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Abstract

Background—Genetic studies in Tourette syndrome (TS) are characterized by scattered and
poorly replicated findings. We aimed to replicate findings from candidate gene and genome wide
association studies (GWAS).

Methods—Our cohort included 465 probands with chronic tic disorder (93% TS) and both
parents from 412 families (some probands were siblings). We assessed 75 single nucleotide
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polymorphisms (SNPs) in 465 parent-child trios; 117 additional SNPs in 211 trios; and 4
additional SNPs in 254 trios. We performed SNP and gene-based Transmission Disequilibrium
Tests and compared nominally significant SNP results with those from a large independent case-
control cohort.

Results—After quality control 71 SNPs were available in 371 trios; 112 SNPs in 179 trios; and 3
SNPs in 192 trios. 17 were candidate SNPs implicated in TS and 2 were implicated in obsessive-
compulsive disorder (OCD) or autism spectrum disorder (ASD); 142 were tagging SNPs from
eight monoamine neurotransmitter-related genes (including dopamine and serotonin); 10 were top
SNPs from TS GWAS; and 13 top SNPs from attention-deficit/hyperactivity disorder, OCD, or
ASD GWAS. None of the SNPs or genes reached significance after adjustment for multiple
testing. We observed nominal significance for the candidate SNPs rs3744161 (7TBCD) and
rs4565946 ( TPHZ2) and for 5 tagging SNPs; none of these showed significance in the independent
cohort. Also, SLCIAZin our gene-based analysis and two TS GWAS SNPs showed nominal
significance, rs11603305 (intergenic) and rs621942 (PICALM).

Conclusions—We found no convincing support for previously implicated genetic
polymorphisms. Targeted re-sequencing should fully appreciate the relevance of candidate genes.

Keywords

Attention-deficit/hyperactivity disorder; candidate gene study; obsessive-compulsive disorder;
Tourette Syndrome; Transmission Disequilibrium Test

INTRODUCTION

Both family and twin studies have consistently suggested a genetic etiology of Tourette
syndrome (TS), a common childhood-onset tic disorder [1]. The strong heritability has led to
a wide range of gene finding efforts, which initially, prior to the initiation of genome-wide
association studies (GWAS) focused on family-based linkage and candidate-gene based
case-control studies [1, 2]. These candidate genes have typically been selected based on
prevailing theories of the etiology of TS. There has now been a considerable number of
candidate genes studies which have attempted to confirm theories on neurotransmitter
involvement in TS [2]. However, the field of candidate gene studies is characterized by
poorly replicated findings using mostly small sample sizes [1, 2]. For example, while the
dopamine receptor D2 (DRDZ2) gene was implicated by Comings et. al. [3] this finding could
not be replicated in a subsequent study led by Diaz-Anzalduda et. al. [4]. Currently, we lack a
comprehensive and independent synthesis of the various putative genetic loci identified from
candidate gene studies.

Neurotransmitter-related candidate gene studies in TS have been based on post-mortem
brain findings [5], therapeutic responses to antipsychotics [5], pathophysiological studies
[5], or genetic linkage studies [2]; and have included genes related to the neurotransmitter
pathways dopamine, glutamate, histamine, and serotonin[2, 5]. The classical principle
guiding the investigation of candidate genes in these pathways has been the thought that
certain single nucleotide polymorphisms (SNPs) within these genes might impact protein
functions required for normal neurotransmission.
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The one published GWAS study of TS to date [6] did not result in findings with genome-
wide significance, possibly due to lack of power to detect common variants of small effects.
A subsequent study [7] looking into the top SNPs was only able to find significance for a
SNP (rs2060546) in the Netrin 4 gene (NTN4), following correction for multiple statistical
comparisons. However, this study [7] and others [8] have not replicated the original top TS
GWAS signal (rs7868992) [6] in the Collagen Type XXVII Alpha 1 gene (COL27A1).

The aim of the present study was to independently replicate findings of candidate SNPs and
candidate genes previously implicated in TS or related disorders that are often comorbid
with TS, i.e., obsessive-compulsive disorder (OCD), attention-deficit/hyperactivity disorder
(ADHD), and autism spectrum disorder (ASD) [9], given a potential shared genetic
susceptibility [2]. We investigated a total of 196 SNPs that included the following: individual
candidate SNPs; tagging SNPs (tSNPs) covering neurotransmitter related candidate genes;
top SNPs from TS GWAS; and top SNPs from GWAS of related disorders. Analyses were
performed as part of the Tourette International Collaborative Genetics (TIC Genetics, [10])
study, and consisted of 465 children with a chronic tic disorder and both parents. The
selected genetic loci were investigated in relation to the presence of a chronic tic disorder in
SNP and gene based Transmission Disequilibrium Tests (TDT) analyses. The use of the
TDT is a major advantage above a case-control design as it ensures proper control for
population stratification with no need for a separate control group [11].

