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The heritability of attention deficit hyperactivity disorder
(ADHD) is approximately 0.8. Despite several larger scale
attempts, genome-wide association studies (GWAS) have not
led to the identification of significant results. We performed a
GWAS based on 495 German young patients with ADHD
(according to DSM-IV criteria; Human660W-Quadvl; Illumina,
San Diego, CA) and on 1,300 population-based adult controls
(HumanHap550v3; Illumina). Some genes neighboring the sin-
gle nucleotide polymorphisms (SNPs) with the lowest P-values
(best P-value: 8.38 x 10~ 7) have potential relevance for ADHD
(e.g., glutamate receptor, metabotropic 5 gene, GRM5). After
quality control, the 30 independent SNPs with the lowest
P-values (P-values < 7.57 x 10°) were chosen for confirmation.
Genotyping of these SNPs in up to 320 independent German
families comprising at least one child with ADHD revealed
directionally consistent effect-size point estimates for 19
(10 not consistent) of the SNPs. In silico analyses of the 30
SNPs in the largest meta-analysis so far (2,064 trios, 896 cases,
and 2,455 controls) revealed directionally consistent effect-size
point estimates for 16 SNPs (11 not consistent). None of the
combined analyses revealed a genome-wide significant result.
SNPs in previously described autosomal candidate genes did not
show significantly lower P-values compared to SNPs within
random sets of genes of the same size. We did not find genome-
wide significant results in a GWAS of German children with
ADHD compared to controls. The second best SNP is located in
an intron of GRMS5, a gene located within a recently described
region with an infrequent copy number variation in patients with
ADHD. © 2011 Wiley Periodicals, Inc.
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Approximately 5% of children fulfill DSM-IV (Diagnostic and
Statistical Manual of Mental Disorders—4th Edition) criteria for
attention deficit/hyperactivity disorder (ADHD; American Psychi-
atric Association, 1994). Family, twin, and adoption studies indi-
cate that ADHD is a highly heritable child and adolescent
psychiatric disorder; heritability estimates are consistently around
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0.8 [Heiser et al., 2004; Faraone et al., 2005; Franke et al., 2009;
Faraone and Mick, 2010; Freitag et al.,, 2010]. Candidate gene
association and linkage studies, which were mostly based on small
sample sizes, have provided modest evidence for the involvement of
specific genes and chromosomal regions in ADHD. Genetic var-
iants in single, mostly dopaminergic, candidate genes have been
implicated in meta-analyses (for review see: [Heiser et al., 2004; Li
etal., 2006; Gizer et al., 2009; Banaschewski et al., 2010; Faraone and
Mick, 2010; Franke et al., 2010]); however, none of these variants
achieved genome-wide significance at a level oo of 5x 107°
[Speliotes et al., 2010]. A meta-analysis of seven linkage studies
identified a single genome-wide significant linkage finding on
chromosome 16q22—-16q24 [Zhou et al., 2008].

The advent of genome-wide association studies (GWAS) was a
paradigm shift in the elucidation of genetic variants underlying
complex disorders. For the first time, genome-wide significant
findings for multiple categorical and dimensional complex phe-
notypes are being detected at an unprecedented pace, with frequent
confirmation in independent study groups (http://www.genome.
gov/26525384). Such GWAS and subsequent replication studies
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are usually based on large samples. Small effect sizes of the detected
variants (odds ratios mostly <1.3) represent a common underlying
theme [Psychiatric GWAS Consortium Steering Committee, 2009].
The first GWAS for some neuropsychiatric disorders (e.g., restless
legs syndrome, schizophrenia, and bipolar disorder) resulted in the
detection of single SNPs/genes that were confirmed in GWAS
performed in parallel and/or in subsequent large scale genotyping
studies of promising SNPs [Stefansson et al., 2007, 2009; Winkel-
mann et al., 2007; Ferreira et al., 2008; Schormair et al., 2008;
Sullivan et al., 2008; Cichon et al., 2011]. The functionally relevant
variants in the respective candidate genes are still to be identified.

In 2008, the first GWAS for ADHD in adults analyzed 343 in- and
outpatients and 250 controls. Hints to novel interesting risk genes
were identified; however, results were not significant on a genome-
wide level [Lesch et al.,, 2008]. The first GWAS for ADHD
in children and adolescents, based on a total of 909 trios, was
performed by the Genetic Association Information Network
(GAIN) based on the sample of the International Multicentre
ADHD Genetics (IMAGE) project (http://www.ncbi.nlm.nih.gov/
projects/gap/cgi-bin/study.cgi?study_id=phs000016.v1.p1). The
lowest P-values in two chromosomal regions (chr. 6; rs9389835,
P=6.75 x 10~ °in 642 trios and chr. 14;1s2295426, P=5.01 x 10~°
in 585 trios) were not significant on a genome-wide level, indicating
that larger samples may be required to identify risk loci for ADHD
[Neale et al., 2008a]. The top SNPs reported in the GWAS by Neale
etal. [2008a] were recently analyzed in an independent study group
(of 415 trios). None of the SNPs showed a significant association
[Lantieri et al., 2010]. Another independent multisite ADHD
GWAS was conducted on 732 families from the PUWMa consor-
tium (Pfizer-funded study from the University of California, Los
Angeles, Washington University, and Massachusetts General
Hospital). Again, none of the SNPs reached genome-wide signifi-
cance (lowest P-value = 6.7 x 10~7). Notably, one of the 20 SNPs
with the lowest P-values was located in a candidate gene in
the GWAS data of interest for ADHD (solute carrier family 9
(sodium/hydrogen exchanger), member 9 gene, SLC9A9,
rs9810857, P=6.4 x 107°). A gene-based test of published candi-
date genes identified additional evidence of association with
SLC9A9 [Mick et al., 2010]. A further case—control GWAS for
ADHD in the IMAGE II consortium sample (896 cases with ADHD
and 2,455 repository controls) likewise produced no genome-wide
significant result [Neale et al., 2010a].

A recent large-scale meta-analysis analyzed imputed data from
four GWAS studies comprising 2,064 trios, 896 cases, and 2,455
controls. Genome-wide significant associations were not identified
[Neale et al., 2010b]. Given the high heritability of the disorder, the
negative results suggest that the effects of common ADHD risk
variants might individually be very small. The missing heritability
might also be explained by other types of variants (e.g., rare variants
[Neale et al., 2010b]).

We hypothesized that the uniform ascertainment (e.g., only
clinically ascertained cases) that has been applied to all
German ADHD samples would discover of genetic risk variants
that might not have been picked up by the broader recruitment
approach of prior ADHD GWAS studies [Kuntsi et al., 2006; Chen
et al., 2008; Neale et al., 2008b]. We performed a GWAS on 495
German young ADHD patients (Human660W-Quadv1; Illumina)
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and on 1,300 population-based adult controls (HumanHap550v3;
Illumina).

GWAS Sample; ADHD Cases. Four hundred ninety-five
German young (age range 6—18 years; mean age 11 £ 2.7 years)
patients with ADHD were recruited and phenotypically character-
ized in six psychiatric outpatient units for children and adolescents
(Aachen, Cologne, Essen, Marburg, Regensburg, and Wiirzburg).
Patients were included if they were diagnosed with ADHD accord-
ing to DSM-IV [American Psychiatric Association, 1994], subtypes
are given in Table 1. The ascertainment strategy and inclusion
criteria have been described previously [Hebebrand et al., 2006;
Schimmelmann et al., 2007; Romanos et al., 2008].

GWAS Sample; Population-Based Controls. One thousand
three hundred adult controls were drawn from three population-
based epidemiological studies (for details see [Cichon etal., 2011]):
(a) the Heinz Nixdorf Recall (Risk Factors, Evaluation of Coronary
Calcification, and Lifestyle) study (n=383; [Schmermund et al.,
2002]), (b) PopGen (n=490; [Krawczak et al., 2006]), (c) KORA
(Cooperative Health Research in the Region of Augsburg; n = 488;
[Wichmann et al., 2005]). The recruitment areas were Essen,
Bochum, and Miilheim (Ruhr area) for (a), Schleswig-Holstein
(Northern Germany) for (b), and Augsburg (Southern Germany)
for (c), respectively. Ethnicity was assigned to patients and controls
according to self-reported ancestry (all German). Written informed
consent was given by all individuals or by their parents in case of
minors. The study protocols were approved by the respective
institutional review board or ethics committees and conducted
in accordance with The Declaration of Helsinki.

