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Supplement 1

KORA S4 Sample

Parameter Entire sample Natives Immigrants Main Immigrant
n=728 n =549 n=179 n =146

Age in years (SD) 54.3 52.7 59.3 59.6
(13.2) (13.6) (10.8) (10.5)

% Females 49.6 51.7 43.0 42.5

Average years of school 11.5 11.6 11.0 11.1

attendance (SD) (2.6) (2.7) (2.4) (2.3)

% College or advances 27.5 28.4 24.6 25.3

studies

Supplementary Table S1 Social-demographic variables of the KORA S4 sample. This cohort included
only German citizens. According to the place of birth, individuals can be divided into natives
(individuals born in Germany), immigrants (individuals born outside of Germany) and the main group
of immigrants (subset of German citizens born either in: Czech Republic, Romania, Poland, or
Ukraine).



Supplement 2

Conventional Measures of Spatial Genetic Differentiation

Materials and methods

Contingency Tables

In a first explorative step, a traditional test for detecting spatial stratification of allele
frequencies, ¥? test for contingency tables (Weir 1996), was conducted. This test evaluates

the independence of a feature variation and the units of analysis. If applicable to spatial
units, this can be considered a test of spatial independence of the variability of the specific

attribute.

This analysis included data from all 16 settlements, each one representing in this evaluation
a land unit of analysis (LU) (see Land Units). For each SNP a 16x2 contingency table of allele
counts was defined, where the rows represent the respective LU and the two columns
represent the two alleles (data set: ALL). Only those autosomal markers where both alleles
were present in all LUs were tested (182 SNPs; 64 intragenic SNPs; 118 intergenic SNPs; see
Supplementary Table S6). Allele counts, instead of genotype counts, were considered for
two reasons. Firstly, they greatly reduce the number of degrees of freedom that have to be
considered. Secondly, gene flow (a result of migration and admixture), is assumed to be the
major process affecting the genetic structure of modern admixed populations inhabiting
small areas. The effects of gene flow are expected to be adequately represented in
differences of allelic frequencies. Consequently, the use of genotypes would unnecessarily

increase computation complexity.

For each marker, we considered the null hypothesis (Hy) that the allele frequencies are equal
in all LUs. In a screening step, asymptotic p values for the respective contingency tables were
computed, using the y? distribution (Weir 1996). In order to overcome artifacts caused by
small cell counts, we confirmed the ten best p values using a permutation test based on
Monte-Carlo (MC) simulations. Although LUs contain different sample numbers, the test we

applied is a valid test since we used an MC-simulation strategy.



The analysis was based on FAMHAP (Becker and Knapp 2004). FAMHAP is a program for
single-marker and haplotype association analysis. In particular, it implements a permutation
test for case-control data that is based on MC simulations. This method was used here to
account for small cell counts. Several steps were taken. First, an analysis was performed with
the “hapcc” method. This method was originally designed to obtain a permutational
analogue of the 2 test for contingency tables whose rows refer to alleles (or haplotypes)

and whose columns refer to case/control status (Becker et al. 2005). The resulting dataset
was recoded in the computational table as detailed below. For the following arguments, let
a; be the total count of allele 1 in LU i, and let b; be the count of allele 2 in LU j, [1 < i< 16].
We then considered a data file with 16 pseudo alleles, corresponding to the LUs, and a
pseudo case-control status, corresponding to the two true SNP alleles, respectively. For each
LU i, we added a; “affected” individuals who were homozygous for pseudoallele i and b;
“unaffected” individuals who were homozygous for a pseudoallele i to a data file. The
evaluation of this data file with FAMHAP and the “hapcc” option then yields a permutational
analogue of the y2test for our original contingency table. Note that the homozygous coding
is naturally accounted for by the permutation procedure described in (Becker et al. 2005).
Finally, the coding scheme made it possible to also use the “hapccmax” option of FAMHAP
[http://www.uni-bonn.de/~umt70e/becker.html]. While accounting for the number of rows
considered, this method considers each row (= allele or LU) with the most extreme cell count
distribution rather than on the whole distribution. As it was not possible with this data set to

discern between real and random effects, this line of evaluation was no further followed.

Computation of Genetic Distances

Spatial patterns of genetic heterogeneity were examined with a well-stablished population
measure of genetic distance: Reynolds’ Di genetic distance (Reynolds et al. 1983). Reynolds’
Dr genetic distance is a Wright’s Fsr analogous measure. It was specifically proposed for
short-term genetic distance between groups when mutation accumulated in evolutionary
time scales can be neglected (Reynolds et al. 1983). Reynolds’ genetic distance was
computed using Dg = —In[1 — Fs7] (Reynolds et al. 1983), where Fsris the heterozygote

deficiency due to population subdivision (Wright 1951).

Reynolds’ Dg was computed with the module “dist.genet” of the R-statistics package ade4

[http://pbil.univ-lyon1.fr/ADE-4]. To avoid outlier bias introduced by units with low number



of observations of the whole data set (ALL) distributed in 16 LU (ALL/LU16), genetic-
heterogeneity measures were tested on the resample set of 13 LU (see Land Units), both in
the total data set as well as in the subset of natives (data sets ALL/LU13 and GER/LU13

respectively).

Results

Spatial Comparison of Allele Frequencies

Assuming the null hypothesis, i.e. that there is no association between allele frequencies and
the geographical space, the screening step yielded 10 SNPs which were significant at an a

level of 0.05, tested with a y?2 test on contingency tables.

