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Abstract

Asthma is a common disorder that arises from a heterogeneous combination of environmental and
genetic factors. In the context of GA2LEN (Global Allergy and Asthma European Network), we
carried out meta-analyses of almost all genome-wide linkage screens conducted to date in 20
independent populations from different ethnic origin (23,024 families with =10,027 subjects), for
asthma, atopic asthma, bronchial hyper-responsiveness and five atopy-related traits (total IgE
level, positive skin test response [SPT] to at least one allergen or to House Dust Mite, quantitative
score of SPT [SPTQ] and eosinophils). We used the rank-based Genome Scan Meta-Analysis
method to assess the strongest evidence for linkage within bins of traditionally 30cM width, and
explored how these results were affected by bin definition. Meta-analyses were conducted in all
studies and repeated in families of European ancestry. Genome-wide evidence for linkage was
detected for asthma in two regions (2p21-p14 and 6p21) in European families ascertained through
two asthmatic sibs. One region reached genome-wide significance level in all families (3p25.3-q24
for SPT) and three additional in European families (2q32-q34 for eosinophils, 5q23-q33 for SPTQ
and 17q12-q24 for SPT). Tests of heterogeneity showed consistent evidence of linkage for SPTQ
with 3p11-3g21 while between-study heterogeneity was detected for asthma with 2p22-p13 and
6p21, and for atopic asthma with 1q23-q25. This large-scale meta-analysis provides an important
resource of information that can be used to prioritize further fine mapping studies but also to be
integrated with genome-wide association studies to increase power and to better interpret
outcomes of these studies.
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INTRODUCTION

Asthma is a complex and heterogeneous disease resulting from many genetic and
environmental factors, with a wide spectrum of clinical manifestations.! Asthma is associated with
intermediate biological and physiological phenotypes, including traits related to atopy and
inflammation (total serum immunoglobulin E levels (IgE), specific IgE and skin test reactivity to
common aero-allergens, and eosinophilia) and those related to lung function (forced expiratory
volume in one second, and airway responsiveness).

Considerable efforts have been made over the past ten years to map the chromosomal location
of genes potentially involved in the development of asthma. To date, 20 independent research
groups have conducted genome-wide linkage scans, mainly for asthma and atopy-related
phenotypes, in 24 different populations around the world.? These scans have led to the
identification of eight genes by positional cloning but also to a large nhumber of genomic regions
that may harbour susceptibility genes.3 However, many of these regions did not show strong
evidence for linkage in individual studies and/or have not been replicated across studies. Lack of
replication may derive from discrepancies in phenotype definition across studies, differences in
family ascertainment schemes, differences in analytical methods, insufficient power to detect
linkage and genetic heterogeneity of the disease.

Meta-analysis, combining results of genome-wide linkage screens, is one approach that can

improve the information available from a series of under-powered studies. Thus, meta-analysis can
be a powerful tool not only for strengthening the evidence of previously detected linkage regions
but also for identifying novel regions where the genetic effect is too small to be detected in a single
study. Meta-analysis cannot completely overcome the problem of genetic heterogeneity but can
identify regions implicated in a subset of the pooled studies. Regions highlighted in meta-analysis
of linkage can be useful to prioritize future gene localization studies, whether these are based on
positional cloning or on follow-up of genome-wide association (GWA) studies. Moreover, it has been
shown that taking into account prior linkage information in computing false-discovery rate can
improve the power of GWA studies.? Recently, a meta-analysis of nine genome scans conducted in
families of European-ancestry for asthma and three asthma-associated phenotypes (IgE, positive
skin test response and bronchial hyper-responsiveness) identified several regions with suggestive
evidence of linkage, but failed to reach genome-wide significance level.’
In the context of GA2LEN (Global  Allergy and Asthma European Network,
http://www.ga2len.net/index.cfm?CFID=393465&CFTOKEN=35235253), we conducted a
collaborative meta-analysis of 20 genome-wide linkage scans conducted worldwide for the most
studied phenotypes across studies: asthma, atopic asthma, bronchial hyper-responsiveness and
five atopy-related phenotypes, using the Genome Scan Meta-Analysis method. ® The inclusion of
populations with different genetic ancestry allowed us to identify common genetic regions
underlying the pathogenesis of asthma across populations and to evaluate the variability of linkage
findings by formally testing for genetic heterogeneity between studies.” We also explored the
robustness of our results by using different bin width definitions for the GSMA method.

MATERIALS AND METHODS
Study inclusion criteria

We identified 24 genome-wide linkage studies performed for asthma or asthma-associated
phenotypes, using PubMed searches (last search updated January 2009, using the following
keywords: “asthma”, “atopy”, "BHR"”, “IgE”, “eosinophils”, “skin tests”, “genome search”, “genome
scan”) and examining reference lists of papers in asthma genetics. Results were limited to English
language papers. Searching was performed by the first author (EB) and the inclusion of data and
decision strategy were mainly reviewed by the statistical genetic group (EB, PF, FD and CML). We
excluded linkage studies of candidate regions, which considered only short regions of the genome.
Linkage studies which overlapped in samples, or were extended versions of previous publications
were identified, and only independent studies were included. Where studies had performed a two-
stage analysis, genotyping more markers in targeted regions in stage 2, only stage 1 results were
used, as GSMA requires a uniform distribution of markers and families across the genome.

Among the 24 eligible genome-wide linkage (GWL) scans, 20 were included in the present
study. The four excluded studies, included two studies focusing on specific regions (positional
cloning studies) that mentioned in their publication that they conducted genome-wide linkage study
but for whom no genome-wide results were published,®° one analysed only specific IgE which was
not one of our phenotypes examined in the present paper'® and one had no data available.!! As
described in Table 1, for 12 studies, we obtained data on marker maps and, for each phenotype,
genome-wide linkage statistics (eg, LOD or NPL scores and/or p-values) from investigators!??® or
from a website
(http://www.springerlink.com/content/8660v8526j362846/MediaObjects/439 2006 285 MOESM2

ESM.xIs).?! For seven studies, results were presented as chromosomal graphs from multipoint
linkage analysis, and linkage scores were extracted using the digitising program Engauge Digitiser
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(v.2.14, © Mark Mitchell, 2002, http://digitizer.sourceforge.net/) which converts curves into (x,y)
co-ordinates. 223 Finally, for one study, we used data extracted from published tables, where only
peak linkage statistics were shown.3334

Phenotypes analysed

Eight phenotypes were considered by this meta-analysis: asthma, atopic asthma, bronchial
hyper-responsiveness (BHR), a positive skin prick test response to at least one allergen (SPT) or
specifically to House Dust Mite (SPT to HDM), a quantitative measure of positive skin test response
to allergens (SPTQ, corresponding to the proportion of positive skin prick tests), total serum
immunoglobulin E levels (IgE) and eosinophil counts (EOS). Asthma definition was based on a
physicians' diagnosis in six studies, on standardised questionnaires in four studies, or on self
reporting and/or doctor diagnosed combined with different traits (bronchial hyper-responsiveness
(BHR) and/or asthma therapy and/or hospitalization for asthma) in five studies. Finally, asthma
was based on a decision algorithm in the Dutch study.!® Atopic asthma phenotype was defined by
adding to the previous definitions of asthma the presence of positive SPT (7 studies) and/or
specific IgE (1 study). BHR definition was based on methacholine (4 studies) or histamine
challenge tests (2 studies).

Genome Search Meta-Analysis

Results from individual GWL scans were combined using the genome scan meta-analysis
(GSMA) method.®3> The GSMA method is a rank-based analysis assessing the strongest evidence
for linkage within bins of fixed width, traditionally 30 cM, giving a total of 118 bins on the
autosomes using the Marshfield map. For each study, the maximum evidence for linkage achieved
within a bin was noted (e.g. maximum LOD or NPL or minimum p-value). When partial data were
available, the bins with no result given were all assigned a rank equal to the median of the unused
ranks. Bins were then ranked and ranks were summed across studies. Statistical evidence for
linkage within the bin was assessed from this summed rank (SR) using permutation tests available
in the GSMA software.3® In order to explore how the meta-analysis results could be affected by bin
definition, we repeated the analyses using 20cM (giving a total of 173 bins) and 40cM (87 bins) bin
widths, and shifted 30cM bins obtained by moving bin boundaries by 15cM.?” By applying
Bonferroni correction for multiple testing on the basis of 118 bins, a p-value of 0.05/118=0.00042
is necessary for genome-wide evidence of linkage, and a p-value of 1/118=0.0084 for suggestive
evidence of linkage. Corresponding p-values were calculated for other bin sizes.

For each phenotype, the meta-analysis was performed for all studies, and repeated for the
sub-sample including only families with European ancestry (EUR). Initially, only linkage screens
with genome-wide results were analysed, then genome scans with partial results were added.
Meta-analyses of the different traits were performed both unweighted (assuming equal contribution
from each study) and weighted by study size, using as weighting factor the square root of the
number of affected individuals (binary traits) or phenotyped subjects (quantitative traits).

Testing for between-scan heterogeneity
In bin reaching the 5% threshold, we tested for heterogeneity 1) between ALL studies and 2)
between EUR studies, using the Q statistic proposed by Zintzaras and Ioannidis.” For bin j,

N
O=>w (R,.,j - Rj) where w, is the weight of study i, R, ; the rank of study / in bin jand R,
=

the mean rank for bin j. The statistical significance of the heterogeneity metric was tested using
Monte Carlo permutations, i.e. by randomly reassigning the ranks to bins within each study, and
recalculating each heterogeneity statistic. High between-study heterogeneity was defined as the
proportion of simulated bins with Q-statistics exceeding the observed value, indicating large
differences in relative rank of a bin between studies. Conversely, low heterogeneity was defined as
the percentage of simulated bins below the observed value, corresponding to consistent linkage
evidence across studies. High or low between-study heterogeneity were based on one-sided tests
(p<0.05 for left or right-sided testing, respectively). Since the distribution of the heterogeneity
statistic depends on the summed rank statistic,” the observed heterogeneity statistic was only
compared to simulated bins with similar SR values (= 2). Heterogeneity tests were performed using
HEGESMA software.>®

RESULTS

In total, our meta-analysis included genome linkage scan results on asthma and atopy-
related phenotypes from 20 different studies (including more than 3,000 families). The genome
screens were carried out in families with different geographical and ethnic origin: Europe, United
States (families of European, African American or Hispanic American origin), Australia, Japan,



China and Costa-Rica (Table 1). Families were mainly ascertained through at least one asthmatic
subject, with some additional affected individuals available. All linkage analyses, except two, were
multipoint non-parametric, using a range of programs (e.g. Mapmaker/Sibs, GeneHunter, Solar,
MLB-GH, Merlin) reflecting the family structures, and the date of the analysis.

The main results from weighted (psg_w) and unweighted (psg y) meta-analyses (30cM bin
width) conducted in the entire set of studies (ALL families) and in European-ancestry (EUR)
families are shown in Tables 2 and S1. Figures 1 and S1 illustrate results for all bins (ALL and EUR
analyses). Exhaustive meta-analysis results (eight phenotypes) are presented in Tables S2-S10.

Asthma and atopic asthma

Meta-analysis of asthma was performed in 16 asthma GWL studies of which 14 scans had
complete results (2,053 families with 5,425 affected individuals). Suggestive evidence for linkage
occurred in two bins: bin 4_7 (psg w=0.007) and bin 5_5 (psg w=0.003) in ALL families. Moreover,
whatever the strategy used (different bin width, inclusion of two scans with partial results),
suggestive evidence for linkage was consistently detected on chromosome 4 between 182 and
200cM and chromosome 5 between 139 and 141cM. When restricting the analysis to studies
including families ascertained through at least two asthmatic sibs, suggestive evidence for linkage
was observed on bin 2_3 (psg w=0.002) and bin 6_2 (psg w=0.004), that both reached genome-
wide significance level (psg w<0.0002) in EUR families. Varying bin widths (Figure S2) supported
these results and defined two linked regions of less than 20cM: 2p21-p14 (63.4-82.8 cM) and
6p21.31-p21.1 (49.5-65.1 cM). Genetic heterogeneity (psg_w=0.975) between studies was detected
in ALL families for bin 2_3 and in families ascertained through two asthmatic sibs for bin 6_2.

Overall, data for atopic asthma consisted of 618 families with 1,276 atopic asthmatic
offspring from six studies. Suggestive evidence for linkage was detected on chromosome 17q in
ALL families and when analyses were restricted to EUR families (bin 17_3, psg w=psr_u=0.001).
Analyses with different bin width definitions consistency detected the 17q region at a suggestive
evidence level (psg_w varying from 0.0004 to 0.001 for ALL families and from 0.0006 to 0.002 in
the EUR sample), delineating a linked region of 18cM between 63 and 81cM. Suggestive evidence
for linkage was also obtained for two other regions: 1p (125-145cM, psg_ w=0.006) and 1q (271cM-
qter, psg_ w=0.005) in EUR families. For the 1q region, there was nominally significant evidence for
genetic heterogeneity between studies (psg_w = 0.98) both for ALL and EUR families.

Bronchial hyper-responsiveness

Meta-analysis for BHR was carried out on six scans including 391 EUR families (1,397
affected subjects). Suggestive evidence for linkage was observed on chromosome 6 (bin 6_3,
psk_ w=0.006). Varying bin allowed defining a linked region of 13cM between 65 and 78cM.

IgE levels

The meta-analysis of 13 genome-wide linkage scans with available data for IgE included
2,471 families, corresponding to 8,076 subjects. Suggestive evidence for linkage was obtained in
ALL families on chromosome 6p for bin 6_2 (psg w=0.005; psg y=0.003). Suggestive evidence for
linkage was consistently detected for 6q region using different bin widths and/or when adding the
Australian population-based scan with partial results (psg between 0.001 and 0.01). When
restricting the study to EUR families, no region reached the suggestive significance threshold.

SPT phenotypes

Together, the data for SPT consisted of 1,264 families (3,255 atopic subjects) from nine
scans. Genome-wide evidence for linkage was observed in ALL families for chromosome 3q (bin
3_6, psg w=0.0001 and psgr y=0.0003) and in EUR families for two adjacent bins on chromosome
17q: bin 17_2 (psr w=psk_u=0.00006) and bin 17_3 (psg w=0.00009; psg y=0.0001). Analyses
using different bin widths supported the evidence for linkage across a broad region of chromosome
17q in EUR families and of chromosome 3q (psr_w Vvarying from 0.0001 to 0.004 in ALL families and
from 0.0005 to 0.01 in EUR families), defining two large regions of at least 40cM between 124-
166¢cM for chromosome 3 and 43-86cM for chromosome 17 (Figure S2).

The meta-analysis for SPT to HDM included eight scans with a total of 548 families (1,030
affected subjects). Weighted analysis identified a single region with suggestive evidence for
linkage: bin 11_4 (90-118 cM, psr=0.007).

Meta-analysis for a quantitative score of SPT (SPTQ) was performed on four scans including
only EUR families (715 families with 1,561 offspring). Suggestive evidence for linkage was
observed for two bins: bin 5_5 (psg = 0.003) and bin 3_6 (psg = 0.007). Analyses using different bin
widths (Figure S2) delineated a minimal region of approximately 28cM on chromosome 5g23.1-
g33.1 with genome-wide evidence for linkage (128-156cM, psg=0.0002). Genetic heterogeneity



between studies was detected for bin 21_1 (psg w=0.975). Conversely, bin 3_5 showed consistent
evidence for linkage across studies (psg_w =< 0.001).

Eosinophils

The data for EOS included six genome-wide linkage scans with 1,285 EUR families,
corresponding to 3,534 subjects. Genome-wide evidence for linkage occurred on 2gq31.1-q34 region
whatever the strategy used for bin 2_7 (181-210 cM, psg=5.10"%), with suggestive evidence for
linkage in the adjacent bin 2_8 (210-241 cM, psg=0.0006). Varying bin widths supported these
results and defined a linked region of 15cM between 194 and 210 cM (2gq32.3-q34) (Figure S2).

DISCUSSION

This meta-analysis of 20 genome linkage scans conducted for asthma, BHR and five atopy-
related phenotypes has identified several chromosomal regions that are likely to harbour genes
involved in asthma. This study has provided genome-wide evidence for linkage to five regions in
European families: 2p21-p14 and 6p21 with asthma, 2q31.1-q34 with EOS, 5g23.1-g33.1 with
SPTQ, 17p12-g25 with SPT and to one region in all families: 3p25.3-q24 with SPT. Interestingly,
the 17qg region was found associated with several phenotypes (IgE, EOS, SPT to HDM, asthma and
atopic asthma) suggesting that this region may harbour several susceptibility genes with potential
pleiotropic effects. Tests of heterogeneity indicated consistent evidence for linkage of SPTQ with
3p11-3g21 region and between-study heterogeneity for asthma for 2p21-p14 and 6p21 regions,
and for atopic asthma for 1q23-g25 region.

We can first compare our results to those of the recent GSMA performed by Denham et al.’
Whereas the main phenotypes (asthma, SPT, IgE and BHR) have been examined by both meta-
analyses, the present study explored in more details the atopic dimension of asthma (atopic
asthma, polysensitization, positive skin test to HDM and eosinophils) and included all genome-wide
scans conducted to date. There are a number of consistencies in the results of the two meta-
analyses. Regions identified at a suggestive significance level by Denham et al. were detected in
the present study with at least the same significant level, and three of them reached the genome-
wide significance (chromosomes 6 with asthma, 3 and 17 with SPT) in our meta-analysis.
Moreover, we identified additional regions with genome-wide or suggestive evidence of linkage:
2p21-p14, 4q34.3-gter and 5931.1-5g31.2 regions for asthma. The differences of identified regions
and of significance levels were likely due in part to differences in population included in the two
meta-analyses. Indeed Denham et al® selected nine genome-wide-scans conducted in European-
ancestry families, whereas we gathered 20 genome scans performed in different ethnic populations
including European, Hispanic, Asian and African American subjects. This strategy allowed searching
for common genetic region across populations and also for genetic heterogeneity between studies.
We also included two unpublished European studies but sensitivity analyses showed that these two
data sets did not influence our findings. There are also methodological differences; we used only
scans with full data in our primary analysis, and then added those with partial data and used
different bin definitions in order to conduct sensitivity analyses. We also performed heterogeneity
tests and evidenced genetic heterogeneity between studies in four linkage regions.

In this study, we performed GSMA on genome-wide scans for asthma-related phenotypes
using the traditional 30cM bin width definition that allows having at least two bins of equal width on
the smallest chromosomes. However, peak linkage scores in individual studies may map to
adjacent bins, and dilute the evidence for linkage in the GSMA, reducing both power and precision.
In order to evaluate the consistency of our results, we repeated the analyses using two additional
bin widths of 20cM and 40cM and using a shifted 30cM bin.3” Significant results were obtained
consistently for regions identified at genome-wide or suggestive significance levels (2p and 6p with
asthma, 2q with EOS, 17g with atopic asthma, 3q and 17q regions with SPT and 6p with IgE).
Theses analyses strengthened the evidence for linkage to 5q region for SPTQ and identified new
regions for atopic asthma (1p22-p13, 1g23-gq25) and SPT (1p34-p22). Moreover these analyses
allowed us to delineate chromosomal regions of interest to be further investigated.

Regarding asthma, our meta-analysis allowed identification of a novel region (2p21-p14).
Looking at the contribution to 2p locus among all studies individually, six scans only showed weak
evidence of linkage to this locus (p=0.01). This suggests that the genetic effect mediating the
linkage may be too weak to be identified by any of the individual scans and highlights the
importance of conducting meta-analysis to identify such candidate region. Moreover, between-
study heterogeneity was significantly high. Such heterogeneity may be due to difference in family
ascertainment but also may reflect the intrinsic complexity of the disease architecture or
differences in asthma definition across studies. Indeed, asthma genetic research is hampered by
the lack of a gold standard for case-definitions and linkage studies are sensitive to the
misclassification of individuals leading to reduction of statistical power. Interestingly, analysis of
different bin widths delineated a chromosomal region (63-83cM) which overlaps a locus identified



for severe asthma in German families®® and is located at 10cM from a linkage signal detected in the
French EGEA study for an asthma severity score.*®

For SPT, the strongest evidence of linkage in the analysis of all families arose in the 3p25.3-
g24 region. This evidence fell when restricting the analysis to European ancestry families,
suggesting that this region may harbour a major susceptibility gene being involved in all
populations. Indeed, among the nine genome scans included in the meta-analysis, two had
suggestive evidence for linkage, five scans having LOD >0.70. This region has been reported linked
to various atopy (IgE, Specific IgE, EOS) and lung function phenotypes!”1923344142 and it harbours
COL29A1 gene recently found associated to atopic dermatitis** as well as genes encoding pattern
recognition receptors (TLR9) and chemokine receptors (CCR3, CCR5).

The most significant result for SPT obtained from GSMA in families of European ancestry was
the 17p12-g25 region. Significant or suggestive linkage to this region was detected in four studies
(French, Dutch, Australian twin and GAIN)*17:2%24 byt not in the other ones, confirming the ability
of GSMA to detect linkage in the presence of heterogeneity. Interestingly, evidence for linkage of
the 17q region was less significant when considering the whole sample including African American
and Hispanic American families from CSGA study, suggesting that susceptibility gene(s) included in
that region may play a more important role in Caucasian populations. Recently, the first GWA study
conducted for asthma in European children, identified strong association of the disease with 17g21
locus that harbors GSDML and ORMDL3 genes.** These genes are located at the boundary between
17_2 and 17_3 bins. Further studies have shown that the 17921 genetic variants are more strongly
associated with early-onset asthma but did not show association with atopy. ** It remains to be
investigated whether polymorphisms at 17921 locus account fully or partially for the observed
linkage in this region. Moreover, bins on chromosome 17 were detected linked to various atopy
phenotypes by the present meta-analysis and linkage signals in this region have been also reported
for asthma by previous studies,'%1417:20.3446 g ggesting that this region is likely to harbor several
susceptibility genes, a few of them with pleiotropic effects on correlated phenotypes.

The 5g23.1-g33.1 region provided genome-wide evidence for linkage to SPTQ in different
analyses. This linkage was supported by three scans with LOD >1.2, the fourth having a modest
signal in that region. The 5q region was also identified by the asthma analysis, this linkage signal
being mainly supported by the three smallest studies (Japanese, Australian twins, and Hispanic
families from CSGA study) and the Dutch genome scan. This region was first reported linked to IgE
and BHR by candidate linkage studies, and then detected with asthma, suggesting that this region
may harbour several genes.? Candidate genes are present within this region, including ADRB2 gene
and the Interleukin gene cluster.® Moreover, this region includes CYFIP2 gene found associated
with atopic asthma by positional cloning.*’

Genome-wide evidence for linkage was detected on 2q32-q34 for eosinophils. This region has
been reported linked to IgE and lung function!?*! and harbours several candidate genes including
genes involved in T-cell signalling (ICOS, CD28 and CTLA-4) and apoptosis (CASP8). Moreover, this
region includes several SNPs recently found associated with eosinophils by a GWA study.*®

Suggestive evidence was also observed on chromosome 6p22-p21 for IgE and asthma. No
individual study showed strong evidence for linkage with IgE (LOD > 2.0) in this region, but six had
nominally significant LOD scores (LOD > 0.70). This 6p region was mainly detected linked to
asthma and atopy-related phenotypes.'#1823:2530.4% This chromosomal region includes the MHC
region and in particular the HLA-G locus found associated with asthma and bronchial
hyperresponsiveness in an isolated population not included in the present analysis and replicated in
Dutch families included in the present meta-analysis.>®

Genome-wide association studies have successfully identified novel genes contributing to
common complex diseases but which however explain a small proportion of heritability of disease.>!
It is more and more admitted now that genetic susceptibility to complex diseases as asthma
includes a wide spectrum of genetic variation from rare alleles with strong effects to common
alleles with modest effects.>? Current GWA studies have power to identify mainly common variants
while linkage analysis can detect different types of genetic factors within one locus or several loci
including rare variants segregating in families. Therefore, our meta-analysis provides an important
resource of information that can be used not only to prioritize further fine mapping studies in
regions of interest but also to be integrated with GWAs to increase power® and to better interpret
the outcomes of these studies.
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Table 1. Characteristics of individual genome-wide linkage scans included in the present study.

No. of affected or phenotyped subjects

i iai Family * Results :
Population Origin ascertainment Data Asthma  Atopic IgE SPT STP HDM SPTQ EOS BHR
Asthma
German %% EUR > 2 asthmatic sibs RD, G  Full 413 268 465 99 221 96
Dutch 3% EUR 1 asthmatic parent RD Full 368 1,136 327 224 1,136 446
Finnish ¢ EUR > 1 asthmatic RD Full 185
Icelandic 2 EUR 2 2 asthmatic G Full 596
relatives

French (EGEA) 7 EUR > 1 asthmatic RD Full 237 176" 707 370 181" 703 699 191
Danish EUR > 2 atopic sibs G Partial 78 78 90
British** EUR > 1 asthmatic sib RD Full 163 359 341
Italian** EUR > 1 asthmatic sib RD Full 88 88 148 82 98
Australian '8 EUR Population RD Partial 203 203
Australian twins 92° EUR > 1 asthmatic twin RD Full 68 387 230 138 934 98
GSK 22 — All together EUR > 2 asthmatic sibs  Web, G Full 1,422 560

- GAIN*** 770 482 482 468

- Minnesota 148 108 108

- Denmark 268 268
Utah®? EUR > 2 asthmatics G Full 693
CSGA' 252° - All > 2 asthmatic sibs G Full 1,322

- Euro-Americans EUR 466 924 210

- African Americans Non-EUR 350 171 66

- Hispanic-Americans Non-EUR 91 558 30
Japanese®® Non-EUR > 2 asthmatic sibs G Full 106 106
Chinese®! Non-EUR > 2 asthmatic sibs G Full 1,506
Costa-Rican®33* Non-EUR > 1 asthmatic sib T Partial 101 652
Total of subjects

ALL studies 5,425 1,276 8,076 3,255 1,030 1,561 3,534 1,397

EUR studies 4,777 1,170 5,189 1,933 934 1,561 3,534 1,397

SPT: defined by at least one positive skin prick test response, SPT HDM: positive skin prick test response to House Dust Mite, SPTQ: quantitative measure of
positive skin test response to allergens, EOS: eosinophil counts, BHR: bronchial-hyperresponsiveness

* RD: raw data available; G: data extracted from published graphs; Web: data available online; T: published table

** Unpublished results

*** IgE results for GAIN and Minnesota groups were included separately; Atopy results were included separately for GAIN, Minnesota and Denmark families
respectively

" Asthma and IgE were analysed separately in families from European, African-American and Hispanic American origin



Table 2. Summary of chromosomal regions with suggestive evidence of linkage for at least one phenotype, for weighted (W) and unweighted (U) analysis of all
groups with complete data sets using 30 cM bin widths.