Replication Samples. The “Wiirzburgsample” consisted of 149
families (510 individuals) with at least one affected child (99 trios)
with ADHD (DSM-1V criteria), in 40 families 2, in 8 families 3, and
in 2 families 4 or 5 affected children were recruited, respectively.
The “Frankfurt/Homburg/Trier sample” consisted of 171 trios

TABLE 1. Clinical Characteristics of the 495 Patients With ADHD
Analyzed With the GWAS Approach

Probands, n (%) or

mean (SD)

Sex
Male 400 (80.8%)
Female 95 (19.2%)
Age 11.0 (SD 2.7)

ADHD subtype®
Combined type
Predominantly inattentive type
Predominantly hyperactive-impulsive type

362 (73.1%)
108 (21.8%)
25 (5.1%)

*Current DSM-IV diagnosis according to K-SADS, Kinder-DIPS or PACS.
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(513 individuals) with one affected child with ADHD (DSM-IV
criteria). All children were recruited from outpatient clinics at the
Departments of Child and Adolescent Psychiatry, Psychosomatics
and Psychotherapy of the Universities of Wiirzburg, Frankfurt, and
Homburg and the local child psychiatry clinic in Trier. Written
informed consent was given by all participants and in case of minors
by their parents. The study was approved by the Ethics Committee
of the Universities of Wiirzburg and Frankfurt am Main, and the
“Arztekammer des Saarlandes” and conducted in accordance with
the guidelines of The Declaration of Helsinki. DSM-1V criteria were
used to define caseness (see Renner et al. [2008] and Romanos
et al. [2008], for details on the diagnostic procedures). In silico
replication was performed in the Psychiatric GWAS Consortium
ADHD meta-analysis sample (see [Neale et al., 2010b]).

Genome-wide association study. The genome-wide genotyp-
ing was performed on HumanHap550v3 (Illumina; controls) and
Human660W-Quadvl BeadArrays (Illumina; cases) by (i) Illumi-
nas customer service (all 490 PopGen controls); (ii) the Department
of Genomics, Life & Brain Center, University of Bonn, Germany
(all 495 ADHD cases and 383 Heinz Nixdorf Recall study controls)
and (iii) the Helmholtz Zentrum Miinchen, Germany (all 488
KORA controls).

We applied a quality control (QC) protocol to filter genotypes
and individuals to the overlapping genotype content of all GWAS
data sets. This QC protocol has been previously described in detail
[Cichonetal., 2011], in short it accounts for call rates (CR—cut-off
0.98 for SNPs and 0.97 for individuals), heterozygosity,
cross-contamination, population stratification, relatedness,
deviations from Hardy—Weinberg equilibrium (HWE—cut-offs
Presactocases < 1 X 1078, Pegact-controls < 1 X 107*) and minor allele
frequencies (MAF—cut-off <1% in cases or controls). Moreover,
we explored the cluster intensity plots of the SNPs that were
followed-up manually by two independent raters. After QC and
merging both the case and control data sets a total of 487,484
autosomal and 11,917 X-chromosomal SNPs were analyzed in
495 cases and 1,300 controls (see Supplementary Figs. 1 and 2).

Using PLINK v1.07 [Purcell et al., 2007] we applied Cochran—
Armitage Trend tests to assess all autosomal SNPs for association
with the disorder as recommended [Sasieni, 1997; Guedj et al.,
2008] while X chromosomal SNPs were tested by the allelic test
(2 x 2 Table) which basically weights X alleles of women and men
equally. In addition, we performed analyses stratified by sex and
compared the allele frequencies in cases and controls to those of the
parents in the replication samples for the SNPs displayed in Table 2
(results not shown). These sensitivity analyses indicated no strong
discrepancies by sex or age group that could either mask true
effects or lead to spurious effects. All reported nominal P-values
are two-sided; P-values adjusted for genomic inflation (A = 1.042)
and effect sizes estimators (odds ratios) are also provided (see
Table 2). The ratio of the median of the empirically observed
distribution of the test statistic to the expected median is defined
as the genomic inflation factor A which can be used to address
possibly population stratification effects [Devlin and Roeder, 1999].
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Validation of GWAS genotypes. After QC we validated the
three (rs4862110, rs2556378, and rs5016282) initially best GWAS
SNPs (according to P-value) by genotyping the GWAS cases
by independent genotyping methods; (a) rs4862110: TagMan
assay C_27905256_10 was used according to the manufacturer;
(b) rs2556378: polymerase chain reaction (PCR) with subsequent
diagnostic restriction fragment length polymorphism (RFLP) anal-
yses was performed; forward primer “TAG TCA AGC CAA AGG
GGC TA”; reverse primer “ACA ACT TGA GGG GGA AAA GG,”
digestion with BsmAl (c) rs5016282: amplification refractory
mutation system (ARMS)-PCR; forward outer primer “ACT
ATT CCT GCA AAA TTG TTT TAC C”; reverse outer primer
“ACA ACA TGA TTG TGT TCT TTG AGT T”; forward inner
primer “TAT TCT TCA TGG CTA TGT TTC TCT G,” reverse
inner primer “TCA AAT TTA GAT AAC CTT GAT GGC T.” For
validity of the genotypes, allele assignments were made by at least
two experienced individuals independently. Discrepancies were
solved unambiguously either by reaching consensus or by repeating
of the genotyping. Comparison with the GWAS chip data revealed
a high concordance (<1% discrepancies) for SNPs rs2556378
(4 differences in 495 samples) and rs5016282 (3 differences in
495 samples). However, for the initially best SNP rs4862110 (initial
P-value 1.02 x 10™°), the discrepancy rate was high (18.4%; 91
differences in 495 samples). Re-genotyping of rs4862110 by
TaqMan confirmed the initial TagMan genotypes. Re-sequencing
(SeqLab, Gottingen) also confirmed the TagMan genotypes, but
not the chip data. Hence we decided to use the Tagman data for the
association analysis. The new analysis revealed a P-value of 0.742 for
rs4862110, so that the SNP was excluded from further replication
attempts.

Replication. The 30 best, independent (distance between SNPs
at least 1 MD, in case of more SNPs in linkage disequilibrium (LD)
the SNP with the lowest P-value was chosen) SNPs (ranked by P-
value; see Table 2) which passed the QC filter were genotyped in the
independent “Wiirzburg sample” (see above). SNP genotyping of
28 of these SNPs was performed using Sequenom’s MassArray™
system (Sequenom, San Diego, CA) according to the instructions
supplied by the manufacturer. All PCR reactions were done using
the iPlex® chemistry following the MassArray® iPlex® standard
operation procedure. Primer sequences are available from the
authors. SNP rs5016282 was genotyped as described above
(“validation of GWAS genotypes”). Genotyping of the two best
SNPs in the “Frankfurt/Homburg/Trier sample”: rs2556378 and
rs5016282 were genotyped by ARMS-PCR as described above
(“validation of GWAS genotypes”). As the replication was per-
formed in nuclear families we checked all samples for Mendelian
inconsistencies and determined deviations from HWE in the
parents (all Pey, > 0.01 except for rs1430961). We used the family-
based association test (FBAT) [Laird and Lange, 2006] for the
association analysis to address the impact of one or more offspring
affected with ADHD for each family.

We also report the findings from the meta-analyses of both the
GWAS and the replication data sets applying Fisher’s combined
probability test which weights each data set equally. Applying
inverse variance weightings did not alter our conclusions.

