.10 (0.04 to 0.15) 2.01E-03 0.079 (0.029 to 013)
rs10899234 .041 —0.074 (—0.15 to —0.003) 12 —0.050 (—=0.11 to 0.013) 1.11E-03 —0.10 (—=0.16 to —0.04) 5.65E-03 —0.075 (—0.13 to —0.022)
rs6592657 .014 —0.085 (—0.15 to —0.017) 15 —0.044 (—0.10 to 0.016) 6.75E-04 —0.10 (—0.15 to —0.04) 1.27E-02 —0.064 (—0.11 to —0.014)

E, Scientific notation of the base number 10.
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TABLE E3. Association results of the top 4 SNPs from the C770rf30-LRRC32 region with skin prick test responses and total serum IgE

levels with skin prick test response status adjusted in the SARP and CSGA studies

Total serum IgE levels adjusted for skin prick test
response status

Skin prick tests

SNP P value B (95% ClI) P value OR (95% ClI)

rs7130588 .033 0.069 (0.006 to 0.13) .080 1.25 (0.97 to 1.59)
rs2508746 .067 0.057 (—0.004 to 0.12) .097 1.22 (0.96 to 1.54)
rs10899234 24 —0.039 (—0.10 to 0.026) .106 0.82 (0.64 to 1.04)
1$6592657 .39 —0.028 (—0.091 to 0.035) .690 0.95 (0.75 to 1.21)

OR, Odds ratio.



TABLE E4. Association results of the top 4 SNPs from the C770rf30-LRRC32 region with total serum IgE levels by using stratified weighted analysis

SARP + CSGA All
Unadjusted for asthma status Adjusted for asthma status Unadjusted for asthma status Adjusted for asthma status
SNP P value, IgE B (95% CI) P value, IgE B (95% CI) P value, IgE B (95% Cl) P value, IgE B (95% CI)
rs7130588 .015 0.086 (0.017 to 0.16) .07 0.058 (—0.005 to 0.12) 4.96E-05 0.12 (0.062 to 0.18) 3.33E-04 0.098 (0.045 to 0.15)
1s2508746 .012 0.086 (0.019 to 0.15) .043 0.063 (0.002 to 0.12) 8.38E-04 0.096 (0.04 to 0.15) 2.62E-03 0.080 (0.028 to 013)
rs10899234 .038 —0.074 (—0.14 to —0.004) 11 —0.051 (—0.11 to 0.011) 8.51E-04 —0.097 (—0.15 to —0.04) 4.42E-03 —0.076 (—0.13 to —0.024)
1s6592657 .024 —0.079 (—0.15 to —0.011) .19 —0.041 (—0.10 to 0.020) 1.14E-03 —0.094 (—0.15 to —0.037) 1.72E-02 —0.064 (—0.12 to —0.011)

E, Scientific notation of the base number 10.
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TABLE E5. Association results of the top 4 SNPs from the C770rf30-LRRC32 region with asthma and lung function

SARP + CSGA* TENOR+
SNP P value, ppFEV, P value, ppFVC P value, ratio P value, asthmaj OR (95% ClI) P value, ppFEV, P value, ppFVC P value, ratio P value, asthmai OR (95% Cl)
rs7130588 48 .62 24 .06 1.20 (0.99 to 1.45) 28 .55 22 .35 1.12 (0.88 to 1.43)
rs2508746 .96 37 40 .14 1.15 (0.95 to 1.37) 31 94 .07 .92 1.01 (0.80 to 1.28)
rs10899234 1.00 .30 .20 21 0.89 (0.73 to 1.07) 15 .05 91 .16 0.83 (0.65 to 1.07)
1s6592657 72 24 40 .04 0.82 (0.69 to 0.99) .80 29 .38 .02 0.76 (0.61 to 0.96)

OR, Odds ratio; ppFEV,, percent predicted FEV,; ppFVC, percent predicted FVC.

*The association between 4 SNPs and asthma or lung function was tested in the SARP plus CSGA population (661 cases and 363 control subjects).