METHODS

Study subjects

This study included 465 parent-child trios from 412 families (some parents formed trios with
more than one affected child), with probands affected with a chronic tic disorder, of whom
93% had TS and 7% a chronic motor or vocal tic disorder. Probands (77.8% males; mean
age=13.9, SD=6.42, range=4-52 years) and their biological parents were from the Tourette
International Collaborative Genetics (TIC Genetics, [10]) study, recruited between 2011 and
2014 across 24 sites in the USA, Europe, and South Korea (360 parent-child trios); the New
Jersey Center for Tourette Syndrome (NJCTS) [12] between 2006 and 2010 (102 parent-
child trios); or the Yale Child Study Center in 2007 (three parent-child trios). The TIC
Genetics study was established as a comprehensive gene discovery effort for TS, with a
focus on multiply-affected family pedigrees and cases without a family history of tics.
Inclusion criteria of cases were presence of a chronic tic disorder according to the
Diagnostic and Statistical Manual of Mental Disorders Fourth edition, Text Revision (DSM-
IV-TR, [13]) and donation of DNA by the proband and both biological parents. Before
enrolling in the study, all adult participants and parents of children provided written
informed consent along with written or oral assent of their participating child. The
Institutional Review Board of each participating site had approved the study.

Clinical measures

Experienced clinicians assigned a clinical diagnosis of a tic disorder and assessed the
possible presence of comorbid OCD and/or ADHD based on DSM-IV-TR criteria, as
described elsewhere in more detail [10].
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Selection of single nucleotide polymorphisms

Genotyping

Selection of TS candidate SNPs and genes was based on review articles [1, 2] and PubMed
searches using the terms “Tourette”, “tics”, and “TS” in combination with the terms
“candidate gene” or “association study”, of literature published until October 2014. We
selected 196 SNPs, including: (a) 17 individual candidate SNPs previously reported to be at
least nominally-significantly (P-value <0.05) associated with TS; (b) 2 individual candidate
SNPs previously associated with OCD and ASD, respectively; (c) 148 tSNPs covering seven
neurotransmitter-related candidate genes of which at least one polymorphism had previously
been reported to be at least nominally significantly (P-value <0.05) associated with either TS
(DRDZ, HDC, MAO-A, SLC6A3/DAT1, and TPHZ, reviewed in [2]) or a related disorder
(SLC1A1and GABRA?Z, associated with respectively OCD and ASD [14, 15]), in addition
to HRH3 (which has never been investigated in relation to TS, but was included based on the
possible involvement of genes related to histamine [16, 17]); tSNP selection was restricted to
common SNPs (minor allele frequency > 0.05) and were selected using the HapMap CEU
population as a reference and the Tagger algorithm implemented in Haploview [18, 19]. The
R2 threshold for the tSNP selection was set at 0.8. To capture possible regulatory variants,
we also included tSNPs 10 kb upstream and downstream of each gene (see supplementary
Table S1). (d) 12 TS GWAS based top SNPs i.e., the top 5 LD-independent SNPs from the
first GWAS of TS [6], 4 top SNPs from the Gilles de la Tourette Syndrome Genome-Wide
Association Study Replication Initiative [7], and the top 3 SNPs from the first cross-disorder
GWAS of TS and OCD [20]; and (e) 17 top SNPs from GWAS studies of OCD [21], ADHD
[22, 23], and ASD [24, 25]. We did not include the previously implicated TS SNPs
rs1894236 (HDC), rs1056534 (7BCD), rs25531 (SLC6A4), rs25532 (SLC6A4), nor tSNPs
covering the possible TS candidate genes DRD4, Arylacetamide Deacetylase (AADAC) [26,
271, and Glial Cell Derived Neurotrophic Factor (GDNF) [27], nor 19 SNPs recently
implicated in a meta-analysis of TS and ADHD [28].

Genomic DNA was extracted from peripheral blood using standard protocols. Genotyping
was either performed with the lllumina GoldenGate Genotyping Assay (San Diego, CA,
USA) on a custom made array containing 192 SNPs at the Genome Analysis Facility of the
University Medical Center in Groningen, Netherlands (211 of the parent-child trios). The
remaining 254 parent-child trios were genotyped with the Illumina
HumanOmniExpressExome v1.2 BeadChip genotyping array at the Yale Center for
Genomic Analysis, USA. From this array, we selected the same SNPs, as far as these were
available, which was the case for 75 of the 192 SNPs; plus we selected 4 additional SNPs.
This resulted in a total of 196 SNPs. See supplementary Table S2 for the sample sizes for the
different SNP analyses. Processing of the raw intensity data and calling of the genotypes was
performed with the Illumina GenomeStudio software (\V2011.1). The PLINK input files
needed for further analysis were generated using the PLINK Report Plug-in (v2.1.3) in the
GenomeStudio Software.
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Quiality control

Quality control of the data was performed with PLINK v1.07 [29] and carried out using the
recommended parameters [30]. Individuals were excluded because of (1) discordant sex
information (GoldenGate Genotyping N=13, HumanOmniExpressExome N=5), (2) low
genotyping call rate, i.e., less than 90% (GoldenGate Genotyping N=7,
HumanOmniExpressExome N=9), (3) Mendelian errors and samples with error rates
exceeding 10% (GoldenGate Genotyping N=12, HumanOmniExpressExome N=8), and (4)
strand issues after merging data from genotyping arrays (HumanOmniExpressExome
N=19). Note that removal of one parent with several affected children led to the loss of
several trios, bringing the total of excluded parent-child trios after quality control check to
N=94.