Asthma Atopic asthma IgE SPT SPT to HDM SPTQ Eosinophils BHR
Interval (14 studies) (5 studies) (11 studies) (8 studies) (8 studies) (4 studies) (7 studies) (6 studies)
Chr Bin’ (cM) W U W U W U W U W U W V) W U W U
1 1.5 117-145 0.01 0.008 0.04 0.03
2 2.3 60-90 0.002* 0.003*
2.7 181-209 0.04 0.04 0.00005 0.00006
2.8 210-240 0.0006 0.0007
0.05 0.04
3 3.5 115-144 0.005 0.008 (0.0007) (0.001)
3.6 144-171 0.0001 0.0003 0.02 0.03 0.007 0.006
0.007 0.004
4 4_7 182-qter 0.02% 0.02%
5 55 113-141 0.003 0.0007 0.05 0.03 0.002 0.003
56 141-169 0.01 0.0003 0.01 0.03
0.04 0.05
6 6_2 33-65 0.004* 0.02* n.s 0.04 0.004 0.003 0.03 n.s
(0.98) (0.98)
6_3 65-97 n.s 0.01 0.006 0.01
7 7_4 92-121 0.03 0.03 0.01 0.008
11 11.4 90-118 0.007 0.008
17 172 32-64 0.04 0.04 0.01 0.01 0.006 0.0005 0.04 0.02
0.04 0.01
17_3 64-96 0.02% 0.01% 0.0009 0.001 n.s 0.04 0.002 0.0004
20 20_3 69-qter 0.02 0.008

Bold, underlined p-value: genome wide evidence for linkage (psg<0.0004). Bold p-value: suggestive evidence for linkage (psg<0.0081). n.s., non-
significant. Significant heterogeneity p-values for the high-ranking bins are shown in parentheses.
* Results obtained in families ascertained through at least two asthmatic sib
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Figure 1. Meta-analysis results for genome-wide linkage scans of asthma and asthma-
related phenotypes in ALL families.

Chromosomes

Minus Log10 P-value of weighted summed ranks (vertical axis) are plotted against the bin location
(horizontal axis), with a single point plotted for each bin. Thresholds for genome-wide, suggestive
and nominal significance are shown. Each phenotype is represented with a different colour: Asthma
(blue), atopic asthma (orange), BHR (black), IgE (green), SPT (red), SPT to HDM (brown), SPTQ
(magenta) and eosinophils (cyan).
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Supplementary information
Table S1. Summary of chromosomal regions with suggestive evidence of linkage for at least one phenotype, for weighted (W) and unweighted (U) analysis of
EUR families with complete data sets using 30 cM bin widths.

Asthma Atopic asthma IgE SPT SPT to SPTQ Eosinophils BHR
(11 studies) (4 studies) (8 studies) (7 studies) HDM (4 studies) (7 studies) (6 studies)
Interval (6 studies)
Chr. Bin” (cM) w V) w U w V) W V) w V) W ) W V) W U
0.009 0.04

1 1 10 263-qgter (0.99) (0.99)
2 2_3 60-90 0.0001* 0.0002%*

2.7 181-209 0.00005 0.00006

2.8 210-240 0.0006 0.0007

0.05 0.04

3 3_5 115-144 0.02 0.02 0.04 n.s. (0.0007) (0.001)

3_6 144-171 0.0006 0.001 0.02 0.03 0.007 0.006
5 5.5 113-141 0.01 0.004 0.002 0.003

0.03 0.03

6 6_2 33-65 0.0002* 0.0002* 0.02 0.01 0.03 n.s.

6_3 65-97 0.01 0.005 0.006 0.01
11 112 31-59 n.s. 0.02 0.008 0.01 0.04 n.s.
17 17_2 32-64 0.05 0.04 | 0.00006 0.00006

17_3 64-96 0.001 0.001 0.00009 0.0001
20 20_3 69-qgter 0.02 0.008

Bold, underlined p-value: genome wide evidence for linkage (psr<0.0004). Bold p-value: suggestive evidence for linkage (psg<0.0081). n.s., non-

significant p-value. Significant heterogeneity p-values for the high-ranking bins are shown in parentheses.

* Results obtained in families ascertained through at least two asthmatic sib
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Figure S1. Meta-analysis results for genome-wide linkage scans of asthma and asthma-
related phenotypes in EUR families. Minus Log10 P-value of weighted summed ranks (vertical
axis) are plotted against the bin location (horizontal axis), with a single point plotted for each bin.
Thresholds for genome-wide, suggestive and nominal significance are shown. Each phenotype is
represented with a different colour: Asthma (blue), atopic asthma (orange), BHR (black), IgE
(green), SPT (red), SPT to HDM (brown), SPTQ (magenta) and eosinophils (cyan).

Chromosomes
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Figure S2. Graphical representation of GSMA results for (A) Asthma on chromosomes 2 and 6, (B)
SPT on chromosome 3 and (C) SPTQ on chromosome 5 in all families, and for (D) SPT on
chromosome 17 and for (E) Eosinophils on chromosome 2 in EUR families using different bin widths
(30cM: red, 20cM: blue, 40cM: green and shifted 30cM: orange). The Y-axis is the log base 10 of
the psr-values, multiplied by the total number of bins, to give a consistent definition for genome-
wide and suggestive significance for all bin widths. Summed rank p-values (psg ) are shown below.

Asthma - Families ascertained through = 2 asthmatic offspring

cM cM

SPT - ALL families SPT - EUR families

cM cM

SPTQ - ALL families Eosinophils — EUR families
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ASTHMA - EUR families

cM

cM

Bins 20 cM 30 cM 40 cM Shifted 30 cM
2.1 0.602706 0.455889 0.508594 0.447703
2.2 0.355438 0.0343457 0.00490574 0.00232712
2.3 0.0124277 0.00012966 0.23436 0.171826
2. 4 0.000146 0.320053 0.639269 0.319432
2.5 0.175226 0.539203 0.977632 0.784737
2.6 0.267725 0.804967 0.974831 0.964088
2.7 0.484977 0.932297 0.916795 0.9543
2.8 0.734367 0.773844 0.871937
2.9 0.923041 0.936984 0.602412
2_10 0.902734
2_11 0.94812
212 0.826757
2_13 0.915678
ASTHMA - EUR families
Bins 20 cM 30 cM 40 cM Shifted 30 cM
6_1 0.661381 0.477187 0.255724 0.14605
6_2 0.134567 0.000182203 0.000501149 0.000305932
6_3 0.00414566 0.511347 0.509584 0.408985
6_4 0.00209248 0.249578 0.132503 0.0999897
6_5 0.586121 0.0848516 0.604471 0.226728
6_6 0.406747 0.48106 0.44825
6_7 0.241771
6_8 0.0695104
6_9 0.65155
6_10 0.385023
SPT - ALL families
Bins 20 cM 30 cM 40 cM Shifted 30 cM
3.1 0.787257 0.866925 0.773626 0.761441
3.2 0.553405 0.856138 0.586427 0.536833
3.3 0.695441 0.110956 0.0440758 0.0416957
3.4 0.0627104 0.0480601 0.00166666 0.0196508
3_5 0.029663 0.00506017 0.00579999 0.00147881
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3.6 0.126775 0.000126271 0.934444 0.0402474
3.7 0.00418844 0.898714 0.843498
3.8 0.00009479 0.929387 0.643905
3.9 0.358244
3_10 0.8597
3_11 0.896064
SPT - EUR families

Bins 20 cM 30 cM 40 cM Shifted 30 cM
17_1 0.724555 0.0490915 0.158422 0.0168737
17_2 0.0291717 0.00006440 0.00008850 0.00129491
17_3 0.00006242 0.00009152 0.115113 0.0460584
17_4 0.00011849 0.152141 0.132959
17_5 0.0495046
17_6 0.122111
SPTQ - ALL families

Bins 20 cM 30 cM 40 cM Shifted 30 cM
51 0.0538254 0.0920016 0.0975194 0.212429
52 0.468106 0.288533 0.4258 0.390574
53 0.240483 0.768559 0.0628091 0.549827
5 4 0.610827 0.0339813 0.000428735 0.0454466
55 0.28633 0.00202542 0.400587 0.000202542
56 0.0175578 0.152522 0.290625
57 0.0572231 0.716802 0.332078
58 0.00312081
59 0.474419
5 10 0.596975
Eosinophils — EUR families

Shifted 30

Bins 20 cM 30 cM 40 cM cM
2.1 0.800712 0.882872 0.93634 0.963922
2.2 0.976729 0.866164 0.696284 0.578744
2.3 0.737347 0.437771 0.637594 0.559819
2.4 0.341067 0.614413 0.64901 0.82369
2.5 0.452666 0.519191 0.0457413 0.57003
2.6 0.808758 0.0804101 0.000197701 0.0379398
2.7 0.416617 0.0000457627 0.0458275 0.000045763
2.8 0.568533 0.00058644 0.0431711
2.9 0.0188133 0.0272127 0.0720821
2.10 0.00000867052
2.11 0.000271676
212 0.0377231
2 13 0.0296682
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Supplementary information

Table S2. Results for Asthma in A) ALL families and B) EUR families, for weighted and
unweighted GSMA, using 30 cM bins.

Pos: position, with 1 assigned to bin with highest summed rank and most significant psg

SR: summed rank

psk: summed rank p-value. The nominal probability that a bin would achieve or exceed the
observed summed rank under the null hypothesis of no linkage in the bin.

por: ordered rank p-value. The probability that the kth highest summed rank achieves or exceeds
an observed summed rank under the null hypothesis of no linkage in the bin.

A. ALL families

Asthma
UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS

BIN | Posn SR Psr Por BIN | Posn SR Psr Por
_1 83 744 10.757288 0.984402 _1 85| 732.561|0.761132 0.954305
2 33 932/0.219404 0.0170983 2 25| 951.501]0.199857 0.386961
_3 40 904 /0.289165 0.0463954 _3 60| 828.961|0.509933 0.580042
_4 37| 911.5/0.269677 0.069593 _4 28| 939.259|0.225207 0.382962
_5 45 879/0.359353 0.260174 _5 56| 838.151|0.483877 0.69663
_6 43 881/0.353549 0.40106 _6 47| 878.17610.373729 0.228077
_7 30 935/0.212413 0.0760924 _7 37| 915.72]0.278385 0.126387
_8 102 | 674.5)|0.894409 0.931807 _8 118| 550.296|0.981229 0.0925907
9 59| 808.5|0.57545 0.9985 9 91| 705.341[0.817531 0.975202
10 66| 798.5|0.605625 0.968503 10 54| 844.135|0.467104 0.694331

98| 685.5/0.877271 0.982802 83| 757.887|0.701566 0.536146

76| 779.5|0.661843 0.786621 38| 910.83)0.290392 0.157884

25| 970.5]0.140652 0.00349965 9| 1062.21|0.0495983 [0.107389

68| 797.5|0.608717 0.909209 58| 832.267]0.500476 0.686231

91| 702.5|0.847402 0.9991 92| 702.859|0.822252 0.966303

105| 632.5|0.94397 0.9986 108 | 606.599]0.949703 0.980402

101 | 683.5)|0.880498 0.890111 107| 616.921]0.94095 0.977002

67| 797.5|0.608717 0.952205 68| 798.053|0.595961 0.810019

112 591|0.97327 0.972803 113| 585.193|0.964393 0.766823

96| 692.5]|0.865496 0.988801 102| 640.03|0.917387 0.9951

58 810]0.570817 0.999 65| 816.185|0.545833 0.487551

1211037.5|0.0537635 0.0135986 16| 1019.22]0.0917398 |0.0377962

11| 1041|0.0508084 0.0214979 11| 1056.95]0.0537652 |0.0316968

53 846 10.459353 0.69853 69| 795.627(0.602477 0.789321

71 791]0.628302 0.866613 76| 782.886|0.636866 0.454755

118 495 0.997022 0.70143 104 | 627.244|0.931066 0.9954

117| 549.5]0.988654 0.60464 111] 599.682|0.9548 0.857514

77| 779.5|0.661843 0.686031 79| 772.487|0.664348 0.486251

60| 807.5]|0.578438 0.996 71| 787.451)|0.624648 0.845015

85 735]0.77887 0.989801 93 694.5| 0.837553 0.982602

22 98710.11363 0.00209979 20| 1000.96]0.115703 0.0170983

34| 919.5]0.249447 0.10039 42| 893.824|0.33274 0.242776

16| 1019)0.0719881 0.00259974 14| 1033.1]/0.0760482 |0.0319968

311161.5]0.00435 0.0130987 2| 1164.32|0.00742288 | 0.215778

49| 866.5)|0.396578 0.30337 46| 883.289)0.360182 0.174783

NUNDRIRIDRPDPIRDRPIWIWIWIWIWIWIWIWINININIININININININ(F PP PP e e
U |[BIRADIRDIR[DILVWIWIWIWIWIWIWIWINININININININININ ([

NFRINOWUWMARWIN|F | NO U [AWIN|F IO N O U~ WN |-
NRrINOOU|APWINFONOWUW|AWIN[FO|[® N[OV WIN[-

41| 899.5)/0.301327 0.0623938 44| 887.0940.350273 0.246675




53 47| 868.5)|0.390512 0.446155 53 53| 849.101]0.453167 0.617738
5 4 57 819/0.543138 0.989901 5 4 48| 876.672)0.377738 0.181282
5.5 2|1227.5]10.000714406 | 0.00289971 [5_5 1] 1204.15|0.00291695|0.29507
56 1]1258.5|0.000282203 | 0.0330967 5 6 5| 1142.58|0.011739 0.00849915
57 21 990]0.109077 0.00289971 |57 30| 936.4480.231163 0.239176
6_1 55 831]0.506075 0.947505 6_1 84| 739.051|0.74637 0.929007
6_2 10| 1044 |0.0482864 0.040096 6_2 7| 1083.980.0351093 |0.10399
6_3 19]1005.5|0.0878728 0.00129987 |6_3 26| 946.971)0.209102 0.390761
6_4 88| 714.5|0.824025 0.9994 6_4 73| 786.309)|0.627776 0.687131
6_5 29| 936.5|0.208979 0.106489 6_5 17| 1018.84]0.0922059 |0.0174983
6_6 65| 798.5|0.605625 0.984602 6_6 43| 892.478|0.336279 0.190181
7_1 95| 695.5|0.860207 0.992601 7_1 82| 757.931|0.70146 0.655734
7_2 52| 847.5]0.454771 0.750625 7_2 75| 784.215|0.633341 0.526547
7_3 13]1034.5]0.0564347 0.00739926 |7_3 27| 942.829|0.217775 0.392261
7_4 1711012.5]0.0792626 0.00269973 |7_4 24| 955.26410.192329 0.393661
7_5 110 610)0.961925 0.976802 7_5 99| 653.419]0.900925 0.9971
7_6 106| 623.5]0.95162 0.999 7_6 100| 651.523/0.903352 0.995

8_1 97| 690.5|0.868965 0.982402 8_1 98| 670.116|0.877624 0.982602
8_2 93 700)0.852109 0.9969 8_2 103 | 633.536|0.924532 0.9954
8_3 82| 754.5]0.730721 0.926007 8_3 87| 722.363|0.783387 0.973603
8_4 36| 917.5]0.254439 0.0426957 8_4 18| 1012.3]/0.100376 0.0184982
8_5 115| 574.5]0.980653 0.814619 8_5 116 | 554.179|0.979847 0.560044
8_6 104 | 666.5]0.905759 0.89781 8_6 101| 641.32]0.915854 0.9975
9.1 108| 616.5]0.957261 0.9955 9.1 114 | 585.006|0.964516 0.591241
9 2 107 61710.956879 0.9986 9.2 109| 604.648|0.951164 0.958404
9 3 111 59910.968921 0.979902 9.3 115]| 554.359|0.979773 0.793321
9 4 87| 728.5|0.793815 0.988701 9 4 86| 729.056(0.768972 0.954605
9.5 90 707 10.838866 0.9992 9.5 96| 687.486|0.849804 0.946605
9_6 89| 708.5|0.835985 0.9996 9.6 89| 710.446|0.807553 0.986201
10_1 50 8590.419542 0.50175 10_1 52| 851.913]0.445365 0.627037
10_2 6| 1079]0.025989 0.0729927 10_2 4| 1155.42]0.00897796|0.0188981
10_3 42| 881.5]|0.352079 0.50205 10_3 23| 974.533]0.157141 0.089791
10_4 72| 785.5|0.644587 0.919208 10_4 40| 905.012)0.304668 0.136686
10_5| 109| 611.5]/0.960919 0.991001 10_5 97| 676.545|0.867701 0.978002
10_6 73 78210.654696 0.928007 10_6 55| 841.476|0.474537 0.683832
111 46| 876.5)|0.366778 0.244676 11 1 78| 775.396]0.656759 0.50185
11 .2 9| 1066]0.0330051 0.00909909 |11 2 12| 1049.4|0.0602161 |0.0308969
11 3 5/1082.5]0.0243432 0.148185 11 3 3] 1155.57|0.00895338|0.0850915
11 4 23| 983.5]|0.119079 0.00159984 |11 4 22| 976.451)|0.153877 0.127587
11.5 56| 830.5]|0.507667 0.914709 11 .5 51| 855.437)0.435495 0.607939
12 1 44 881]0.353549 0.291971 12 1 66| 816.002|0.546358 0.374463
12 2 51| 852.5]0.439455 0.662434 12 2 64| 821.837]0.530068 0.385961
12_3 15| 1025]0.0657144 0.00309969 |12 3 13] 1038.91]0.0699491 |0.0378962
12 4 27| 969.5]0.142422 0.00069993 |12 4 34| 918.103)0.272724 0.339266
125 26 970]0.141503 0.00149985 |12 5 36| 916.289|0.277051 0.189581
12_6 35| 917.5]0.254439 0.0780922 12_6 35| 916.705]0.276055 0.270873
13_1 78| 777.5]10.667765 0.652135 131 81| 761.017]0.693809 0.664334
132 48 8670.395018 0.390461 132 72| 786.87]0.626227 0.773323
13_3 94| 699.5|0.853048 0.992401 13_3 95| 688.419|0.848218 0.969703
13_4 31 9340.214689 0.0493951 13_4 19| 1003.14]0.112566 0.030097
14 1 92| 701.5]0.849309 0.9981 14 1 67| 805.491|0.575627 0.671533
14 2 70 79410.61928 0.864914 14 2 32| 926.036]0.254157 0.316268




14 3 99 685|0.878042 0.964304 14 3 70| 791.972|0.61251 0.805719
14 4 74 7821 0.654696 0.873113 14 4 62| 826.202]0.517752 0.448155
14 5 62 803(0.591928 0.994101 14 5 49| 873.949|0.385071 0.173783
15 1| 116| 567.5/0.983312 0.687931 15_1 105| 627.178[0.931136 0.986501
15 2 79 77710.669199 0.550345 15_2 59| 829.137|0.509419 0.688031
15_3 80| 773.5[0.679201 0.576042 15_3 61| 828.884|0.510138 0.461754
15 4 54 833(0.499826 0.955804 15_4 33| 923.161|0.260765 0.289071
16_1 39| 906.5]0.28264 0.0528947 16_1 50| 858.144|0.428053 0.626337
16_2 24 97710.129719 0.00249975 [16_2 41| 896.009|0.327116 0.279672
16_3 32| 933.5]0.215858 0.0277972 16_3 31| 930.655|0.243746 0.292771
16_4 8 1066 | 0.0330051 0.0291971 16_4 15| 1031.49|0.0777279 |0.0171983
17_1| 114| 586.5|0.975479 0.849615 17 1 112 | 588.422|0.962426 0.863114
17 2 75| 779.5[/0.661843 0.862714 17 2 90| 709.356|0.809732 0.977802
17_3 4 1115]0.0126822 0.0574943 17 3 8| 1075.58|0.0402567 |0.0848915
17 4 711070.5/0.0304737 0.0527947 17 4 6| 1103.73]10.0249313 |0.0588941
18 1 69| 796.5[0.61173 0.872613 18 1 57| 835.344|0.491796 0.683932
18 2| 113| 587.5]0.975032 0.939906 18 2 117] 551.584|0.980773 0.319868
18 3 86 73210.785809 0.989401 18_3 94| 690.061|0.845355 0.982802
18 4 18 1007 ]0.0860194 0.00259974 |18 4 29| 936.908|0.230189 0.333667
19 1 64| 802.5]/0.593488 0.978302 19 1 80| 767.983|0.676083 0.534947
19 2 14 1030 0.0607127 0.00389961 [19 2 21| 981.416|0.145496 0.124188
19_3 38| 909.5|0.27483 0.0563944 19_3 45| 884.78410.356203 0.219578
19 4| 103| 668.5]0.903041 0.938206 19 4 106| 622.751|0.935532 0.981402
20_1 81 756|0.726916 0.945905 20_1 63 825.13]0.520842 0.373163
20_2 84 742 10.762258 0.980202 20_2 88| 716.752]0.795048 0.980502
20_3 63 803|0.591928 0.987901 20_3 74| 785.212|0.630721 0.615938
21 1 20 1005]0.0885245 0.00049995 |21 1 10| 1057.89|0.0529813 |0.0708929
21 2 61 805 | 0.585865 0.9962 21 2 77| 782.403|0.638145 0.354765
22_1 28| 941.5]0.197876 0.0872913 22_1 39| 907.025|0.299716 0.165483
22_2| 100| 683.5/0.880498 0.943106 22 2 110| 600.571)0.954214 0.931607
B. EUR families
Asthma
UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS

BIN | Posn SR Psr Por BIN Posn SR Psr Por
11 50 663.5]0.468146 0.963404 1.1 64| 639.313|0.54643 0.624038
12 16 795.5]0.105983 0.128987 1.2 15| 804.692|0.112382 |0.315368
13 37 709[0.314837 0.580842 13 58| 656.561|0.4919 0.561244
14 66 631.5]/0.579679 0.816118 1 4 47| 693.603|0.376465 |0.263774
15 68 624 | 0.60558 0.890311 15 69| 623.387]0.596528 |0.724128
16 58 644.5]0.534756 0.957804 1.6 61| 648.751|0.516677 |0.559244
17 28 751[0.196944 0.0819918 (1. 7 39| 708.235|0.33288 0.60104
18 106 504 [0.910292 0.771523 18 118 404.09]0.982193 |0.10229
19 71 620.5]/0.617433 0.768923 19 88| 559.269|0.776556 |0.908209
110 49 664 | 0.466331 0.978102 110 38| 709.437/0.329484 |0.673333
2.1 102 523[0.878967 0.785121 2.1 76| 604.674|0.652927 |0.689531
2.2 57 645.5|0.53121 0.972603 2.2 27 757.35/0.204153 |0.215878
2_3 30 739.5]0.226366 0.182682 2_3 8| 847.533|0.0581906|0.371463
2_4 78 594.5(0.701544 0.947005 2. 4 65| 638.196|0.54997 0.550945
2.5 99 534.5]0.856674 0.812219 2.5 98| 526.467]0.848909 |0.823418
2_6 105 505]0.908787 0.851315 2_6 107 | 498.356|0.897509 [0.413959




2 7 109 494.5]0.923579 0.588841 2.7 112| 452.791|0.95182 0.670133
2 8 98 539]0.847321 0.80112 2.8 93| 550.375|0.797718 |0.70373

29 117 419.5]0.983633 0.410259 29 117| 415.136|0.977217 |0.219178
3.1 96 552.5]0.817079 0.625337 3.1 103 | 509.528|0.879687 |0.686231
3.2 69 621.5/0.614072 0.890811 3.2 75| 606.452|0.647748 |0.732727
3.3 25 761(0.17343 0.0891911 |3_3 28 751.25[0.218391 |0.286371
3 4 2 914.5|0.00971525 |0.314269 3_4 3| 911.408|0.0167873|0.316668
3_5 43 699.5[0.345126 0.290271 3_5 55| 662.239|0.473747 |0.670233
3_6 75 611.5[0.647374 0.720628 3_6 70| 621.399]0.602687 |0.69543