MARKER 72 hapccmax hapcc location (gene)
rs597354 0.0026 0.0378 0.0046 intergenic
rs461311 0.0059 0.0684 0.0058 intergenic
rs717477 0.0085 0.0016 0.0068 intergenic
rs2242046 0.0095 0.0467 0.0102 intragenic
rs1860300 0.0161 0.0022 0.0141 intergenic
rs3625 0.0336 0.0059 0.0414 intragenic
rs896664 0.0419 0.0693 0.0549 intergenic
rs1997660 0.0437 0.1032 0.0253 intragenic
rs4379869 0.0445 0.0975 0.0566 intragenic
rs927470 0.0494 0.1488 0.0560 intergenic

Supplementary Table S2-1 List of markers with p values < 0.05 (10 SNPs out of a total of 182 SNPs)
and the corresponding empirical p values obtained with “hapcc” and “hapccmax” (FAMHAP);
reference is given about locus type, intragenic markers are highlighted (gray shading).

After validation by Monte-Carlo simulations with FAMHAP (c.f. 2.4.1), 5 SNPs remained
significant at an a level of 0.05, tested with both “hapccmax” and “hapcc” methods
(rs2242046, rs597354, rs717477, rs1860300, rs3625), and 2 SNPs (rs461311, rs1997660)
remained significant at an a level of 0.05 for “hapcc” only. Supplementary Table S2-1 shows

the p values of the y?2 test for the 10 markers with p value < 0.05, and the corresponding

empirical p values from the tests "hapcc" and "hapccmax" (FAMHAP). This set of SNPs



comprises 4 intragenic SNPs and 6 intergenic ones. In view of the number of SNPs tested,

these results are not significant after Bonferroni correction.

Renynolds’Dr

Pairwise genetic distances between LUs were measured in the total sample (ALL) and in the

native subset (GER) with the Fsr analogous Reynolds’ Dg. The pairwise genetic distances are

presented in the Supplementary Table S2-2.

GER/ALL | Aich Alten | Augs | Ayst | Bob | Eur |Friedb | Kbnig|Langw | Neus | P6ttm | Rehl |Schwab
Aich 0.000 | 0.125 |0.107|0.143|0.118 | 0.179 | 0.143 | 0.131 | 0.143 | 0.118 | 0.186 | 0.172 | 0.163
Alten 0.144 | 0.000 |0.082|0.108|0.099 | 0.178 | 0.125 |0.102 | 0.117 | 0.100 | 0.172 | 0.159 | 0.133
Augs 0.128 | 0.085 |0.000 |0.098 | 0.069 | 0.161 | 0.105 | 0.084 | 0.097 | 0.072 | 0.157 | 0.148 | 0.117
Ayst 0.169 | 0.126 |0.115|0.000|0.114 | 0.185 | 0.133 | 0.120| 0.120 | 0.110 | 0.180 | 0.184 | 0.149
Bob 0.142 | 0.107 |0.082|0.139|0.000 | 0.175 | 0.121 | 0.099 | 0.118 | 0.100 | 0.171 | 0.157 | 0.134
Eur 0.192 | 0.177 |0.162 |0.195|0.182 | 0.000 | 0.190 | 0.176 | 0.183 | 0.176 | 0.221 | 0.217 | 0.196
Friedb 0.170| 0.138 | 0.121|0.152{0.138 | 0.199 | 0.000 | 0.128 | 0.130 | 0.129 | 0.192 | 0.172 | 0.160
Konig 0.155| 0.117 |0.105|0.150{0.130 | 0.189 | 0.154 | 0.000 | 0.125 | 0.101 | 0.168 | 0.158 | 0.133
Langw 0.172| 0.139 |0.118 |0.149|0.143 | 0.193 | 0.156 | 0.156 | 0.000 | 0.116 | 0.180 | 0.161 | 0.145
Neus 0.139| 0.101 |0.074|0.126|0.110| 0.179 | 0.144 | 0.117 | 0.137 | 0.000 | 0.167 | 0.165 | 0.136
P6ttm 0.199| 0.176 |0.157|0.185|0.173 | 0.222 | 0.201 |0.177 | 0.191 | 0.167 | 0.000 | 0.212 | 0.193
Rehl 0.187| 0.171 |0.155|0.202|0.170 | 0.221 | 0.184 | 0.172 | 0.180 | 0.172 | 0.220 | 0.000 | 0.170
Schwab |0.178 | 0.143 |0.126 |0.165 | 0.151| 0.196 | 0.177 | 0.157 | 0.156 | 0.149 | 0.201 | 0.184 | 0.000

Supplementary Table S2-2 Matirx of pairwise Dy genetic distances between LUs (Aichach: Aich,
Altenminster: Alten, Augsburg: Augs, Aystetten: Ayst, Bobingen: Bob, Eurasburg: Eur, Friedberg:
Friedb, Konigsbrunn: Konig, Langweid: Langw, NeusdR: Neus, Pottmes: Pottm, Rehling: Rehl,
Schwabmiinchen: Schwab). The upper matrix section corresponds to the ALL data set. The lower
matrix section correspond to the GER subset. The diagonal is indicated with gray shading.