Gene-set enrichment analyses. For 64 previously described
autosomal ADHD candidate genes [see Banaschewski et al.,
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TABLE 2. Thirty Best ADHD SNPs From a Genome-Wide Association Study in 435 German Children and Adolescents With ADHD and
1,300 Population-Based Controls; Replication in ADHD Nuclear Families (n., = 1,023%)

GWAS risk GWAS Replication Direction

Base Nearest GWAS allele/ odds FBAT? of Combination
SNP Chromosome pairs® gene® P-value® frequency® ratio P-value effect® P-value"
rs2556378 2 60762502 BCL11A 8.38x 1077 1/0.14 1.61 0.4751 o 1.70x 10°°®
rs5016282 11 88741660 GRM5 1.78 x 107° A0.86 1.85 0.3428 o 2.55x 107°
rs2532274 17 44247164 KIAAL267 582 x 10°° €/0.20 1.49 0.1585 e 3.76x 10°°
rs?7105122 11 47449544  PSMC3 9.10 x 107 €/0.71 1.47 0.5279 o 1.76 x 107°
rs9844608 3 33774574  CLASP2 9.31x 10°° AM0.67 1.45 0.5347 o 1.82 x 10~°
rs11757000 6 28484869 GPX6 117 x 107° 1/0.85 1.72 0.9177 = 763x10°°
rs4804149 19 11284028 ANKRD25 120 x 10°° €/0.27 1.42 0.1096 = 781x10°°
rs6458351 6 43791080 VEGF 139 x 107° 1/0.07 1.72 0.1967 = 8.95 x 107°
rs7984422 13 92808689 GPC5 1.42 x 107° A/0.02 2.41 0.0896 A 5.08 x 10°°
rs1430961 4 90552920 SNCA 1.49 x 107° /0.0?7 1.76  0.6698" oS 347 x 10°°
rs17031719 12 102022264 MYBPC1 1.62 x 107° 6/0.15 1.53 0.2489 = 1.03x 107*
rs13119057 4 46807501 COX7B2 1.86 x 10™° 1/0.24 1.43 0.0265" = 1.17 x 107%
rs11142062 g 90658749 CCRK 2.05x 10°° 1/0.10 1.59 0.9013 e 6.14 x 107 °
rs3760201 17 21193618 MAP2K3 2.05x 107° 1/0.67 1.44 0.2466 o 1.84 x 10~°
rs10838881 11 48387275 0R4C3 2.24x10°° 1/0.85 1.66 0.1083 e 9.29 x 107°
rs2114961 5 134574232  H2AFY 2.70x 10°° 1/0.72 1.46 1.0000 = 1.65x 10~*
rs2509689 11 102368719 MMP? 2.84 x107° €/0.78 1.52 0.0499 _e 5.62 x 107°
rs4549394 4 129431298 PGRMC? 3.58x 10°° 1/0.13 1.52 0.4250 e 513 x 107>
rs3741410 11 48168664 PTPRJ 3.84 x 107> A0.84 1.62 0.0792 o 1.15 x 10°
rs655824 11 120834480 GRIK4 3.98 x 10°° €/0.04 1.85 0.6473 _e 8.34 x 10°
rs7694947 4 22576409 GPR125 422 x 107° 1/0.51 1.36 0.5637 = 248 x 1074
rs6732434 2 182901257 SSFA2 468 x 107 M0.24 1.41 0.0042 = 2.73x10°*
rs2773822 9 135861033 GFI1B 5.04 x 107° /0.86 1.66 0.7357 o 1.17 x 1074
rs9929758 16 84430781 KIAAO703 547 x 107° 1/0.83 1.57 0.5485 e 9.60 x 10™°
rs13270024 8 142201477 DENND3 5.75x 10> C/0.16 1.46 NAK NAK NAK
rs1859063 2 130363731 LOC151121 583 x 10°° G/0.02 2.35 0.3173 = 334 x10°*
rs2580817 2 232798723 NPPC 6.15x 107 ° A/0.10 1.54 0.2763 = 3.50 x 104
rs10515549 5 144697489 MGC21644 6.55x 10°° 6/0.43 1.34 0.8175 o 1.64 x 10~*
rs650957 1 191429227 RGS18 738x107° 1/0.42 1.33 0.5858 L 134 x 107°
rs1623319 12 76270756 PHLDA1 757 x10°° A0.23 1.38 0.4862 o 1.16 x 107%

“For all SNPs 171 families comprising at least one child with ADHD and both parents were analyzed; only for SNPs rs2556378 and rs5016282 a total of 320 families (at least one child with ADHD and

both parents) was included in the analyses (see “Materials and Methods” section).
“Base pairs according to hg19—NCBI Build 37.1 (GRCh3?).

Gene abbreviations: BCL114: B-cell CLL/lymphoma 11A (zinc finger protein); GRM5: glutamate receptor, metabotropic 5; PSMC3: proteasome (prosome, macropain) 26S subunit, ATPase, 3; KIAA1267:
KIAA1267; CLASPZ: cytoplasmic linker associated protein 2; ANKRD25: KN motif and ankyrin repeat domains 2; GPCS5: glypican 5; VEGF: vascular endothelial growth factor A; GPX6: glutathione peroxidase 6
(olfactory); CCRK: cyclin-dependent kinase 20; SNCA: synuclein, alpha (non A4 component of amyloid precursor); COX7B2: cytochrome ¢ oxidase subunit VIlb2; OR4C3: olfactory receptor, family 4,
subfamily C, member 3; MYBPC1: myosin binding protein C, slow type; MMPZ: matrix metallopeptidase 7 (matrilysin, uterine); MAP2K3: mitogen-activated protein kinase kinase 3; H2AFY: H2A histone
family, member Y; GRIK4: glutamate receptor, ionotropic, kainate 4; PTPRJ: protein tyrosine phosphatase, receptor type, J; GPR125: G protein-coupled receptor 125; RGS18: regulator of G-protein signaling
18; PGRMC?2: progesterone receptor membrane component 2; NPPC: natriuretic peptide C; LOC151121: Homo sapiens cDNA FLJ32036 fis, clone NTONG2000492; MGC21644/PRELID2: PRELI domain
containing 2; KIAAOZ03: KIAA1267; PPP1R1C: Homo sapiens protein phosphatase 1 regulatory subunit 1A mRNA; DENND3: DENN/MADD domain containing 3; GF/1B: growth factor independent 1B
transcription repressor; PHLDAL: pleckstrin homology-like domain, family A, member 1; FOLH1: folate hydrolase (prostate-specific membrane antigen) 1.

“P.values deflated for a genomic control inflation factor A = 1.042 ranged between 1.39 x 107° and 1.06 x 10~*.

“Risk allele frequency as derived in the controls.
‘0dds ratio for the risk allele derived for logistic regression model with additive allele coding,

24 Risk allele is the same for GWAS and replication; — risk allele is not the same for GWAS and replication.

"By Fisher's combined probability test.

Test for deviations from HWE in parents: Peyace < 0.01.
JCall rate <0.8.

*Not genotyped in replication sample.

2010; Won et al.,, 2011] we performed a gene-set enrichment
analysis (GSEA) by testing in the style of the Meta-Analysis
Gene-set Enrichment of variaNT Associations (MAGENTA) algo-
rithm; [Segre et al., 2010]. For a total of 17,680 unique autosomal
genes (full gene list downloaded from the University of California

Santa Cruz (UCSC) Genome Browser [http://genome.ucsc.edu/];
cleansed as described in [Segre et al., 2010]), PLINK v1.07 was used
to calculate gene-wise empirical P-values based on 1,000,000 per-
mutations of the trait status. As proposed by Segre et al. [2010], any
SNP that lies within 110kb upstream the gene’s most extreme
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transcript start site and around 40 kb downstream to the genes most
extreme transcript end site is assigned to the corresponding gene.
For gene-set enrichment testing, the null hypothesis that the 64
candidate gene-wise P-values are randomly distributed is compared
to the alternative hypothesis that there is an over-representation of
gene-wise P-values below the 95th percentile of all autosomal genes
(Peutotros = 0.0436) in the candidate gene set compared to 10,000
randomly sampled autosomal gene sets of identical size. A GSEA P-
value Pgsga was calculated as the fraction of randomly sampled gene
sets with more than four gene-wise P-values below P95 as
observed in the candidate gene set. Alternative GSEA statistical
tests, such as the Mann—Whitney rank-sum test and the #-test are
also provided.

The GWAS in 495 German children and adolescents with ADHD
and 1,300 population-based adult controls revealed 30 independent
SNPs with P-value below 7 x 107° (best P-value: 8.38 x 1077
Table 2). These were chosen for independent confirmation.