Furthermore, six SNPs not conforming to Hardy-Weinberg equilibrium or with genotyping
call rate less than 90% were excluded (GoldenGate Genotyping N=5,
HumanOmniExpressExome N=1). Finally, after merging the SNPs from both arrays, the
quality of the SNPs was assessed again and four more SNPs did not conform to Hardy-
Weinberg equilibrium, reducing the number of SNPs to 186. Considering that all members
of each trio were genotyped using the same platform, no further corrections were necessary
to control for possible batch effects between the two genotyped subsets.

Family-based association analysis

Family-based association analysis was carried out with the Parent TDT option in PLINK
that utilizes both the standard TDT and the parental discordance test to look for association
with chronic tic disorders. Empirical significance levels were generated with PLINK using
max(T) permutation methods with 10,000 permutations. Pointwise significance threshold
was set at a =0.05. To avoid type | errors, for the SNP-based tests, correction for multiple
testing was conducted using the false discovery rate (FDR). For the gene-based analyses, all
tSNPs belonging to the same gene were grouped together and were analyzed using the set-
based tests in conjunction with the TDT option in PLINK. In an attempt to replicate findings
of Mdssner et al. [31] we also conducted a follow-up analysis of the 7PHZ2 haplotype
(rs4570625-rs4565946) using the haplotype-based TDT option in PLINK. Empirical P-
values were calculated for each gene and correction for multiple testing was again done
using the FDR method. Post-hoc power analyses for our TDT approach were carried out
with the snpPower function in the R-package Haplin v6.0.1.

To reduce the risk of type Il errors, we attempted replication of our nominally significant (P-
value < 0.05) SNPs against nominal significance of the case-control comparisons stemming
from the TS GWAS performed by the Tourette Syndrome Association International
Consortium for Genetics (TSAICG) including 1285 cases and 4964 ancestry-matched
controls [6]. Given the large number of markers tested in a GWAS and accompanying
stringent correction for multiple testing, GWAS studies contain a large number of SNPs with
nominal significance that do not survive correction for multiple comparisons of which,
however, true involvement cannot be ruled out. We argued that only SNPs that would be
nominally significant in both cohorts would unequivocally point towards involvement in
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chronic tic disorder and then would suggest that correction for multiple testing had been too
stringent. Study subjects did not overlap between TSAICG and TIC Genetics.

RESULTS

Sample description

Of the original 465 parent-child trios (from 412 families) and 196 SNPs, a maximum of 371
parent-child trios (from 328 families; 92% European Caucasian, 6% Asian, and 2% black/
African American or American Indian) and 186 SNPs remained eligible for analysis
following our quality control, as described earlier. Note that not all of the 186 SNPs were
available for all of the families (See Table S2); 71 SNPs were available for all 371 parent-
child trios, 112 additional SNPs in 179 trios, and 3 additional SNPs in 192 trios. For an
overview of the investigated SNPs and details from reference studies, see Tables 1-3 and
supplementary Tables S1-2. The final set of probands with a chronic tic disorder consisted
of 291 males and 80 females between 4 and 45 years of age (mean age=13.6, SD=5.80). In
addition to TS, 60% of the patients had OCD and 43% had ADHD.

Transmission Disequilibrium Tests

Candidate SNPs previously implicated in TS—None of the SNPs’ p-values passed
the FDR threshold taking multiple testing into account. However, at nominal significance (~-
value <0.05), the TDT revealed over-transmission of the minor alleles of rs3744161 and
rs4565946 located in the 7BCDand TPHZ gene, respectively (Table 4). A follow-up
analysis on the 7PHZ haplotype (rs4570625-rs4565946) showed no significant association
with chronic tic disorders (Table S4). For the majority of the investigated SNPs, we did not
find any indication for involvement at the level of nominal significance (Table S5). We did
not replicate the previously implicated SL/TRKZ SNPs rs9593835 and rs9531520 [38].

Candidate genes previously implicated in TS or related disorders—Similarly, for
our gene-based analyses, none of our findings met the threshold for statistical significance,
adjusted for multiple testing. We only found a nominally significant association for the
glutamate transporter gene SLC1A1 with chronic tic disorder (P-value =0.02, Table S6). In
addition, a number of individual tSNPs from the candidate genes reached nominal
significance (Table 4). SNPs previously implicated in GWAS of TS and related disorders.
None of these met the FDR threshold (Table S7). We found nominal significance for two top
TS GWAS SNPs (Table 4), i.e., one intergenic SNP variant (rs11603305) and rs621942 of
the PICALM gene [6, 7].