The matrix of LU-pairwise Reynolds’ genetic distance (Dg) was spatially analyzed taking

Augsburg City as reference point. Landscapes were created with spatial interpolation (see

Generation of Genetic Landscapes). On the data set ALL/LU13, areas with a higher

percentage of samples with “land of birth”<>”"Germany” showed lower Dg (Supp. Fig. S2-

4a,c). This could be an indication of the higher degree of admixture of Augsburg city and its

periphery in comparison to the peri-urban areas. In case of the subset of natives (GER/LU13,

“land of birth”="Germany"”), the surrounding ring of Augsburg City presented a significant

lower Dg than the rest (fig. 4b) (R-statistics, package: wilcox.test, “Wilcoxon rank sum test

with continuity correction”, W = 2, p value = 0.01468). This may further indicate that a




sample which could be considered genetically homogeneous may still account for genetic
substructures. The fact that the native population inhabiting areas with higher proportion of
immigrants still differentiated from the rest peri-urban settlements may be interpreted as an

indication that this population accounts for a higher degree of demographic admixture than

the rest.
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Supplementary Figure $2-4 Spatial pattern of Reynolds’ D genetic distance to Augsburg (a) data set:
ALL/LU13; (b) data set: GER/LU13; (c) Spatial frequency distribution of per cent of immigrants per LU
(“land of birth<>"Germany”); (d) Gradient (slope) of the landscape delineated by the Reynolds’
genetic distance to Augsburg (GER/LU13); (e) Differentiation between ALL/LU13 and GER/LU13 based
on Reynolds’ genetic distance to Augsburg.



The slope of this landscape, indicating the degree of change of the genetic distance to
Augsburg City, showed a clear ring around the area of Augsburg City (Supp. Fig. S2-4d) and
reflected the fast change of Dg values between urban periphery and countryside. Figure 4e
displays the landscape of differences between the Dy values measured on the original
sample (ALL/LU13) and on the reduced sample (GER/LU13). In the reduced sample
(GER/LU13), distances increased everywhere except for the distant areas of P6ttmes and

Eurasburg and the neighboring ones of NeusaR, Stadtbergen and Gersthofen.

This exploratory evaluation exposed a potential fine-scale genetic differentiation within a
modern admixed population inhabiting a small area. It was observed that the peri-urban
areas (the more countryside) showed a significant higher genetic distance (Dg) to Augsburg
City than the Augsburg periphery. These results provided a further indication of fine-scale
genetic differentiation in small areas as an effect of demographic factors. The failure of the
x? test for contingency tables to provide an indication of population substructure may
indicate that this methods is too rough to search for fine-scale genetic patterns in small

areas with reduced number of bi-allelic loci.
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Analysis of Genetic Differentiation of Urban vs Peri-Urban Areas

This analysis aimed assessing the relevance of genetic heterogeneity within a population for
genetic association studies, since undetected genetic substructures may be one of the
reasons for spurious or biased results. In a recent study (Steffens et al. 2006), it could be
shown that even a minor degree of population stratification may be a possible source for
confounding. The KORA S4 sample could not be clustered into different genetic subgroups
using the software STRUCTURE (Pritchard et al. 2000), suggesting rather genetic
homogeneity (Steffens et al. 2006). Since other studies have shown population substructure
due to urban/rural factors (Vitart et al. 2005), we examined a potential differentiation
between the most urban areas and the remaining peri-urban areas (some of these with a

III

tendency to “quasi-rural” areas). We tested for genetic differentiation via y?2 tests on the

frequencies of the 212 genomic controls SNPs (Steffens et al. 2006) and calculation of the
lambda inflation factor (median of y?2 statistics divided by 1.386). Between the city of
Augsburg (~260000 inhabitants) and all other communities (<30000) a lambda inflation
factor of 1.043 with Cl of [0.874, 1.309] could be found. Despite this low differentiation, a
higher number of significant y2 test statistics have been observed as would have been
expected under random distribution (Binomial test on portion of significant p values:
p=0.038). Aggregating Augsburg and its adjacent communities in contrast with the
countryside resulted in a slightly stronger differentiation of lambda=1.093 [0.877, 1.274] and
p=0.021 for the respective Binomial test. These results indicate a small genetic
heterogeneity due to an urban/peri-urban factor but with very minor relevance for genetic

association analysis.
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Sensitive Analysis of the Effect on Genetic Variation of Immigrants
in the KORAS4 Survey

The effect of immigrants on total amount of genetic variation in the KORA S4 survey
(integrated by randomly selected adult German citizens) was estimated applying the concept
of genomic control (Devlin and Roeder 1999). This method proposes to estimate any
inflation (A ) in the distribution of the association test statistics between unlinked genetic
polymorphisms of the two considered groups (e.g. cases vs controls) generated by
population structure based on the analysis of non-candidate loci. The inflation factorA is
computed as the ratio of the median of the Armitage’s trend test statistics in relation to the
expected 50% quantile of the association test y2 distribution (df=1) under the null
hypothesis of no association between SNPs corresponding to the subsample of immigrants
(“land of birth”<>"Germany”) and the natives subset (“land of birth”="Germany”). A

confidence interval for the inflation factor A was computed using a bootstrapping procedure.

The Hy hypothesis of equal genotype distribution in both groups (natives vs immigrants) was

refused with a p= 0.03844256. The distribution of p values is presented in the supplementary
figure S4. An inflation factor of A= 1.169959 was estimated for the presence of immigrants in
the ALL data set (ALL= natives + immigrants) and 95% confidence interval of 1.007788-

1.416645 (distribution-free Cl on the median based on the order statistics).
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Supplementary Figure S4 Distribution of p values obtained with 2 test for differentiation of
genotypes between immigrants and the native subset.
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Summary of Additional Multivariate Genetic Analyses

Several multivariate methods widely used to detect population genetic variation were used
in order to analyze that the null hypothesis of a simple correlation of genetic distance with
geographic distance does not fit the data. This included various implementations of the
autocorrelation and Mantel test with varying parameters and models. Individual-based
clustering methods were also applied to test for potential population substructure. A
description of used methods is presented in Multivariate Analysis of Spatial Population

Structure.