We performed two confirmation attempts: (1) We hypothesized
that German children with ADHD should represent a relatively
homogeneous replication group. Hence we performed de novo
genotyping of 30 SNPs in up to 320 German families comprising at
least 1 child with ADHD and both parents (Table 2). This approach
revealed directionally consistent effect-size point estimates for 19
of the SNPs (of the 29 SNPs that were available for this analysis;
Pyrne-sided binomial sign test = 0.07), whereas 10 were directionally not
consistent. However, only one of the 19 SNPs showed an unadjusted
P-value below 0.05, and none of the combined P-values reached the
genome-wide significant P-value below o =5 x 10~°. Of course,
this observation may not be too surprising given the limited power
ofboth our GWAS data set and the German replication set to detect
common variants of effect sizes usually reported for GWAS. For
both, the GWAS (ato.=5 x 10~ ®) and the German replication data
set of up to 320 trios (at o= 0.001 < 0.05/30, i.e., correcting for
30 SNPs) we had a comparison-wise power >80% to detect
genetic risk alleles with a MAF >0.1 and a (log-) additive genetic
effect >2.0 (odds ratio).

(2) We attempted replication by in silico analyses of imputed
GWAS data from the currently largest meta-analysis of the inter-
national ADHD GWAS data available in the Psychiatric GWAS
Consortium (2,064 trios, 896 cases, and 2,455 controls) [Neale etal.,
2010b]. Of note most of the German index patients used for
replication (see 1) were also included in this large-scale meta-
analysis [Neale et al., 2010b]. We detected directionally consistent
effect-size point estimates for 16 SNPs (out of 27 that were available
for this analYSiS; POne—sided binomial sign test — 0.44; 11 were direction-
ally not consistent). None of the P-values was below 0.05
(Supplementary Table A); combined analyses did not reveal a
genome-wide significant result at o0=>5 x 10~°,

Additionally, we analyzed 64 previously published autosomal
ADHD candidate genes which were either derived from candidate
gene studies or from GWAS regions (see Supplementary Table B)
for ADHD (for 63 see recent review by Banaschewski et al. [2010]
plus the recently described ADHD candidate gene G protein-
coupled receptor kinase-interacting protein-1 gene (GITI) [Won
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etal,, 2011]; for gene names and positions see Supplementary Table
B). To analyze if the GWAS derived gene-wise empirical P-values in
these genes were significantly lower than expected by chance when
picking 64 such P-values out of all being attributable to the 17,680
autosomal genes, we used gene set enrichment analyses (GSEA)
[Segre et al., 2010; http://www.broadinstitute.org/mpg/magenta/].
GSEA just failed to reveal a difference between gene-wise empirical
P-values according to the “ADHD candidate genes” in comparison
to randomly sampled autosomal gene sets of the same size
(Pasea = 0.4045; Pyjann whithney = 0.07518; Py ieqe 0.06058; com-
plete results for all analyzed genes are shown in Supplementary
Table B).

This GWAS in a small group of clinically ascertained young German
patients with ADHD and population-based controls did not reveal
genome-wide significant findings. Replication attempts in further
German and international samples did also not lead to a P-value(s)
below 5 x 107°.

We subsequently analyzed all previously published candidate
genes for ADHD (including the best hits of the previous ADHD
GWAS) by GSEA methodology. Again, we detected no evidence for
an involvement of this set of ADHD genes in our patients with
ADHD. The power of our GWAS and subsequent analyses was
sufficient to detect risk variants with an OR of 2.0. For another
complex phenotype (obesity), we were able to derive a (study
specific) genome-wide significant result in study groups of a similar
size (487 obese cases vs. 442 healthy lean controls) [Hinney et al.,
2007] using a similar approach of homogeneous diagnostic assess-
ments in combination with high population homogeneity. Apart
from the sample size limitations, the cases and controls do also
differ with regard to sex—the case sample is enriched for males—
and age—the cases were children and adolescents whereas
the controls were adults. At the genome-wide level we cannot
exclude that effects of sex and age may have masked some of the
true variants. However, the sensitivity analyses for the 30 best SNPs
(Table 2) indicated no strong sex- or age-related discrepancies.
Another limitation of our study is the use of different genotyping
chips for the cases and controls (Human660W-Quadvl BeadArrays
for the cases and HumanHap550v3 for the controls; both from
[lumina), while the same quality control (QC) measures were
applied to the raw genotyping data for all chips [see also Cichon
etal., 2011]. As a word of caution regarding chip based genotyping
results, we like to point out that we have used all commonly
recommended QC checks (e.g., check of intensity plots, see
[Pluzhnikov et al., 2010]) for the 31 best hits. Surprisingly, the
formerly best SNP (rs4862110) did pass all QC checks, but showed
massive problems in the re-genotyping (TagMan) approach; so that
eventually the SNP had to be removed from further analysis (see
“Materials and Methods” section). We recommend to re-genotype
the best chip-based GWAS SNPs with an independent method
prior to large-scale confirmation attempts.

Although we did not detect genome-wide significant results,
some of the genes in the vicinity of the 30 best SNPs of our GWAS
merit a closer look. The second best hit, a SNP within an intron of
GRMS5 seems to be especially interesting. In our GWAS data set,
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none of the ADHD cases were homozygous carriers of the
(protective) GG genotype. This absence of GG carriers was similarly
observable in both the parents and the ADHD offspring of the
replication sample which might indicate a recessive mode of
inheritance at this locus. In the literature, there is some evidence
that the loss of one GRMS5 copy is associated with a severe form of
ADHD [Elia et al., 2010]. Rare structural variants were recently
described for ADHD [Elia et al., 2010; Williams et al., 2010; Lesch
et al., 2011]. Analysis of 335 patients with ADHD revealed one
parent with ADHD and three affected offspring who harbored a
deletion within GRMS5 [Elia et al., 2010]. However, Williams et al.
[2010] did not detect this deletion in an independent sample of 410
children with ADHD and 1,156 controls. Based on the association
observed in our GWAS (discovery sample), mutations in GRM5
might be relevant for ADHD, though confirmation attempts failed
(see Table 2 and Supplementary Table A).

A second gene of interest is glypican 5 (GPCS5). The gene
product belongs to the glypican family; another member of this
family—GPC6—has already been described as a candidate gene for
ADHD in adults [Lesch et al., 2008; summarized in Banaschewski
et al., 2010]. Glypicans comprise a family (six members in
vertebrates) of glycosyl-phosphatidylinositol-anchored heparan
sulfate proteoglycans. Control of cell growth and division seems
to be influenced by glypicans [Banaschewski et al., 2010]. SNPs in
close vicinity to the GPC6 ADHD-SNP [Lesch et al., 2008] showed
trends for association in a GWAS for bipolar disorder [Sklar et al.,
2008]. Interestingly, GPC5 is located in a linkage region for bipolar
disorder. However, a mutation screen in individuals with bipolar
disorder did not reveal relevant mutations [Maheshwari et al.,
2002].

GWAS have been very successful for detection of risk alleles of
SNPs for a variety of different complex disorders and phenotypes
[Hindorff et al., 2009] (www.genome.gov/gwastudies). In contrast,
the success for psychiatric disorders has proven to be rather
limited. Smaller sample sizes seemingly only partly account for
this difference between complex psychiatric and other disorders.
Although heritability estimates for several psychiatric disorders
are high [Hebebrand et al., 2010] currently, only nine genetic
variants/regions have been detected for five psychiatric disorders
for which GWAS have been published so far (autism—2
genes, ADHD—none, bipolar disorder—4 genes, unipolar
depression—none, schizophrenia—3 genes, anorexia nervosa,
none; see www.genome.gov/gwastudies). Meta-analyses of GWAS
for psychiatric disorders comprised up to several thousands of
patients and controls; these numbers are still much lower than
those for common traits like body mass index (BMI). A recent
large-scale meta-analysis and replication for BMI loci comprised a
total of 249,796 individuals from the general population and led
to the detection of 18 novel genomic regions and redetection of
14 regions [Speliotes et al., 2010]. Inclusion of similar numbers of
patients will be very difficult to achieve for psychiatric disorders.
However, as genome-wide significance for some loci is nearly
achieved for some of the analyzed psychiatric disorders, large-
scale international approaches (like in the Psychiatric GWAS
Consortium see above) might well lead to significant findings in
the near future.