Comparison of nominally significant SNPs with independent cohort—None of
our nominally significant SNPs, including the previously implicated candidate SNPs and the
individual tSNPs from the candidate genes, showed a nominally significant odds ratio in the
TSAICG cohort [6] (Table 4). Note that we did not compare our two nominally significant
TS GWAS SNPs (rs11603305 and rs621942) as they were derived from the TSAICG cohort.
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Post-hoc power analyses

For those 75 SNP analyses for which we had our maximum available sample size of 371
parent-child trios, our study was sufficiently powered (power = 80%) to detect an odds ratio
of 1.8 for rare SNPs (MAF = 0.05) and an odds ratio of 1.4 for more common SNPs (MAF =
0.20; see further Table 1 and Table S3), while for those SNP analyses that were only
genotyped in a subset of the trios (for most of the SNPs, N=179) our study was sufficiently
powered (power = 80%) to detect common SNPs (MAF = 0.20) with an odds ratio of 1.6 or
more (Table S3), and an a=0.05. For all of the previously implicated candidate SNPs we did
obtain the desired power of 80% except for rs12141243 (DLGAPS) and rs9531520
(SLITRKI) (Table 1).

DISCUSSION

The goal of this study was to provide a synthesis of previously implicated candidate SNPs,
candidate genes, and top SNPs from recent GWAS of TS and related disorders. Following
correction for multiple testing, we did not find evidence for involvement for the previously
implicated neurotransmitter related candidate genes (DRDZ, HDC, MAO-A, SLC6A3
DAT1, TPH2, COMT, GABRAZ, SLCI1A1, and HRH3), SNPs previously implicated in
candidate genes (BTBDY, CNTNAP2Z, DLGAP3, SLITRK1, and TBCD), and top SNPs
from GWAS of TS and related disorders. We also did not find evidence for the top five LD-
independent SNPs from the first GWAS of TS [6] and the SL/7RKI candidate gene [38].
This non-replication of candidate genes is in line with findings in other neuropsychiatric
disorders [43, 44].

Both pharmacological evidence and neuroimaging studies have pointed towards involvement
of the dopamine pathway, and based on these findings several groups have investigated
genes within this pathway, mostly with inconsistent results [2]. Included in our study are the
dopamine receptor D2 (DRDZ2) and the dopamine transporter (SLC6A3I DATI) gene that
were both implicated in TS by others [34, 37, 45] and the catechol-O-methyltransferase
(COMT) gene that was implicated in OCD [46], a related disorder. Our findings for the
DRDZ2 gene are in contrast with the findings of Herzberg et a/. and Comings et al. [34, 45] as
both our investigation of previously implicated SNPs (rs1800497, rs6279, rs1079597, and
rs4648318) and our analysis of the entire gene yielded no significant association. The
differences in findings could be due to our increased sample size, as both previous studies
included less than 150 cases [34, 45]. Similarly, we did not find evidence for SLC6AS3, as
both our analysis of a previously implicated SNP (rs6347) [37] and our analysis of the entire
gene showed no association with chronic tic disorder. This discrepancy might be explained
by the use of different analytical approaches, as Yoon et al. employed a case-control
analysis. Finally, we found no evidence for the COMT SNP rs4680; however, this gene has
never been associated with chronic tic disorders before but is strongly implicated in OCD
[46].

Serotonin is another well-studied neurotransmitter pathway. Studies have shown a reduced
concentration of serotonin and its metabolite in the brain and cerebrospinal fluid of TS
patients [5]. Included in our study were SNPs in genes belonging to the serotonin receptor
HTRZ2C, monoamine oxidase-A (MAC-A), and the tryptophan hydroxylase 2 (7PH2) gene,
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of which the latter is responsible for the synthesis of serotonin in the brain [31]. In contrast
to the findings of Dehning et a/. [36], we found no evidence for the HTR2C SNPs rs3813929
and rs518147. With regard to 7HPZ, both previously implicated SNPs (rs4565946 and
rs4570625) [31, 42] showed no evidence for association, although rs4565946 indicated a
weak nominally-significant signal that did not pass the threshold for significance when
corrected for multiple testing. Further investigation of the 7HPZ2gene in our gene-based
analysis and haplotype-based analysis of the haplotype rs4570625-rs4565946 showed no
evidence for association. MAO-A is a well-known neurotransmitter gene that is responsible
for both the degradation of serotonin and dopamine [2] and while the MAO-A promoter
variable number of tandem repeats polymorphism was previously implicated in TS by Diaz-
Anzaldla et al. [4], MAO-A SNPs were not implicated in our study.

Following the finding of Ercan-Sencicek et a/. of a rare mutation in the Histidine
Decarboxylase (HDC) gene in a TS family, the histamine pathway has garnered much
interest [17, 35, 47]. HDC encodes for a gene necessary for the synthesis of histamine, that
functions as a neurotransmitter but is also involved in gastric acid secretion, immune system,
bronchoconstriction, and vasodilation [17, 35]. However, we did not find a significant
association for the HDC candidate gene or the previously implicated #DC SNP rs854150;
this is in contrast with several studies [17, 35, 47], but is consistent with the finding of others
[6, 48, 49]. We further investigated the histamine pathway by investigating another pathway
gene that was not previously investigated in relation to chronic tic disorders: the Aistamine
receptor H3 (HRHJ3) gene. Here, we also found no association between this gene and
chronic tic disorders. Considering that the initial /OC mutation is extremely rare [17] and
that TS is considered a heterogeneous disorder [2], it is therefore likely that variants in the
HDC gene, or in a broader sense variants in the histamine pathway, only cause tics in a
subset of chronic tic cases.