None of these tests provided indication of potential patterns of geographic variation in the
study area. A brief result extract is presented here. Supp. Table S5 summarizes
representative results obtained with SPAGeDI (Hardy and Vekemans 2002) and Supp. Figure
S5 shows representative outputs of those obtained with PLINK! (Purcell et al. 2007) and
EIGENSOFT (Patterson et al. 2006; Price et al. 2006). All together these results are a strong
indication that other factors than simple isolation by distance (e.g. tested with SPAGeDI) or
simple spatial population patterning (clustering or clinal) (e.g. evaluated with PLINK! and

EIGENSOFT) may explain the fine-scale genetic diversity observed in the KORA S4 sample.

Distance classes 1 2 3 4

Max distance -1 0.0020 0.0039 0.0095

Number of pairs 43076 78984 71183 71385

% partic 99.9 98.4 100 100

CV partic 0.9 0.68 0.75 0.93

All loci intra-group 2 3 4 average
Moran's [ for individual

allele frequency 0.00040 0.00000 0.00000 -0.00020 0.00000

Supplementary Table S5 Summary of the computed statistics with SPAGeDi 1.3 to quantify spatial
correlation between genetic features and geographic coordinates; computations were conducted at
INDIVIDUAL level (728 individuals, 206 autosomal SNP); larger number of distance classes resulted in
higher values of CV (CV 2 1) [number of pairs: the number of pairwise comparisons belonging to the
interval; % partic: proportion (%) of all individuals represented at least once in the interval; CV partic:
coefficient of variation of the number of times each individual is represented]. Tests with further
genetic measures and sample groupings provided similar outputs. Potential causes of the lack of
indication of a spatial dependency with this tool is discussed in detailed in the section Conclusions.



(a) (b)
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Supplementary Figure S5 Graphical outputs of tests used to detect potential population substructure
using PLINK! (a-c) and EIGENSOFT (d) based on 728 individuals (367 males, 361 females) and 206
autosomal SNPs. (a-c) PLINK! output run with default options: (a) samples were differentiated
according to LU (1-13); (b) samples were differentiated according to the location of LU in reference to
the distance to Augsburg City; (c) samples were differentiated according to the land of birth. (d)
EIGENSOFT output, run with default options, showing the distribution of individuals according to the
top two Principal Components.
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The KORA S4 Marker Set

SNP
rs1000336
rs1001238
rs1001544
rs1002202
rs1008350
rs1013024
rs1014863
rs1015558
rs1016029
rs1020298
rs1021670
rs1021704
rs1021711
rs1022565
rs1024818
rs1025776
rs1026937
rs1029135
rs1034489
rs1036268
rs1042917
rs1045002
rs1046276
rs1056513
rs1056522
rs1061472
rs1074242
rs1074670

rs10842971

rs11096957
rs1157573

rs12529

rs12876018
rs1316515
rs1322296
rs1328994
rs1329056
rs1335995
rs1338799
rs1345829

Chr

10
10

Position
40034662
179290033
51510198
70953780
37383594
98531558
12767817
22890257
13473802
50109444
24127499
21056492
31020056
41899953
67174828
35394043
33874889
85413965
120601540
132580441
46370196
54888270
30822127
62092319
127744043
51422489
84293606
71246327
9194563
38599057
140584162
5126651
95338205
80830006
10622009
32707013
117461088
33070114
57299685
100375500

Region
Intergenic
Intragenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intragenic
Intergenic
Intragenic
Intragenic
Intragenic
Intragenic
Intragenic
Intragenic
Intergenic
Intergenic
Intragenic
Intragenic
Intergenic
Intragenic
Intragenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic

Intergenic

Alleles
A/G
A/G
c/G
c/T
C/G
A/G
c/T
A/C
A/C
A/G
A/G
A/G
G/T
A/G
c/T
A/C
A/C
c/T
c/T
G/T
A/G
A/T
c/T
A/G
c/T
A/G
A/C
A/G
A/T
A/C
A/C
C/G
G/T
A/G
c/T
A/G
A/C
A/G
A/G
G/T

minor

(0]

Ol 6o >» | > 4 >» 6060 >» o4 60 >» > 4 60 44> 60 60 o/ 4> o0 4 >» 4> > 60 0 > 0 > 0/ 4600

Genotypes
(453,242,030)
(427,246,031)
(343,310,069)
(214,373,130)
(161,335,181)
(062,304,331)
(041,258,425)
(035,057,633)
(389,273,044)
(295,328,104)
(068,293,356)
(042,287,387)
(271,312,136)
(010,178,521)
(318,279,087)
(261,330,126)
(163,324,193)
(358,294,059)
(047,275,382)
(080,330,315)
(190,337,178)
(101,340,259)
(300,320,084)
(296,315,095)
(349,273,061)
(132,347,227)
(010,137,574)
(207,350,163)
(372,262,065)
(271,348,085)
(083,119,519)
(230,358,116)
(114,359,235)
(000,046,665)
(608,109,004)
(129,342,252)
(025,235,451)
(612,103,004)
(269,349,100)
(093,310,317)

MAF
0.208
0.219
0.310
0.441
0.485
0.307
0.235
0.088
0.256
0.369
0.299
0.259
0.406
0.140
0.331
0.406
0.478
0.290
0.262
0.338
0.491
0.387
0.347
0.358
0.289
0.433
0.109
0.469
0.280
0.368
0.198
0.419
0.415
0.032
0.081
0.415
0.200
0.077
0.382
0.344