AMERICAN JOURNAL OF MEDICAL GENETICS PART B

We thank the children and their families for their participation.
We thank the German Research Association (DFG) who funded
the GWAS analyses and confirmatory studies (Hel446/9-1 to
J. Hebebrand, K.-P. Lesch, A. Hinney and T. Renner, KFO 125,
SFB 581, GRK 1156 to K.P. Lesch; ME 1923/5-1, ME 1923/5-3 to
J. Meyer and C. M. Freitag, GRK 1389 to J. Meyer, SCHA 542/10-3
to H. Schifer) and the Bundesministerium fiir Bildung und
Forschung (BMBF 01GV0605 to K.P. Lesch). We thank the START-
Program EK 119/05 of the Medical Faculty, RWTH Aachen,
Germany. We thank the Cardiff group of IMAGE2 for providing
summary statistics for the 30 best SNPs; the group comprises Anita
Thapar, Michael C O’Donovan, Michael ]J. Owen, Kate Langley,
Nigel Williams, Peter Holmans at the MRC Centre for Neuropsy-
chiatric Genetics and Genomics, Cardiff University, UK. The
ADHD meta-analysis was supported by the following grants:
US National of Institute of Health Grants R13MH059126,
ROIMH62873 and ROIMHO081803 to S.V.Faraone and
K23MH066275 to J. Elia, The University of Pennsylvania CTR
grant UL1-RR-024134 to J. Elia and H. Hakonarson and Institu-
tional Development Award to the Center for Applied Genomics
from the Children’s Hospital of Philadelphia to H. Hakonarson;
Affymetrix Power Award, 2007 to B. Franke; NHMRC (Australia)
and Sidney Sax Public Health Fellowship (443036) to S.E. Medland;
Wellcome Trust, UK for sample collection to L Kent. MH58277
to S. Smalley. UMC Utrecht Genvlag Grant, an Internal Grant of
Radboud University Nijmegen Medical Centre to J. Buitelaar.

American Psychiatric Association. 1994. Diagnostic and statistical manual
of mental disorders, 4th edition. Washington, DC: American Psychiatric
Association.

Banaschewski T, Becker K, Scherag S, Franke B, Coghill D. 2010. Molecular
genetics of attention-deficit/hyperactivity disorder: An overview. Eur
Child Adolesc Psychiatry 3:237-257(Review).

Chen W, Zhou K, Sham P, Franke B, Kuntsi J, Campbell D, Fleischman K,
Knight J, Andreou P, Arnold R, Altink M, Boer F, Boholst MJ, Buschgens
C, Butler L, Christiansen H, Fliers E, Howe-Forbes R, Gabriéls I, Heise A,
Korn-Lubetzki I, Marco R, Medad S, Minderaa R, Miiller UC, Mulligan
A, Psychogiou L, Rommelse N, Sethna V, Uebel H, McGuffin P, Plomin
R, Banaschewski T, Buitelaar ], Ebstein R, Eisenberg J, Gill M, Manor I,
Miranda A, Mulas F, Oades RD, Roeyers H, Rothenberger A, Sergeant J,
Sonuga-Barke E, Steinhausen HC, Taylor E, Thompson M, Faraone SV,
Asherson P. 2008. DSM-IV combined type ADHD shows familial
association with sibling trait scores: A sampling strategy for QTL linkage.
Am J Med Genet B Neuropsychiatr Genet 147B:1450—1460.

Cichon S, Miihleisen TW, Degenhardt FA, Mattheisen M, Miré6 X, Stroh-
maier J, Steffens M, Meesters C, Herms S, Weingarten M, Priebe L,
Haenisch B, Alexander M, Vollmer J, Breuer R, Schmal C, Tessmann P,
Moebus S, Wichmann HE, Schreiber S, Miiller-Myhsok B, Lucae S,
Jamain S, Leboyer M, Bellivier F, Etain B, Henry C, Kahn JP, Heath S,
Bipolar Disorder Genome Study (BiGS) Consortium Hamshere M,
O’Donovan MC, Owen M]J, Craddock N, Schwarz M, Vedder H,
Kammerer-Ciernioch J, Reif A, Sasse J, Bauer M, Hautzinger M, Wright
A, Mitchell PB, Schofield PR, Montgomery GW, Medland SE, Gordon
SD, Martin NG, Gustafsson O, Andreassen O, Djurovic S, Sigurdsson E,
Steinberg S, Stefansson H, Stefansson K, Kapur-Pojskic L, Oruc L, Rivas



HINNEY ET AL.

F, Mayoral F, Chuchalin A, Babadjanova G, Tiganov AS, Pantelejeva G,
Abramova LI, Grigoroiu-Serbanescu M, Diaconu CC, Czerski PM,
Hauser J, Zimmer A, Lathrop M, Schulze TG, Wienker TF, Schumacher
J, Maier W, Propping P, Rietschel M, N6then MM. 2011. Genome-wide
association study identifies genetic variation in neurocan as a suscepti-
bility factor for bipolar disorder. Am J] Hum Genet 88:372—381.

Devlin B, Roeder K. 1999. Genomic control for association studies.
Biometrics 55:997—1004.

Elia J, Gai X, Xie HM, Perin JC, Geiger E, Glessner JT, D’arcy M,
deBerardinis R, Frackelton E, Kim C, Lantieri F, Muganga BM, Wang
L, Takeda T, Rappaport EF, Grant SF, Berrettini W, Devoto M, Shaikh
TH, Hakonarson H, White PS. 2010. Rare structural variants found
in attention-deficit hyperactivity disorder are preferentially associated
with neurodevelopmental genes. Mol Psychiatry 15:637—646.

Faraone SV, Mick E. 2010. Molecular genetics of attention deficit hyper-
activity disorder. Psychiatr Clin North Am 33:159-180.

Faraone SV, Perlis RH, Doyle AE, Smoller JW, Goralnick JJ, Holmgren MA,
Sklar P. 2005. Molecular genetics of attention deficit/ hyperactivity
disorder. Biol Psychiatry 57:1313—1323.

Ferreira MA, O’Donovan MC, Meng YA, Jones IR, Ruderfer DM, Jones L,
Fan J, Kirov G, Perlis RH, Green EK, Smoller JW, Grozeva D, Stone J,
Nikolov I, Chambert K, Hamshere ML, Nimgaonkar VL, Moskvina V,
Thase ME, Caesar S, Sachs GS, Franklin J, Gordon-Smith K, Ardlie KG,
Gabriel SB, Fraser C, Blumenstiel B, Defelice M, Breen G, Gill M, Morris
DW, Elkin A, Muir WJ, McGhee KA, Williamson R, MacIntyre DJ,
MacLean AW, St CD Robinson M, Van Beck M, Pereira AC, Kandaswamy
R, McQuillin A, Collier DA, Bass NJ, Young AH, Lawrence J, Ferrier IN,
Anjorin A, Farmer A, Curtis D, Scolnick EM, McGuffin P, Daly MJ,
Corvin AP, Holmans PA, Blackwood DH, Gurling HM, Owen M]J, Purcell
SM, Sklar P, Craddock N, Wellcome Trust Case Control Consortium.
2008. Collaborative genome-wide association analysis supports a role for
ANK3 and CACNAIC in bipolar disorder. Nat Genet 40:1056—1058.

Franke B, Neale BM, Faraone SV. 2009. Genome-wide association studies
in ADHD. Hum Genet 126:13-50.

Franke B, Vasquez AA, Johansson S, Hoogman M, Romanos J, Boreatti-
Himmer A, Heine M, Jacob CP, Lesch KP, Casas M, Ribasés M, Bosch R,
Sanchez-Mora C, Gémez-Barros N, Fernandez-Castillo N, Bayés M,
Halmey A, Halleland H, Landaas ET, Fasmer OB, Knappskog PM,
Heister AJ, Kiemeney LA, Kooij JJ, Boonstra AM, Kan CC, Asherson
P, Faraone SV, Buitelaar JK, Haavik J, Cormand B, Ramos-Quiroga JA,
Reif A. 2010. Multicenter analysis of the SLC6A3/DAT1 VNTR haplotype
in persistent ADHD suggests differential involvement of the gene
in childhood and persistent ADHD. Neuropsychopharmacology 35:
656—664.

Freitag CM, Rhode LA, Lempp T, Romanos M. 2010. Phenotypic and
measurement influences on heritability estimates in childhood ADHD.
Eur Child Adolesc Psychiatry 19:311-323.