3 7 113 476.5]0.94481 0.332767 3 7 84| 578.225)|0.72786 0.776022
3.8 110 49110.928109 0.514349 3.8 97| 533.737|0.834477 |0.748125
4 1 59 64410.536473 0.929207 4 1 63| 642.333|0.537027 |0.611939
4 2 61 640.5 | 0.548605 0.905709 4 2 68| 633.858|0.563665 |0.379262
4 3 85 580.5]0.74379 0.845215 4 3 99| 523.054|0.855631 |0.805219
4 4 12 815]0.0773669 0.165483 4 4 19| 793.497|0.131028 |0.138286
4 5 31 737 10.233107 0.166183 4 5 42| 705.885]0.339768 |0.329967
4 6 17 785.5|0.123234 0.237776 4 6 20| 786.665]|0.143346 |0.182082
4 7 6 871.5|0.0264296 |0.0794921 |4 7 6| 877.021]|0.0341195]0.19918

51 41 702.5|0.335481 0.389461 51 44| 705.167|0.341854 |0.162084
52 46 677.5[0.419359 0.889311 52 57 656.7210.491389 |0.677232
53 65 632.5|0.576287 0.860014 53 72| 618.685]|0.610886 |0.579642
54 56 649.5|0.517222 0.955604 5 4 45 702.29|0.3504 0.165783
5.5 1 945.5|0.00429152 |0.40186 5.5 2| 922.825]0.0129441|0.458254
5_6 3 88710.0188542 0.384362 5_6 14| 808.672[0.106125 |0.350865
57 39 704 (0.330718 0.566443 57 50| 690.673]0.385323 |0.10379

6_1 47 668.5[0.450662 0.980102 6_1 82 584.19)0.711486 |0.778622
6_2 10 85710.0356432 0.0049995 |6_2 5| 882.273]0.03078390.288571
6_3 4 88610.0192771 0.188181 6_3 22| 781.349|0.153547 |0.124688
6_4 73 618 0.625821 0.664534 6_4 56| 659.842|0.481428 |0.659634
6_5 21 769(0.155863 0.233277 6_5 7| 848.317]0.0574364 | 0.536246
6_6 64 634.5]|0.56937 0.873113 6_6 40| 706.046|0.339295 |0.570143
7_1 51 66210.473412 0.952405 7_1 52| 684.103]|0.405326 |0.126087
7_2 72 619]0.62247 0.730527 7_2 81| 586.782|0.704288 |0.790821
7_3 15 79710.103551 0.189681 7_3 31| 729.478|0.273257 |0.709029
7_4 18 78210.129636 0.214579 7_4 32| 722.217]0.293205 |0.836316
7_5 84 585.5]0.729115 0.783622 7.5 74 609.25|0.639403 | 0.732427
7_6 104 512.5]0.897028 0.809019 7_6 95| 545.598|0.808669 |0.619038
8_1 74 617(0.629167 0.591141 8_1 89| 558.762|0.777725 |0.854715
8_2 92 558 |0.803809 0.862014 8 2 110| 474.407|0.92969 0.546345
8_3 70 621]0.615711 0.838216 8_3 80 590.570.693775 |0.768823
8_4 38 70710.321101 0.552145 8_4 17| 797.149(0.124812 [0.257474
8_5 116 432.5]0.977828 0.510849 8.5 116| 416.777(0.976319 |0.459654
8_6 81 59210.709371 0.836616 8_6 94| 548.924|0.801132 |0.634737
91 107 49710.920224 0.80082 9.1 113| 443.764]0.959257 |0.660934
9 2 93 557(0.806233 0.80292 9.2 102| 519.108|0.863036 |0.548645
9 3 115 451 | 0.966692 0.436356 9.3 114| 421.438|0.973895 |0.820718
9 4 88 575]0.759217 0.747325 9 4 90| 558.702|0.777861 |0.769323
95 87 575.5]0.757843 0.821018 9.5 100| 521.456|0.858714 |0.742926
9 6 103 520/0.884318 0.747725 9.6 104 | 509.527|0.879688 |0.544346
10_1 42 700.5]0.341946 0.362564 10_1 51| 684.856|0.402937 |0.180182
10_2 7 866 |0.0297644 |0.0469953 |10_2 1| 922.885)|0.0129263|0.80182

10_3 35 72210.275433 0.265273 10_3 16| 800.399]0.119353 |0.29967




10_4 63 639]0.553711 0.809419 10_4 33| 721.513]|0.295168 |0.769123
10_5| 111 4871 0.933041 0.447455 10_5 91| 551.096|0.796021 |0.869313
10_6 80 593[0.706255 0.883312 10_6 60| 651.241)|0.508871 |0.566143
11 1 60 643 | 0.539905 0.90291 11 1 85| 573.342|0.740763 |0.820018
11 2 5 880]0.0219424 |0.107589 11 2 12| 817.913]0.0927635|0.407359
11 3 8 859.5|0.0339101 0.0327967 |11 3 4| 903.331/0.0199712|0.19778
11 4 36 710.5[0.310107 0.633037 11 4 41| 705.894)|0.33974 0.447555
11.5 91 563.5]0.789909 0.808519 115 77| 603.774]0.655582 |0.607239
12 1 62 639.5[0.552033 0.871813 12 1 83| 583.736|0.712789 |0.69713
12 2 45 67910.414106 0.911509 12_2 67| 634.818|0.560667 |0.458454
12 3 26 755(0.18737 0.133287 12_3 23| 778.833|0.158463 |0.0978902
12 4 29 740.5]0.223649 0.247775 12 4 35| 714.946|0.31352 0.784322
12 5 34 729.5]|0.253721 0.127287 12 5 34 718.81|0.302812 |0.756324
12 6 48 668.5|0.450662 0.961804 12 6 37| 712.469]0.320769 |0.666233
13 1 82 590]0.715593 0.820818 13 1 73| 610.118)|0.63678 0.79572
13 2 53 656.5|0.492747 0.958404 13_2 71| 620.316|0.605968 |0.625737
13 3| 100 530 0.865698 0.821318 13_3 92| 551.087|0.796045 |0.784322
13 4 52 657.5|0.489226 0.973503 13_4 26| 760.599|0.196839 |0.226377
14_1 79 593.5]0.704687 0.922008 14_1 54| 670.353|0.448193 |0.422358
14 2 33 733.5|0.242517 0.107589 14 2 11| 829.098|0.0782669|0.292171
14 3 67 627.5|0.593507 0.865613 14 3 36 712.7410.319936 |0.761024
14 4 94 555[0.811117 0.764824 14 4 78| 602.354|0.65981 0.547445
145 97 551]0.820671 0.550345 14 5 66| 636.459|0.555499 |0.505349
15_1| 118 400.5]0.989786 0.281472 15_1 109| 475.081]0.928839 |0.685531
15 2 55 652(0.508455 0.952105 15_2 48| 692.132|0.380872 |0.219378
15_3 76 599(0.687589 0.958004 15_3 59| 654.215)0.4994 0.549645
15 4 40 702.5]0.335481 0.511049 15_4 25| 764.77810.187472 |0.210979
16_1 19 774.510.144477 0.30147 16_1 46| 696.117|0.368822 |0.273373
16_2 27 754 10.189744 0.089591 16_2 53| 683.329]|0.407649 |0.0872913
16_3 14 797.5|0.10278 0.29577 16_3 21| 782.697]0.150928 |0.176082
16_4 9 857.5|0.0353076 | 0.0128987 |16_4 9| 841.303]|0.0644033|0.334067
17 1] 112 484.5|0.936044 0.337466 17_1 111| 464.129|0.941053 | 0.609539
17 2 90 565 |0.786037 0.852515 17 _2 105| 507.023|0.883841 |0.470653
17_3 11 836.5|0.0528322 0.0267973 |17_3 13| 816.058|0.0953643 | 0.306169
17_4 20 77410.145462 0.206979 17_4 10| 831.807]0.0749906 | 0.380562
18_1 44 687.5|0.385325 0.726627 18_1 49| 691.978|0.381347 |0.136786
18 _2 95 553.5]0.814689 0.707229 18_2 106 | 499.307|0.896082 |0.542046
18_3 77 597.5]0.692256 0.944806 18_3 87| 563.749|0.765497 |0.889111
18 _4 24 762(0.17113 0.132987 18_4 43| 705.422|0.341086 |0.243076
19_1 54 656.5|0.492747 0.924608 19 1 79| 596.883|0.675835 |0.657034
19 2 13 808.5[0.0861965 0.174883 19 2 24| 767.305]|0.182068 |0.248875
19_3 23 763.5[0.167714 0.182882 19_3 29 743.9110.236211 |0.418158
19 4 89 567.5]0.779487 0.866813 19 4 101| 521.358|0.858892 |0.622638
20_1 83 587(0.724595 0.822918 20_1 62| 645.629]0.526605 |0.583342
20_2] 108 49510.922887 0.723728 20_2 108 | 478.127]0.92516 0.759224
20_3] 101 529|0.867664 0.746925 20_3 96| 542.859|0.814843 |0.587341
21 1 32 735]0.238446 0.140386 21 1 18| 795.295|0.127927 |0.188681
21 2 86 579.5|0.746574 0.792221 21 2 86| 566.384|0.758759 |0.90011
22 1 22 769(0.155863 0.144286 22 1 30| 732.552]0.265276 |0.714129
22 2| 114 4750.946391 0.20098 22 2 115| 418.764|0.975308 |0.676232




Table S3. Results for Asthma in A) ALL families and B) EUR families ascertained through

at least two asthmatic sibs, for weighted and unweighted GSMA, using 30 cM bins.
Pos: position, with 1 assigned to bin with highest summed rank and most significant psg

SR: summed rank

psr: summed rank p-value. The nominal probability that a bin would achieve or exceed the

observed summed rank under the null hypothesis of no linkage in the bin.

por: ordered rank p-value. The probability that the kth highest summed rank achieves or exceeds

an observed summed rank under the null hypothesis of no linkage in the bin.
A. ALL families

Asthma in families ascertained through at least two asthmatic sibs

UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS

BIN BIN Posn SR Psr Por BIN Posn SR Psr

1.1 98 277.5 0.826217 0.49855 1.1 99 263.568 0.83512 0.505049
1.2 38 399 0.312345 0.414859 1.2 40 390.557 0.364663 0.874213
1.3 29 421.5 0.225016 0.261274 1.3 53 362.028 0.477218 0.890711
1.4 2 546.5 0.0100407 0.339166 1.4 3 553.742 0.0130017 0.188181
1.5 13 482 0.0685288 0.0323968 1_5 18 465.109 0.12748 0.185381
1.6 21 449.5 0.137886 0.0718928 1_6 17 466.648 0.124027 0.244376
1.7 34 406.5 0.281786 0.463954 1.7 22 454.844 0.152953 0.114889
1.8 110 223 0.946336 0.843916 1.8 118 178.628 0.978264 0.0634937
1.9 83 303.5 0.735724 0.915908 1.9 92 286.527 0.765557 0.356064
110 56 351 0.52897 0.983002 110 46 372.428 0.43571 0.972203
21 84 303.5 0.735724 0.852015 21 62 346.49 0.540165 0.764324
2.2 32 410.5 0.266016 0.481252 2.2 12 474.162 0.10746 0.669033
2_3 1 574 0.00338898 0.335866 2_3 1 597.39 0.00205932 0.220078
2_4 35 405.5 0.285918 0.40096 2.4 32 413.7 0.279643 0.685631
2_5 51 373 0.426561 0.478252 2.5 58 352.893 0.514413 0.850415
2_6 102 269.5 0.849864 0.341766 2.6 108 227.502 0.918527 0.650035
2.7 95 283.5 0.807199 0.594641 2.7 106 234.563 0.904876 0.69773

2.8 46 386 0.367737 0.253175 2.8 55 358.102 0.493256 0.880212
2_9 101 269.5 0.849864 0.476352 2.9 105 239.6 0.894324 0.655934
3_1 91 288.5 0.790453 0.815318 3_1 94 275.861 0.799403 0.607739
3.2 43 392 0.341666 0.248075 3.2 35 405.716 0.308172 0.725327
3.3 22 447.5 0.14322 0.0593941 3_3 20 455.921 0.150159 0.258574
3.4 61 340.5 0.577339 0.990201 3.4 56 357.242 0.496802 0.839216
3.5 108 237.5 0.923439 0.738326 3_5 115 187.111 0.971604 0.565243
3_6 78 308.5 0.715994 0.985401 3_6 89 291.716 0.748134 0.474953
3.7 118 163.5 0.99157 0.360264 3.7 107 231.873 0.910257 0.651635
3.8 116 197.5 0.973458 0.369463 3.8 111 220.422 0.930831 0.39786

4 1 94 286 0.798848 0.59824 4 1 69 336.751 0.579132 0.478452
4_2 63 338.5 0.586377 0.979002 4 2 59 350.548 0.523933 0.860114
4_3 82 305 0.729763 0.927307 4 3 75 322.425 0.635666 0.563944
4_4 48 383 0.381234 0.213479 4_4 27 434.788 0.209949 0.289571
4.5 72 318 0.677054 0.9956 4.5 72 327.986 0.613825 0.617838
4_6 12 485.5 0.0629737 0.039896 4 6 5 534.755 0.0240652 0.135686
4_7 5 532 0.0164822 0.0349965 4_7 6 533.552 0.0249686 0.0578942
51 73 317.5 0.679244 0.992201 5.1 73 326.408 0.620064 0.584042
52 44 390 0.350281 0.247075 5.2 60 347.94 0.534361 0.875012
53 37 400 0.308269 0.479952 5.3 61 347.244 0.537154 0.825417
5 4 70 319 0.672764 0.9988 5 4 64 344.471 0.548283 0.648435
55 19 463 0.105035 0.0129987 5.5 19 462.128 0.134651 0.171383
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4  540.5 0.0123576 0.0478952
16  469.5 0.0913025 0.0350965

14 472.518 0.111027 0.432557
29 432.956 0.215532 0.154185

49  381.5 0.387945 0.19938 _ 65 344.274 0.549071 0.532647
6 530 0.0176466 0.00959904 [6_ 2 582.092 0.00435932 0.0907909
74 315 0.689572 0.994301 70 334.777 0.587 0.468453

89  289.5 0.787047 0.919708
30 418.5 0.235808 0.291171

47 369.951 0.445474 0.975702
24 453.3 0.157123 0.0437956

57 348 0.54262 0.990601 _ 52 364.692 0.466554 0.872413
113  214.5 0.956973 0.60304 _ 97 269.163 0.819338 0.528647
59 342 0.57044 0.9961 82 307.407 0.692397 0.530047

23  439.5 0.166106 0.161484
71 319 0.672764 0.9965
111 220 0.950237 0.787321
93  287.5 0.793887 0.649735
103  259.5 0.876576 0.641136
114  214.5 0.956973 0.40246
97  279.5 0.820082 0.536046
25 433.5 0.184502 0.184782
112 215 0.956383 0.760724
106 247 0.90513 0.70283
77 311 0.705919 0.982802
115 204.5 0.967368 0.444456

50 368.25 0.45227 0.892811
98 267.858 0.823009 0.448555
101 256.242 0.854708 0.554845
83 306.916 0.694248 0.430257
88 292.631 0.745058 0.552045
114 203.103 0.955214 0.354465
102 255.104 0.857653 0.466653
15 472.199 0.111701 0.307369
116 185.268 0.973172 0.354565
95 272.907 0.808265 0.617338
81 309.678 0.684032 0.530947
113 203.301 0.954996 0.556044
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100 270 0.848526 0.588741 _ 109  226.85 0.9197 0.512249
66  322.5 0.657703 0.9999 _ 76 322.4 0.63576 0.436556
87 293.5 0.77286 0.935506 _ 85 299.949 0.719477 0.550745
86 298 0.756454 0.883212 93 279.129 0.789241 0.580942
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99 271 0.845642 0.668333 0_1 100 256.753 0.853415 0.667033
26 431 0.192551 0.182882 10_2 23 453.345 0.157002 0.0850915
41  395.5 0.327005 0.271773 10_3 28 434.226 0.21166 0.20338
64 331 0.620249 0.9987 10_4 34 407.247 0.302663 0.761824
105 254 0.889701 0.579142 10_5 90 288.607 0.758706 0.505449
50 376.5 0.410708 0.372263 10_6 38 392.035 0.358944 0.936406
60  341.5 0.572749 0.993701 111 96 270.073 0.81661 0.617538
58 344.5 0.559019 0.9957 11_2 54 361.978 0.477435 0.819018
39 398.5 0.314527 0.327567 11_3 30 422.067 0.25128 0.524048
24  437.5 0.17221 0.143786 11 4 41 388.259 0.373556 0.870513
10 504 0.0388101 0.00659934 11_5 13 473.755 0.108316 0.535346
47 386 0.367737 0.166083 12_1 68 341.311 0.560946 0.337666
76 312 0.701888 0.988601 12_2 87 292.748 0.744673 0.670433
8 507.5 0.0351059 0.0387961 12_3 11 483.285 0.0894465 0.49945
17 467 0.0963618 0.0274973 12_4 33 412.314 0.284522 0.635436
11 493.5 0.0515372 0.019898 12_5 21 455.256 0.151871 0.180382
7 511.5 0.0313144 0.0575942 12 6 7 501.927 0.0590186 0.574843
88 291.5 0.779966 0.927607 13_1 103 250.995 0.867981 0.49505

85 298.5 0.754643 0.927007 13_2 110 222.506 0.927419 0.49775
107 240 0.918834 0.787821 13_3 117 179.763 0.977425 0.227777

15 471 0.0883304 0.0579942 13_4 16 467.947 0.121084 0.322868
69 321.5 0.662079 0.9993 14_1 51 366.475 0.459428 0.882412
90 289.5 0.787047 0.859914 14_2 49 368.604 0.450873 0.933307
104 254 0.889701 0.713729 14_3 80 310.129 0.682348 0.627837
42  392.5 0.339652 0.328467 14_4 66 343.943 0.550417 0.428857
45 386.5 0.365606 0.334667 14_5 48 369.215 0.448439 0.958004
79 307.5 0.719917 0.979302 15_1 63 345.392 0.544527 0.710229
96 282 0.812036 0.539246 15_2 71 329.733 0.607015 0.640636



15_3 40  395.5 0.327005 0.381762 15_3 26 436.591 0.204396 0.325267

15_4 68 321.5 0.662079 0.9995 15_4 42 386.466 0.380545 0.859114
16_1 75 312 0.701888 0.9958 16_1 84 304.325 0.703821 0.445855
16_2 36 401.5 0.302123 0.510749 16_2 43 380.801 0.402422 0.945205
16_3 54  358.5 0.493906 0.933407 16_3 37 392.172 0.358415 0.968803
16_4 18 463.5 0.103932 0.0268973 16_4 25 444,975 0.179943 0.134687
17_1 109 227.5 0.939828 0.859314 17_1 91 287.059 0.763821 0.455554
17_2 67 322.5 0.657703 0.9997 17_2 77 319.015 0.648788 0.505849
17_3 3 544.5 0.0107627 0.127787 17_3 4 544,773 0.0175474 0.140986
17_4 9 507 0.0355771 0.0123988 17_4 10 484.216 0.0877787 0.629437
18_1 53 367 0.454368 0.632637 18_1 31 420.025 0.258072 0.493651
18_2 117 193.5 0.976514 0.212979 18_2 112 216.06 0.937703 0.362064
18_3 92 288 0.792119 0.738226 18_3 79 311.487 0.67726 0.678332
18_4 52  370.5 0.438073 0.521748 18_4 44 376.934 0.417851 0.968803
19_1 65 330 0.624707 0.9981 19_1 74 324.224 0.628665 0.584542
19_2 33 410 0.267896 0.382762 19_2 57 355.293 0.504667 0.839216
19_3 62 339 0.584061 0.989501 19_3 86 298.406 0.724926 0.50285

19_4 80 307.5 0.719917 0.956604 19_4 78  318.55 0.650569 0.409059
20_1 20 451.5 0.132674 0.089791 20_1 8 494.004 0.0709949 0.642336
20_2 31 412.5 0.258374 0.493051 20_2 45 376.18 0.420823 0.951205
20_3 28 427.5 0.20413 0.131687 20_3 39 391.815 0.359802 0.89781

211 14 476 0.0788491 0.0486951 21_1 9 491.397 0.0753211 0.559844
21_2 27 428 0.202291 0.193281 21 2 36 404.015 0.314442 0.694831
221 55 357 0.500914 0.925407 22_1 67 343.595 0.5518 0.327967
22 2 81  305.5 0.727899 0.954605 22_2 104 247.479 0.87646 0.49865

B) EUR families

Asthma in families ascertained through at least two asthmatic sibs

UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS

BIN Posn SR Psr Por BIN Posn SR Psr Por

1.1 41 197 0.383631 0.934807|1_1 69 164.978 0.574419 0.40346
12 7 262.5 0.0818194 0.906309]1_2 20 232.268 0.21049 0.966503
1.3 21 226.5 0.217349 0.953205 1_3 50 186.578 0.450081 0.887511
14 5 266.5 0.071916 0.962004 1_4 4 283.948 0.0431305 0.79652
1.5 20 227 0.214814 0.972103 1.5 19 234.552 0.199986 0.961704
1.6 31 213 0.289057 0.879912 1.6 23 226.839 0.236194 0.966703
1.7 24 222.5 0.237944 0.930207 1_7 18 235.466 0.195999 0.974603
1.8 118 52.5 0.987552 0.20478 1_8 118 53.8899 0.987634 0.205379
1.9 102 115.5 0.852038 0.371763 1.9 89 142.849 0.696016 0.0164984
110 28 216.5 0.269762 0.918008 1_10 29 222.537 0.257235 0.734927
2_1 90 141 0.728052 0.124588 2_1 51 185.559 0.455889 0.867713
2.2 4 276.5 0.0502389 0.889511 2_2 3 289.164 0.0343457 0.816418
2_3 1 343 0.00021271 0.0248975 (2_3 1 345.064 0.00012966 0.0152985
2_4 38 202.5 0.349968 0.886511 2_4 37 210.252 0.320053 0.661034
2.5 36 205 0.335141 0.90181 2_5 63 171.157 0.539203 0.643836
2_6 89 142 0.722363 0.147585 2_6 102 121.102 0.804967 0.0129987
2.7 111  94.5 0.920157 0.210779 2_7 109 86.3286 0.932297 0.748625
2_8 98 127.5 0.799572 0.146985 2_8 97 127.539 0.773844 0.0389961
2.9 109 98 0.910973 0.347765 2_9 110 84.4452 0.936984 0.69533
3_1 84 148.5 0.685963 0.208879 3_1 88 143.167 0.694951 0.0361964
3.2 37 203.5 0.344166 0.905509 3_2 44 192.095 0.418423 0.976202
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0.248389
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0.0407959
0.248675
0.953005
0.735826
0.606739
0.452655
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Table S4. Results for Atopic asthma in A) ALL families and B) EUR families, for weighted
and unweighted GSMA, using 30 cM bins.
Pos: position, with 1 assigned to bin with highest summed rank and most significant psg

SR: summed rank

psr: summed rank p-value. The nominal probability that a bin would achieve or exceed the

observed summed rank under the null hypothesis of no linkage in the bin.

por: Ordered rank p-value. The probability that the kth highest summed rank achieves or exceeds

an observed summed rank under the null hypothesis of no linkage in the bin.
A. ALL families