95%-Cl
[0.187, 0.229]
[0.197, 0.240]
[0.286, 0.334]
[0.416, 0.466]
[0.458, 0.512]
[0.283, 0.331]
[0.213, 0.257]
[0.070, 0.105]
[0.233,0.278]
[0.343, 0.394]
[0.275, 0.323]
[0.237,0.281]
[0.379, 0.433]
[0.122, 0.157]
[0.305, 0.357]
[0.380, 0.432]
[0.451, 0.505]
[0.266, 0.313]
[0.239, 0.285]
[0.314, 0.362]
[0.465, 0.518]
[0.362, 0.412]
[0.322,0.371]
[0.332, 0.383]
[0.265, 0.314]
[0.407, 0.459]
[0.093, 0.125]
[0.443, 0.496]
[0.256, 0.305]
[0.343, 0.392]
[0.173, 0.223]
[0.394, 0.444]
[0.389, 0.440]
[0.023, 0.041]
[0.067, 0.095]
[0.389, 0.441]
[0.180, 0.221]
[0.063, 0.091]
[0.358, 0.407]
[0.319, 0.370]

pHWE ( ¥?)
0.744
0.553
0.931
0.141
0.805
0.510
0.823
n.a.
0.671
0.407
0.495
0.238
0.007
0.232
0.038
0.221
0.239
0.901
0.792
0.643
0.246
0.533
0.925
0.442
0.469
0.976
0.577
0.517
0.060
0.096

0.238
0.235
0.373
0.709
0.489
0.405
0.882
0.435
0.211




rs1346859
rs1350401
rs1354004
rs1365084
rs1379736
rs1385934
rs1385984
rs1388294
rs1423639
rs1425174
rs1436394
rs1486737
rs148939
rs1502812
rs1505279
rs1520431
rs1524238
rs1524760
rs1530242
rs1538279
rs155320
rs1561419
rs1570043
rs1571363
rs1572583
rs171603
rs1731017
rs1760897
rs1801224
rs1860300
rs1874243
rs1883848
rs1884517
rs1923626
rs1926119
rs1935384
rs1945906
rs1946677
rs1947743
rs1995641
rs1997660
rs2000250
rs2014269
rs2014790
rs2021952
rs2031549
rs2034127

16
11
16
16
16
12
15
15

(o)}

3

82236631
77426097
45171130
43066630
87873425
46041312
72378710
100990419
25553093
29897578
5764497
53733937
76225851
56852627
37325165
44163734
10205181
123834235
35157039
18935284
10949495
58571373
22254243
26430477
113430035
9375312
8747455
19946093
17187527
11075412
67272732
60998751
46646084
174488161
94921762
101789897
81238725
153748313
96975551
44918393
28377642
62054719
135895510
25208956
146385382
9363165
59343114

Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intragenic
Intragenic
Intragenic
Intergenic
Intergenic
Intragenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intragenic
Intragenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic

Intergenic

c/T
A/T
A/G
A/G
c/T
G/T
A/G
c/T
A/T
c/T
A/G
c/T
c/T
A/G
c/T
c/T
A/T
c/T
A/G
c/T
A/G
C/G
C/G
c/T
A/C
c/T
c/T
c/T
A/C
A/C
c/T
A/G
A/G
A/G
A/C
C/G
G/T
c/T
c/T
A/G
c/T
G/T
A/G
A/G
G/T
C/G
A/G
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(443,232,040)
(036,276,405)
(062,279,366)
(360,289,070)
(419,266,037)
(216,301,163)
(513,195,011)
(722,002,000)
(028,199,486)
(258,332,126)
(400,256,066)
(458,234,032)
(037,267,361)
(048,252,419)
(089,323,312)
(123,367,237)
(093,322,307)
(375,290,052)
(066,314,339)
(061,333,326)
(186,340,189)
(092,330,303)
(066,294,361)
(001,047,664)
(273,335,114)
(035,230,457)
(256,353,092)
(071,311,321)
(317,306,070)
(250,350,124)
(136,320,264)
(259,310,107)
(059,252,311)
(234,346,135)
(534,116,073)
(556,140,026)
(068,313,338)
(182,375,161)
(123,329,255)
(124,342,240)
(055,313,334)
(171,384,172)
(339,318,069)
(520,179,017)
(028,058,641)
(028,244,437)
(021,190,514)

0.218
0.243
0.285
0.298
0.235
0.461
0.151
0.001
0.179
0.408
0.269
0.206
0.256
0.242
0.346
0.422
0.352
0.275
0.310
0.316
0.498
0.354
0.295
0.034
0.390
0.208
0.383
0.322
0.322
0.413
0.411
0.388
0.297
0.431
0.181
0.133
0.312
0.485
0.407
0.418
0.301
0.499
0.314
0.149
0.078
0.212
0.160

[0.196, 0.240]
[0.221, 0.264]
[0.261, 0.309]
[0.274, 0.322]
[0.214, 0.257]
[0.433, 0.489]
[0.133, 0.169]
[0.000, 0.003]
[0.158, 0.199]
[0.382, 0.434]
[0.245, 0.293]
[0.185, 0.227]
[0.234, 0.279]
[0.219, 0.265]
[0.321, 0.371]
[0.397, 0.447]
[0.327,0.377)
[0.252, 0.298]
[0.286, 0.334]
[0.293, 0.339]
[0.471, 0.524]
[0.330, 0.379]
[0.272, 0.319]
[0.025, 0.044]
[0.364, 0.415]
[0.186, 0.229]
[0.358, 0.408]
[0.298, 0.346]
[0.297, 0.346]
[0.388, 0.438]
[0.385, 0.438]
[0.361, 0.414]
[0.272,0.323]
[0.405, 0.457)
[0.157, 0.205]
[0.114, 0.152]
[0.288, 0.336]
[0.460, 0.511]
[0.381, 0.433]
[0.392, 0.444]
[0.278, 0.325]
[0.474, 0.524]
[0.290, 0.338]
[0.130, 0.167]
[0.062, 0.095]
[0.191, 0.233]
[0.141, 0.179]