Gizer IR, Ficks C, Waldman ID. 2009. Candidate gene studies of ADHD: A
meta-analytic review. Hum Genet 126:51-90.

Guedj M, Nuel G, Prum B. 2008. A note on allelic tests in case—control
association studies. Ann Hum Genet 72:407—409.

Hebebrand ], Dempfle A, Saar K, Thiele H, Herpertz-Dahlmann B, Linder
M, Kiefl H, Remschmidt H, Hemminger U, Warnke A, Knélker U, Heiser
P, Friedel S, Hinney A, Schéfer H, Niirnberg P, Konrad K. 2006. A
genome-wide scan for attention-deficit/hyperactivity disorder in 155
German sib-pairs. Mol Psychiatry 11:196—205.

Hebebrand J, Scherag A, Schimmelmann BG, Hinney A. 2010. Child
and adolescent psychiatric genetics. Eur Child Adolesc Psychiatry
19:259-279.

Heiser P, Friedel S, Dempfle A, Konrad K, Smidt J, Grabarkiewicz J,
Herpertz-Dahlmann B, Remschmidt H, Hebebrand J. 2004. Molecular

895

genetic aspects of attention-deficit/hyperactivity disorder. Neurosci
Biobehav Rev 28:625—641.

Hindorff LA, Sethupathy P, Junkins HA, Ramos EM, Mehta JP, Collins FS,
Manolio TA. 2009. Potential etiologic and functional implications of
genome-wide association loci for human diseases and traits. Proc Natl
Acad Sci USA 106:9362-9367.

Hinney A, Nguyen TT, Scherag A, Friedel S, Bronner G, Miiller TD, Grallert
H, Illig T, Wichmann HE, Rief W, Schifer H, Hebebrand J. 2007. Genome
wide association (GWA) study for early onset extreme obesity supports
the role of fat mass and obesity associated gene (FTO) variants. PLoS One
2:e1361.

Krawczak M, Nikolaus S, von Eberstein H, Croucher PJ, El Mokhtari NE,
Schreiber S. 2006. PopGen: Population-based recruitment of patients
and controls for the analysis of complex genotype—phenotype relation-
ships. Community Genet 9:55—61(Review).

Kuntsi J, Neale BM, Chen W, Faraone SV, Asherson P. 2006. The IMAGE
project: Methodological issues for the molecular genetic analysis of
ADHD. Behav Brain Funct 2:27.

Laird NM, Lange C. 2006. Family-based designs in the age of large-scale
gene-association studies. Nat Rev Genet 7:385—394.

Lantieri F, Glessner JT, Hakonarson H, Elia J, Devoto M. 2010. Analysis of
GWAS top hits in ADHD suggests association to two polymorphisms
located in genes expressed in the cerebellum. Am J Med Genet B
Neuropsychiatr Genet 153B:1127-1133.

Lesch KP, Timmesfeld N, Renner TJ, Halperin R, Réser C, Nguyen TT,
Craig DW, Romanos J, Heine M, Meyer J, Freitag C, Warnke A, Romanos
M, Schifer H, Walitza S, Reif A, Stephan DA, Jacob C. 2008. Molecular
genetics of adult ADHD: Converging evidence from genome-wide
association and extended pedigree linkage studies. ] Neural Transm
115:1573—1585.

Lesch KP, Selch S, Renner T7, Jacob C, Nguyen TT, Hahn T, Romanos M,
Walitza S, Shoichet S, Dempfle A, Heine M, Boreatti-Hiimmer A,
Romanos J, Gross-Lesch S, Zerlaut H, Wultsch T, Heinzel S, Fassnacht
M, Fallgatter A, Allolio B, Schafer H, Warnke A, Reif A, Ropers HH,
Ullmann R. 2011. Genome-wide copy number variation analysis in
attention-deficit/hyperactivity disorder: Association with neuropeptide
Y gene dosage in an extended pedigree. Mol Psychiatry 16:491-503.

Li D, Sham PC, Owen MJ, He L. 2006. Meta-analysis shows significant
association between dopamine system genes and attention deficit hyper-
activity disorder (ADHD). Hum Mol Genet 15:2276—2284.

Maheshwari M, Christian SL, Liu C, Badner JA, Detera-Wadleigh S,
Gershon ES, Gibbs RA. 2002. Mutation screening of two candidate genes
from 13q32 in families affected with bipolar disorder: Human peptide
transporter (SLC15A1) and human glypican5 (GPC5). BMC Genomics
3:30.

Mick E, Todorov A, Smalley S, Hu X, Loo S, Todd RD, Biederman J, Byrne
D, Dechairo B, Guiney A, McCracken J, McGough J, Nelson SF, Reiersen
AM, Wilens TE, Wozniak J, Neale BM, Faraone SV. 2010. Family-based
genome-wide association scan of attention-deficit/hyperactivity disor-
der. ] Am Acad Child Adolesc Psychiatry 49:898—905.

Neale BM, Lasky-Su J, Anney R, Franke B, Zhou K, Maller JB, Vasquez AA,
Asherson P, Chen W, Banaschewski T, Buitelaar J, Ebstein R, Gill M,
Miranda A, Oades RD, Roeyers H, Rothenberger A, Sergeant J, Stein-
hausen HC, Sonuga-Barke E, Mulas F, Taylor E, Laird N, Lange C, Daly
M, Faraone SV. 2008a. Genome-wide association scan of attention deficit
hyperactivity disorder. Am ] Med Genet B Neuropsychiatr Genet
147B:1337-1344.

Neale BM, Sham PC, Purcell S, Banaschewski T, Buitelaar J, Franke B,
Sonuga-Barke E, Ebstein R, Eisenberg J, Mulligan A, Gill M, Manor I,
Miranda A, Mulas F, Oades RD, Roeyers H, Rothenberger A, Sergeant J,
Steinhausen HC, Taylor E, Thompson M, Chen W, Zhou K, Asherson P,



896

Faraone SV. 2008b. Population differences in the International Multi-
Centre ADHD Gene Project. Genet Epidemiol 32:98—107.

Neale BM, Medland S, Ripke S, Anney RJ, Asherson P, Buitelaar J, Franke B,
Gill M, Kent L, Holmans P, Middleton F, Thapar A, Lesch KP, Faraone
SV, Daly M, Nguyen TT, Schifer H, Steinhausen HC, Reif A, Renner TJ,
Romanos M, Romanos J, Warnke A, Walitza S, Freitag C, Meyer J,
Palmason H, Rothenberger A, Hawi Z, Sergeant ], Roeyers H, Mick E,
Biederman J, IMAGE II Consortium Group. 2010a. Case—control
genome-wide association study of attention-deficit/hyperactivity disor-
der. ] Am Acad Child Adolesc Psychiatry 49:906—920.

Neale BM, Medland SE, Ripke S, Asherson P, Franke B, Lesch KP, Faraone
SV, Nguyen TT, Schifer H, Holmans P, Daly M, Steinhausen HC, Freitag
C, Reif A, Renner TJ, Romanos M, Romanos ], Walitza S, Warnke A,
Meyer J, Palmason H, Buitelaar J, Vasquez AA, Lambregts-Rommelse N,
Gill M, Anney RJ, Langely K, O’Donovan M, Williams N, Owen M,
Thapar A, Kent L, Sergeant ], Roeyers H, Mick E, Biederman J, Doyle A,
Smalley S, Loo S, Hakonarson H, Elia ], Todorov A, Miranda A, Mulas F,
Ebstein RP, Rothenberger A, Banaschewski T, Oades RD, Sonuga-Barke
E, McGough J, Nisenbaum L, Middleton F, Hu X, Nelson S, Psychiatric
GWAS Consortium: ADHD Subgroup. 2010b. Meta-analysis of genome-
wide association studies of attention-deficit/hyperactivity disorder. ] Am
Acad Child Adolesc Psychiatry 49:884—897.

Pluzhnikov A, Below JE, Konkashbaev A, Tikhomirov A, Kistner-Griffin E,
Roe CA, Nicolae DL, Cox NJ. 2010. Spoiling the whole bunch: Quality
control aimed at preserving the integrity of high-throughput genotyping.
Am ] Hum Genet 87:123—128.

