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FIGURE 1,Manhattan plot of exercise participation for the pooled P values. Blue line indicates the threshold for genome-wide significant
association.

165,167 SNP (6.4%) in the American sample. The freedom additive test. A meta-analysis of the results was
maximum posterior call averaged over all individuals over performed using the weighted inverse variance method in
all remaining imputed SNPs was 0.99 (SD = 0.023) in the METAL (http://www.sph.umich.edu/csg/abecasis/Metal/
Dutch sample and 0.97 (SD = 0.045) in the American index.html), which computes a pooled effect estimate
sample. We further excluded within each sample all SNP[In(odds ratio)], its SE, and it® value by weighting the
with less or equal than five individuals in at least one of the effect estimates of the individual samples by the inverse of
genotype groups on the basis of a genotype callingits variance and by taking into account the direction of
threshold of 0.90 for the imputed SNP. Given the size of effect. In this method, we also automatically corrected for
our data sets, this roughly corresponded to excluding allany population stratification effects by applying genomic
SNPs with MAF smaller than 0.05 in the Dutch sample control.
(19.4%) and 0.07 in the American sample (31.9%). This We used Haploview to create a Manhattan plot and
resulted in 2,051,750 SNPs in the Dutch sample andWGAViewer to computds and to annotate selected SNP
1,636,636 SNPs in the American sample. The overlap(3,14). The Manhattan plot depicts the genomic location on
between the two samples was 1,607,535 SNPs, and thesthe x-axis and thej 10 log P value) on they-axis and
formed the basis of all further analyses. Of these, 281,199provides an overview of the distribution Bfvalues across
SNPs were observed and 1,326,336 SNPs were imputed ithe genome. The is a measure of the enhanced number of
the Dutch sample. In the American sample, these numbersery low P values on the basis of what is expected under
were 303,963 and 1,303,572, respectively. chance. These inflated significant results may be due to the
true association signals but could also be due to the pop-
ulation stratification effects. A of 1 indicates no inflation,
and aL > 1 indicates that genomic control is needed. We
GWA analyses were conducted using logistic regressionused a threshold of a pooldd value < 1.0  10%° to
in the SNPTEST (23). Analyses were performed in both identify SNPs that might contribute to the heritability of
samples independently while taking the uncertainty of the exercise behavior. To bolster our confidence in the
imputed genotypes into account and including sex and agerelevance of the SNP for exercise behavior, independent
as covariates. Association of each SNP with the exerciseof obesity, we performed an additional association analysis
participation phenotype was tested using the 1-degree ofwith BMI added as a covariate.

Statistical Analysis

TABLE 1. SNP for exercise participation that reach threshold for genome-wide significant associationP(sombinet? ®).

Closest Location ~ Most Significant Base Pair Pooled P: Dutch  P: American Pooled P:
Gene Chromosome  of SNP SNP in Region®  Position (kb)) ~ Pooled P®  Pooled OR  95% Cl  Alleles®  Sample Sample Corrected for BMI
DNAPTP6  2033.1 Intergenic rs126124%0 200,984 7.61 10{6 1.43 1.22-1.67 AG 0.000881 0.00224 7.65 10f5
PAPSS2 10g23.2 Intron rs10887721 89,433 3.81 10{6 1.32 1.17-1.49 TC 0.00337 0.000134 6.26 10!6
C18orf2 18p11.32  Intergenic rs8097348 1585 6.68 1096 1.36 1.19-156 @&  0.000367 0.00535 6.99 10%°

aOther significant SNP in same regions (poBledlue< 1.0  10%°): Region 2¢33.1: rs1759251% Region 10023.2: rs1980647 rs4934355¢ rs1358864¢ rs7903568¢
rs20776954 rs10218939¢ rs1120250%¢, rs12412482¢ rs7908058. Region 18p11.32: rs450230Y rs2345038¢, rs2111926¢, rs1108087%¢, rs2111925¢ rs216096%¢,
rs2052426¢ rs2052418° rs12605872 rs9646479° rs9646458¢, rs8095975¢ rs8083528¢, rs4389208¢, rs8099758¢, rs4797928¢ rs4797928¢, rs4797928¢
rs4797936¢ rs1869532¢ rs1051393¢ rs1869533¢ rs16941818¢ rs0722960%

b Effect allele in bold; the increase in one allele of the effect allele corresponds to an increased risk to be an exerciser as indicated by the OR.