0.191
0.206
0.399
0.284
0.531
0.004
0.118
0.970
0.185
0.284
0.009
0.761
0.172
0.231
0.702
0.344
0.552
0.690
0.581
0.061
0.191
0.884
0.582
0.859
0.506
0.386
0.083
0.733
0.759
0.937
0.028
0.377
0.446
0.723

0.000
0.716
0.223
0.343
0.909
0.118
0.128
0.654
0.732

0.400
0.500




rs2037814
rs2070132
rs2076740
rs2173904
rs220263
rs2227275
rs2232700
rs2235079
rs2239359
rs2242046
rs2250242
rs2261988
rs2274223
rs2274327
rs2275799
rs2289025
rs2289043
rs2302147
rs2302190
rs2465811
rs25433
rs263842
rs2658658
rs2725362
rs272893
rs2824790
rs30386
rs315427
rs318373
rs3195676
rs328418
rs345182
rs3625
rs3746731
rs3754112
rs3809982
rs3811740
rs389783
rs39489
rs4379869
rs438034
rs444772
rs450015
rs461311
rs4918
rs548146
rs558912

19

21
20
14
23
16
15

19
10

10

2

73587324
41419205
134053240
2818765
42355230
43359987
93826203
125555222
88376981
83279733
114183527
4861889
96056331
8943672
115399830
205794726
96463500
155968609
53939507
69276321
2298472
54459287
51075195
31118822
131690961
18677911
179223451
153607668
143300064
34043857
187933042
55595546
74974413
23013209
117266463
54354054
129164824
36942225
117745406
76315299
211219012
55701610
7154754
112367036
187821084
110541266
16912881

Intragenic
Intragenic
Intragenic
Intragenic
Intergenic
Intragenic
Intragenic
Intergenic
Intragenic
Intragenic
Intragenic
Intragenic
Intragenic
Intragenic
Intragenic
Intragenic
Intragenic
Intragenic
Intragenic
Intragenic
Intergenic
Intergenic
Intragenic
Intragenic
Intragenic
Intragenic
Intragenic
Intergenic
Intergenic
Intragenic
Intragenic
Intergenic
Intragenic
Intragenic
Intragenic
Intragenic
Intragenic
Intergenic
Intergenic
Intragenic
Intragenic
Intragenic
Intergenic
Intergenic
Intragenic
Intergenic

Intergenic

A/C
A/G
T
c/G
A/G
A/G
AT
A/G
oT
oT
A/G
A/C
A/G
T
A/G
A/G
/T
c/G
/T
/T
c/G
/T
A/G
G/T
A/G
c/G
A/C
A/G
/T
A/G
A/G
A/G
A/G
A/G
c/T
c/T
A/T
G/T
A/G
A/G
o
A/G
o
G/T
c/G
o
c/T
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(015,168,514)
(116,341,248)
(287,325,092)
(132,355,218)
(233,354,135)
(047,259,394)
(499,182,023)
(187,172,368)
(281,301,122)
(171,340,193)
(183,350,171)
(093,302,305)
(301,325,080)
(262,305,140)
(049,270,386)
(258,330,110)
(353,298,054)
(087,315,302)
(035,231,433)
(058,291,353)
(091,340,288)
(010,082,574)
(142,354,211)
(219,348,139)
(102,320,282)
(369,281,055)
(196,335,172)
(007,096,601)
(168,339,217)
(201,342,159)
(143,350,211)
(457,240,029)
(156,348,188)
(239,327,138)
(085,310,311)
(177,347,166)
(077,305,321)
(474,216,033)
(322,316,080)
(397,249,062)
(207,334,164)
(049,285,372)
(130,364,227)
(041,269,408)
(322,320,061)
(080,309,336)
(277,342,105)

0.142
0.406
0.362
0.439
0.432
0.252
0.162
0.376
0.387
0.484
0.491
0.349
0.343
0.414
0.261
0.394
0.288
0.347
0.215
0.290
0.363
0.077
0.451
0.443
0.372
0.277
0.483
0.078
0.466
0.470
0.452
0.205
0.477
0.428
0.340
0.492
0.326
0.195
0.331
0.263
0.470
0.271
0.433
0.244
0.314
0.323
0.381

[0.124, 0.160]
[0.381, 0.432]
[0.336, 0.387]
[0.413, 0.465]
[0.407, 0.458]
[0.229, 0.275]
[0.142, 0.182]
[0.345, 0.406]
[0.360, 0.414]
[0.458, 0.511]
[0.465, 0.518]
[0.323, 0.374]
[0.319, 0.368]
[0.387, 0.441]
[0.238, 0.284]
[0.368, 0.420]
[0.265, 0.311]
[0.322,0.372]
[0.194, 0.237)
[0.266, 0.314]
[0.338, 0.388]
[0.061, 0.092]
[0.425, 0.477]
[0.417, 0.469]
[0.347, 0.398]
[0.254, 0.301]
[0.456, 0.510]
[0.064, 0.093]
[0.440, 0.493]
[0.444, 0.497)
[0.426, 0.478]
[0.185, 0.226]
[0.451, 0.503]
[0.402, 0.455]
[0.315, 0.365]
[0.466, 0.518]
[0.302, 0.351]
[0.174, 0.216]
[0.307, 0.356]
[0.239, 0.287]
[0.443, 0.496]
[0.248, 0.294]
[0.408, 0.458]
[0.222, 0.267)
[0.291, 0.338]
[0.299, 0.348]
[0.356, 0.406]