Psychiatric, GWAS Consortium Steering Committee. 2009. A framework
for interpreting genome-wide association studies of psychiatric disor-
ders. Mol Psychiatry 14:10-17.

Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, Bender D,
Maller J, Sklar P, de Bakker PI, Daly MJ, Sham PC. 2007. PLINK: A tool set
for whole-genome association and population-based linkage analyses.
Am ] Hum Genet 81:559-575.

Renner TJ, Walitza S, Dempfle A, Eckert L, Romanos M, Gerlach M, Schifer
H, Warnke A, Lesch KP, Jacob C. 2008. Allelic variants of SNAP25 in a
family-based sample of ADHD. J Neural Transm 115:317-321.

Romanos M, Freitag C, Jacob C, Craig DW, Dempfle A, Nguyen TT,
Halperin R, Walitza S, Renner TJ, Seitz C, Romanos J, Palmason H, Reif
A, Heine M, Windemuth-Kieselbach C, Vogler C, Sigmund J, Warnke A,
Schifer H, Meyer J, Stephan DA, Lesch KP. 2008. Genome-wide linkage
analysis of ADHD using high-density SNP arrays: Novel loci at 5q13.1
and 14q12. Mol Psychiatry 13:522—530.

Sasieni PD. From genotypes to genes: Doubling the sample size. 1997.
Biometrics 53:1253—1261.

Schimmelmann BG, Friedel S, Dempfle A, Warnke A, Lesch KP, Walitza S,
Renner TJ, Romanos M, Herpertz-Dahlmann B, Linder M, Schafer H,
Seitz C, Palmason H, Freitag C, Meyer J, Konrad K, Hinney A, Hebebrand
J.2007. No evidence for preferential transmission of common valine allele
of the Val66Met polymorphism of the brain-derived neurotrophic factor
gene (BDNF) in ADHD. J Neural Transm 114:523—-526.

Schmermund A, M6hlenkamp S, Stang A, Gronemeyer D, Seibel R, Hirche
H, Mann K, Siffert W, Lauterbach K, Siegrist J, Jockel KH, Erbel R. 2002.
Assessment of clinically silent atherosclerotic disease and established and
novel risk factors for predicting myocardial infarction and cardiac death
in healthy middle-aged subjects: Rationale and design of the Heinz
Nixdorf RECALL Study. Risk factors, evaluation of coronary calcium
and lifestyle. Am Heart J 144:212-218.

Schormair B, Kemlink D, Roeske D, Eckstein G, Xiong L, Lichtner P, Ripke
S, Trenkwalder C, Zimprich A, Stiasny-Kolster K, Oertel W, Bachmann
CG, Paulus W, Hogl B, Frauscher B, Gschliesser V, Poewe W, Peglau I,
Vodicka P, Vavrova J, Sonka K, Nevsimalova S, Montplaisir J, Turecki G,
Rouleau G, Gieger C, Illig T, Wichmann HE, Holsboer F, Miiller-Myhsok

AMERICAN JOURNAL OF MEDICAL GENETICS PART B

B, Meitinger T, Winkelmann J. 2008. PTPRD (protein tyrosine phos-
phatase receptor type delta) is associated with restless legs syndrome. Nat
Genet 40:946—948.

Segre AV, Consortium Diagram, Investigators Magic, Groop L, Mootha
VK, Daly MJ, Altshuler D. 2010. Common inherited variation in mito-
chondrial genes is not enriched for associations with type 2 diabetes or
related glycemic traits. PLoS Genet 6:¢1001058.

Sklar P, Smoller JW, Fan J, Ferreira MA, Perlis RH, Chambert K, Nim-
gaonkar VL, McQueen MB, Faraone SV, Kirby A, de Bakker PI, Ogdie
MN, Thase ME, Sachs GS, Todd-Brown K, Gabriel SB, Sougnez C, Gates
C, Blumenstiel B, Defelice M, Ardlie KG, Franklin J, Muir W], McGhee
KA, MacIntyre DJ, McLean A, VanBeck M, McQuillin A, Bass NJ,
Robinson M, Lawrence J, Anjorin A, Curtis D, Scolnick EM, Daly MJ,
Blackwood DH, Gurling HM, Purcell SM. 2008. Whole-genome associa-
tion study of bipolar disorder. Mol Psychiatry 13:558—569.

Speliotes EK, Willer CJ, Berndt SI, Monda KL, Thorleifsson G, Jackson AU,
Allen HL, Lindgren CM, Luan J, Midgi R, Randall JC, Vedantam S,
Winkler TW, Qi L, Workalemahu T, Heid IM, Steinthorsdottir V,
Stringham HM, Weedon MN, Wheeler E, Wood AR, Ferreira T, Weyant
RJ, Segre AV, Estrada K, Liang L, Nemesh J, Park JH, Gustafsson S,
Kilpeldinen TO, Yang J, Bouatia-Naji N, Esko T, Feitosa MF, Kutalik Z,
Mangino M, Raychaudhuri S, Scherag A, Smith AV, Welch R, Zhao JH,
Aben KK, Absher DM, Amin N, Dixon AL, Fisher E, Glazer NL, Goddard
ME, Heard-Costa NL, Hoesel V, Hottenga JJ, Johansson A, Johnson T,
Ketkar S, Lamina C, Li S, Moffatt MF, Myers RH, Narisu N, Perry JR,
Peters MJ, Preuss M, Ripatti S, Rivadeneira F, Sandholt C, Scott LJ,
Timpson NJ, Tyrer JP, van Wingerden S, Watanabe RM, White CC,
Wiklund F, Barlassina C, Chasman DI, Cooper MN, Jansson JO, Law-
rence RW, Pellikka N, Prokopenko I, Shi J, Thiering E, Alavere H,
Alibrandi MT, Almgren P, Arnold AM, Aspelund T, Atwood LD, Balkau
B, Balmforth AJ, Bennett AJ, Ben-Shlomo Y, Bergman RN, Bergmann S,
Biebermann H, Blakemore AI, Boes T, Bonnycastle LL, Bornstein SR,
Brown M]J, Buchanan TA, Busonero F, Campbell H, Cappuccio FP,
Cavalcanti-Proenga C, Chen YD, Chen CM, Chines PS, Clarke R, Coin L,
Connell J, Day IN, Heijer M, Duan J, Ebrahim S, Elliott P, Elosua R,
Eiriksdottir G, Erdos MR, Eriksson JG, Facheris MF, Felix SB, Fischer-
Posovszky P, Folsom AR, Friedrich N, Freimer NB, Fu M, Gaget S,
Gejman PV, Geus EJ, Gieger C, Gjesing AP, Goel A, Goyette P, Grallert H,
Grassler J, Greenawalt DM, Groves CJ, Gudnason V, Guiducci C,
Hartikainen AL, Hassanali N, Hall AS, Havulinna AS, Hayward C, Heath
AC, Hengstenberg C, Hicks AA, Hinney A, Hofman A, Homuth G, Hui J,
Igl W, Iribarren C, Isomaa B, Jacobs KB, Jarick I, Jewell E, John U,
Jorgensen T, Jousilahti P, Jula A, Kaakinen M, Kajantie E, Kaplan LM,
Kathiresan S, Kettunen J, Kinnunen L, Knowles JW, Kolcic I, Konig IR,
Koskinen S, Kovacs P, Kuusisto J, Kraft P, Kvaley K, Laitinen J, Lantieri O,
Lanzani C, Launer L], Lecoeur C, Lehtimaki T, Lettre G, Liu J, Lokki ML,
Lorentzon M, Luben RN, Ludwig B, Manunta P, MAGIC, Marek D,
Marre M, Martin NG, McArdle WL, McCarthy A, McKnight B, Meitinger
T, Melander O, Meyre D, Midthjell K, Montgomery GW, Morken MA,
Morris AP, Mulic R, NgwaJS, Nelis M, Neville MJ, Nyholt DR, O’Donnell
CJ, O’Rahilly S, Ong KK, Oostra B, Paré G, Parker AN, Perola M, PichlerI,
Pietilainen KH, Platou CG, Polasek O, Pouta A, Rafelt S, Raitakari O,
Rayner NW, Ridderstrale M, Rief W, Ruokonen A, Robertson NR,
Rzehak P, Salomaa V, Sanders AR, Sandhu MS, Sanna S, Saramies J,
Savolainen MJ, Scherag S, Schipf S, Schreiber S, Schunkert H, Silander K,
Sinisalo J, Siscovick DS, Smit JH, Soranzo N, Sovio U, Stephens J, Surakka
I, Swift AJ, Tammesoo ML, Tardif JC, Teder-Laving M, Teslovich TM,
Thompson JR, Thomson B, T6njes A, Tuomi T, van Meurs JB, van
Ommen GJ, Vatin V, Viikari J, Visvikis-Siest S, Vitart V, Vogel CI, Voight
BF, Waite LL, Wallaschofski H, Walters GB, Widen E, Wiegand S, Wild
SH, Willemsen G, Witte DR, Witteman JC, Xu J, Zhang Q, Zgaga L,
Ziegler A, Zitting P, Beilby JP, Farooqi IS, Hebebrand J, Huikuri HV,
James AL, Kahonen M, Levinson DF, Macciardi F, Nieminen MS,
Ohlsson C, Palmer LJ, Ridker PM, Stumvoll M, Beckmann JS, Boeing
H, Boerwinkle E, Boomsma DI, Caulfield MJ, Chanock SJ, Collins ES,
Cupples LA, Smith GD, Erdmann J, Froguel P, Gronberg H, Gyllensten U,