Glutamate and gamma-Aminobutyric acid (GABA) are major neurotransmitter pathways
that may play a role in TS [5]. Glutamate and GABA play opposing roles as important
excitatory and inhibitory neurotransmitter pathways in the central nervous system,
respectively [2]. We did not find associations between chronic tic disorders and the
glutamate transporter (SLC1A1I) gene that has been implicated in OCD [15], or the GABA-
A receptor, alpha 2 (GABRAZ) gene that has been implicated in autism [14].

Moving away from neurotransmitter pathways, there is a growing body of literature [2]
implicating SNPs in candidate genes with a more structural function such as: the B78B
domain containing 9 (BTBDY), contactin assoclated protein-like 2(CNTNAP2), discs large
homolog associated protein 3 (DLGAP3), SLIT and NTRK like family member 1
(SLITRKI), and the tubulin folding cofactor D (TBCD) gene [39]. We found no evidence
for an association between SNPs in these genes and chronic tic disorders. SL/TRK1 is the
most-studied gene and is functionally involved in neurite outgrowth [2]. We were unable to
replicate the SL/TRKZ SNPs rs9593835 and rs9531520 which is in line with most TS
studies [50-54], but not others [38, 55, 56]. Because of the inconsistent results in the past,
there is an ongoing discussion whether de novo or transmitted SL/7RKI variants contribute
to TS [53]. Our findings do not support an association.
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Further, our study was unable to demonstrate associations between chronic tic disorders and
previously implicated SNPs from GWAS of TS, OCD, ADHD, and ASD [6, 7, 20-25].
Particularly, we found no associations for the top five LD-independent SNPs from the first
GWAS of TS [6], including the top signal (rs7868992). Unfortunately, one of the top GWAS
SNPs (rs2060546) did not pass standard quality controls checks, a SNP closest to N7N4, an
axon guidance molecule expressed in developing striatum that was recently replicated by
Paschou et al. [7].

A strength of our study is the well-characterized sample of parent-child trios. Use of TDT
analysis eliminated population stratification bias, a major advantage over classical case-
control studies [11]. Our post-hoc power analyses demonstrated that, based on reported
effect sizes, our study was sufficiently powered to detect associations for most of the
previously implicated TS candidate SNPs. However, this was not the case for one of the
candidate SNPs from SL/TRKI and one from DLGAPS3. As another strength, we used the
large TSAICG case-control study [6] as a comparison sample of our nominally significant
findings. A limitation of TDT is that only the heterozygous parents are informative. SNP
loci that are less polymorphic are not optimally studied by this method. Importantly, it
should also be noted that our study focused solely on SNPs rather than rare copy number
variations (CNVSs) or repeat polymorphisms. Thus, non-significant genes such as MAO-A
and COMT may still play a role in TS through these other variant types [16, 57]. Our study
also does not rule out that the investigated genes could still be involved in gene-gene
interactions and gene-environment interactions or through rare mutations that can only be
revealed through targeted re-sequencing [58]. For example, Alexander et al. found four
deleterious mutations in the SL/TRKI gene and one deleterious mutation in the HDC gene
[58]. Finally, while we attempted to include as many candidate genes and SNPs available
with promising evidence, we are aware that our selection does not include every single SNP
implicated by previous studies. However, we believe that our selection is a good
representation of the most important candidate genes and SNPs in the TS literature, as
reviewed in [2].