0.771
0.947
1.000
0.554
0.979
0.617
0.207

0.009
0.379
0.886
0.186
0.582
0.003
0.849
0.793
0.413
0.729
0.561
0.856
0.546
0.001
0.769
0.972
0.468
0.882
0.224
0.157
0.111
0.557
0.922
0.719
0.835
0.172
0.567
0.874
0.722
0.192
0.852
0.013
0.194
0.575
0.447
0.701
0.138
0.481
0.973




rs5759598
rs591120
rs597354
rs6572
rs6591561
rs663528
rs676210
rs679620
rs701616
rs705993
rs709029
rs709564
rs715437
rs7158
rs717218
rs717477
rs718564
rs718793
rs719354
rs719437
rs720487
rs725317
rs725747
rs727321
rs727811
rs728089
rs729333
rs730899
rs7313
rs7323
rs733036
rs734204
rs735309
rs737622
rs739226
rs745181
rs753653
rs754027
rs758326
rs759944
rs763926
rs768352
rs768365
rs768703
rs769295
rs773837
rs7978353

21805516
174634410
85082205
35945945
59826752
29505076
21143176
102218830
205046263
70314229
5613404
108579237
145336324
37772111
41339319
40264528
81121578
27702586
71600430
23614456
90687868
104028615
43006456
63281880
165015745
37282250
8927864
116408505
28843449
26907031
91490197
43231828
68858684
27202269
25540980
11305404
127000709
4630454
35417874
129856608
33664590
185155197
9737760
18060475
221636371
16743421
121142869

Intragenic
Intragenic
Intergenic
Intragenic
Intragenic
Intergenic
Intragenic
Intragenic
Intergenic
Intergenic
Intergenic
Intragenic
Intergenic
Intragenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intragenic
Intragenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic
Intergenic

Intragenic

G/T
c/G
A/G
c/G
A/G
A/C
A/G
A/G
A/G
A/G
T
A/G
T
T
T
T
A/G
c/G
/T
A/G
/T
A/G
T
T
A/C
c/T
A/G
c/T
/T
c/G
A/G
/T
A/G
A/C
A/G
A/G
c/T
AT
A/G
A/G
A/C
A/G
o
G/T
o
A/C
A/G
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(246,334,123)
(133,331,242)
(507,202,017)
(210,345,138)
(364,275,065)
(161,359,202)
(031,233,436)
(193,353,158)
(138,335,249)
(419,263,040)
(486,191,026)
(042,246,415)
(064,276,380)
(165,363,176)
(227,363,134)
(357,303,062)
(335,311,078)
(396,273,040)
(490,196,032)
(358,313,050)
(073,333,315)
(058,319,344)
(194,162,366)
(175,341,162)
(228,345,147)
(085,290,334)
(088,360,268)
(147,352,220)
(223,356,126)
(064,256,384)
(600,123,004)
(073,283,368)
(336,311,058)
(219,352,143)
(059,308,351)
(307,336,083)
(494,216,016)
(000,065,663)
(036,222,406)
(224,361,142)
(077,284,361)
(177,346,184)
(185,367,175)
(228,341,157)
(000,043,652)
(665,057,001)
(277,328,100)

0.413
0.423
0.163
0.448
0.288
0.472
0.211
0.475
0.423
0.238
0.173
0.235
0.281
0.492
0.436
0.296
0.323
0.249
0.181
0.286
0.332
0.302
0.381
0.490
0.444
0.324
0.374
0.449
0.431
0.273
0.090
0.296
0.303
0.447
0.297
0.346
0.171
0.045
0.221
0.444
0.303
0.495
0.493
0.451
0.031
0.041
0.374

[0.387, 0.439]
[0.397, 0.449]
[0.144, 0.181]
[0.422, 0.474]
[0.263, 0.312]
[0.446, 0.497]
[0.189, 0.232]
[0.449, 0.501]
[0.397, 0.449]
[0.216, 0.259]
[0.153, 0.193]
[0.212, 0.257]
[0.257, 0.304]
[0.466, 0.518]
[0.410, 0.461]
[0.272, 0.319]
[0.298, 0.347)
[0.227,0.271]
[0.160, 0.202]
[0.264, 0.309]
[0.308, 0.356]
[0.279, 0.325]
[0.350, 0.412]
[0.464, 0.517]
[0.418, 0.470]
[0.299, 0.350]
[0.350, 0.398]
[0.423, 0.475]
[0.406, 0.457)
[0.248, 0.297)
[0.076, 0.105]
[0.272, 0.321]
[0.279, 0.326]
[0.421, 0.473]
[0.273, 0.320]
[0.322, 0.370]
[0.152, 0.190]
[0.034, 0.055]
[0.199, 0.244]
[0.418, 0.469]
[0.279, 0.328]
[0.469, 0.521]
[0.468, 0.519]
[0.425, 0.477)
[0.022, 0.040]
[0.031, 0.051]
[0.349, 0.400]

0.600
0.295
0.552
0.863
0.214
0.950
0.985
0.888
0.183
0.880
0.187
0.492
0.176
0.403
0.598
0.840
0.647
0.429
0.033
0.096
0.271
0.178