Atopic asthma

UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS

BIN Posn SR Psr Por BIN Posn SR Psr Por

11 63 285 0.5668 0.913009|1 1 64 284.9| 0.558714 0.781222
12 44 331 0.3345 0.10129]1_ 2 34 356.1| 0.242866| 0.0555944
13 18 392 0.1106 0.0445955|1_3 19 392.9| 0.124635| 0.0846915
14 26 367 0.1861 0.122288|1 4 15 398.9| 0.109631 0.272973
1.5 2 476 0.0079 0.235676|1_5 2 471.5/0.0124398 0.436356
16 28 364 0.1967 0.0806919|1_6 24 376 | 0.173477 0.151185
1.7 13 404 0.0842 0.149185|1_7 12 410.8| 0.083255 0.243376
18 58 307 0.4526 0.10169]1_8 55 302.2| 0.478239 0.733727
19 83 246 0.7461 0.961804|1_9 102 194.4| 0.894234 0.936406
110 8 421 0.0539 0.286971]1_10 3 470.810.0127949 0.183782
2. 1 96 218 0.8501 0.950805|2_1 104 188.6| 0.907514 0.922708
2.2 55 315 0.4148 0.0428957 1|2 _2 41 345.5| 0.284995| 0.0124988
2_3 21 382 0.139 0.0735926 |2_3 18 394.5 0.12044 0.114789
2_4 98 212 0.8663 0.951105|2_4 89 237.3| 0.762357 0.685131
2.5 85 243 0.7607 0.957204|2_5 76 260.6| 0.668033 0.857114
2_6 115 151 0.9749 0.656934 |2_6 116 127.2| 0.986075 0.777822
2.7 116 135 0.9863 0.785121 |2 7 117 118.5| 0.990274 0.678932
2_8 110 176 0.9458 0.842016|2_8 112 170| 0.942198 0.457754
2.9 109 178 0.9419 0.887811|2_9 111 171.4| 0.939891 0.585841
3_1 70 275 0.6166 0.844316|3_1 74 262.6| 0.659301 0.912609
3.2 78 260 0.6875 0.872313|3_2 73 263.3| 0.656402 0.944206
3_3 25 368 0.1825 0.164584 |3_3 40 346 | 0.283173| 0.0248975
3_4 22 381 0.1406 0.0418958 |3 4 17 395.8| 0.117152 0.161584
3_5 37 346 0.2675 0.060494 |3_5 20 384.8| 0.146822 0.219878
3_6 14 402 0.0875 0.10249|3_6 9 415.8|0.0735804 0.521748
3.7 117 126 0.9905 0.692731|3_7 113 165.8| 0.948415 0.40436
3_8 74 267 0.6526 0.865913|3_8 61 295.4| 0.509959 0.454155
4 1 80 255 0.7077 0.89821 |4 1 67 276.1| 0.598799 0.909109
4 2 30 363 0.2022 0.0343966 |4_2 22 378.5| 0.165883 0.251075
4 3 54 317 0.4049 0.0370963 |4_3 44 336.3| 0.323789| 0.0445955
4 4 79 258 0.6967 0.879112 |4 _4 57 298.9| 0.493369 0.709629
4.5 67 277 0.6039 0.925207 4.5 77 256.7| 0.684577 0.917208
4.6 59 304 0.4706 0.173983 |4_6 83 244.3| 0.734955 0.914609
4 7 17 393 0.1092 0.0882912 |4 7 47 332 | 0.342477| 0.0255974
51 19 384 0.132 0.143886|5_1 25 368.7| 0.197475 0.333467
5 2 4 434 0.0364 0.650935|5_2 4 447.6| 0.029622 0.475152
5 3 12 404 0.0842 0.258474|5_3 8 419.6|0.0668771 0.555444
5 4 50 322 0.3776 0.0608939|5_4 54 302.9| 0.474976 0.79612
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55 3 437 0.0335 0.794921 |5 5 7 429.3]0.0513872 0.40246
56 11 417 0.0595 0.0605939|5_6 10 414.8|0.0754084 0.385661
57 94 223 0.8342 0.949605|5_7 100 199.1| 0.882665 0.955304
6_1 61 296 0.5112 0.481052 6_1 75 261.2| 0.665372 0.89891
6_2 6 429 0.0429 0.391261|6_2 11 411.6|0.0818118 0.353765
6_3 33 358 0.2209 0.0182982 6_3 38 352.1| 0.258594|0.00969903
6_4 69 276 0.6089 0.850715|6_4 52 308.2| 0.450156 0.69753
6_5 7 424 0.0489 0.343466 |6_5 5 444.410.0328144 0.337466
6_6 47 325 0.3629 0.12728716_6 26 367.2| 0.202799 0.293771
7_1 107 186 0.9287 0.905109|7_1 101 197.8| 0.885919 0.934407
7 2 15 398 0.0962 0.111189|7 2 21 383.7| 0.150033 0.163584
7_3 16 396 0.1019 0.0908909 |7_3 36 355| 0.247374| 0.0169983
7_4 10 419 0.0564 0.0943906 |7_4 14 400.5| 0.105686 0.343266
7.5 84 245 0.7525 0.956104 |7_5 80 247.2 0.7237 0.972503
7_6 27 364 0.1967 0.138186|7_6 43 338.2 0.3158| 0.0470953
8.1 90 233 0.7993 0.945105|8_1 72 263.9| 0.653686 0.961504
8 2 51 318 0.3999 0.149485 |8 _2 62 293.1| 0.520747 0.491551
8_3 43 332 0.3298 0.126087(8_3 48 331.5| 0.344833| 0.0148985
8_4 36 347 0.2633 0.080292 |8_4 16 397.9| 0.111916 0.191381
8.5 108 183 0.9343 0.886611|8_5 92 230.5| 0.786984 0.676632
8_6 72 271 0.6333 0.845215|8_6 79 249.5| 0.714083 0.968503
9.1 87 238 0.7804 0.966603 |9_1 99 202.2| 0.874766 0.955804
9 2 68 277 0.6039 0.877012|9_2 91 232.1| 0.781247 0.710029
9 3 34 352 0.2427 0.0606939 |9_3 39 348.4| 0.273341 0.020098
9 4 29 363 0.2022 0.0662934 |9_4 29 365.2| 0.209812 0.10439
9.5 103 204 0.8893 0.8169189_5 109 174.2 0.93522 0.79862
9_6 95 219 0.847 0.968603 |9_6 107 184.2| 0.916667 0.756324
10_1 111 173 0.9496 0.777222[10_1 108 176.4| 0.931375 0.854915
10_2 52 318 0.3999 0.0891911 |10 2 27 367.1| 0.203102 0.191881
10_3 66 280 0.589 0.889711|10_3 46 334| 0.333532| 0.0261974
10_4 91 232 0.801 0.910309|10_4 63 287.3| 0.547676 0.751025
10_5 93 225 0.8258 0.951905]10_5 84 242.7 0.74146 0.90191
10_6 76 266 0.6598 0.77082310_6 71 266.5 0.64221 0.951405
11 1 49 324 0.3704 0.0654935|11 1 65 284.3| 0.561128 0.70273
11 2 73 271 0.6359 0.785021 |11 2 78 252.4| 0.702171 0.957804
11 3 82 250 0.7317 0.938306 |11 3 93 228.7| 0.793304 0.648635
11 4 35 350 0.2529 0.0743926 |11 4 50 325.3| 0.371851| 0.0363964
11 5 53 317 0.4022 0.0566943 |11 5 28 366.1| 0.206551 0.147285
12 1 45 328 0.3511 0.170483 12 1 56 299.4| 0.491171 0.787421
12_2 102 204 0.8893 0.89731 (12 2 105 188.5| 0.907733 0.853415
12_3 24 373 0.1658 0.0915908 |12 3 45 335| 0.329578| 0.0381962
12 4 9 420 0.0554 0.179982 |12 4 23 377.9| 0.167485 0.171483
125 41 335 0.3185 0.175482 112 5 51 310.6| 0.439187 0.663734
126 38 345 0.274 0.0513949|12 6 35 355.5| 0.245377| 0.0339966
13_1 86 240 0.7705 0.962804 | 13_1 95 215.1| 0.838083 0.936706
13 2 60 297 0.5034 0.493551 |13 2 82 245.1 0.7321 0.944206
13 3 20 384 0.1333 0.090091 |13_3 30 363.7| 0.215233| 0.0846915
13 4 42 333 0.3252 0.161284 |13 4 49 330.1| 0.350711| 0.0119988
14 1 100 210 0.8734 0.89831 |14 1 90 233.9 0.77478 0.734427
14 2 105 192 0.9158 0.923908 |14 2 97 212.4| 0.846106 0.880012
14 3 114 158 0.9683 0.682232 |14 3 115 152.1| 0.965916 0.40316
14 4 88 234 0.7956 0.981302 |14 4 86 240.2| 0.750921 0.847315
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14 5 118 116 0.9939 0.473853|14 5 118 114| 0.992036 0.372763
15_1 81 252 0.7209 0.925007|15_1 59 298| 0.497538 0.522548
15_2 46 325 0.3629 0.19958 |15 _2 31 362.4| 0.219879| 0.0641936
15_3 23 374 0.1625 0.130787|15_3 32 362.1| 0.220685| 0.0354965
15_4 64 282 0.579 0.931107|15_4 58 298.1| 0.497322 0.645135
16_1 89 234 0.7956 0.963704|16_1 81 245.4| 0.730951 0.969603
16_2 57 307 0.4526 0.167083|16_2 53 306.8| 0.456844 0.673533
16_3 56 308 0.4502 0.22457816_3 69 271.5| 0.619965 0.931607
16_4 48 324 0.3678 0.0986901 |16_4 68 275.4| 0.602177 0.871413
17 1 101 208 0.8789 0.880612|17_1 94 225.4| 0.804845 0.690931
17 2 5 432 0.0386 0.490951 |17 2 6 437.9/0.0401118 0.326667
17_3 1 510 0.0014 0.156384 |17 _3 1 520.8|0.0009127 0.10299
17 4 75 266 0.6573 0.830817 |17 4 70 267.9| 0.636159 0.961104
18 1 97 213 0.8634 0.970703|18_1 96 213.4| 0.843193 0.919108
18 2 99 210 0.8734 0.945805|18_2 98 202.8| 0.873157 0.976702
18 3 39 341 0.2915 0.0985901 |18 3 37 353.2| 0.254353| 0.0159984
18 4 32 362 0.204 0.00889911 |18 _4 33 356.9| 0.240024| 0.0845915
19 1 112 168 0.9565 0.764824|19_1 103 190.6 0.90309 0.944106
19 2 65 281 0.5868 0.925707]19_2 66 281.5| 0.574203 0.766023
19 3 77 263 0.6738 0.828917|19 3 85 241.4| 0.746454 0.876912
19 4 92 228 0.8171 0.952505|19 4 88 238.6| 0.757378 0.732727
20_1 104 193 0.9148 0.959504[20_1 110 173.5| 0.936417 0.681932
20_2 113 167 0.9578 0.619738|20_2 114 163.9| 0.951149 0.278372
20_3 106 186 0.9287 0.956804|20_3 106 185| 0.915063 0.843716
21 1 31 362 0.204 0.0186981|21_1 13 403.7/0.0983338 0.359864
21 2 71 271 0.6333 0.906609 |21 2 60 296.7| 0.503721 0.489951
22_1 40 339 0.3003 0.10129]22_1 42 341.7| 0.300903| 0.0272973
22 2 62 285 0.5668 0.951705]122_2 87 240| 0.751882 0.770023
B. EUR families
Atopic asthma

UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS
BIN Posn SR Psr Por BIN | Posn Psr Por
11 68| 220.5 0.598413 0.834617|1 1 66|223.277 0.575455 0.782222
12 15 318 0.125508 0.542346|1_2 15|323.179 0.125536 0.540946
13 8 333| 0.0850898 0.849515[1_3 14|327.161 0.114198 0.491751
14 43 274 0.304805| 0.0188981|1_4 22(310.422 0.166672 0.265473
15 2 374 | 0.0216805 0.751325[1_5 3[372.124| 0.0287669 0.69773
16 51 260 0.377378| 0.0294971|1_6 39/281.903 0.281423| 0.0467953
17 14| 319.5 0.120896 0.605239|1 7 13]327.459 0.113342 0.623838
18 62 231 0.539479 0.752425|1_8 62 |231.515 0.532972 0.672933
19 110 141 0.922065 0.39826|1_9 115] 112.08 0.962221 0.314669
110 3| 358.5| 0.0384076 0.869813|1 10 21397.775(0.00907965 0.293771
2.1 107| 150.5 0.898208 0.4285572_1 109[131.601 0.928252 0.679432
2.2 33| 282.5 0.263796 0.330567|2_2 29/300.802 0.202273| 0.0608939
2.3 31| 284.5 0.25454 0.439356|2_3 26(303.712 0.191178 0.160084
2 4 100 168 0.843351 0.50475|2_4 84(192.097 0.726767 0.764824
2.5 73| 212.5 0.641584 0.842816(2_5 67(223.019 0.576682 0.694831
2.6 113 116 0.965508 0.794621 |2 _6 116 | 95.468 0.980692 0.60184
2.7 117| 109.5 0.972707 0.141686|2_7 117]93.9611 0.981925 0.352265
2 8 106 | 153.5 0.889729 0.43175712_8 107]143.848 0.899592 0.452455
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29 98 169 0.839922 0.70483 |2 9 101]153.712 0.871821 0.807219
3.1 101| 167.5 0.845247 0.39996 3 1 93(174.278 0.801131 0.752025
3.2 71| 214.5 0.631046 0.892511|3_2 70[215.636 0.614241 0.835716
3.3 24 298 0.196369 0.450655|3_3 411276.242 0.307299| 0.0872913
3 4 25 298 0.196369 0.324768 |3_4 19]314.097 0.154192| 0.451855
3_5 37 278 0.285245 0.182782|3_5 20[313.736 0.155382| 0.338166
3_6 19 314 0.138163 0.212079|3_6 11]329.489 0.107816| 0.805319
3.7 114 115.5 0.966067 0.628737|3_7 106| 147.86 0.888849| 0.410159
3_8 77 207 0.670388 0.79642|3_8 60[235.713 0.511237 0.60204
4 1 72 213 0.638698 0.888211 |4 1 65]229.603 0.542786 | 0.446855
4 2 38| 277.5 0.28777 0.130787 (4 _2 32]296.653 0.2185| 0.030097
4 3 36| 279.5 0.277985 0.19538 |4 _3 35|288.917 0.250503 | 0.0553945
4 4 58| 239.5 0.491863 0.566443 |4_4 441266.611 0.353456| 0.278872
4 5 69 220 0.600844 0.774723 4_5 771201.625 0.682508 | 0.905109
4 6 86| 188.5 0.760362 0.912109 |4 _6 103 |152.026 0.876966 | 0.642236
4 7 41| 276.5 0.29264 | 0.0293971 |4 7 61|233.009 0.525239| 0.686731
51 18 315 0.134999 0.281572 |5 1 30[298.104 0.212668 | 0.0715928
52 5 344 0.061794 0.89821 |5 2 5|357.797| 0.0476754| 0.705629
53 11| 328.5| 0.0959516 0.614439|5_3 71341.516| 0.0783525| 0.885611
5 4 67 222 0.589916 0.837216|5 4 68216.391 0.610477| 0.925107
55 10| 330.5| 0.0909872 0.680932|5_5 10]330.189 0.105898| 0.881512
56 23 299 0.192422 0.522148 |5_6 24|308.843 0.172246| 0.136986
5.7 116| 113.5 0.968528 0.254075|5_7 1141113.849 0.959564| 0.461154
6_1 91| 183.5 0.782516 0.724528 |6_1 971169.708 0.818406| 0.508249
6_2 17| 315.5 0.133302 0.389461 6_2 231309.087 0.171386| 0.214079
6_3 7| 338.5| 0.0725499 0.809419|6_3 18]315.459 0.149719| 0.518448
6_4 47 268 0.335298 | 0.0143986|6_4 40| 281.845 0.281671| 0.0222978
6_5 4 350 0.05115 0.894011 |6_5 4| 365.29| 0.0369771 0.665433
6_6 29 287 0.243115 0.523248 |6_6 16| 317.047 0.144557| 0.706529
7_1 92| 183.5 0.782516 0.606239 |7 1 89(182.913 0.766443| 0.736326
7_2 16 317 0.128664 0.455254 |7 _2 25 304.2 0.189303| 0.233277
7_3 27| 297.5 0.198393 0.153285|7_3 45| 266.24 0.355307 0.20438
7_4 9 333 | 0.0850898 0.73142717_4 171316.569 0.146127 0.60084
7_5 83| 195.5 0.72782 0.860314|7_5 80]198.021 0.699612| 0.835616
7_6 42 275 0.299881 | 0.0249975|7_6 50| 256.49 0.404091 0.281772
8_1 64 226 0.567521 0.861514 |8_1 571241.514 0.481184| 0.535446
8 2 49 266 0.345791 | 0.00759924 |8_2 58239.152 0.493574| 0.593341
8_3 48 266 0.345791| 0.0161984|8_3 46 | 265.359 0.35957| 0.162184
8_4 22 299 0.192422 0.647935|8_4 9[339.102 0.083677| 0.711029
8_5 96| 180.5 0.795 0.287571|8_5 721213.396 0.625694| 0.776822
8_6 70 217 0.617338 0.849015|8_6 81[196.916 0.704727 0.80492
9.1 74| 210.5 0.652413 0.864314 |9 _1 961170.549 0.815271 0.590341
9 2 57 241 0.483012 0.559544 |9_2 83[192.559 0.724633| 0.832017
9 3 52 249 0.437978 0.528047(9_3 49| 256.82 0.402476| 0.373163
9 4 32| 284.5 0.25454 0.3193689_4 36(288.872 0.250689 | 0.0282972
95 94| 182.5 0.786809 0.418358 |9_5 105]148.435 0.887358 | 0.535546
9 6 99| 168.5 0.841793 0.619438 |9_6 108 |138.745 0.912518| 0.536546
10_1 105| 161.5 0.865439 0.20088 10 _1| 100| 156.74 0.862409 0.79512
10_2 26| 297.5 0.198393 0.243376|10_2 12| 328.79 0.109669| 0.705529
10_3 45| 268.5 0.332827| 0.0484952|10_3 271303.575 0.191694 | 0.0986901
10_4 81 198 0.715571 0.893911 |10 _4| 54|245.217 0.461914| 0.622738
10_5 108 146 0.909849 0.486951 |10 5| 95|174.138 0.801734| 0.514649
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10_6 59| 237.5 0.503208 0.607539 |10 6| 64]229.822 0.541742| 0.557044
11 1 54| 246.5 0.452319 0.485951 |11 1 71(214.249 0.621305| 0.820118
11 2 50 264 0.3562430.00879912 |11 2| 63]|230.844 0.53647 0.60304
11 3 80 198 0.715571 0.942006 |11 3| 92]179.188 0.781833 0.59964
11 4 39| 277.5 0.28777| 0.0757924|11 4| 51|255.706 0.408194| 0.230977
11 5 60 235 0.516949 0.679732 |11 5| 37|287.129 0.258272| 0.0265973
12 1 44| 271.5 0.317568| 0.0274973]12_1 56 |242.082 0.478314| 0.620538
12_2 104| 162.5 0.862248 0.270573 |12 _2| 104|148.586 0.886875| 0.670233
12_3 40 277 0.290099| 0.0463954|12_3 53 248.9 0.442896| 0.461854
12 4 12| 328.5| 0.0959516 0.462854 |12 4| 33| 292.23 0.236442 | 0.0674933
12 5 66| 223.5 0.581864 0.840116 |12 5| 69| 216.38 0.61053| 0.871613
12 6 61| 234.5 0.520118 0.607039 |12 6| 48|258.838 0.392267| 0.349765
13 1 112 123 0.955651 0.749625|13 1| 113]123.462 0.94415| 0.312069
13 2 93 183 0.784385 0.509049 13 2| 102]153.339 0.872873| 0.710129
13 3 34| 282.5 0.263796 0.218678 |13 3| 42|272.356 0.325827| 0.162284
13 4 65 225 0.573171 0.836616 |13 4| 59|236.514 0.507008| 0.661534
14 1 90| 186.5 0.769293 0.659034 |14 1 76|202.766 0.67731 0.921808
14 2 97 177 0.809112 0.368763 |14 2| 86|187.983 0.744658| 0.776022
14 3 109 141 0.922065 0.560844 |14 3| 110]130.508 0.930704| 0.566743
14_4 78| 204.5 0.683298 0.840716 |14 4| 75|204.703 0.667993| 0.915808
14_5 118 82.5 0.991975 0.375262 |14 5| 118|84.5299 0.987732| 0.217778
15_1 75 209 0.660088 0.860014 |15 1 52249.349 0.440654| 0.560544
15_2 30 286 0.247653 0.463854|15_2| 21| 311.89 0.161532| 0.308969
15_3 13 321 0.116643 0.67773215_3| 28|302.482 0.195838| 0.0731927
15 4 46 268 0.335298 0.030497|15_4| 43| 268.44 0.344538| 0.271673
16_1 88| 187.5 0.764814 0.81261916_1 79 198.3 0.698248 0.89561
16_2 56 244 0.466133 0.438556 | 16_2 551244.348 0.466436| 0.564344
16_3 55| 246.5 0.452319 0.361864 |16_3| 73|212.812 0.628521 0.708729
16_4 63 230 0.545123 0.715628 16 _4| 82]194.743 0.714821 0.818518
17_1 84| 191.5 0.746744 0.929707|17_1 781199.414 0.693006| 0.915408
17 2 6 340 | 0.0695728 0.884012 |17 2 6| 347.38| 0.0662084| 0.850915
17_3 1 423 ]0.00153644 0.167283 |17 3 11427.933[0.00127119| 0.140486
17_4 102 167 0.846815 0.29557 |17 4| 88|184.442 0.759989| 0.760524
18_1 89 187 0.766799 0.741126|18 1| 91]181.695 0.771596| 0.570543
18 _2 76| 207.5 0.668137 0.852315|18 2| 87|187.538 0.746679| 0.694731
18_3 35| 282.5 0.263796 0.137986 |18 3| 34| 290.85 0.242301 | 0.0546945
18 4 28 289 0.234298 0.521048 |18 4| 38]284.457 0.270097 | 0.0362964
19 1 103 163 0.860453 0.369363|19_1 94|174.202 0.801472| 0.638436
19_2 79| 200.5 0.703564 0.927607 |19 2| 74]209.662 0.644083| 0.791921
19_3 82| 197.5 0.71811 0.848515]19 3| 90|182.114 0.769856| 0.672433
19 4 95| 180.5 0.795 0.408659|19_4| 85]191.336 0.730054 0.69843
20_1 87| 188.5 0.760362 0.852015(20_1 991158.941 0.855279| 0.806919
20_2 111 127 0.94948 0.77462320_2| 111]126.365 0.938835| 0.565443
20_3 115] 114.5 0.967386 0.446555(20_3| 112]125.673 0.940463| 0.418158
21 1 21 307 0.162226 0.317168]21_1 8[339.903| 0.0818948| 0.821418
21 2 53 247 0.44924 0.566743 |21 _2| 47|260.607 0.383475| 0.346065
22 1 20| 307.5 0.160346 0.413459 |22 1 31|297.858 0.213711| 0.0420958
22 2 85| 189.5 0.75591 0.933107 (22 2| 98]161.101 0.848225| 0.818418
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Table S5. Results for total IgE in A) ALL families and B) EUR families, for weighted and
unweighted GSMA, using 30 cM bins.

Pos: position, with 1 assigned to bin with highest summed rank and most significant psg

SR: summed rank

psr: summed rank p-value. The nominal probability that a bin would achieve or exceed the
observed summed rank under the null hypothesis of no linkage in the bin.

por: ordered rank p-value. The probability that the kth highest summed rank achieves or exceeds
an observed summed rank under the null hypothesis of no linkage in the bin.

A. ALL families

IgE
UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS
BIN | Posn SR Psr Por BIN | Posn SR Psr Por
1 108 | 504.5|0.909357 0.479252 1 97]528.763|0.855192 0.933907
2 3| 892.5/0.0167144 |0.311369 2 31905.045|0.0157644 |0.283272
_3 10 836[0.053633 0.0708929 _3 10| 845.851|0.0523084 |0.0631937
_4 35 71210.306162 0.690331 _4 50| 675.022[0.430839 0.662534
_5 97 544 10.83647 0.768023 _5 114 | 463.684 | 0.948145 0.227977
_6 16 793[0.110502 0.181482 _6 25]1757.816]0.192894 0.281172
_7 29 75810.180852 0.0105989 _7 15]809.642|0.0952414 [0.10419
_8 90 567]0.780631 0.79672 _8 741616.372|0.62376 0.514549
9 115 455]0.963707 0.351265 ) 117]1430.507|0.973173 0.150585
10 72| 624.5]/0.603411 0.466053 10 44| 689.088 | 0.385558 0.734627

111 47710.94387 0.670233 110]489.177[0.919361 0.343866

81 594 10.702665 0.771123 84|589.182|0.706513 0.487751

42| 701.5]0.339252 0.329567 55]667.721]0.454981 0.40306

53 656 |0.494013 0.958504 491 675.446 | 0.429426 0.749525

26 76910.156265 0.00929907 11]836.846|0.0614906 |0.0757924

18 785]0.124393 0.156684 16|802.597|0.105891 0.128687

13 79910.100735 0.39786 271752.734|0.205027 0.225977

33| 738.5]|0.229493 0.0391961 21|774.819]0.155745 0.236076

45 690 0.376804 0.49595 321713.119(0.311468 0.952105

93 549 |0.825205 0.945905 106 | 497.372|0.908133 0.747125

85 58710.724092 0.618738 91| 573.22|0.751155 0.278572

107| 508.5|0.903307 0.522048 991520.452|0.870973 0.933807

67| 631.5|0.5795 0.716128 56| 662.894 | 0.470893 0.508349

68 628 10.591488 0.758224 421693.012/0.373131 0.784022

49| 669.5|0.446764 0.89891 51|673.752]0.435088 0.607239

34 71310.30314 0.755224 65]632.104|0.572679 0.828317

76| 619.5)/0.620337 0.244076 67]627.095]0.589213 0.822818

109| 490.5]0.928354 0.678632 109]492.597|0.914675 0.414059

24| 771.5/0.150994 0.0277972 29(747.489|0.217637 0.176882

11| 832.5]/0.0571516 |0.0447955 91846.605]0.0515762 |0.128487

19| 783.5]0.127205 0.107389 30(739.399|0.238314 0.330267

87 580]0.744575 0.670033 92]550.793|0.807576 0.890111

95| 548.5|0.826359 0.834417 104 | 502.024|0.90128 0.858714

57| 645.5|0.530974 0.968703 85]584.356|0.720411 0.564844

89| 567.5[0.779263 0.860314 791600.758 10.672131 0.60184

61 635]0.567509 0.977102 781607.429|0.651629 0.428057

69| 627.5[0.593201 0.673233 60|641.715]0.540771 0.911609

auunnunn(bh|hBDIAPDIDPDIWIWIWIWIWIWIWIWINININININININININ[F (P
aununnun|lbh|lhlA[DPDPR[PIWIWIWIWIWIW[IW[IWINIINININININININIIN(F ([