HINNEY ET AL.

Hall P, Hansen T, Harris TB, Hattersley AT, Hayes RB, Heinrich J, Hu FB,
Hveem K, Illig T, Jarvelin MR, Kaprio J, Karpe F, Khaw KT, Kiemeney LA,
Krude H, Laakso M, Lawlor DA, Metspalu A, Munroe PB, Ouwehand
WH, Pedersen O, Penninx BW, Peters A, Pramstaller PP, Quertermous T,
Reinehr T, Rissanen A, Rudan I, Samani NJ, Schwarz PE, Shuldiner AR,
Spector TD, Tuomilehto J, Uda M, Uitterlinden A, Valle TT, Wabitsch M,
Waeber G, Wareham NJ, Watkins H, Procardis Consortium Wilson JF,
Wright AF, Zillikens MC, Chatterjee N, McCarroll SA, Purcell S, Schadt
EE, Visscher PM, Assimes TL, Borecki IB, Deloukas P, Fox CS, Groop LC,
Haritunians T, Hunter DJ, Kaplan RC, Mohlke KL, O’Connell JR,
Peltonen L, Schlessinger D, Strachan DP, van Duijn CM, Wichmann
HE, Frayling TM, Thorsteinsdottir U, Abecasis GR, Barroso I, Boehnke
M, Stefansson K, North KE, McCarthy MI, Hirschhorn JN, Ingelsson E,
Loos RJ. 2010. Association analyses of 249,796 individuals reveal 18 new
loci associated with body mass index. Nat Genet 42:937-948.

Stefansson H, Rye DB, Hicks A, Petursson H, Ingason A, Thorgeirsson TE,
Palsson S, Sigmundsson T, Sigurdsson AP, Eiriksdottir I, Soebech E,
Bliwise D, Beck JM, Rosen A, Waddy S, Trotti LM, Iranzo A, Thambisetty
M, Hardarson GA, Kristjansson K, Gudmundsson LJ, Thorsteinsdottir U,
Kong A, Gulcher JR, Gudbjartsson D, Stefansson K. 2007. A genetic risk
factor for periodic limb movements in sleep. N Engl ] Med 357:639-647.

Stefansson H, Ophoff RA, Steinberg S, Andreassen OA, Cichon S, Rujescu
D, Werge T, Pietildinen OP, Mors O, Mortensen PB, Sigurdsson E,
Gustafsson O, Nyegaard M, Tuulio-Henriksson A, Ingason A, Hansen T,
Suvisaari J, Lonngvist J, Paunio T, Berglum AD, Hartmann A, Fink-
Jensen A, Nordentoft M, Hougaard D, Norgaard-Pedersen B, Bottcher Y,
Olesen J, Breuer R, Mdller HJ, Giegling I, Rasmussen HB, Timm S,
Mattheisen M, Bitter I, Réthelyi JM, Magnusdottir BB, Sigmundsson T,
Olason P, Masson G, Gulcher JR, Haraldsson M, Fossdal R, Thorgeirsson
TE, Thorsteinsdottir U, Ruggeri M, Tosato S, Franke B, Strengman E,
Kiemeney LA, Genetic Risk Outcome in Psychosis (GROUP), Melle I,
Djurovic S, Abramova L, Kaleda V, Sanjuan J, de Frutos R, Bramon E,
Vassos E, Fraser G, Ettinger U, Picchioni M, Walker N, Toulopoulou T,
Need AC, Ge D, Yoon JL, Shianna KV, Freimer NB, Cantor RM, Murray
R, Kong A, Golimbet V, Carracedo A, Arango C, Costas J, Jonsson EG,
Terenius L, Agartz I, Petursson H, Nothen MM, Rietschel M, Matthews
PM, Muglia P, Peltonen L, St Clair D, Goldstein DB, Stefansson K, Collier
DA. 2009. Common variants conferring risk of schizophrenia. Nature
460:744—-747.

897

Sullivan PF, Lin D, Tzeng JY, van den Oord E, Perkins D, Stroup TS,
Wagner M, Lee S, Wright FA, Zou F, Liu W, Downing AM, Lieberman J,
Close SL. 2008. Genomewide association for schizophrenia in the CATIE
study: Results of stage 1. Mol Psychiatry. 13(6):570—584(Erratum in: Mol
Psychiatry 2009; 14:1144).

Wichmann HE, Gieger C, Illig T, MONICA/KORA Study Group. 2005.
KORA-gen-resource for population genetics, controls and a broad
spectrum of disease phenotypes. Gesundheitswesen 67(Suppl 1): S26—
S30.

Williams NM, Zaharieva I, Martin A, Langley K, Mantripragada K, Fossdal
R, Stefansson H, Stefansson K, Magnusson P, Gudmundsson OO,
Gustafsson O, Holmans P, Owen MJ, O’Donovan M, Thapar A. 2010.
Rare chromosomal deletions and duplications in attention-deficit
hyperactivity disorder: A genome-wide analysis. Lancet 376:1401—
1408.

Winkelmann J, Schormair B, Lichtner P, Ripke S, Xiong L, Jalilzadeh S,
Fulda S, Piitz B, Eckstein G, Hauk S, Trenkwalder C, Zimprich A, Stiasny-
Kolster K, Oertel W, Bachmann CG, Paulus W, Peglau I, Eisensehr I,
Montplaisir J, Turecki G, Rouleau G, Gieger C, Illig T, Wichmann HE,
Holsboer F, Miiller-Myhsok B, Meitinger T. 2007. Genome-wide associ-
ation study of restless legs syndrome identifies common variants in three
genomic regions. Nat Genet 39:1000—1006.

WonH,Mah W, Kim E, Kim JW, Hahm EK, Kim MH, Cho S, KimJ, Jang H,
Cho SC, Kim BN, Shin MS, Seo ], Jeong J, Choi SY, Kim D, Kang C, Kim E.
2011. GIT1 is associated with ADHD in humans and ADHD-like
behaviors in mice. Nat Med 17:566—572.

Zhou K, Dempfle A, Arcos-Burgos M, Bakker SC, Banaschewski T, Bieder-
man J, Buitelaar J, Castellanos FX, Doyle A, Ebstein RP, Ekholm J,
Forabosco P, Franke B, Freitag C, Friedel S, Gill M, Hebebrand J,
Hinney A, Jacob C, Lesch KP, Loo SK, Lopera F, McCracken JT,
McGough JJ, Meyer J, Mick E, Miranda A, Muenke M, Mulas F, Nelson
SE, Nguyen TT, Oades RD, Ogdie MN, Palacio JD, Pineda D, Reif A,
Renner TJ, Roeyers H, Romanos M, Rothenberger A, Schafer H, Sergeant
J, Sinke RJ, Smalley SL, Sonuga-Barke E, Steinhausen HC, van der
Meulen E, Walitza S, Warnke A, Lewis CM, Faraone SV, Asherson P.
2008. Meta-analysis of genome-wide linkage scans of attention deficit
hyperactivity disorder. Am ] Med Genet B Neuropsychiatr Genet
147B:1392—1398.