¢ Imputed in the Dutch sample.

9 Imputed in the American sample.
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Guided by previous reports (8), we explicitly inspected genotype calling cluster plots, and (if imputed) average
the association of all SNP in or neatlQ kb) all candidate =~ maximum posterior call.
genes for physical activity phenotypes from previous
candidate gene association studies, including the associateﬂESUL_l_S
SNP reported in those studies if available. We used a
replication strategy at the gene level, iamy SNP (not just Novel gene finding. The Manhattan plot for exercise
the original SNP reported on) on a pookedalue reaching  participation is given in Figure 1. This figure shows that
smaller than 1.0 10%° was considered to constitute a there are some significant SNP that cluster in several
replication «in the broad sense.e We also inspectedregions on different chromosomes. Theas 0.99, showing
association of all SNP in the 95% confidence interval (Cl) that there are no more significaRtvalues than would be
of all linkage peaks previously reported for exercise expected under chance, which indicates that the genomic
behavior and physical activity phenotypégain, finding control was successfully applied to the combined sample in
at least one SNP with a pool@dvalue< 1.0 106*°in one the meta-analysis procedure. Table 1 displays the results
of these regions was considered to be a replication of theof all SNP that reach the threshold for GWA (pooled
linkage signal. For all significant SNP, we performed P value < 1.0 10%°). The odds ratio (OR) for these
checks for HWE (tested &< 1.0 10%®), inspection of SNP ranged between 1.29 and 1.43. The lowest pool
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FIGURE 2,LD plot of the PAPSS2gene region on chromosome 10.
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TABLE 2. Testing association with six candidate genes for exercise participation.

No. Pooled P:
Candidate SNP with Lowest Pooled Pooled Pooled SNP in P: Dutch  P: American Corrected for
Gene Study Chrom Pooled P? Location of SNP P OR 95% Cl Alleles® Gene Coverage Sample Sample BMI
ACE Winnicki et al. (24) 17q23.3 rs12451328Intron 0.0420 1.13 1.00-1.18 CA 17 0.58 0.1015 0.2234 0.1275
CASR Lorentzon et al. (21) 3q21.1  rs9811%23 Intron 0.0284 1.16 1.02-1.32 AG 157 0.72 0.0285 0.4459 0.0665
CYP19A1 Salmen et al. (29) 15qg21.2 rs6493%87 Intron 0.0208 1.16 1.02-1.33AG 115 0.76 0.0777 0.1305 0.0679
DRD2 Simonen et al. (31) 11923  rs1800%487 Non-Synonymou§.0439 1.16 1.00-1.34 AG 69 094 0.1712 0.1214 0.0973

coding
LEPR Stefan et al. (33), 1p31.3 rs12405556 Intron 0.00097 1.24 1.09-1.40TG 277 0.92 0.2265 9.79 10%° 0.00020
Richert et al. (27)

MC4R Loos et al. (20) 18q21.32 rs17066829Intergenic 0.2879 1.07 0.95-1.21AT 7 0.69 0.2210 0.8692 0.3250

Sex and age were included as covariates in these analyses.
2In gene or 10 kb around gene.

b Effect allele in bold; the increase in one allele of the effect allele corresponds to an increased risk to be an exerciser as indicated by the OR.
¢ Imputed in the Dutch sample.
9 Imputed in the American sample.

Chrom, chromosome; Coverage, number of observed SNP in gene + number of tagged comRfor 818B)(divided by the total number of common SNP in HapMap.