APWINIFINOOUWN[AWINFOINO|U|A[WINF[O|0NO VA WN [
PlWINIFINOOUW[ARWINFOINO|U|A[WIN[F[O|0 N[O |UAWN ([

60| 641.5)|0.544949 0.931107 81]598.389|0.679268 0.461354
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55 41| 701.5]0.339252 0.442856 55 40| 693.13|0.372741 0.918108
56 23 77210.149938 0.0515948 |5 6 23|770.349(0.16521 0.154685
57 38| 702.5|0.336031 0.744726 57 39|694.009|0.369936 0.943706
6_1 5 85910.0343534 |0.381162 6_1 41898.958|0.0180703 |0.151885
6_2 1| 962.5|0.00257966 | 0.263774 6_2 1]954.974|0.00462966 | 0.426057
6_3 28| 759.5|0.177351 0.0175982 |6_3 26|757.496|0.193632 0.189581
6_4 50 661]0.476552 0.979802 6_4 48 1676.548 |1 0.425788 0.79962
6_5 56 647]0.525711 0.976402 6_5 45| 685.82|0.395898 0.751225
6_6 47 68010.410398 0.721928 6_6 33[711.801]0.315416 0.930107
7_1 52| 656.5|0.49227 0.974903 7_1 46 | 680.641 | 0.412424 0.832117
7 2 74| 622.5]0.610253 0.329967 7 2 63| 636.86|0.556939 0.844716
7_3 27| 763.5|0.168207 0.0152985 |7_3 12]833.109|0.0654355 | 0.0536946
7_4 6 85810.0350432 |0.212979 7_4 61872.917]0.0313398 |0.143786
7.5 32 73910.228206 0.0693931 |75 38| 695.055|0.366733 0.963304
7_6 100| 531.5|0.862587 0.784922 7_6 95]537.351|0.83771 0.925807
8 1 64| 634.5)|0.569267 0.870213 8 1 70| 619.908|0.612419 0.806219
8 2 43 700]0.344088 0.281072 8 2 34| 708.704 | 0.32479 0.934907
8_3 77 618 0.625343 0.205979 8 3 71| 618.89]0.615655 0.750525
8_4 54 656 |0.494013 0.925507 8 4 471677.267|0.423427 0.859014
8.5 118| 349.5|0.997696 0.757924 8.5 118| 387.564 | 0.990271 0.29957
8_6 113| 469.5|0.951363 0.471753 8_6 112]485.401|0.924183 0.151485
9.1 84 588|0.721104 0.685531 9.1 891573.736|0.749749 0.49795
9 2 63| 634.5)|0.569267 0.925507 9 2 64 | 635.606|0.561074 0.79912
9 3 14 798 10.102385 0.286771 9 3 17]1797.804|0.113499 0.126587
9 4 7 84910.0419788 |0.207779 9 4 5|876.904|0.0289313 |0.247775
9.5 98 53810.849527 0.822418 9.5 86| 580.229|0.732068 0.605439
9_6 104 | 515.5]/0.89188 0.742726 9_6 1071496.275|0.909664 0.636336
10_1 59| 642.5|0.54143 0.952705 10_1 61]640.976|0.5433 0.866413
10_2 62 635 0.567509 0.956204 10_2 69]624.263 | 0.598546 0.740826
10_3 17 786 10.122575 0.227477 10_3 22|773.751]0.158038 0.164484
10_4 4 866 |0.0297491 |0.475252 10_4 8|855.385]0.0440356 |0.126287
10_5 73| 622.5]0.610253 0.442456 10_5 66 | 631.588|0.574365 0.756324
10_6 102 | 524.5|0.876067 0.750425 10_6 93]550.578 | 0.808083 0.822118
11 1 66 632 |0.577786 0.793321 11 1 721616.853|0.622168 0.722128
11 2 15 794 10.108863 0.262374 11 2 24| 768.332|0.169498 0.118788
11 3 25 770]0.154186 0.0174983 |11 3 28| 750.663|0.210045 0.186881
11 4 12 823]0.0675864 |0.0668933 |11 4 18]787.689|0.131015 0.232277
11 5 8 84910.0419788 |0.0945905 |11 5 7| 860.407 | 0.040072 0.172583
12 1 31 742 10.220347 0.0723928 |12_1 36| 697.656 | 0.358539 0.982202
12_2 105 514 10.894464 0.654835 12 _2 100| 513.516|0.883037 0.952005
12_3 112 472.5]10.948488 0.593941 12_3 105]500.802|0.903058 0.782622
12 4 71 625]0.601757 0.562544 12_4 59| 649.06]0.516538 0.775222
125 110| 487.5]/0.932194 0.59964 125 111| 486.48|0.922799 0.258374
126 82| 591.5/0.71037 0.762824 126 881574.028|0.748943 0.607639
13_1 44 691]0.373545 0.566343 13_1 41]693.087]0.372887 0.857914
13 2 37 70410.331266 0.785821 13 2 53| 669.087|0.45041 0.582942
13 3 96 548 0.827499 0.757624 13 3 103 | 503.303 | 0.899333 0.911109
13 4 92 550]0.822926 0.967903 13 4 108 |493.634|0.913269 0.549945
14 1 94| 548.5|0.826359 0.90401 14 1 96|533.919|0.844815 0.918908
14 2 101 530|0.865463 0.717428 14 2 113|467.261]0.944703 0.328067
14 3 70 627 10.594897 0.588641 14 3 871580.057|0.732557 0.491351
14 _4 103 | 524.5|0.876067 0.625437 14 _4 98| 523.788 | 0.864847 0.943506
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14 5 86| 583.5|0.734554 0.644836 14 5 68| 626.143|0.592439 0.770323
15_1 91 558 0.803835 0.918808 15_1 94 |545.471/0.819862 0.853815
15_2 48 675[0.427645 0.817518 15_2 52|670.278|0.446493 0.642636
15_3 116 | 442.5|0.972174 0.338966 15_3 115]451.238|0.95897 0.251875
15 4 117 | 377.5|0.994559 0.871113 15_4 116|430.998|0.972897 0.358664
16_1 21 77710.139849 0.0824918 |16_1 31| 718.49]0.295784 0.917408
16_2 36| 706.5]|0.323319 0.793521 16_2 57| 656.004 | 0.493645 0.70463
16_3 39 70210.337628 0.659934 16_3 431691.084|0.379264 0.759324
16_4 88 57310.764277 0.80012 16_4 58| 649.526 | 0.515067 0.841416
17 1 78 608 | 0.658368 0.531147 17_1 62| 638.57]|0.551325 0.865013
17 2 2 908[0.0115458 |0.39886 17 2 21907.679[0.0148195 |0.533447
17_3 9| 845.5[0.0449305 [0.0579942 |[17_3 13]832.471|0.0661076 |0.0233977
17 4 20| 780.5]|0.132902 0.0882912 |17 4 19]787.192[0.131946 0.151985
18 1 106| 510.5]0.900146 0.617038 18 1 102 503.552|0.898941 0.956604
18 2 22| 774.5]10.144835 0.0643936 |18 2 141 816.605|0.0855745 |0.0872913
18 3 80| 595.5|0.698095 0.809019 18_3 77 1609.135|0.646318 0.476852
18 4 30 74310.217787 0.109289 18 4 20| 785.871[0.134376 0.10429
19 1 83| 591.5[0.71037 0.656434 19 1 80| 600.167|0.673931 0.506949
19 2 99| 532.5|0.860636 0.855314 19 2 76|613.649|0.632275 0.39616
19 3 55| 651.5]0.509921 0.957004 19_3 371696.133|0.363353 0.975402
19 4 114| 463.5|0.956813 0.40056 19 4 101]511.538|0.886365 0.929107
20_1 65| 633.5]|0.572643 0.825817 20_1 90| 573.677[0.749922 0.376462
20_2 51| 659.5|0.481783 0.972103 20_2 75|615.085|0.627815 0.452055
20_3 58 645]0.53268 0.950305 20_3 83| 592.36|0.697364 0.478252
21 1 40 70210.337628 0.538446 21 1 35| 708.584|0.325158 0.884912
21 2 75| 621.5/0.613644 0.266273 21 2 731616.617|0.622975 0.623838
22_1 79 596 | 0.696533 0.871813 22_1 82| 596.355|0.685398 0.427357
22 2 46| 681.5/0.405317 0.763824 22 2 54| 668.168|0.453471 0.50075
B. EUR families
IgE

UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS
BIN | Posn SR Psr Por BIN | Posn SR Psr Por
11 93 406.5[0.76326 0.221578 1.1 95| 397.627|0.783013 |0.248675
12 5 622.5]0.0636847 |0.909509 12 9| 604.818|0.0971609|0.873113
13 22 55710.201506 0.776622 1.3 28| 547.557[0.23628 0.544846
14 47 50710.37381 0.226477 1 4 471 503.705[0.389192 |0.431757
1.5 84 427 10.692824 0.288471 15 98| 390.855|0.802719 |0.183582
16 2 658 ]0.0283856 [0.874713 1.6 3| 641.037]0.0471305|0.944606
17 19 564 [0.181768 0.841216 1.7 21| 562.785[0.191591 |0.760924
18 91 411.5]0.746911 0.225777 1.8 85| 420.476|0.709054 |0.40176
19 99 394 |0.802152 0.105089 19 102 387.3[0.812622 |0.0274973
110 48 504 |0.385473 0.260874 110 33| 530.816[0.290798 |0.718828
2.1 116 302.5|0.967526 0.237576 2.1 116| 284.931|0.976346 |0.452255
2.2 54 490.5]0.43918 0.30327 2.2 53| 493.258[0.429764 |0.285171
2.3 24 549.5]0.223944 0.833017 2_3 16| 575.33[0.159231 |0.870213
2_4 52 492.5[0.431193 0.423558 2 4 26| 553.088[0.219479 |0.551645
2.5 46 507/0.37381 0.330167 2.5 17| 572.511[0.166046 |0.852915
2_6 37 522(0.316929 0.608139 2_6 32| 533.75[0.280776 |0.69783
2.7 6 617.5]/0.0705974 |0.886611 2.7 12| 592.159(0.121157 |0.845715
2_8 61 47910.486452 0.168583 2.8 57| 479.763[0.482957 |0.559644
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29 78 44110.639945 0.270273 29 68| 456.27|0.575829 |0.555744
3.1 65 455.5]0.582406 0.907609 3.1 86| 414.419|0.729905 |0.582842
3.2 69 453]0.59257 0.672733 3.2 89| 411.777(0.738522 |0.336166
3.3 106 367.5|0.871179 0.173383 3.3 108 | 366.743|0.864608 |0.0233977
3 4 31 533.5|0.276237 0.745425 3.4 15| 584.692]0.136996 |0.721628
3_5 60 479.510.484369 0.232377 3_5 48| 499.731]0.404487 |0.530847
3_6 55 489.510.443289 0.247275 3_6 54| 493.19|0.430045 |0.19518
3.7 20 5590.195722 0.886211 3.7 36| 521.1220.324541 |0.808519
3_8 74 444.510.626416 0.549445 3_8 77| 432.416|0.666231 |0.745825
4 1 101 382.5|0.834376 0.245875 4 1 105| 377.922|0.837523 |0.0230977
4 2 29 541.5]0.249264 0.612539 4 2 35| 523.951]0.314603 |0.79632
4 3 18 564.5|0.180404 0.90111 4 3 25| 555.217|0.213127 |0.583042
4 4 7 612]0.0789126 |0.878212 4 4 8| 616.55|0.0780355|0.761024
4 5 73 445.5|0.62239 0.616838 4 5 64| 467.503|0.531737 |0.405559
4 6 88 413.5|0.740276 0.481552 4 6 81| 425.513|0.691296 |0.634337
4 7 64 461.5]0.558113 0.772623 4 7 80| 425.758|0.69041 0.735426
51 45 507|0.37381 0.452255 51 31| 534.59|0.278022 |0.769423
52 30 536 |0.267717 0.750525 52 38| 517.324|0.338108 |0.774023
53 50 494 10.425167 0.585941 53 50| 495.738|0.420056 |0.511749
5 4 40 517.5]0.333519 0.478252 5 4 45| 509.487|0.367201 |0.357964
55 59 485.5]0.459713 0.0944906 |55 63| 468.23]0.528833 |0.491551
56 33 530|0.288393 0.684432 5 6 42| 511.925|0.358063 |0.590041
57 67 454.5]0.586435 0.80252 5.7 74| 440.883|0.634943 |0.670733
6_1 15 568 |0.170968 0.971603 6_1 11| 594.762]0.115911 ]0.876312
6_2 1 696.5|0.00989491 | 0.70473 6_2 1| 686.949]0.01522290.852315
6_3 49 494.510.423238 0.674233 6_3 51| 495.584|0.42059 0.39726
6_4 72 44710.616515 0.654935 6_4 66| 462.904[0.549777 [0.420958
6_5 68 454 10.588482 0.730527 6_5 58| 479.743|0.483045 |0.437056
6_6 62 476 10.498756 0.206879 6_6 65| 467.452]0.531933 | 0.292071
7_1 76 444 10.628322 0.338066 7_1 73| 442.389|0.629063 |0.70363
7 2 83 42710.692824 0.405059 7 2 79| 429.897|0.675534 |0.653535
7_3 43 511/0.358189 0.467353 7_3 27| 549.632|0.229836 |0.577542
7_4 21 558 |0.198593 0.840016 7_4 18| 570.907|0.170167 |0.807019
7_5 41 514 |0.346685 0.544646 7_5 40| 515.049]0.34651 0.665933
7_6 96 401.5]0.779247 0.127687 7_6 90| 406.324|0.755954 |0.461054
8 1 79 440.5|0.641861 0.194481 8 1 76| 439.157|0.641406 |0.524448
8 2 58 487.510.451428 0.0941906 |8 2 52| 494.197]0.42605 0.351965
8_3 87 422.5]0.709154 0.187581 8_3 97| 392.567[0.797826 |0.221878
8_4 35 526.5|0.300769 0.620338 8_4 39| 517.267|0.338317 |0.669433
8_5 118 248.5|0.993468 0.454155 8_5 117 271.26]0.983819 |0.418758
8_6 82 430.5[0.679931 0.345265 8_6 67| 457.475|0.571173 ]0.611239
9.1 80 436]0.65918 0.29927 9.1 92| 403.269(0.76576 0.359564
9 2 105 376.510.849836 0.0725927 |9_2 107 | 369.543]0.858018 |0.030297
9 3 28 54410.241152 0.616138 9 3 23| 556.578|0.209167 |0.761624
9 4 13 58710.125113 0.785421 9 4 7| 617.85710.0760533 | 0.848515
95 113 320 0.950513 0.453055 9.5 110| 344.894|0.908349 |0.187381
9 6 111 349.5]10.907593 0.0912909 |9 6 111]| 343.007]0.911614 |0.125287
10_1 75 444.5|0.626416 0.425557 10_1 71| 447.733|0.608794 |0.662134
10_2 57 488 | 0.44944 0.140886 10_2 46| 508.397|0.371283 |0.29997
10_3 10 604 | 0.0919728 |0.69583 10_3 6| 627.88)|0.0622762|0.79652
10_4 4 645]0.0388593 |0.70333 10_4 2| 671.875|0.022644 |0.772023
10_5 77 441.5]0.63801 0.352665 10_5 56| 485.636|0.459604 |0.343866
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10_6 94 406 | 0.764921 0.153085 10_6 75| 439.644|0.639586 |0.620238
11 1 66 455 0.584441 0.860514 11 1 72| 444.296 | 0.622005 |0.722728
11 2 14 580/0.140982 0.863214 11 2 19| 570.901|0.170187 |0.70173
11 3 38 520|0.324284 0.59554 11_3 37| 520.288|0.327483 |0.748525
11 4 12 5980.102898 0.593541 11 4 24| 555.711|0.211724 |0.684332
11 5 11 601]0.0971711 ]0.637036 11 .5 10| 596.927]0.111615 ]0.917108
12 1 32 532|0.281398 0.70423 12 1 41| 512.251]0.35689 0.691131
12 2| 115 305]0.965366 0.394161 12 2| 114] 315.652]0.95007 0.264074
12 3| 114 31410.957045 0.405859 12_3| 113] 324.581]0.939236 |0.230677
12 4 56 488.5|0.447414 0.19788 12 4 43| 511.6240.359195 |0.479952
12 5| 103 377 10.848569 0.212479 12 5| 104| 380.763]|0.830293 |0.0287971
12 6 81 430.5|0.679931 0.469253 12 6 83| 425.018|0.692989 |0.413759
13 1 8 610]0.082105 0.812319 13 1 5] 628.962|0.0608974|0.891111
13 2 23 556 10.204402 0.69943 13 2 29| 544.744 | 0.24507 0.553045
13 3 89 413|0.741921 0.380862 13 3 96| 395.428|0.789521 |0.227377
13 4 70 450 | 0.604499 0.718428 13_4 91| 405.316|0.759178 |0.383562
14 1 53 491.5]0.435174 0.361964 14 1 59| 478.51|0.487972 |0.383362
14 2| 107 36710.872275 0.10349 14 2| 112] 336.219]0.922779 |0.142686
14 3| 109 360]0.887307 0.0790921 |14 3| 115| 314.004|0.951905 |0.140086
14 4| 117 262.5|0.989586 0.649435 14 4| 118)| 264.353]|0.986806 |0.20128
14_5 97 399.5|0.785439 0.108489 14 5 82| 425.138|0.692596 |0.526747
15_1 63 467.5]0.533694 0.559344 15_1 61| 469.216|0.524866 |0.671133
15_2 36 526 |0.302533 0.522648 15_2 49| 499.24610.406399 |0.434857
15_3| 104 37710.848569 0.124688 15_3 94| 397.868[0.782281 |0.355064
15 4| 112 320]0.950513 0.642636 15.4| 109| 358.545|0.88237 0.0491951
16_1 27 548 10.22855 0.552645 16_1 44| 511.32]10.360371 ]0.374963
16_2 16 566.50.174997 0.958204 16_2 34| 529.625|0.294843 |0.657934
16_3 42 511.5/0.356288 0.562644 16_3 60| 476.108|0.497604 |0.39986
16_4| 110 355.5|0.896435 0.0792921 |16_4| 100| 388.251|0.809953 |0.09989
17_1 98 396 |0.796281 0.126187 17_1| 103| 386.997]0.813515 |0.0128987
17 2 3 645]0.0388593 | 0.867913 17 _2 4| 631.057|0.0583516 | 0.944406
17_3 9 605.5|0.089372 0.794721 17_3 14| 588.053|0.129669 |0.741226
17_4 17 566 |0.176368 0.924708 17 4 30| 543.956|0.247597 |0.464454
18_1 95 40410.771322 0.131387 18_1 78| 430.356|0.673926 |0.742026
18 _2 34 527.5|0.297186 0.690131 18_2 22| 560.235|0.198642 |0.738326
18_3 86 424.5]0.701997 0.20048 18_3 62| 469.121|0.525238 |0.559744
18 4 26 548 |0.22855 0.677932 18 4 13| 592.09|0.121275 ]0.742226
19 1 92 406.5|0.76326 0.327867 19_ 1| 106| 376.121|0.842055 |0.0138986
19_2| 100 390.5/0.812198 0.113989 19_2 87| 413.462|0.73302 0.50185
19_3 25 549.50.223944 0.734027 19_3 20| 570.688|0.170716 |0.582042
19.4| 108 362.5/0.882034 0.107689 19_4 99| 390.586|0.80344 0.113189
20_1 51 493.510.427167 0.485751 20_1 69| 455.636|0.578308 |0.463754
20_2 39 519.5/0.326189 0.50035 20_2 55| 489.659|0.443833 |0.252675
20_3 44 509.5/0.364123 0.430157 20_3 70| 454.666 | 0.582075 |0.39606
21 1 90 413]0.741921 0.268673 21 1 93| 399.085[0.778604 [0.422758
21 2 85 425.5|0.698345 0.253475 21 2 84| 422.099|0.703329 |0.442156
22 1| 102 380|0.840898 0.223678 22 1| 101| 387.737[0.811424 |0.0553945
22 2 71 4491 0.608544 0.659634 22 2 88| 412.981|0.734572 | 0.40006
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Table S6. Results for SPT in A) ALL families and B) EUR families, for weighted and
unweighted GSMA, using 30 cM bins.

Pos: position, with 1 assigned to bin with highest summed rank and most significant psg

SR: summed rank

psr: summed rank p-value. The nominal probability that a bin would achieve or exceed the
observed summed rank under the null hypothesis of no linkage in the bin.

por: ordered rank p-value. The probability that the kth highest summed rank achieves or exceeds
an observed summed rank under the null hypothesis of no linkage in the bin.