In conclusion, following corrections for multiple testing, our TDT study did not show
statistically significant associations between chronic tic disorders and previously implicated
SNPs and tSNPs within neurotransmitter-related candidate genes. Moreover, our nominally
significant findings were not replicated in an independent cohort. This highlights the
importance of exceptional caution in interpreting results from previous SNP-based candidate
gene studies. The efforts in discovering genetic loci involved in TS etiology are comparable
to other neuropsychiatric disorders where candidate gene studies have also shown non-
replication across studies [43, 44]. Similar to conditions such as ASD [14], the genetic
architecture of TS likely involves complex and heterogeneous inheritance of both common
and rare variants in many different genes and biological pathways. Genome-wide studies of
large cohorts that capture all of these types of variation and targeted re-sequencing efforts to
detect rare mutations (also addressing candidate genes) could be better suited for studying
the complex neurobiology of TS and chronic tic disorders. Also the use of polygenic risk
scores could further enhance understanding the relevance of common TS-related SNPs [20].
Meta-analytic studies are currently underway that may further clarify or rule out the possible
involvement of the candidate genes 7BCD, TPHZ, S C1A1, and SLC6A3, and SNPs from
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GWAS studies, i.e., the intergenic SNP variant rs11603305 and rs621942 of the PICALM
gene which were all nominally significant in our study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We are extremely thankful to the families who participated in this study. We are grateful to NJCTS for facilitating
the inception and organization of the TIC Genetics study. We are also grateful to Dongmei Yu and the Tourette
Syndrome Association International Consortium for Genetics (TSAICG) for access to the TS GWAS summary data.
We also like to thank all of the individuals involved in recruitment and assessment of the subjects reported in this
study: Denmark: Heidi B. Biernat, Nikoline Frost, Julie Hagstram (Copenhagen); Germany: Benjamin Bodmer,
Mareen Czekalla, Yvonne Friedrich, (Dresden); Daniela, Ihlrenburg-Schwarz (Hannover); Julia Bohnenpoll, Jenny
Schmalfeld (Lubeck); Ariane Saccarello (UIm); Spain: Maria T. Céceres, Fatima Carrillo, Marta Correa (Sevilla);
The Netherlands: Andreas Lamerz, Noor Tromp (Alkmaar); Vivian op de Beek, Annelieke Hagen (Amsterdam);
Jolanda Blom, Rudi Bruggemans, MariAnne Overdijk (Barendrecht); Marieke Messchendorp, Thaira Openneer,
Deborah Sival, Anne-Marie Stolte (Groningen); Nadine Schalk (Nijmegen); Sebastian F.T.M. de Bruijn, Judith J.G.
Rath (The Hague); UK: Anup Kharod (London); USA: Sarah Jacobson (Cincinnati); Angie Cookman (lowa City);
Zoey Shaw (Mount Sinai/NKI); Shannon Granillo, Jasdeep Sandhu (Seattle Children’s); and to all who may not
have been mentioned.

FUNDING

This study was supported by grants from the National Institute of Mental Health (RO1IMH092290 to LWB;
R01MH092291 to SK; R0O1MH092292 to BJC; RO1IMH092293 to GAH and JAT; ROIMH092513 to SHZ;
R01MH092516 to DEG; R0O1IMH092520 DLG; R0O1IMH092289 to MWS; KO8MH099424 to TVF) and NJCTS (NJ
Center for Tourette Syndrome and Associated Disorders; to GAH and JAT). We also thank the NIMH Repository
and Genomics Resource (U24MH068457 to JAT) at RUCDR Infinite Biologics for transforming cell lines and
providing DNA samples. The content is solely the responsibility of the authors and does not necessarily represent
the official views of the National Institutes of Health. This work was additionally supported by grants from Spain
(to PM): the Instituto de Salud Carlos Il (P110/01674, P113/01461), the Consejeria de Economia, Innovacién,
Ciencia y Empresa de la Junta de Andalucia (CV1-02526, CTS-7685), the Consejeria de Salud y Bienestar Social de
la Junta de Andalucia (P1-0741/2010, P1-0437-2012, P1-0471-2013), the Sociedad Andaluza de Neurologia, the
Fundacion Alicia Koplowitz, the Fundaciéon Mutua Madrilefia and the Jaques and Gloria Gossweiler Foundation;
grants from Germany (to AM): Deutsche Forschungsgemeinschaft (DFG: MU 1692/3-1, MU 1692/4-1 and project
C5 of the SFB 936). This research was also supported in part by an Informatics Starter Grant from the PhARMA
Foundation (to YB). None of the study sponsors were involved in the study design; in the collection, analysis and
interpretation of the data; in the writing of the report; and in the decision to submit the paper for publication.

References

1. O’Rourke JA, Scharf JM, Yu D, Pauls DL. The genetics of Tourette syndrome: a review. J
Psychosom Res. 2009; 67:533-545. [PubMed: 19913658]

2. Paschou P. The genetic basis of Gilles de la Tourette Syndrome. Neurosci Biobehav Rev. 2013,;
37:1026-1039. [PubMed: 23333760]

3. Comings DE, Comings BG, Muhleman D, Dietz G, Shahbahrami B, Tast D, Knell E, Kocsis P,
Baumgarten R, Kovacs BW. The dopamine D2 receptor locus as a modifying gene in
neuropsychiatric disorders. JAMA. 1991; 266:1793-1800. [PubMed: 1832466]

4. Diaz-Anzaldda A, Joober R, Riviere J-B, Dion Y, Lespérance P, Richer F, Chouinard S, Rouleau
GA. Tourette syndrome and dopaminergic genes: a family-based association study in the French
Canadian founder population. Mol Psychiatry. 2004; 9:272-277. [PubMed: 15094788]

5. Felling RJ, Singer HS. Neurobiology of tourette syndrome: current status and need for further
investigation. J Neurosci. 2011; 31:12387-12395. [PubMed: 21880899]

6. Scharf JM, Yu D, Mathews CA, Neale BM, Stewart SE, Fagerness JA, Evans P, Gamazon E, Edlund
CK, Service SK, Tikhomirov A, Osiecki L, lllmann C, Pluzhnikov A, Konkashbaev A, Davis LK,
Han B, Crane J, Moorjani P, Crenshaw AT, Parkin MA, Reus VI, Lowe TL, Rangel-Lugo M,
Chouinard S, Dion Y, Girard S, Cath DC, Smit JH, King RA, Fernandez TV, Leckman JF, Kidd KK,