P value was 3.8 10%° for SNP rs10887741 (OR = 1.32). SNP rs12405556 is in moderate LD with SNP rs1137101
This SNP is part of an LD block that includes an intron (r? = 0.44, on the basis of the HapMap reference sample).
of the 3-phosphoadenosinel-phosphosulfate synthase 2 The association of SNP rs1137101 with exercise in our
(PAPSSP gene and the region just upstream of this gene sample was not significant (pool€dvalue = 0.15P value
(Fig. 2). There are 10 of 44 SNP in this LD block that American sample = 0.032, value Dutch sample = 0.84).
have aP value smaller than 1.0 10%°. Forty SNP have a Linkage region replication. Table 3 presents an
P value smaller than 1.0 10¥3. Two other regions with  overview of the most significant SNP in the linkage regions
genome-wide significant SNP are located on chromosomeshat have been reported for exercise and physical activity
2033.1 and 18p11.32 and are intergenic. The gene closest tphenotypes in previous studies (9,12,32). None of the SNP
the two significant SNP on 2g33.1 is the DNA polymerase- in the linkage regions reached oarpriori criterion for
transactivated protein ®NAPTP§ gene. The other region  replication. The lowest pooled value was found for SNP
on 18p11.32, with 25 significant SNP that are all in tight rs8036270, which is in an intron of tfreaminobutyric acid
LD, is closest to the chromosome 18 open reading frame 2(GABA) receptor subunif-3 precursor GABRG3 gene
(C180rf2 gene. Both genes are known to be protein (P=4.6 10%%). This gene is located around 4 Mb away
coding, but their specific functions are unknown. from the marker peak reported in the previous linkage
Candidate gene replication. Table 2 presents the study (32).
association of SNP in six candidate genes with exercise
participation. No SNP in these genes reach aupriori
criterion for replication. The lowest pooledvalue is found DISCUSSION
in the LEPR gene for SNP rs1240555@ € 9.7 10634, This study is the first to report the results from a GWA
OR = 1.24). This SNP is associated with exercise study for leisure time exercise behavior, using data from
participation in the American sample but not in the Dutch 1644 Dutch and 978 American adults of European ancestry
sample. SNP rs12405556 is located only 4604-bp awaygenotyped on 1,607,535 common SNP (both observed and
from the SNP that was reported to be significant in the successfully imputed). The GWA analyses revealed 37
two previous candidate gene studies (rs1137101) (27,33)novel SNP for exercise participation that cluster in three

TABLE 3. Testing association in 10 linkage regions for exercise patrticipation.

No. Closest Pooled P:

Marker at Lowest Distance SNP SNP in  Gene of  P: Dutch P: American Corrected
Linkage Region Study Peak Flanking Markers®  Pooled P SNP to Marker (kb) Region SNP Sample Sample for BMI
19p13.3 De Moor et al. (12D19S247 D19S591-D19S865 0.00649  rs1108%873 2.617 1269 ADAMTS100.0431 0.0648 0.0159
18q12.2 Cai etal. (9) D18S1102D18S1102-D18S474 0.000146 rs12959%40 3.155 9462 — 0.0117 0.0027 0.00070
18g21.2 Caietal. (9) D18S474 D18S474-D18S61 0.000233 rs12458537  1.780 13472 MALT1 0.0019 0.0444 0.00130
2p22.3 Simonen et al. (32252347 — 0.000530 rs11888625 2.625 4588AC068274.10.00257 0.0765 0.0057
4q31.21 Simonen et al. (32) UCP1 — 0.00264  rs10440457 359 3205 MAML3 0.000411 0.94789 0.0039
7pl3-pl2 Simonen et al. (32)IGFBP1 — 0.000771 rs12537180 1.306 4216 TNS3  0.003925 0.07939 0.0041
9931 Simonen et al. (32)D9S938 — 0.001358 rs947132 2.273 5104 KLF4 0.03876 0.00920 0.0027
13q22 Simonen et al. (32p13S317 — 0.004656 rs95453P§ 2.070 8768 SPRY2 0.01561 0.13443 0.0475
15q13 Simonen et al. (32P15S165 — 0.0000461 rs8036270 4.001 6376 GABRG3 0.00299 0.00342 0.0003
20q12 Simonen et al. (32) PLCG1 — 0.0003982 rs1548244 186 6696 TOP1 0.00382 0.03869

21n the study by Simonen et al. (32), no Cl or flanking regions are given. For regions reported in this study, we used a 6-Mb interval around tie treakeblot the marker
C11P15_3eported by Simonen et al. (32) is omitted from this table because this marker could not be identified. Sex and age were included as covanaliese® these a
® Imputed in the Dutch sample.

¢ Imputed in the American sample.
—, not available.
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