A. ALL families

SPT
UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS

BIN | Posn SR Psr Por BIN | Posn SR Psr Por

11 105 325 0.944356 0.9979|1 1 111] 302.4 0.955557 0.872113
12 18 587 0.12513 0.160584 |1 2 24| 584.4 0.152112| 0.0276972
13 16| 592.5 0.113698 0.216378|1_3 15| 625.6| 0.0757287| 0.0123988
14 26| 569.5 0.166628| 0.0251975|1 4 18| 615.1| 0.0919389|0.00529947
15 8| 658.5| 0.0281864|0.00969903|1_5 8| 661.8| 0.0353406| 0.0382962
16 9 652| 0.0331161|0.00889911|1_6 5| 684.3| 0.0201941| 0.0763924
17 31| 564.5 0.179795|0.00119988|1_7 27| 566.7 0.195745 0.128487
1.8 55 481 0.478751 0.732227|1_8 56| 477.8 0.491436 0.782522
1.9 63| 471.5 0.517738 0.330067|1_9 70| 429.3 0.667365 0.9976
110 82| 413.5 0.74041 0.965503(1_10 74 421 0.695702 0.9969
2.1 91| 379.5 0.841725 0.9983|2_1 96| 359.9 0.864699 0.988101
2.2 86 398 0.789868 0.993901|2_2 89| 386.6 0.799695 0.973803
2_3 103 329 0.939173 0.9996|2_3 95| 363.1 0.857733 0.988601
2_4 94| 368.5 0.868285 0.9987|2_4 88| 387.4 0.797537 0.984502
2.5 77| 439.5 0.646248 0.474653|2_5 91| 375.1 0.829255 0.993001
2_6 48 502 0.393779 0.373063|2_6 49| 510.1 0.373751 0.080192
2.7 51| 485.5 0.460321 0.881812|2 7 47| 515.4 0.355383| 0.0722928
2_8 110| 313.5 0.957223 0.955404|2_8 115] 273.2 0.978769 0.768923
2.9 116| 276.5 0.983827 0.707629|2_9 113] 291.2 0.965949 0.80092
3_1 88| 393.5 0.803334 0.990601|3_1 97| 358.9 0.866925 0.978202
3.2 104 328 0.940514 0.9987|3_2 93| 363.8 0.856138 0.9981
3_3 28| 566.5 0.174472 0.010199|3_3 21| 604.2 0.110956| 0.0029997
3.4 10 642 | 0.0417669| 0.0130987|3_4 12| 648.1| 0.0480601|0.00419958
3_5 705]0.00765847| 0.0120988|3_5 3] 730.1/0.00506017 | 0.0190981
3_6 1| 788.5[0.00026356 0.030497 |3_6 1|813.3/0.00012627| 0.0148985
3_7 96| 360.5 0.885647 0.9995|3_7 104 | 342.8 0.898714 0.835116
3_8 100 343 0.918283 0.9997|3_8 107] 323.9 0.929387 0.910409
4 1 67 463 0.552589 0.346565|4_1 62| 455.9 0.572535 0.969903
4 2 98| 354.5 0.897735 0.999(4_2 94| 363.4 0.856865 0.994501
4_3 106| 324.5 0.944957 0.9955|4_3 109| 316.4 0.939465 0.858414
4 4 40 512 0.354587 0.765623 |4_4 38| 538.2 0.279148| 0.0739926
4 5 49 497 0.413709 0.540146 |45 32| 554.9 0.228495| 0.0665933
4 6 32| 551.5 0.217286| 0.0310969 |4 _6 30| 560.6 0.21259| 0.0705929
4_7 99 346 0.913342 0.9996 4 7 103 | 344.1 0.896286 0.893311
51 14| 618.5| 0.0696974| 0.0142986|5_1 36| 548.9 0.246093| 0.0217978
5 2 23 577 0.148069| 0.0439956|5_2 46| 516.4 0.351815 0.10169
5 3 56 480 0.482912 0.681132|5_3 71| 428.7 0.669335 0.9959
5 4 37| 527.5 0.297071 0.323968|5_4 44| 518.7 0.343834 0.176482
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55 54 482 0.474677 0.784922 |5 5 50| 509.3 0.376547| 0.0528947
56 33 551 0.218796| 0.0163984|5_6 19| 606.1 0.107405| 0.0143986
57 83 407 0.761864 0.989301 |5 7 64| 451.9 0.587015 0.964104
6_1 107 322 0.947904 0.991501|6_1 117 264.7 0.98332 0.394761
6_2 29| 566.5 0.17447210.00389961 |6_2 45| 517.5 0.348178 0.140086
6_3 6 684 | 0.0142678|0.00559944|6_3 17] 620.1| 0.0839448|0.00509949
6_4 30 566 0.17579710.00229977 |6_4 39| 529.5 0.307409 0.240476
6_5 87 398 0.789868 0.983802 | 6_5 82| 396.6 0.77131 0.9992
6_6 59| 477.5 0.493091 0.459854 |6_6 68| 431.2 0.66091 0.9997
7_1 47 503 0.389842 0.437456|7_1 67| 437.7 0.638066 0.9969
7 2 79 426 0.696582 0.875112|7_2 791 402.9 0.752811 0.9993
7_3 57 480 0.482912 0.566043 |7_3 58| 471.5 0.514695 0.846815
7_4 25| 574.5 0.154068 | 0.0159984 |7 4 26| 575.9 0.172247| 0.0385961
7.5 112| 300.5 0.968993 0.943006|7_5 116 | 265.6 0.98287 0.670833
7_6 73| 443.5 0.630708 0.724528|7_6 90| 381.9 0.812037 0.982502
8.1 21| 584.5 0.130661| 0.0381962|8_1 16| 620.4| 0.0834059| 0.0116988
8 2 114| 289.5 0.97672 0.871713|8_2 106 | 330.8 0.919015 0.883912
8_3 34| 547.5 0.229718| 0.0206979|8_3 34| 552.6 0.234984| 0.0329967
8_4 45 505 0.382019 0.570843 |8_4 53| 496.5 0.422921 0.20438
8.5 70 454 0.589343 0.509949 |8_5 76| 410.8 0.728609 0.9996
8_6 118 240 0.995136 0.552845|8_6 118] 210.6 0.997483 0.737926
9.1 69 456 0.581096 0.513549(9_1 75| 415.8 0.712632 0.9988
9 2 80 417 0.728386 0.977402|9_2 77| 409.2 0.733543 0.9995
9 3 36 532 0.281175 0.23357719_3 37| 547.5 0.250207| 0.0127987
9 4 24 577 0.148069| 0.0184982|9 4 28| 562.6 0.206777 0.153085
9.5 85 399 0.786882 0.997|9_5 66| 444.3 0.614424 0.985201
9_6 108 318 0.952452 0.987801|9_6 100] 350.1 0.884857 0.963404
10_1 42 508 0.370213 0.754725[10_1 31| 555.2 0.227846 0.118288
10_2 15 601 | 0.0975465 0.130087 (10 2 9| 652.7| 0.0434415| 0.0484952
10_3 38| 518.5 0.3299 0.670033|10_3 33| 553.6 0.232184 0.049595
10_4 17| 589.5 0.119799 0.192781 |10 _4 22| 603.2 0.112803 | 0.00089991
10_5 53| 483.5 0.468617 0.811019]10_5 41| 524.5 0.324001 0.239676
10_6 84| 400.5 0.782323 0.9971|10_6 86| 389.7 0.79125 0.9951
11 1 76 441 0.640528 0.512949 11 1 84| 396.4 0.772045 0.993901
11 2 5 690| 0.0120432| 0.0108989|11 2 6| 682.4| 0.0212457 0.030397
11 3 44 505 0.382019 0.691231 |11 3 48| 512.2 0.366523 | 0.0884912
11 4 35| 544.5 0.239333| 0.0231977|11 4 23| 596.9 0.12508 | 0.00359964
11 5 41 510 0.362425 0.760024 |11 5 25| 580.3 0.161696| 0.0307969
12 1 13 621| 0.0662076| 0.0241976(12_1 13| 635.9| 0.0618127| 0.0135986
12_2 46| 503.5 0.387906 0.529147 (12 2 40| 529.4 0.30762 0.152985
12_3 62 472 0.515731 0.417958 |12 3 61| 459.6 0.558918 0.954705
12 4 50 486 0.458317 0.917908 |12 4 63| 453.4 0.581586 0.971203
125 20 585 0.129473| 0.0672933|12 5 51| 503.4 0.397829 0.128187
126 78| 430.5 0.680077 0.806419|12 6 83| 396.4 0.771748 0.9971
13_1 58 479 0.486988 0.493351[13_1 35 551 0.239785| 0.0247975
13 2 12 624 | 0.0622703| 0.0357964 |13 2 14| 627.7| 0.0726788| 0.0218978
13 3 74 443 0.632649 0.636736|13 3 69| 429.7 0.665989 0.9998
13 4 68 456 0.581096 0.627737113 4 43| 520.6 0.337212 0.19698
14 1 113 296 0.972313 0.905209(14 1 92| 368.3 0.845818 0.9973
14 2 97| 354.5 0.897735 0.9998 |14 2 102 | 344.2 0.896178 0.945905
14 3 65 466 0.540372 0.409659|14_3 85| 394.8 0.776581 0.990801
14 4 109 317 0.953565 0.970203 14 4 110] 313.5 0.943072 0.80162
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14 5 115| 277.5 0.983369 0.876412|14 5 101 | 346.8 0.891355 0.957904
15_1 39| 513.5 0.348897 0.79552 (15 1 42| 520.8 0.336666 0.288271
15_2 61 474 0.50751 0.423658|15_2 59| 468.1 0.527359 0.879612
15_3 89| 391.5 0.809104 0.989201|15_3 87| 387.8 0.796307 0.993301
15 4 66 466 0.540372 0.291371]15_4 60| 465.9 0.535437 0.872813
16_1 92 378 0.845565 0.997]16_1 105| 334.4 0.913075 0.90311
16_2 60| 475.5 0.50133 0.455954|16_2 73 422 0.692199 0.9981
16_3 71 452 0.597263 0.49865[16_3 81| 399.4 0.763383 0.9988
16_4 101 338 0.926281 0.9997|16_4 108 321.7 0.932434 0.866913
17 1 7| 681.5]| 0.0153195]0.00079992|17_1 7| 666.2 0.031833| 0.0630937
17 2 3 775(0.00051949 1.00E-04 |17_2 4 723 0.00640508 | 0.00619938
17_3 2| 781.5|0.00038475|0.00159984 17 3 2| 748.8| 0.0025339| 0.0327967
17 4 11 638| 0.0457872|0.00879912|17_4 10| 652.1| 0.0440161| 0.0178982
18 1 95 367 0.871759 0.9983|18_1 98| 355.1 0.874886 0.979102
18 2 72 446 0.620822 0.706129|18 2 65| 448.5 0.599395 0.974903
18 3 102| 331.5 0.935758 0.9999|18_3 99| 352.2 0.880792 0.974803
18 4 111 306 0.964374 0.959304 |18 4 114] 291.1 0.965959 0.624338
19 1 64| 469.5 0.525957 0.324068|19_1 52| 502.3 0.401825| 0.0985901
19 2 90 381 0.837906 0.9986|19_2 72| 424.3 0.684616 0.9987
19 3 52| 485.5 0.460321 0.813819|19 3 54| 496.3 0.423481 0.132987
19 4 75| 441.5 0.638588 0.60184 (19 4 78| 408.8 0.734588 0.9988
20_1 43| 505.5 0.380053 0.771823|20_1 29| 562.4 0.207551| 0.0931907
20_2 81 416 0.731853 0.965603|20_2 571 472.8 0.510138 0.876512
20_3 27 569 0.167839| 0.0120988|20_3 55| 494.6 0.429599 0.116188
21 1 22| 583.5 0.132847| 0.0226977|21_1 11| 650.9| 0.0451932]0.00739926
21 2 19| 586.5 0.126228| 0.0971903 |21 2 20| 604.6 0.110185|0.00839916
22 1 93 374 0.855415 0.998[22_1 80| 399.8 0.762049 0.9995
22 2 117 252 0.992514 0.778822122_2 112] 297.5 0.960258 0.832617

B. EUR families

SPT
UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS

BIN | Posn SR Psr Por BIN Posn SR Psr Por
11 106 286 0.928538 0.953505|1_1 108 | 261.696 0.955974 0.992101
12 18 527 0.110872| 0.0526947|1_2 14| 540.718| 0.0901779 0.126687
13 25 497.5 0.185899 0.19788[1_3 24| 509.632 0.158686| 0.0530947
14 34 475.5 0.25769 0.163184 |1 4 30| 499.731 0.185965|0.00719928
1.5 14 551| 0.0677042]0.00829917|1 5 19| 523.188 0.125617| 0.0939906
16 16 537 | 0.0912609| 0.0327967|1_6 17| 532.889 0.104916 0.060294
17 26 496.5 0.18885 0.144486 |1 7 28| 502.357 0.178471| 0.0171983
18 59 415 0.505328 0.633437|1_8 67| 403.838 0.55136 0.323968
19 41 457.5 0.325439 0.254875|1.9 40| 464.621 0.302508 0.114089
110 70 399.5 0.573136 0.284872|1_10 43| 455.07 0.338929 0.212679
2.1 81 365.5 0.712403 0.867013 |12 1 78| 384.541 0.631519 0.174283
2.2 77 384 0.638627 0.364164 |2 2 60| 415.167 0.503229 0.482852
2.3 109 274.5 0.945491 0.917608|2_3 97| 297.33 0.90141 0.9998
2_4 91 317.5 0.86454 0.9999|2_4 88| 333.464 0.812761 0.9964
2.5 55 425.5 0.459526 0.468653|2_5 69| 401.981 0.559108 0.219178
2_6 51 430 0.440049 0.673633|2_6 53| 427.914 0.44925 0.557444
2.7 71 397.5 0.581705 0.286871|2_7 70| 398.286 0.574801 0.30067
2_8 100 299.5 0.904362 0.9965|2_8 104 | 284.494 0.924781 0.987301
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29 114 222 0.987795 0.989001 |2 9 112 ] 214.174 0.98917 1
3.1 79 379.5 0.65708 0.384462 |3 1 79| 383.063 0.637427 0.152085
3.2 111 257 0.965053 0.962304 |3 _2 109 | 260.922 0.956818 0.980202
3.3 32 479.5 0.243733 0.188181[3_3 27| 503.296 0.175851 0.029797
3 4 11 562 | 0.0528144| 0.0245975|3_4 9| 569.586| 0.0483737| 0.0873913
3.5 7 602 | 0.0184212|0.00429957|3_5 6| 612.65| 0.01535590.00529947
3_6 3 679.5|0.00109322 | 0.00019998 | 3_6 3| 695.247]0.00059322 | 0.00019998
3.7 89 331.5 0.826931 0.9988|3_7 89| 330.872 0.820446 0.9965
3_8 90 329 0.834033 0.99873_8 85| 342.99 0.783411 0.994101
4 1 68 404 0.553493 0.252375]4_1 73| 394.267 0.591349 0.19578
4 2 92 313.5 0.874032 114 2 90| 328.081 0.828448 0.9966
4 3 103 293.5 0.915673 0.982302 [4_3 99| 296.022 0.903935 0.999
4 4 57 420 0.483261 0.564444 |[4_4 59| 415.277 0.502777 0.60064
4 5 75 392 0.60496 0.168883 (4 5 65| 405.65 0.543724 0.452855
4 6 35 470.5 0.275649 0.263474 |4_6 39| 465.989 0.297404 0.140386
4 7 107 282 0.934811 0.947105(4_7 111 | 253.693 0.964279 0.956504
51 6 604.5| 0.0171415 0.010499|5_1 7| 602.899| 0.0203763|0.00669933
52 10 563 | 0.0516322| 0.0543946 |5 2 11| 565.228| 0.0534593| 0.0278972
53 36 466 0.292415 0.374363 |5_3 41| 464.107 0.304495| 0.0744926
5 4 31 480 0.241989 0.262574 |5 _4 31| 492.606 0.207104| 0.0267973
55 74 392.5 0.602835 0.238376|5_5 75| 387.412 0.619701 0.328867
56 48 441 0.393142 0.364364 |5_6 45| 453.642 0.344479 0.111789
57 96 307 0.888753 0.9999|5_7 96| 297.695 0.900684 1
6_1 95 308 0.886492 0.99996_1 107 | 274.288 0.940264 0.971703
6_2 19 523 0.119706 0.059694 |6_2 291 500.305 0.184364 | 0.0142986
6_3 4 640.5|0.00525169| 0.0019998 |6_3 5| 618.781 0.01275| 0.0118988
6_4 13 552 | 0.0662135| 0.0221978|6_4 8| 580.715| 0.0369008 0.050395
6_5 83 364 0.718032 0.752125|6_5 80| 382.084 0.64126 0.116088
6_6 38 463.5 0.301958 0.2781726_6 38| 466.748 0.29465 0.189681
7_1 28 489 0.212131 0.20977917_1 34| 474.213 0.267721 0.265873
7 2 61 412 0.518333 0.578542 |7 2 50| 434.24 0.422967 0.548245
7_3 54 425.5 0.459526 0.589041|7_3 57| 422.586 0.471901 0.39806
7_4 23 507.5 0.15783| 0.0935906|7_4 21| 515.334 0.144193 0.108489
7_5 105 286.5 0.927733 0.978202|7_5 106 | 275.576 0.938386 0.985801
7_6 52 429.5 0.442212 0.587041|7_6 64 | 409.969 0.525234 0.316868
8_1 29 483.5 0.230138 0.330967(8_1 32| 490.549 0.213439| 0.0217978
8 2 115 205.5 0.993225 0.993301(8_2 117] 193.793 0.994961 0.885011
8_3 37 465.5 0.294351 0.288771[8_3 44 | 454.436 0.341376 0.156784
8_4 40 459.5 0.317445 0.261174 8_4 35| 471.666 0.276759 0.276372
8_5 49 440 0.397414 0.309369 |8_5 47| 443.412 0.385066 0.370863
8_6 112 226 0.985992 0.9991|8_6 113] 212.047 0.989934 0.9994
9.1 62 410.5 0.524951 0.550345[9_1 81| 378.01 0.657469 0.182482
9 2 86 356 0.747299 0.80352|9_2 87| 335.596 0.806402 0.9972
9 3 44 446.5 0.370242 0.523948 |9_3 49| 440.601 0.396613 0.30057
9 4 21 512 0.146127 0.129887|9_4 26| 504.09 0.173617| 0.0464954
95 99 302.5 0.898235 0.9968|9_5 98 | 296.806 0.902455 0.9995
9 6 113 225 0.986471 0.9967 |9 6 116 | 195.601 0.994581 0.978002
10_1 72 394 0.596592 0.369763(10_1 76| 385.489 0.62767 0.325067
10_2 27 490 0.208901 0.271873[10_2 25| 504.969 0.171161| 0.0735926
10_3 46 443 0.384808 0.489851|10_3 36| 470.438 0.281184 0.226677
10_4 20 516.5 0.134702 0.10489|10_4 16| 533.318 0.104058 0.109489
10_5 66 405.5 0.546768 0.382662[10_5 51| 431.089 0.436123 0.610639
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10_6 82 364 0.718032 0.843916|10_6 83| 368.139 0.695324 0.444856
11 1 60 413 0.513952 0.635936 (11 1 71| 395.285 0.587185 0.352265
11 2 5 621| 0.0102576|0.00369963 |11 2 4| 633.845| 0.0077644 |0.00929907
11 3 45 443 0.384808 0.608639|11_3 46| 452.788 0.347722 0.079792
11 4 53 427.5 0.450932 0.585341 |11 4 54| 427.364 0.451552 0.474253
11 5 73 394 0.596592 0.262274 |11 5 62| 410.583 0.522645 0.521048
12 1 22 509 0.153857 0.125387 (12 1 33| 483.33 0.236643| 0.0719928
12_2 65 407 0.540222 0.412259(12 2 72| 395.061 0.588104 0.251975
12_3 56 421 0.478939 0.624438 12 _3 58| 416.49 0.497661 0.645235
12 4 43 449.5 0.357795 0.465253 |12 4 48| 441.814 0.391572 0.343366
12 5 9 571| 0.0425805| 0.0416958 |12 5 13| 550.124| 0.0744889| 0.0619938
12 6 58 416.5 0.49866 0.658934 12 6 55| 426.72 0.454405 0.39506
13 1 78 380 0.6551 0.479252 (13 1 61| 414.633 0.505506 0.39626
13 2 15 550| 0.0691576|0.00359964 |13 2 12] 559.391| 0.0609855| 0.0289971
13 3 69 401 0.566673 0.307169(13 3 68| 402.091 0.558648 0.308169
13 4 87 354 0.754424 0.790021 |13 4 82| 372.638 0.678258 0.326967
14 1| 116 198 0.995026 0.983202 (14 1 114 | 205.596 0.991998 0.9983
14 2 97 305.5 0.891925 0.999)14 2 103 | 287.489 0.91971 0.989701
14 3 42 452 0.347603 0.442856 |14 3 56| 424.474 0.463917 0.410959
14 4| 104 287 0.926932 0.990801 |14 4 100 | 294.934 0.906096 0.9973
14 5| 117 186.5 0.996889 0.950905[14 5 115] 196.379 0.99441 0.9962
15_1 30 480.5 0.240261 0.353165[15_1 18| 527.746 0.115454 | 0.0784922
15_2 47 442 0.388963 0.426457|15_2 37| 469.07 0.286181 0.193881
15_3 88 333.5 0.821152 0.9994|15_3 92| 317.876 0.855403 0.9993
15 4 64 409 0.531407 0.40246 15 4 63| 410.394 0.523434 0.40286
16_1 84 364 0.718032 0.650435[16_1 84| 355.113 0.742754 0.90341
16_2 39 461.5 0.309641 0.270573]16_2 42| 456.243 0.334292 0.258574
16_3 50 438 0.405755 0.30457|16_3 521 430.101 0.440208 0.548045
16 4| 101 298 0.907209 0.992301|16_4 105]| 282.027 0.92866 0.979402
17 1 8 592 | 0.0245483|0.00419958 17 1 10| 568.942| 0.0490915 0.040296
17 2 1 727.5 6.02E-05]0.00709929 |17_2 1] 729.039 6.44E-05 | 0.00759924
17_3 2 718.5]0.00011356|0.00019998 |17_3 2| 724.101 9.15E-05 1.00E-04
17_4 17 530.5 0.103612| 0.0548945|17_4 23] 512.163 0.152141| 0.0593941
18_1 93 312.5 0.87636 0.9998 18 1 102 | 288.058 0.918742 0.9955
18 _2 80 367 0.706637 0.885711|18 2 86| 340.883 0.790153 0.993101
18 3| 108 280.5 0.937036 0.908409|18_3 101 ] 292.592 0.910475 0.9958
18 4| 110 269.5 0.951832 0.908009 |18 4 110| 254.417 0.963568 0.981102
19 1 85 356.5 0.745495 0.862714 (19 1 91| 326.688 0.832345 0.993801
19 2| 102 295.5 0.911989 0.988701 |19 2 95| 298.429 0.899203 1
19_3 63 410 0.5271 0.459354[19_3 66 | 404.048 0.550473 0.427657
19 4 67 405 0.548993 0.29937[19_4 74| 390.632 0.606517 0.270773
20_1 76 387.5 0.623916 0.286871[20_1 77| 384.68 0.630909 0.257174
20_2 94 310 0.882007 0.9999[20_2 93| 308.32 0.878153 1
20_3 12 555| 0.0619338| 0.0309969|20_3 15] 540.218| 0.0911025| 0.0714929
21 1 33 479.5 0.243733 0.115688 (21 1 20| 518.724 0.13606 0.108589
21 2 24 503.5 0.168798 0.113589|21 2 22| 512.288 0.151811 0.108089
22 1 98 304 0.895126 0.9985[22 1 94| 305.004 0.88562 0.9999
22 2| 118 175 0.998177 0.80272 |22 2 118] 171.006 0.998168 0.80242
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Table S7. Results for SPT to HDM in A) ALL families and B) EUR families, for weighted
and unweighted GSMA, using 30 cM bins.
Pos: position, with 1 assigned to bin with highest summed rank and most significant psg

SR: summed rank

Psr:

observed summed rank under the null hypothesis of no linkage in the bin.

summed rank p-value. The nominal probability that a bin would achieve or exceed the

por: ordered rank p-value. The probability that the kth highest summed rank achieves or exceeds

an observed summed rank under the null hypothesis of no linkage in the bin.
A. ALL families

SPT to HDM
UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS

BIN | Posn SR Psr Por BIN | Posn SR Psr Por

11 94 400.5 0.782112 0.349665(1 1 96 384.629 0.816413| 0.611039
12 37 531.5 0.284574 0.181582|1 2 33 545.648 0.24582| 0.132387
13 23 564.5 0.181457 0.357164|1_3 23 574.793 0.164182| 0.150085
14 42 524 0.311101| 0.0691931|1 4 53 491.031 0.439317| 0.414959
15 46 511 0.359711 0.169283|1_5 54 489.06 0.446846 0.40116
16 15 608.5 0.0852457| 0.0419958|1_6 16 608.394| 0.0941618]|0.0462954
17 30 550.5 0.222003 0.146185|1 7 44 511.607 0.361945 0.40076
18 33 543 0.245843 0.134487|1_8 45 508.97 0.371513| 0.417158
1.9 91 404 0.771049 0.562344(1_9 91 395.119 0.787058| 0.772523
110 82 417.5 0.726186 0.907109|1_10 82 419.031 0.711558| 0.779422
2.1 20 579 0.144287 0.19668|2_1 18 598.721 0.111563|0.0564944
2.2 50 497 0.414488 0.425357 (2 2 50 498.69 0.410042| 0.364564
2_3 49 497.5 0.412494 0.518548|2_3 55 486.028 0.458672| 0.448655
2_4 93 403 0.774243 0.363364 |2 _4 93 390.261 0.800932| 0.743826
2.5 83 416 0.731346 0.884712|2_5 77 431.714 0.666999| 0.753025
2_6 38 531.5 0.284574 0.111489]2_6 36 534.041 0.283153| 0.262974
2.7 7 649.5 0.0353932 0.106789 |2 7 9 648.899| 0.0415779|0.0366963
2_8 81 417.5 0.726186 0.950305|2_8 99 379.846 0.828991| 0.410259
2.9 116 262 0.989097 0.869913|2_9 117 242.119 0.992939 0.80112
3.1 114 274.5 0.984155 0.968203|3_1 114 298.712 0.964224| 0.582442
3.2 71 437.5 0.653232 0.979202|3_2 69 443.06 0.624996| 0.950105
3_3 8 634 0.0502415 0.219878|3_3 10 641.175] 0.0491389|0.0423958
3_4 5 661 0.0264907 0.193181|3_4 5 662.069| 0.0306229| 0.288071
3_5 16 602 0.0964525 0.059694 |3_5 11 630.622| 0.0613508|0.0758924
3_6 6 654.5 0.0312745 0.149685|3_6 3 680.33| 0.0193441| 0.405959
3_7 59 479 0.487632 0.378962|3_7 47 503.2 0.392917| 0.481352
3_8 76 422 0.71051 0.9953]3_8 51 498.277 0.411581| 0.276572
4 1 99 376.5 0.848472 0.71242914_1 109 327.707 0.931654| 0.737826
4 2 103 359.5 0.886821 0.788121 14 2 106 331.646 0.926138| 0.938906
4 3 117 234.5 0.995591 0.91030914_3 118 214.928 0.997431| 0.736026
4 4 98 392 0.807199 0.23597614_4 98 383.138 0.820376| 0.409159
4 5 104 355 0.895777 0.79702 (4.5 94 388.888 0.80473| 0.691231
4 6 89 409.5 0.753236 0.55384514_6 72 436.092 0.650905| 0.952805
4 7 75 429 0.685144 0.978602 |4 _7 92 391.702 0.796819| 0.791921
51 43 523 0.314698| 0.0492951|5_1 31 551.58 0.227688| 0.124088
5 2 70 439 0.647473 0.982802|5_2 83 418.034 0.714891| 0.719028
5 3 18 589.5 0.120756 0.119488|5_3 20 589.47 0.130452|0.0766923
5 4 85 415 0.734741 0.750925|5_4 70 439.292 0.639061| 0.968203
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55 90 408.5 0.756554 0.476852 |5 5 86 409.564 0.74267| 0.750125
56 57 486 0.458974 0.229677|5_6 58 475.232 0.500793| 0.690031
57 27 556.5 0.204138 0.209679 |5 7 29 557.418 0.210472| 0.118188
6_1 111 313.5 0.956175 0.881712|6_1 116 275.706 0.980107| 0.578242
6_2 79 419.5 0.719293 0.977902|6_2 84 413.652 0.729489| 0.789421
6_3 24 560 0.194122 0.41775816_3 27 567.128 0.183883 ] 0.0592941
6_4 80 418.5 0.722782 0.966603 | 6_4 63 459.613 0.561755| 0.878812
6_5 67 456 0.580963 0.739926 |6_5 68 443.181 0.624528| 0.972903
6_6 95 399 0.786577 0.29717(6_6 73 433.881 0.659114| 0.950605
7_1 100 368.5 0.867337 0.841216|7_1 104 340.004 0.91292| 0.949205
7 2 73 433.5 0.668301 0.976902 |7 _2 88 404.728 0.757965| 0.732927
7_3 11 623 0.063616| 0.0953905|7_3 12 628.215| 0.0643906 | 0.0490951
7_4 1 702.5 0.00836864 0.642036 |7_4 2 698.694 | 0.0117551| 0.405759
7.5 68 453 0.593205 0.782822|7_5 66 450.701 0.596284 | 0.935106
7_6 55 491 0.438697 0.20078|7_6 49 500.245 0.404067 0.39816
8 1 22 566.5 0.176002 0.40216|8_1 17 606.461 0.097355| 0.0305969
8 2 34 543 0.245843| 0.0773923|8 2 37 531.326 0.292257| 0.267573
8_3 62 473 0.512233 0.369963 |8_3 57 478.6 0.487645| 0.623338
8_4 47 502.5 0.392632 0.478652 |8 _4 46 503.264 0.392679 0.60054
8.5 56 489.5 0.444623 0.170283|8_5 61 464.191 0.543945| 0.874713
8_6 63 467 0.53655 0.60284 |8_6 81 424.886 0.691247| 0.627737
9.1 45 512 0.355812 0.216678 9 _1 41 524.425 0.316163| 0.156784
9 2 86 415 0.734741 0.645435|9_2 79 426.978 0.683911| 0.753525
9 3 61 473 0.512233 0.489951|9_3 34 541.088 0.26012| 0.189381
9 4 88 410.5 0.749853 0.624138|9_4 67 446.779 0.611052| 0.960104
9.5 87 415 0.734741 0.52574719_5 64 458.083 0.567712| 0.862714
9_6 107 336.5 0.927511 0.888611|9_6 101 358.306 0.879144| 0.881212
10_1| 108 336 0.928247 0.807719|10_1 110 315.941 0.946821| 0.851615
10_2 65 460 0.564975 0.746425]|10_2 76 433.163 0.661759| 0.790321
10_3 60 473.5 0.510072 0.581542|10_3 78 430.888 0.67002| 0.690031
10_4 29 552 0.217559 0.179282 |10 4 25 571.34 0.172968 | 0.0872913
10_5 41 529 0.293325| 0.0351965|10_5 35 536.302 0.275634 | 0.271473
10_6 54 493 0.430677 0.20198|10_6 39 527.877 0.304173| 0.210579
11 1 53 494 0.426584 0.249975|11 1 74 433.683 0.659863| 0.913709
11 2 21 575 0.15395 0.212179|11 2 14 620.86| 0.0744237|0.0279972
11 3 40 531 0.286403| 0.0384962|11 3 42 523.914 0.317954| 0.106589
11 4 2 702.5 0.00836864 0.257674