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Abdulkadir et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

Page 13

Kidd JR, Pakstis AJ, State MW, Herrera LD, Romero R, Fournier E, Sandor P, Barr CL, Phan N,
Gross-Tsur V, Benarroch F, Pollak Y, Budman CL, Bruun RD, Erenberg G, Naarden AL, Lee PC,
Weiss N, Kremeyer B, Berrio GB, Campbell DD, Cardona Silgado JC, Ochoa WC, Mesa Restrepo
SC, Muller H, Valencia Duarte AV, Lyon GJ, Leppert M, Morgan J, Weiss R, Grados MA, Anderson
K, Davarya S, Singer H, Walkup J, Jankovic J, Tischfield JA, Heiman GA, Gilbert DL, Hoekstra PJ,
Robertson MM, Kurlan R, Liu C, Gibbs JR, Singleton A, Hardy J, Strengman E, Ophoff RA,
Wagner M, Moessner R, Mirel DB, Posthuma D, Sabatti C, Eskin E, Conti DV, Knowles JA, Ruiz-
Linares A, Rouleau GA, Purcell S, Heutink P, Oostra BA, McMahon WM, Freimer NB, Cox NJ,
Pauls DL. Genome-wide association study of Tourette’s syndrome. Mol Psychiatry. 2013; 18:721—
728. [PubMed: 22889924]

. Paschou P, Yu D, Gerber G, Evans P, Tsetsos F, Davis LK, Karagiannidis I, Chaponis J, Gamazon E,

Mueller-Vahl K, Stuhrmann M, Schloegelhofer M, Stamenkovic M, Hebebrand J, Noethen M, Nagy
P, Barta C, Tarnok Z, Rizzo R, Depienne C, Worbe Y, Hartmann A, Cath DC, Budman CL, Sandor
P, Barr C, Wolanczyk T, Singer H, Chou I-C, Grados M, Posthuma D, Rouleau GA, Aschauer H,
Freimer NB, Pauls DL, Cox NJ, Mathews Ca, Scharf JM. Genetic association signal near NTN4 in
Tourette syndrome. Ann Neurol. 2014; 76:310-315. [PubMed: 25042818]

.LiuS, Yu X, Xu Q, CuiJ, Yi M, Zhang X, Ge Y, Ma X. Support of positive association in family-

based genetic analysis between COL27A1 and Tourette syndrome. Sci Rep. 2015; 5:12687.
[PubMed: 26235311]

. Robertson MM, Eapen V, Singer HS, Martino D, Scharf JM, Paschou P, Roessner V, Woods DW,

Hariz M, Mathews CA, Crnéec R, Leckman JF. Gilles de la Tourette syndrome. Nat Rev Dis Prim.
2017; 3:16097. [PubMed: 28150698]

. Dietrich A, Fernandez TV, King RA, State MW, Tischfield JA, Hoekstra PJ, Heiman GA. TIC
Genetics Collaborative Group. The Tourette International Collaborative Genetics (TIC Genetics)
study, finding the genes causing Tourette syndrome: objectives and methods. Eur Child Adolesc
Psychiatry. 2015; 24:141-151. [PubMed: 24771252]

Spielman RS, McGinnis RE, Ewens WJ. Transmission test for linkage disequilibrium: the insulin
gene region and insulin-dependent diabetes mellitus (IDDM). Am J Hum Genet. 1993; 52:506—
516. [PubMed: 8447318]

Heiman GA, King RA, Tischfield JA. New Jersey Center for Tourette Syndrome sharing
repository: methods and sample description. BMC Med Genomics. 2008; 1:58. [PubMed:
19036136]

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 4.
American Psychiatric Association; Arlington: 2000. Text Revision (DSM-IV-TR)

Ma DQ, Whitehead PL, Menold MM, Martin ER, Ashley-Koch AE, Mei H, Ritchie MD, Delong
GR, Abramson RK, Wright HH, Cuccaro ML, Hussman JP, Gilbert JR, Pericak-Vance MA.
Identification of significant association and gene-gene interaction of GABA receptor subunit genes
in autism. Am J Hum Genet. 2005; 77:377-388. [PubMed: 16080114]

Samuels J, Wang Y, Riddle MA, Greenberg BD, Fyer AJ, McCracken JT, Rauch SL, Murphy DL,
Grados MA, Knowles JA, Piacentini J, Cullen B, Bienvenu OJ, Rasmussen SA, Geller D, Pauls
DL, Liang K-Y, Shugart Y, Nestadt G. Comprehensive family-based association study of the
glutamate transporter gene SLC1A1 in obsessive-compulsive disorder. Am J Med Genet B
Neuropsychiatr Genet. 2011; 156B:472-477. [PubMed: 21445956]