0.870
0.430
0.075
0.049
0.775
0.435
0.027
0.390
0.092
0.235
0.942
0.454
0.535
0.175
0.207
0.436
0.873
0.063
0.574
0.791
0.165
0.400
0.847
0.855




rs803064 | 7 | 101510956 | Intragenic | C/T C (123,353,229) | 0.425 [0.399, 0.450] 0.514
rs871644 1 | 18042994 | Intergenic | C/T T (429,249,030) | 0.218 | [0.197,0.239] 0.413
rs878830 | 11 | 125815292 | Intragenic = A/T T (339,301,065) | 0.306 = [0.282,0.330] 0.877
rs881003 | 11 | 131110537 | Intergenic = A/G A (019,219,483) | 0.178 = [0.159, 0.198] 0.321
rs888231 9 | 125906345 | Intergenic | A/C A (115,323,289) | 0.380 = [0.355, 0.406] 0.122
rs889350 | 19 | 34089180 | Intergenic = A/G A (092,325,309) | 0.351 | [0.326, 0.375] 0.650
rs890033 8 6010779 | Intergenic | C/G G (465,222,039) | 0.207 = [0.185, 0.228] 0.070
rs892586 | 18 | 42814427 | Intragenic | G/T G (171,322,206) | 0.475 | [0.448, 0.502] 0.043
rs896664 | 15 | 68028239 | Intergenic = A/T T (395,271,058) | 0.267 = [0.244,0.291] 0.233
rs897136 | 2 | 221064145 | Intergenic | C/T C (031,270,425) | 0.229 = [0.208, 0.250] 0.143
rs901063 | 17 | 76210291 | Intergenic = A/T T (575,137,012) | 0.111 | [0.095,0.128] 0.251
rs901089 3 | 32057793 | Intergenic | C/T c (025,205,488) | 0.178 = [0.158,0.198] 0.547
rs906882 | 11 | 24599163 | Intergenic | C/T T (290,343,088) | 0.360 = [0.336, 0.384] 0.383
rs919308 | 5 | 66604140 | Intergenic = A/G G (312,323,079) | 0.337 | [0.312,0.361] 0.736
rs920287 | 5 | 13081530 | Intergenic = A/C c (248,355,120) | 0.411 | [0.386, 0.437] 0.711
rs922082 | 21 | 23504521 | Intergenic | G/T T (528,171,015) | 0.141 | [0.123,0.159] 0.792
rs925760 | 8 | 115297043 | Intergenic | G/T T (182,357,181) | 0.499 = [0.473,0.525] 0.823
rs927470 | 20 | 19059511 | Intergenic | C/T T (306,310,095) | 0.352 | [0.326,0.377] 0.243
rs930706 | 8 | 35097494 | Intergenic | C/T T (231,364,128) | 0.429 | [0.404, 0.454] 0.455
rs934472 9 | 18765810 | Intragenic | A/C C (191,342,172) | 0.487 | [0.460, 0.513] 0.440
rs937669 8 | 31806478 | Intergenic | C/G C (027,249,437) | 0.212 | [0.192, 0.233] 0.245
rs937925 1 | 159959809 | Intergenic | A/G G (624,091,006) | 0.071 = [0.058, 0.085] 0.192
rs9381594 | 6 | 47757653 | Intragenic = A/G A (091,318,292) | 0.357 = [0.331,0.382] 0.762
rs961598 | 18 | 53008493 | Intergenic | G/T G (057,290,373) | 0.281 = [0.257,0.304] 0.952
rs966204 | 18 67864849 | Intergenic | C/T c (070,282,275) | 0.337 | [0.310, 0.363] 0.857
rs971824 | 18 | 59863837 | Intergenic | C/T T (425,254,042) | 0.234 | [0.212, 0.256] 0.620
rs982448 | 16 | 26449596 | Intergenic = A/G G (379,242,036) | 0.239 | [0.216, 0.262] 0.745
rs991068 | 12 | 82762113 | Intergenic = A/G G (304,307,109) | 0.365 = [0.339, 0.390] 0.032
rs998239 | 10 | 4534374 | Intergenic | G/T T (402,273,041) | 0.248 | [0.226,0.270] 0.547
rs999318 | 4 | 167007810 | Intergenic | C/T c (058,293,370) | 0.284 = [0.260, 0.307] 1.000
rs999972 | 12 | 23467867 | Intergenic = A/G A (024,206,490) | 0.176 = [0.157,0.196] 0.682

Supplementary Table $6 Genetic properties of the KORA S4 marker set’. Giver are the rs number,
chromosome, chromosomal position in base pairs, the alleles, the minor allele, counts of genotype
observed in the sample, minor allele frequency (MAF) and the 95% confidence intervals as well as the
p values of Hardy-Weinberg deviation (uncorrected) of each marker.

! Information based on NCBI dbSNP Build 123 (Year 2004).



Supplement 7

Genetic Relatedness

The graphic tool GRR (Graphical Representation of Relationships; Abecasis et al. 2001) was
used to test for potential relationship between individuals of the KORA S4 sample. This
program estimates the biological relationship of all pair of individuals of a sample based on

amount of alleles shared over all loci [identical by state (IBS)].

Results indicate that all pairs of individuals are similar in respect to the proportion of shared
alleles, which is consistent with a sample of unrelated individuals. No indication of

undocumented biological relationship was found with this tool.
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Supplementary Figure S7 Estimation of the relationship of pairs of individuals of the KORA S4

sample.
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