11 5 66 456 0.580963 0.825017 |11 5 60 466.122 0.536394| 0.881612
12 1 17 594.5 0.110601 0.1038912_ 1 22 581.227 0.14871| 0.089791
12_2 13 617.5 0.0712864| 0.0460954|12_2 15 619.846| 0.0758432|0.0131987
12_3 69 447 0.616839 0.909409|12_3 87 408.12 0.747286 0.70343
12 4 3 675 0.0184669 0.374063 |12 4 4 670.006| 0.0252271| 0.347365
125 28 554 0.211619 0.20238[12 5 40 524.958 0.314363| 0.227277
126 78 420 0.717571 0.987801[12_6 90 395.781 0.785138| 0.840116
13_1 58 481 0.479377 0.38026213_1 75 433.278 0.66134| 0.863014
13 2 35 538 0.262419 0.132187|13 2 48 502.196 0.396702| 0.413959
13 3 48 500.5 0.400597 0.467753|13_3 52 492.353 0.434316| 0.463554
13 4] 105 349 0.906932 0.834917 |13 4 102 346.966 0.900905| 0.962004
14 1| 118 225.5 0.996825 0.684332|14 1 115 280.138 0.977592| 0.734527
14 2| 115 266 0.987705 0.950405|14_2 107 330.429 0.927882 | 0.890911
14 _3 77 420.5 0.715743 0.994601 |14 3 85 411.226 0.737312| 0.785321
14 _4 74 432.5 0.672036 0.965603 |14 _4 89 400.818 0.769903| 0.772323
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14 5| 101 365 0.875207 0.841516|14 5 103 341.843 0.909903| 0.968303
15_1] 109 321.5 0.947445 0.933307]15_1 111 311.51 0.951813| 0.817218
15_ 2] 102 362.5 0.88059 0.810619|15_2 97 384.352 0.817139| 0.493751
15_3 92 404 0.771049 0.439356|15_3 95 384.852 0.815814| 0.721428
15 4 52 495.5 0.420515 0.278672 |15 4 62 461.234 0.555416 0.89511
16_1| 106 345 0.913952 0.826317|16_1 108 329.767 0.928828| 0.817518
16_2 97 395.5 0.797092 0.216578|16_2 100 368.073 0.857809| 0.724128
16_3| 112 304.5 0.964604 0.89711|16_3 112 304.604 0.958811 0.80462
16_4| 113 304 0.965064 0.788121)16_4 113 304.169 0.959242| 0.653935
17 1 19 579.5 0.143057 0.286171]17_1 26 567.788 0.182088|0.0922908
17 2 4 673.5 0.0192042 0.177682|17_2 7 654.034| 0.0369847| 0.124988
17_3 10 623.5 0.0629313 0.176382|17_3 13 623.082| 0.0712432|0.0458954
17 4 31 550.5 0.222003| 0.0853915|17 4 19 592.014 0.125017]0.0926907
18 1 36 537.5 0.263995| 0.0856914|18_1 30 551.858 0.226857| 0.192181
18 2 51 496 0.418484 0.362464 |18 2 56 483.515 0.46836| 0.466653
18 3| 110 318 0.951438 0.908709|18_3 105 335.389 0.920311| 0.947905
18 4 84 415 0.734741 0.842116|18_4 80 426.72 0.68481| 0.659034
19 1 72 437 0.655188 0.966003|19_1 65 454.095 0.583109| 0.909109
19 2 12 619 0.0691254| 0.0787921]19 2 6 656.829| 0.0346237| 0.214979
19 3 64 462 0.556821 0.753825|19_3 59 474.617 0.503192 0.60464
19 4 96 398 0.789637 0.228777119_4 71 437.517 0.645661 | 0.964404
20_1 14 611 0.0811787| 0.0580942|20_1 21 585.167 0.139824|0.0843916
20_2 44 517.5 0.334773 0.107289|20_2 43 511.835 0.361073| 0.514849
20_3 39 531.5 0.284574| 0.0637936|20_3 32 548.153 0.238174| 0.143386
21 1 25 559.5 0.195531 0.317868]21_1 24 574.598 0.164709|0.0864914
21 2 26 558 0.199875 0.262774 (21 2 38 529.193 0.299594 | 0.255674
22_1 9 623.5 0.0629313 0.308569(22_1 8 648.943| 0.0415373|0.0931907
22 2 32 549.5 0.224997 0.059794 122 _2 28 558.342 0.207918| 0.167283
B. EUR families
SPT to HDM
UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS

BIN | Posn SR Psr Por BIN | Posn SR Psr Por
11 71 326.5 0.639588 0.938706|1_1 82 305.504 | 0.723565 0.887311
12 45 382.5 0.381923 0.577042 |1 2 33 410.367| 0.266988 0.376562
13 35 400.5 0.303746 0.663034|1_3 29 426.543| 0.208975 0.10419
14 53 367 0.452998 0.617038|1_4 55 355.013| 0.507038 0.952005
15 49 375 0.41607 0.578042|1_5 51 367.605 0.44983 0.787821
16 15 478.5 0.0735525| 0.00949905|1_6 14 474.7860.0837626| 0.0731927
17 34 401.5 0.299719 0.724828|1 7 47 379.899| 0.394353 0.505249
18 44 384 0.375123 0.59984|1_8 50 370.526 | 0.436465 0.732627
19 97 266 0.861379 0.961704|1 9 97 269.216| 0.847336 0.884612
110 86 296.5 0.762999 0.924508|1_10 86 296.961 0.75585 0.878512
2.1 14 479 0.0727533| 0.0225977(2_1 13 482.822| 0.069683| 0.0349965
2.2 46 381 0.388723 0.553045|2_2 45 385.497| 0.369542 0.391461
2_3 66 340.5 0.576189 0.782022)2_3 64 341.038| 0.570954 0.888311
2_4 102 261 0.874563 0.729427|2_4 101 262.445| 0.865899 0.725527
2.5 74 322 0.659522 0.913209|2_5 72 328.921| 0.625155 0.763024
2_6 36 398.5 0.311973 0.664834|2_6 38 397.939| 0.316937 0.488451
2.7 9 492.5 0.0524305 0.138686|2_7 11 486.90710.0632186| 0.0920908
2_8 100 263.5 0.868026 0.849315|2_8 103 255.42| 0.883472 0.742826
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29 118 138 0.997562 0.746725|2_9 118 142.101| 0.996769 0.679032
3.1 108 250.5 0.899169 0.30327(3_1 104 253.198| 0.888655 0.69603
3.2 70 334.5 0.603676 0.70153|3_2 70 329.098 | 0.624406 0.90011
3.3 7 501 0.0421237 0.2074793_3 12 485.28 | 0.0656872 | 0.0531947
3.4 12 483 0.0661389| 0.0569943|3_4 9 490.454 | 0.0579406 0.216678
3_5 11 489 0.0572228| 0.0481952|3_5 6 508.371[0.0361813 0.237576
3_6 4 514.5 0.0287534 0.445855|3_6 2 535.544|0.0159551 0.575542
3.7 43 384 0.375123 0.716028 3_7 37 400.366| 0.306903 0.468053
3_8 31 409 0.269807 0.6655333_8 28 435.4| 0.180293| 0.0210979
4 1 101 262.5 0.870644 0.787721 |4 1 113 234.268 | 0.927036| 0.0925907
4 2 110 245.5 0.9098 0.20368 |4 _2 111 240.151| 0.916153 0.170283
4 3 117 154.5 0.994901 0.883312 4 3 117 153.777| 0.994608 0.873613
4 4 76 321 0.663955 0.811919 (4 4 80 307.266| 0.716365 0.940406
4 5 94 279 0.823366 0.891511 4 5 87 296.538| 0.757436 0.822118
4 6 63 343.5 0.562377 0.887511 4 6 60 345.044 | 0.552606 0.964304
4 7 82 310 0.710454 0.773923 4 7 93 280.907| 0.811975 0.863014
51 17 467 0.0952008 | 0.0245975|5_1 19 463.637 0.10594| 0.0160984
52 59 355 0.509096 0.689031 |5 _2 68 330.53| 0.618033 0.955604
53 25 439.5 0.164227| 0.0424958|5_3 27 439.36| 0.168324| 0.0141986
5 4 83 309 0.714387 0.719028 |5 _4 75 321.459| 0.657795 0.838216
55 72 325.5 0.643949 0.917408 |5_5 78 311.519| 0.699314 0.941506
56 61 347 0.546226 0.894011|5_6 63 342.058 0.5663 0.912209
57 48 377.5 0.404514 0.531547(5_7 40 396.194| 0.324137 0.346565
6_1 114 222.5 0.948585 0.233877(6_1 116 197.073| 0.973451 0.368963
6_2 51 373.5 0.422922 0.429057(6_2 62 343.147| 0.561324 0.932907
6_3 10 491 0.0544788| 0.0816918(6_3 17 468.384|0.0961042| 0.0261974
6_4 47 380.5 0.390911 0.456054 |6_4 44 386.461| 0.365407 0.458254
6_5 50 374 0.420747 0.519348 |6_5 59 351.588 | 0.522572 0.839716
6_6 75 321.5 0.661725 0.869313|6_6 61 344.11| 0.556853 0.950905
7_1 96 266.5 0.859952 0.979702|7_1 105 244.975| 0.906664 0.835216
7 2 77 320.5 0.666025 0.741926 |7 _2 85 297.808 | 0.752795 0.909009
7_3 5 510 0.0327084 0.341466 |7_3 8 499.374|0.0460339 0.148185
7_4 1 537.5 0.0138305 0.822318|7_4 3 527.104 | 0.0209864 0.459754
7_5 78 320 0.668362 0.663434|7_5 76 317.978| 0.672614 0.889111
7_6 54 364 0.466895 0.691831|7_6 52 367.336| 0.451042 0.707929
8_1 23 442.5 0.155511| 0.0793921|8_1 21 461.054| 0.111491]0.00419958
8 2 29 411 0.26204 0.778722 |8 _2 43 388.798 0.35515 0.428957
8_3 68 337 0.592381 0.7738238_3 65 340.353| 0.574036 0.845315
8_4 62 346.5 0.548457 0.843416 |8_4 57 352.712| 0.517526 0.923408
8_5 84 304.5 0.732342 0.825217(8_5 79 307.904 | 0.713819 0.962504
8_6 67 339.5 0.580777 0.737426 |8_6 77 313.847| 0.689825 0.937906
9.1 39 395 0.326862 0.507449(9_1 41 394.773| 0.330012 0.312769
9 2 64 343 0.564832 0.838716(9_2 67 333.033| 0.606827 0.945005
9 3 21 453 0.127255| 0.0270973|9_3 16 468.807]0.0952906| 0.0535946
9 4 57 358 0.495 0.72782719_4 53 363.475| 0.468555 0.809619
95 56 362.5 0.473881 0.550545 |9 5 49 373.505| 0.423114 0.671633
9 6 91 284 0.807383 0.937906 |9_6 92 284.86| 0.798823 0.817918
10.1] 112 231 0.936067 0.339766|10_1| 114 218.995| 0.950186 0.256474
10_2| 105 253 0.89371 0.644736|10_2 98 268.999 0.84795 0.808919
10_3 99 263.5 0.868026 0.915008 |10_3| 100 265.204 0.85853 0.734627
10_4 24 442 0.156985| 0.0466953|10_4 26 440.646| 0.164634 0.019798
10_5 41 391.5 0.34188 0.484652|10_5 34 405.089| 0.287867 0.566243
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10_6 38 395.5 0.324714 0.606539|10_6 31 415.507| 0.247643 0.339566
11 1 69 336.5 0.594538 0.69803 |11 1 81 306.091| 0.721132 0.923208
11 2 8 493.5 0.0510949 0.233877(11 2 7 506.313|0.0382534 0.142986
11 3 52 371 0.434411 0.471453 |11 3 46 382.012| 0.384903 0.493551
11 4 2 537.5 0.0138305 0.49645 |11 4 1 548.616|0.0101144 0.715928
11 5 60 351 0.527833 0.810819|11 5 58 351.755| 0.521861 0.90001
12 1 42 389.5 0.350684 0.492051 (12 1 36 401.221| 0.303319 0.541946
12_2 18 461.5 0.106974| 0.0368963 |12 2 22 455.642| 0.124196]0.00779922
12_3 89 296 0.764913 0.714929(12_3 95 271.925| 0.839588 0.938506
12 4 3 532 0.0167644 0.319468 12 4 5 508.629|0.0359152 0.425457
12 5 37 397 0.318432 0.640236 |12 5 48 376.558 | 0.409262 0.59954
12 6 95 276 0.832492 0.89701[12 6 94 273.613| 0.834596 0.953305
13 1 73 323 0.655038 0.931607 |13 1 84 305.219| 0.724633 0.733827
13 2 55 363 0.471578 0.643236 (13 2 56 353.699| 0.513015 0.943306
13 3 58 355.5 0.50663 0.767623 |13 3 54 356.601 | 0.499814 0.957704
13 4 98 265 0.864037 0.938406 |13 4 96 269.312| 0.847054 0.934007
14 1] 115 212.5 0.960765 0.289471 14 1| 108 241.588 | 0.913355 0.549045
14 2| 107 253 0.89371 0.359764 14 _2 91 286.266 | 0.794004 0.848815
14 3 65 342.5 0.567089 0.779122 |14 3 71 329.048 | 0.624622 0.838516
14_4 87 296.5 0.762999 0.870113 |14 4 90 288.313| 0.786971 0.864014
14 5| 106 253 0.89371 0.50095|14 5| 110 240.653| 0.915173 0.279072
15 1| 116 204.5 0.968898 0.258674|15_1| 115 207.754 0.96347 0.347965
15_2 92 283.5 0.809019 0.89961|15_2 89 293.725| 0.767832 0.750325
15_3 93 281 0.81719 0.905009|15_3 99 265.936| 0.856487 0.809419
15 4 81 310.5 0.708355 0.834917 |15 4 83 305.486| 0.723632 0.812319
16_1| 111 242 0.91674 0.180082|16_1| 112 238.44| 0.919403 0.109389
16_2| 103 260.5 0.875778 0.62183816_2| 102 259.305| 0.873896 0.722728
16_3| 109 250.5 0.899169 0.180682|16_3| 109 241.43 0.91366 0.39896
16_4| 104 254 0.891403 0.737526|16_4| 106 243.895| 0.908859 0.755624
17_1 32 407.5 0.275572 0.624438 | 17_1 35 403.144 | 0.295543 0.551545
17 2 13 481.5 0.0685677| 0.0339966|17_2 15 472.794|0.0874635| 0.0492951
17_3 20 458.5 0.113805| 0.0131987|17 3 20 461.272| 0.111017| 0.0109989
17_4 27 423.5 0.215952 0.368563 17 4 23 452.967| 0.130811|0.00789921
18_1 33 402.5 0.295571 0.774123|18_1 32 414.33| 0.251977 0.287171
18 _2 79 317 0.681355 0.721928 |18 _2 73 327.543| 0.631367 0.734627
18 3| 113 230 0.937733 0.212679|18 3| 107 242.75| 0.911073 0.662134
18 4 90 285 0.804007 0.959904 | 18_4 88 295.877| 0.759899 0.758824
19 1 85 297 0.761215 0.956004 |19 1 69 329.12 0.62431 0.944506
19_2 22 448 0.140223| 0.0422958|19_2 10 487.88|0.0617076 0.156684
19_3 80 312 0.702211 0.855714[19_3 66 340.094 0.57519 0.772923
19 4 88 296 0.764913 0.813419[19_4 74 326.18| 0.637263 0.705429
20_1 28 417 0.239435 0.593741(20_1 30 416.759| 0.243065 0.393661
20_2 40 392.5 0.337518 0.540546 | 20_2 39 397.49 0.31879 0.385561
20_3 26 436.5 0.173293| 0.0488951|20_3 25 443.166 0.15736| 0.0215978
21 1 16 467.5 0.0941126| 0.0470953|21 1 18 464.12| 0.104893| 0.0311969
21 2 30 410.5 0.263899 0.70213[21_2 42 394.355| 0.331802 0.226477
22 1 6 502.5 0.0403305 0.332867 (22 1 4 521.087|0.0252805 0.344766
22 2 19 458.5 0.113805| 0.0339966 |22 2 24 443.204| 0.157263| 0.0468953
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Table S8. Results for SPTQ in EUR families, for weighted and unweighted GSMA, using 30

cM bins.

Pos: position, with 1 assigned to bin with highest summed rank and most significant psg

SR: summed rank

Psr:

observed summed rank under the null hypothesis of no linkage in the bin.

summed rank p-value. The nominal probability that a bin would achieve or exceed the

por: ordered rank p-value. The probability that the kth highest summed rank achieves or exceeds

an observed summed rank under the null hypothesis of no linkage in the bin.

SPTQ
UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS

BIN | Posn SR Psr Por BIN | Posn SR Psr Por
11 92 187.5|0.765904 0.360964 1.1 81 203.274|0.676513 0.417158
12 32 278 ]0.283357 0.730627 12 56 244.2310.464329 0.413759
13 62 236.5]0.506553 0.29607 1.3 78 207.139|0.657374 0.507149
14 16 316.5|0.128913 0.458754 14 12 334.402 | 0.092866 0.40316
15 30 280.5|0.271246 0.787621 15 53 24710.449534 0.568643
16 60 241]0.480952 0.19518 16 84 202.405 | 0.680547 0.154785
17 72 217]0.616673 0.654535 1.7 65 226.807 | 0.556461 0.642336
1.8 81 203]0.690815 0.626337 1.8 83 202.681|0.679138 0.226277
19 24 292.5|0.217247 0.761724 1.9 16 317.137|0.140731 0.648035
110 52 25410.407767 0.147985 1_10 45 258.486 | 0.389801 0.682132
2_1 91 188 |0.763801 0.447255 2_1 74 212.8780.62833 0.579542
2 2 20 300[0.186794 0.80452 2.2 10 336.48 | 0.0879287 |0.632437
2 3 63 235.5]/0.51225 0.263074 2 3 33 274.069|0.313339 0.923408
2_4 90 189.5|0.756776 0.474453 2. 4 93 184.784|0.761029 0.194081
2.5 76 211]0.649203 0.635736 2.5 90 194.57910.717643 0.0638936
2_6 74 216[0.622202 0.487451 2.6 50 248.036 | 0.444177 0.825117
2 7 108 150 |0.902972 0.358964 2 7 98 180.881|0.777956 0.0288971
2_8 117 94.5/0.988617 0.607139 2_8 117 82.4966 | 0.992852 0.79792
2.9 118 71 1 1129 118 69.5116 1
3_1 113 119]0.964857 0.783122 3_1 114 111.292]0.966832 0.650435
3.2 87 195|0.730445 0.459254 3.2 60 238.015|0.49687 0.391461
3.3 36 269.5]0.325096 0.819318 3_3 17 315.761|0.145169 0.579142
3 4 8 337]0.0748381 |0.707929 3 4 6 350.884 | 0.0585703 |0.738326
3.5 4 355.5]|0.0420957 |0.767323 3.5 5 352.443 | 0.0557906 |0.839016
3_6 2 402 | 0.00573728 | 0.142286 3_6 2 401.768|0.0073144 |0.209179
3.7 54 24810.441278 0.332367 3_7 42 260.869 | 0.377767 0.836616
3_8 26 28910.232394 0.733927 3_8 25 293.167|0.228146 0.787121
41 18 304.5]|0.169805 0.80152 4_1 28 283.512|0.269611 0.918608
4 2 67 230]0.543894 0.233977 4_2 62 231.44|0.531777 0.652535
4 3 66 231]0.538105 0.264174 4_3 68 218.277|0.600749 0.863014
4 4 51 255(0.402239 0.171883 4 4 36 272.752[0.319478 0.755524
4.5 78 208.5|0.662111 0.575842 4 5 71 214.019|0.622413 0.825817
4 6 49 25710.391173 0.231277 4 6 40 267.342]0.34559 0.652235
4 7 97 179.5/0.800031 0.246775 4 7 107 152.516|0.87865 0.149285
51 14 323.5]/0.108285 0.390161 51 11 334.76/0.0920016 |0.548145
5 2 17 315.5]|0.132019 0.365363 5 2 29 279.348 | 0.288533 0.963404
53 88 190.5|0.751972 0.654935 5 3 97 183.108|0.768559 0.0294971
5 4 7 34410.0607457 |0.607339 5 4 4 367.328 | 0.0339813 | 0.592441
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55 1 414]0.00277203 | 0.282072 55 1 421.505|0.00202542 | 0.213279
56 10 329.5|0.0922516 |0.70333 56 18 313.564|0.152522 0.562844
57 73 216 |0.622202 0.612139 57 89 194.75910.716802 0.106789
6_1 77 209 |0.659725 0.663734 6_1 77 210.909|0.638028 0.340766
6_2 39 266 |0.343056 0.737526 6_2 64 226.911|0.555873 0.744326
6_3 38 268 (0.332751 0.709729 6_3 54 246.113|0.454279 0.514149
6_4 33 276 (0.293062 0.742826 6_4 21 308.94[0.168252 0.408559
6_5 45 260.5|0.372007 0.425557 6_5 19 313.0190.154352 0.455554
6_6 56 248 10.441278 0.142686 6_6 69 216.265|0.611076 0.876312
7_1 6 34710.0553237 |0.670133 7_1 9 344.659 | 0.0704406 |0.453955
7 2 83 202]0.695923 0.450655 7 2 59 238.429|0.494636 0.483052
7_3 79 205 | 0.68067 0.719428 7_3 73 213.59|0.624588 0.650035
7_4 94 18710.768359 0.182482 7_4 99 179.022 ] 0.785841 0.0262974
7.5 101 174.5]0.818557 0.0920908 |75 88 195.275|0.714358 0.157884
7_6 58 245|0.458146 0.140086 7_6 57 240.23|0.485122 0.594041
8 1 44 261 |0.369552 0.512549 8 1 58 238.677|0.493322 0.592741
8 2 95 181.5]0.791944 0.364664 8 2 102 171.57|0.814845 0.0374963
8_3 37 269|0.32773 0.755524 8 3 61 232.87|0.524166 0.669533
8_4 22 298 (0.194724 0.689531 8 4 34 273.505|0.316015 0.884212
8.5 106 153.5]0.892754 0.481252 8 5 105 157.501|0.863538 0.178382
8_6 110 14410.918005 0.327667 8 6 100 172.42210.811686 0.107189
9.1 98 17910.802159 0.173383 9.1 109 146.193 | 0.896846 0.153985
9 2 103 163]0.861893 0.393061 9 2 95 184.106|0.763898 0.080192
9 3 64 233.5/0.523801 0.29557 9.3 43 258.721|0.388521 0.854615
9 4 19 303.5|0.173514 0.744426 9 4 14 322.967(0.123213 0.642436
9.5 107 15210.89709 0.405259 9.5 106 154.465]0.87276 0.178682
9_6 43 261.5/0.36671 0.589241 9.6 30 279.258|0.288951 0.931807
10_1 53 249.5]0.432465 0.327267 10_1 76 211.538|0.635053 0.420558
10_2 15 323|0.109708 0.279572 10_2 15 319.412|0.133638 0.670433
10_3 31 280|0.273795 0.718328 10_3 22 307.899|0.171924 0.335966
10_4 46 260 | 0.374968 0.347265 10_4 39 269.23|0.336397 0.647135
10_5 42 262.5]|0.361365 0.641836 10_5 31 278.264 | 0.29354 0.911509
10_6 23 294.5|0.208804 0.759224 10_6 24 298.365|0.207215 0.626037
11 1 55 248 |0.441278 0.227077 11 1 63 227.013]0.555277 0.830417
11 2 3 367(0.028233 0.673333 11 2 8 344.779|0.0701991 |0.624638
11 3 11 325|0.10422 0.753625 11 3 13 331.613|0.0998686 |0.387761
11 4 96 180.5]0.796125 0.306969 11 4 92 190.573|0.735803 0.0673933
11 5 93 18710.768359 0.278972 11 .5 75 211.707]0.634264 0.542146
12 1 41 263 |0.358779 0.721028 12 1 52 247.43810.447308 0.661534
12_2 57 246 0.45253 0.164384 12_2 38 269.834 1 0.333325 0.718128
12_3 84 201.5/0.698099 0.361064 12_3 66 223.01]0.576253 0.787921
12 4 99 178.5]0.803979 0.111789 12 4 94 184.115]0.763849 0.136486
125 27 284 (0.254954 0.878612 125 37 270.826]0.328645 0.769723
126 29 281.5|0.266576 0.830117 126 35 272.82410.319176 0.841816
13_1| 100 17810.805835 0.070393 13_1 85 197.494 1 0.704029 0.326767
13 2 48 257.5/0.388228 0.30147 13 2 51 247.665 | 0.446098 0.749625
13 3 50 255.5]0.399297 0.228377 13 3 46 257.004 | 0.397545 0.669333
13 4 71 218.5/0.608149 0.655734 13 4 79 207.109 | 0.657496 0.386961
14 1| 104 161.5]0.866948 0.339766 14 1 96 183.88|0.7648 0.0430957
14 2 70 219.5|0.602831 0.69623 14 2| 101 172.227]0.812559 0.0616938
14 3 47 259/0.380283 0.307769 14 _3 82 203.27 | 0.676548 0.29677
14 4| 115 108|0.977127 0.724828 14 4| 115 101.71710.976328 0.69683
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14 5| 116 9710.985571 0.760224 14 5| 116 99.8614 | 0.979328 0.552045
151 34 274|0.302632 0.756924 151 26 286.591|0.256017 0.933807
15 2 28 281.5|0.266576 0.90181 15_2 32 277.154|0.29874 0.887811
15_3 80 204 | 0.685699 0.675132 15_3 70 215.368|0.61561 0.843816
15 4 85 198|0.715685 0.49575 15_4 80 204.696 | 0.669425 0.437156
16_1 75 215.5/0.624811 0.405759 16_1 72 213.947[0.622794 0.736426
16_2 35 27310.307634 0.715728 16_2 44 258.602|0.389128 0.780022
16_3 82 202 [0.695923 0.576142 16_3 91 194.045]0.720173 0.0392961
16_4| 109 149.5]0.903673 0.235476 16_4| 104 160.032]0.855222 0.179782
17_1 25 2890.232394 0.831217 17_1 47 256.332 | 0.400984 0.60174
17 2 12 325]0.10422 0.609039 17 2 23 303.564|0.18753 0.447055
17_3 13 323.5/0.108285 0.534247 17_3 20 310.797|0.161802 0.437456
17 _4 86 19710.720748 0.441956 17_4| 108 148.033|0.891964 0.19798
18 1 65 232|0.53248 0.29927 18 1 67 222.761|0.577498 0.70153
18 2 59 243 |0.469487 0.166183 18 2 55 244.268 | 0.464114 0.537046
18_3 40 264 | 0.353537 0.759324 18_3 41 267.189|0.346309 0.544946
18 4 89 190 | 0.754482 0.566643 18 4 87 196.844 | 0.706913 0.164784
19 1 69 228.5|0.552278 0.145885 19 1 86 197.175]0.705429 0.239276
19 2| 112 125.5]0.95461 0.729127 19 2| 112 126.387|0.940486 0.415958
19_3| 102 17310.824527 0.0781922 |19 _3| 103 165.817]0.836126 0.0932907
19 4 68 229.5|0.546554 0.169083 19 4 49 254.801 | 0.40889 0.466053
20_1 61 23710.503921 0.371863 20_1 48 256.067 | 0.402255 0.49995
20_2] 114 119]0.964857 0.59534 20_2| 113 111.292]0.966832 0.820018
20_3 21 2990.19075 0.747325 20_3 27 285.487|0.260857 0.914109
21 1 9 330.5/0.0897923 |0.79882 21 1 3 377.654[0.0229602 [0.525547
21 2 5 350.5/0.0494339 |0.732027 21 2 7 349.586 | 0.0609254 |0.608539
22 1] 105 155|0.88817 0.551645 22 1] 110 131.909]0.931526 0.579942
22 2] 111 126.5|0.952521 0.825917 22 2| 111 127.608 | 0.938809 0.556944
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Table S9. Results for Eosinophils in EUR families, for weighted and unweighted GSMA,

using 30 cM bins.