TThe association between 4 SNPs and asthma or lung function was tested in TENOR (473 cases and 1892 Illumina control subjects) or TENOR (438 cases).
1P values for association with asthma were generated without adjustment of total serum IgE levels.
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TABLE E6. Total serum IgE levels stratified by rs7130588 and rs6592657

J ALLERGY CLIN IMMUNOL
000 2011

rs7130588
No. (frequency)

logIgE (geometric mean [IU/mL])

1s6592657
No. (frequency)

logIgE (geometric mean [IU/mL])

No. of risk SNPs
No. (frequency)

loglIgE (geometric mean [IU/mL])

GG
193 (0.145)
1.91 = 0.79 (81.2)
AA
268 (0.201)
1.69 = 0.80 (49.1)
0
124 (0.093)
1.59 + 0.82 (38.7)

GA
619 (0.464)
1.91 = 0.71 (80.6)
AG
656 (0.492)
1.86 = 0.72 (71.9)
1
541 (0.406)
177 % 0.72 (58.7)

AA
522 (0.391)
1.72 + 0.73 (52.7)
GG
409 (0.307)
1.89 + 0.71 (78.2)
2
668 (0.501)
1.93 + 0.72 (86.0)

P value

3.40E-05

6.75E-04

1.14E-08

B (95% CI)

0.12 (0.06 to 0.18)

—0.10 (—0.15 to —0.04)

0.17 (0.11 to 0.23)

E, Scientific notation of the base number 10.



	The C11orf30-LRRC32 region is associated with total serum IgE levels in asthmatic patients
	References
	Methods
	Study subjects
	Genotyping
	Statistical analysis

	ReferencesE1W.C.MooreE.R.BleeckerD.Curran-EverettS.C.ErzurumB.T.AmeredesL.BacharierCharacterization of the severe asthma phenotype by the National Heart, Lung, and Blood Institute&tnqh_x2019;s Severe Asthma Research ProgramJ Allergy Clin Immunol1192007405413E2W.C.MooreD.A.MeyersS.E.WenzelW.G.TeagueH.LiX.LiIdentification of asthma phenotypes using cluster analysis in the Severe Asthma Research ProgramAm J Respir Crit Care Med1812010315323E3J.XuD.A.MeyersC.OberM.N.BlumenthalB.MellenK.C.BarnesGenomewide screen and identification of gene-gene interactions for asthma-susceptibility loci in three U.S. populations: collaborative study on the genetics of asthmaAm J Hum Genet68200114371446E4C.M.DolanK.E.FraherE.R.BleeckerL.BorishB.ChippsM.L.HaydenDesign and baseline characteristics of the epidemiology and natural history of asthma: Outcomes and Treatment Regimens (TENOR) study: a large cohort of patients with severe or difficult-to-treat asthmaAnn Allergy Asthma Immunol9220043239E5X.LiT.D.HowardS.L.ZhengT.HaselkornS.P.PetersD.A.MeyersGenome-wide association study of asthma identifies RAD50-IL13 and HLA-DR/DQ regionsJ Allergy Clin Immunol1252010328335e11E6T.LumleyAnalysis of complex survey samplesJ Stat Soft920048E7S.PurcellB.NealeK.Todd-BrownL.ThomasM.A.FerreiraD.BenderPLINK: a tool set for whole-genome association and population-based linkage analysesAm J Hum Genet812007559575E8A.L.PriceN.J.PattersonR.M.PlengeM.E.WeinblattN.A.ShadickD.ReichPrincipal components analysis corrects for stratification in genome-wide association studiesNat Genet382006904909E9J.C.BarrettB.FryJ.MallerM.J.DalyHaploview: analysis and visualization of LD and Haplotype mapsBioinformatics212005263265E10S.B.GabrielS.F.SchaffnerH.NguyenJ.M.MooreJ.RoyB.BlumenstielThe structure of Haplotype blocks in the human genomeScience296200222252229