Pos: position, with 1 assigned to bin with highest summed rank and most significant psg

SR: summed rank

Psr:

summed rank p-value. The nominal probability that a bin would achieve or exceed the

observed summed rank under the null hypothesis of no linkage in the bin.

por: ordered rank p-value. The probability that the kth highest summed rank achieves or exceeds

an observed summed rank under the null hypothesis of no linkage in the bin.

Eosinophils
UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS
BIN |Posn| SR Psr Por BIN | Posn SR Psr Por
11 741275.5/0.610314 0.320168 1.1 72|267.582|0.642548 0.909309
12 13| 394|0.105122 0.475352 12 16[390.886|0.120194 0.310069
13 26[357.5]0.219932 0.552145 13 27 |352.841|0.24459 0.774523
14 23| 364]0.195768 0.569243 14 23[369.223|0.184825 0.405559
15 70[281.5]0.580344 0.373363 15 85249.723|0.722291 0.590041
16 98| 215]0.858779 0.911309 16 104|204.913|0.878557 0.532447
17 88| 244]0.754782 0.69513 17 83|255.536 | 0.697405 0.480052
18 92|230.5]0.807072 0.891611 18 93|234.547|0.783082 0.486651
109 94 226.5]0.821248 0.873313 19 102]210.653|0.862547 0.544246
1 10| 118 12710.990842 0.328367 1 10| 117]135.229]0.985109 0.462354
2.1 95| 225]0.826526 0.848315 2.1 105]203.324|0.882872 0.463454
2.2 105)/197.5/0.905098 0.816518 2 2 103209.415|0.866164 0.466153
2_3 73| 278]0.597893 0.268573 2 3 53| 309.68|0.437771 0.389561
2_4 83| 263]0.670891 0.146185 2.4 711273.497(0.614413 0.732727
2.5 54 1309.5/0.438447 0.289671 2.5 61/293.113|0.519191 0.589541
2_6 11[398.5]/0.0944889 0.588141 2.6 11| 408.22(0.0804101 0.333667
2.7 1|549.5|5.76271e-05 | 0.00679932 (2 7 1]553.277 |4.57627e-05 |0.00539946
2_8 2| 521]0.000692372|0.00219978|2_8 2525.025|0.00058644 0.00169983
2.9 8[1433.5]/0.0365313 0.0474953 |2 9 5[446.445|0.0272127 0.20358
3_1 61|297.5]0.499537 0.312669 3_1 65[290.119|0.534059 0.321968
3.2 43| 324[0.366682 0.59604 3.2 371332.739|0.329159 0.765723
3_3 57| 303/0.471417 0.392761 3_3 62292.928 0.520139 0.483352
3_4 30|347.5/0.260016 0.640236 3_4 451318.799|0.393711 0.727627
3_5 63[292.5]0.524906 0.428157 3_5 671286.607|0.551333 0.321068
3_6 33|336.5/0.307967 0.884812 3_6 35/336.693|0.311772 0.759024
3_7 32| 338/0.301235 0.893911 3_7 50311.137|0.430735 0.662234
3_8 96| 222]0.836815 0.864014 3_8 92 |235.461|0.779577 0.561444
4 1 111 17210.952616 0.826817 4 1 116|141.795|0.980544 0.594241
4 2 71|281.5]/0.580344 0.266073 4 2 68 | 285.959 | 0.554495 0.259974
4_3 90| 235]0.790379 0.889011 4_3 88| 246.56|0.735658 0.413859
4 4 16| 379]0.145992 0.724728 4_4 15| 393.47|0.11359 0.339566
4 5 9| 411/0.0690847 0.430857 4.5 71443.2770.0300966 0.0483952
4 6 44 1323.5[0.369103 0.507849 4 6 33[341.255|0.292079 0.726727
4_7 103 1980.903887 0.945805 4 7 107]191.926|0.91015 0.643836
51 85[248.5]0.736008 0.772123 51 94 |225.082|0.816853 0.829317
5 2 53| 310/0.435898 0.368263 5 2 60 |293.883|0.515372 0.656534
5 3 80 | 265.5|0.659046 0.29987 53 90| 240.21|0.761199 0.536846
5 4 59| 302|0.476511 0.237276 5 4 66 |287.938|0.544733 0.350065
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55 46| 321|0.381278 0.442056 55 56 |300.708 | 0.481861 0.667033
56 991214.5|0.860309 0.855014 56 95| 218.79)|0.837458 0.928607
57 109)181.5]0.937639 0.832917 57 961217.723|0.840794 0.89711

6_1 781272.5|0.625079 0.120488 6_1 80]258.934|0.682362 0.621638
6_2 15| 379]0.145992 0.829817 6_2 291348.386|0.262485 0.784522
6_3 6| 444]0.0260847 0.0724928 |6_3 10]416.361|0.0653974 0.209279
6_4 55[307.5]0.448615 0.307469 6_4 64 | 290.925)|0.530072 0.383062
6_5 51[313.5]/0.418403 0.366063 6_5 48| 312.93]0.422032 0.764724
6_6 72| 279)0.592967 0.312869 6_6 581295.407|0.507917 0.771823
7_1 40| 327]0.352301 0.739426 7_1 52/309.823|0.437106 0.511149
7 2 491318.5|0.39351 0.260074 7 2 471313.785|0.417845 0.809419
7_3 107| 185]0.931357 0.922508 7_3 100]214.994 | 0.849422 0.606439
7_4 116| 139]0.984856 0.737926 7_4 112]164.058|0.958337 0.79672

7.5 117| 137]0.985987 0.49855 7.5 115]149.327|0.974336 0.643736
7_6 65| 288)|0.547853 0.519348 7 6 54|308.614 | 0.443056 0.345565
8.1 60| 300)0.486775 0.262474 8 1 571298.802|0.49118 0.677032
8 2 251361.5]|0.204744 0.444056 8 2 20]376.549|0.161124 0.429557
8_3 108| 184]0.933162 0.871513 8 3 108187.432|0.919818 0.669533
8_4 106| 197]0.906282 0.715028 8 4 111] 168.02]0.95295 0.829117
8.5 841252.5/0.718778 0.660334 8 5 781259.836 | 0.678369 0.782922
8_6 421324.5|0.364317 0.680032 8 6 281349.622|0.257551 0.826017
9.1 821263.5|0.668482 0.20288 9.1 84 | 254.296 | 0.702785 0.436156
9 2 100| 212]0.86763 0.846115 9 2 106]197.641|0.897059 0.564444
9 3 101| 211]0.870458 0.781322 9.3 981215.174|0.848861 0.822918
9 4 27| 35710.221841 0.449855 9 4 41]325.937]0.360166 0.732427
9.5 5| 456]0.0172102 0.0435956 |9_5 31453.534)0.0215627 0.477052
9_6 41458.5/0.0157093 0.10209 9.6 81441.708]0.0316974 0.0206979
10_1 81| 265)|0.661419 0.223478 10_1 86 |249.547|0.723049 0.477652
10_2 371329.5]|0.340416 0.875212 10_2| 43|320.649|0.385051 0.821418
10_3| 86|244.5|0.752752 0.855714 10_3| 77]260.769]0.674145 0.832517
10 4| 110] 173|0.951194 0.90081 10_4| 109|177.095]0.939019 0.849915
10 5| 68]283.5/0.570433 0.476852 10_5| 70|282.724|0.57023 0.243776
10 6| 50]316.5|0.403359 0.277772 10_6| 63|291.592|0.526768 0.457154
11 1 89| 240)|0.770855 0.788221 11 1 761264.996 | 0.654717 0.707229
11 2| 115]146.5|0.979843 0.79782 11 2| 118131.832|0.987016 0.20128

11 3| 112| 168)0.958003 0.790921 11 3] 113)158.112]0.965464 0.791721
11 4| 36| 335)|0.31474 0.69503 11 4 181379.911|0.150814 0.534747
11 5 3/460.5]0.0145805 0.242876 115 6|444.602 | 0.0288534 0.10489

12 1 62| 297]0.502116 0.236976 12 1 55|303.364|0.468741 0.60194

12_2 71434.5]/0.0353864 0.10229 12_2 41451.535|0.0230864 0.285871
12 3| 41| 326|0.357104 0.694931 12_3 36|334.066|0.323257 0.79552

12 4 12| 395|0.102747 0.585641 12_4 13]399.812/0.098472 0.359864
125 241362.5[0.201102 0.520848 125 31|343.267|0.283684 0.825917
12 6| 52|311.5/0.428377 0.382462 12 6| 49|312.175]0.425691 0.70303

13_1 691282.5|0.575414 0.424958 13_1 69 ]285.283|0.557792 0.19718

13 2 31[346.5]|0.264134 0.575842 13 2| 26|357.044|0.228373 0.679732
13 3| 87| 244)|0.754782 0.79882 13 3| 81|258.822|0.682875 0.508349
13 4| 104|197.5/0.905098 0.90141 13 4| 99)215.124|0.849026 0.727927
14 1 971219.5]|0.84484 0.862614 14 1| 101|210.752|0.862248 0.669433
14 2| 48|319.5|0.388568 0.30487 14 2| 34|339.475]0.299607 0.719628
14 3| 102]202.5)|0.892872 0.923308 14 3| 97|217.598|0.841211 0.826617
14 4| 113| 164)|0.962999 0.741526 14 4] 110/169.123]0.951346 0.905309
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14 5 56 | 306.5]0.453679 0.270173 14 5 51|310.756|0.432532 0.563844
15 1| 47| 321)|0.381278 0.319168 15 1| 42|324.948|0.364773 0.680432
15 2 38| 328|0.347556 0.863714 15 2| 38|331.607)|0.334358 0.728227
15 3| 66]286.5|0.555478 0.50235 15 3| 82| 257.16[0.69034 0.49965
15 4| 114]151.5|0.975865 0.855614 15 4| 114|150.092|0.973698 0.815918
16_1 21|366.5|0.186967 0.69633 16_1 12]1403.375]0.0905779 0.364864
16_2 58[302.5]0.473925 0.316468 16_2| 44|319.745|0.389265 0.777322
16_3 19| 374|0.161605 0.568343 16_3 24| 369.206|0.184866 0.283072
16_4| 28|354.5/0.231643 0.471953 16_4| 30|345.335|0.274963 0.824918
17_1 35[335.5]|0.312474 0.769523 17_1 39| 330.81]0.337901 0.667733
17 2 391327.5]10.349915 0.805619 17 2| 32|342.951|0.285 0.746325
17_3 29| 349|0.253788 0.674033 17_3 25| 365.94|0.195976 0.322268
17 _4 18|375.5|0.156847 0.626637 17_4 14|394.597|0.110762 0.430657
18 1 76| 27410.617824 0.208079 18_1 741266.041 | 0.649724 0.837316
18 2| 67]284.5|0.565463 0.527147 18 2| 91|236.856|0.774162 0.606439
18 3| 77| 273]0.622644 0.174183 18 3| 87|247.647]0.7312 0.475952
18 4| 22| 366)|0.188668 0.588341 18 4| 21|370.152|0.181646 0.619338
19 1 931226.5/0.821248 0.930507 19 1 891241.817|0.754862 0.572043
19 _2 20|373.5]0.163245 0.462254 19 2 171389.327|0.124219 0.248975
19_3 10| 410/0.070883 0.306069 19_3 91427.112)0.0488983 0.0942906
19 4| 91]230.5/0.807072 0.941506 19 4| 79|259.406|0.680297 0.70453
20_1 75| 275)0.612825 0.248575 20_1 731266.556|0.647386 0.887811
20_2| 79)268.5]0.644672 0.225277 20_2| 75| 265.68|0.651386 0.769323
20_3| 64| 292]0.527442 0.345365 20_3 591295.017]0.509844 0.69663
21 1 17]1376.5|0.153691 0.711829 21 1 191379.063|0.153363 0.438956
21 2 34| 336[0.310251 0.832117 21 2| 40|328.676(0.347477 0.678932
22 1| 451322.5]/0.373939 0.456554 22 1| 46| 318.07]0.397156 0.659834
22 2 14| 391]0.11263 0.461654 22 2| 22[369.507]0.183871 0.525947
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Table S10. Results for BHR in EUR families, for weighted and unweighted GSMA, using 30
cM bins.

Pos: position, with 1 assigned to bin with highest summed rank and most significant psg

SR: summed rank

psr: summed rank p-value. The nominal probability that a bin would achieve or exceed the
observed summed rank under the null hypothesis of no linkage in the bin.

por: ordered rank p-value. The probability that the kth highest summed rank achieves or exceeds

an observed summed rank under the null hypothesis of no linkage in the bin.

HRB
UNWEIGHTED ANALYSIS WEIGHTED ANALYSIS

BIN Posn SR Psr Por BIN Posn SR Psr Por
1.1 104 243.5 0.913129 0.951205 1_1 100 253.488 0.874229 0.908009
1.2 83 316 0.685366 0.30327 1_2 80 316.32 0.670414 0.452155
1.3 70  338.5 0.585893 0.454355 1_3 70 324.892 0.63547 0.958104
1.4 73 336 0.597306 0.264274 1_4 46 382.285 0.389788 0.561144
1.5 100 267 0.85799 0.726727 1_5 68 329.165 0.617786 0.956304
1.6 76 328 0.633196 0.39986 1_6 81 310.511 0.693294 0.662834
1.7 65 345 0.555917 0.634237 1_7 85 290.409 0.7664 0.971803
1.8 96 273 0.840753 0.892711 1_8 106 227.231 0.927607 0.950205
1.9 95 279 0.822366 0.79702 1_9 87 288.071 0.774294 0.938606
110 41 387 0.362078 0.751525 1_10 27 440.703 0.178278 0.0307969
2_1 69 340.5 0.576803 0.446955 2_1 79 316.684 0.668913 0.551845
20_1 78 327 0.637688 0.237776 20_1 69 326.642 0.628224 0.963604
_ 107 235.5 0.928003 0.89541 2_2 96 260.045 0.857681 0.975102

11 489 0.0574728 0.0470953 3 19 472.965 0.0989567 0.00519948

7 510 0.0327652 0.069793
22 448 0.140965 0.0443956
79 325 0.646567 0.244676
87 303 0.737766 0.569543

101  266.5 0.859364 0.627037
97  269.5 0.851081 0.910609
112 203.5 0.969491 0.947705
82 316.5 0.683232 0.391361
15 472 0.0858152 0.0454955
56 359.5 0.488152 0.737826
47 378 0.402339 0.621138
86 306.5 0.724143 0.491851
106  235.5 0.928003 0.951305
109 224.5 0.945249 0.919508
21 451 0.133001 0.0424958
50 373.5 0.422842 0.549645
111 205.5 0.967671 0.975702
108 234 0.930603 0.840716
116 182 0.98475 0.734827
92 287.5 0.794169 0.764924
29 422 0.222202 0.225077
30 420.5 0.227469 0.193381
94  282.5 0.811056 0.764424
114 189 0.980704 0.934907
68  340.5 0.576803 0.573243

5 537.664 0.0185568 0.0548945
23 459.57 0.128356 0.00419958
64 338.633 0.577842 0.929707

101 252.181 0.877376 0.867213
112 208.044 0.955284 0.739026
109 218.698 0.941048 0.873313
110 212.489 0.949764 0.884012
71 324.079 0.6389 0.939006
20 469.581 0.105923 0.00549945
38 412.426 0.271181 0.0420958
37 416.089 0.258114 0.0271973
62 351.221 0.523653 0.537046
99 256.283 0.867254 0.917008
98 258.02 0.862886 0.935406
11 502.707 0.0504322 0.0169983
28 437.987 0.186395 0.0316968
105 237.865 0.908302 0.853315
103 247.8 0.88739 0.794021
113 195.398 0.968733 0.851315
95 264.971 0.844672 0.961104
35 419.156 0.247345 0.0419958
32 421.647 0.23893 0.142186
89 284.359 0.786571 0.917408
116 186.292 0.976297 0.452855
44 386.097 0.374079 0.580742
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151
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39
43
12

35
13
44
14

27
66
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52
32
17
24
49
89
38
58
90
84
85
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117
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75
53
33
77
57
26
25

63
64
36

19
60
28
42
55
37
118
105
72
103
110

356.5
513
395.5
383.5
483.5
544.5
407
483
382
479.5
518
503.5
430
344.5
414.5
342
369
416.5
458.5
441
376.5
290.5
396.5
358.5
288.5
315.5
308.5
267.5
139
194
332
368.5
416
327
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432
435.5
491
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347.5
399.5
541.5
455.5
355
426
385.5
360.5
399.5
124
237.5
336
254.5
208.5
514.5

0.502213
0.0300805
0.325356
0.377651
0.065722
0.0107763
0.278304
0.0665245
0.384354
0.0722999
0.0259508
0.0392788
0.19488
0.558269
0.249445
0.569969
0.443633
0.242006
0.114485
0.160805
0.409241
0.783735
0.321091
0.492838
0.790752
0.687449
0.716076
0.856631
0.997381
0.977241
0.61557
0.446065
0.243865
0.637688
0.490521
0.188417
0.177353
0.0546457
0.530303
0.544401
0.308631
0.0119932
0.121697
0.509311
0.208396
0.368749
0.483554
0.308631
0.998825
0.924517
0.597306
0.889501
0.964771
0.0288034

0.591041
0.120988
0.486951
0.738626
0.0533947
0.366863
0.29957
0.0231977
0.717628
0.0219978
0.369863
0.0656934
0.121188
0.544946
0.10029
0.59904
0.60074
0.174183
0.134287
0.0612939
0.475852
0.89641
0.547845
0.577642
0.887611
0.224478
0.49645
0.890311
0.962804
0.958604
0.276872
0.516048
0.120788
0.344766
0.661534
0.137086
0.113589
0.166383
0.508349
0.591241
0.609039
0.159384
0.0661934
0.572243
0.163684
0.733927
0.784222
0.483652
0.869713
0.970203
0.372163
0.819818
0.988001
0.242476
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34
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29
53
47
78
77
61
22
30
50
108
65
72
104
93
97
92
117
102
51
60
42
86
73
36
26

55
66
33

18
43
14
52
63
41
118
107
83
111
114
7

423.314
550.668
448.821
317.559
515.333
570.736
419.516
494.665
404.462
493.031
545.446
473.833
437.839
356.721
381.285
317.454
317.487
351.984
463.51
424.81
367.527
223.871
335.261
321.004
247.097
270.099
259.652
275.138
175.4
247.947
363.881
352.878
387.686
289.105
320.077
417.943
444.098
517.629
355.642
333.973
420.507
543.339
473.026
386.243
484.442
359.256
341.88
401.606
109.589
224.998
299.909
211.37
191.719
524.6

0.233335
0.0119025
0.155575
0.665432
0.0363423
0.00553474
0.246103
0.0614152
0.300907
0.0637762
0.0142966
0.0972067
0.186837
0.499814
0.394001
0.665857
0.665716
0.520393
0.119176
0.228246
0.453011
0.93307
0.592193
0.651522
0.888926
0.830302
0.858733
0.815526
0.983588
0.887062
0.468841
0.516511
0.367499
0.77076
0.655318
0.251606
0.168732
0.0340754
0.50444
0.597644
0.242765
0.0153254
0.0988304
0.37346
0.0776415
0.488822
0.564067
0.311692
0.999367
0.931302
0.732878
0.9512
0.972092
0.0279144

0.167583
0.418558
0.0162984
0.832017
0.0142986
0.489451
0.0746925
0.030497
0.10279
0.0159984
0.233077
0.0280972
0.0153985
0.980302
0.50325
0.632137
0.743326
0.616138
0.00419958
0.20128
0.89501
0.867313
0.955104
0.954605
0.70033
0.969303
0.952505
0.943506
0.40316
0.879312
0.937306
0.678032
0.719928
0.959204
0.936406
0.029597
0.0282972
0.0292971
0.941406
0.943506
0.108189
0.0965903
0.0147985
0.691531
0.0379962
0.975302
0.89891
0.122988
0.928207
0.925507
0.89891
0.80142
0.778222
0.0305969
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15_2
15_3
15_4
16_1
16_2
16_3
16_4
17_1
17_2
17_3
17_4
18_1
18_2
18_3
18_4
19_1
19_2
19_3
19_4
20_2
20_3
21 1
21 2
22_1
22_2

23
48
46
93
81
71
16
102
61
88
115
40
31
80
20
62
54
18
99
10

45
91
51
74

447
377.5
380
284.5
321.5
337
464.5
264.5
352.5
301
182.5
394
417.5
323
453.5
351
360.5
457
267.5
490
553.5
381.5
287.5
373.5
335

0.14373
0.404662
0.393343
0.804446
0.661787
0.592745
0.100912
0.864705
0.520936
0.745405
0.984487
0.331702
0.238309
0.655282
0.126708
0.527966
0.483554

0.11806
0.856631

0.0560669
0.00781694
0.386625
0.794169
0.422842
0.601883

0.0272973
0.536546
0.612239
0.781722
0.223478
0.433557

0.0889911
0.576942
0.614839
0.561344

0.90111
0.453155
0.220778
0.246875

0.0488951

0.59634
0.861914

0.0962904
0.817018

0.0934907
0.618938
0.636536
0.848815
0.427857
0.215378

15_2
15_3
15_4
16_1
16_2
16_3
16_4
17_1
17_2
17_3
17_4
18_1
18_2
18_3
18_4
19_1
19_2
19_3
19_4
20_2
20_3
21 1
21_2
22 1
22_2

15
57
49
90
58
56
24
94
74
84
115
54
39
75
16
59
48
21
91
10

45
88
82
67

479.359
354.428
368.088
281.873

354.04
354.959

453.25
269.713
319.313
290.735

190.25
356.026
405.291
318.668
476.105
353.525

374.75
469.283
280.183
509.512
535.087

382.78
286.081
304.793
332.373

0.0866304
0.509661
0.450631
0.794587
0.511315
0.507402
0.143969
0.831376
0.658439
0.765275
0.973242
0.502776
0.297772
0.661077

0.0927542
0.513622
0.421621
0.106568
0.799848

0.0423254

0.0201695
0.387634
0.780976
0.714829
0.604302

0.0463954
0.874813
0.929307
0.917708
0.817018
0.915008

0.0115988
0.939006
0.908009
0.984502
0.612339
0.966803
0.142786
0.868113
0.039896
0.751025
0.761124

0.0019998

0.89881

0.0137986

0.0223978
0.654435
0.929407
0.818718
0.935006
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