Fernandez TV, Sanders SJ, Yurkiewicz IR, Ercan-Sencicek AG, Kim Y-S, Fishman DO, Raubeson
MJ, Song Y, Yasuno K, Ho WSC, Bilguvar K, Glessner J, Chu SH, Leckman JF, King RA, Gilbert
DL, Heiman GA, Tischfield JA, Hoekstra PJ, Devlin B, Hakonarson H, Mane SM, Giinel M, State
MW. Rare copy number variants in tourette syndrome disrupt genes in histaminergic pathways and
overlap with autism. Biol Psychiatry. 2012; 71:392-402. [PubMed: 22169095]

Ercan-Sencicek AG, Bilguvar K, Roak BJO, Ph D, Mason CE, Abbott T, Gupta A, King RA, Pauls
DL, Tischfield JA, Heiman GA, Singer HS, Gilbert DL, Hoekstra PJ, Morgan TM, Loring E,
Yasuno K, Fernandez T, Sanders S, Louvi A, Cho JH, Mane S, Colangelo CM, Biederer T, Lifton
RP, Gunel M, State MW. | -Histidine Decarboxylase and Tourette’s Syndrome. 2010; 362:1901—
1908.

International T, Consortium H. The International HapMap Project. Nature. 2003; 426:789-796.
[PubMed: 14685227]

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Abdulkadir et al. Page 14

19. Barrett JC, Fry B, Maller J, Daly MJ. Haploview: Analysis and visualization of LD and haplotype
maps. Bioinformatics. 2005; 21:263-265. [PubMed: 15297300]

20. Yu D, Mathews CA, Scharf JM, Neale BM, Davis LK, Gamazon ER, Derks EM, Evans P, Edlund
CK, Crane J, Fagerness JA, Osiecki L, Gallagher P, Gerber G, Haddad S, Ilimann C, McGrath LM,
Mayerfeld C, Arepalli S, Barlassina C, Barr CL, Bellodi L, Benarroch F, Berrié GB, Bienvenu OJ,
Black DW, Bloch MH, Brentani H, Bruun RD, Budman CL, Camarena B, Campbell DD, Cappi C,
Silgado JCC, Cavallini MC, Chavira DA, Chouinard S, Cook EH, Cookson MR, Coric V, Cullen
B, Cusi D, Delorme R, Denys D, Dion Y, Eapen V, Egberts K, Falkai P, Fernandez T, Fournier E,
Garrido H, Geller D, Gilbert DL, Girard SL, Grabe HJ, Grados MA, Greenberg BD, Gross-Tsur V,
Griinblatt E, Hardy J, Heiman GA, Hemmings SMJ, Herrera LD, Hezel DM, Hoekstra PJ,
Jankovic J, Kennedy JL, King RA, Konkashbaev Al, Kremeyer B, Kurlan R, Lanzagorta N,
Leboyer M, Leckman JF, Lennertz L, Liu C, Lochner C, Lowe TL, Lupoli S, Macciardi F, Maier
W, Manunta P, Marconi M, McCracken JT, Mesa Restrepo SC, Moessner R, Moorjani P, Morgan J,
Muller H, Murphy DL, Naarden AL, Nurmi E, Ochoa WC, Ophoff RA, Pakstis AJ, Pato MT, Pato
CN, Piacentini J, Pittenger C, Pollak Y, Rauch SL, Renner T, Reus VI, Richter MA, Riddle MA,
Robertson MM, Romero R, Rosario MC, Rosenberg D, Ruhrmann S, Sabatti C, Salvi E, Sampaio
AS, Samuels J, Sandor P, Service SK, Sheppard B, Singer HS, Smit JH, Stein DJ, Strengman E,
Tischfield JA, Turiel M, Valencia Duarte AV, Vallada H, Veenstra-VanderWeele J, Walitza S, Wang
Y, Weale M, Weiss R, Wendland JR, Westenberg HGM, Shugart Y'Y, Hounie AG, Miguel EC,
Nicolini H, Wagner M, Ruiz-Linares A, Cath DC, McMahon W, Posthuma D, Oostra BA, Nestadt
G, Rouleau GA, Purcell S, Jenike MA, Heutink P, Hanna GL, Conti DV, Arnold PD, Freimer NB,
Stewart SE, Knowles JA, Cox NJ, Pauls DL. Cross-Disorder Genome-Wide Analyses Suggest a
Complex Genetic Relationship Between Tourette’s Syndrome and OCD. Am J Psychiatry. 2015;
172:82-93. [PubMed: 25158072]

21. Stewart SE, Yu D, Scharf JM, Neale BM, Fagerness JA, Mathews CA, Arnold PD, Evans PD,
Gamazon ER, Davis LK, Osiecki L, McGrath L, Haddad S, Crane J, Hezel D, lliman C, Mayerfeld
C, Konkashbaev A, Liu C, Pluzhnikov A, Tikhomirov A, Edlund CK, Rauch SL, Moessner R,
Falkai P, Maier W, Ruhrmann S, Grabe H-J, Lennertz L, Wagner M, Bellodi L, Cavallini MC,
Richter MA, Cook EH, Kennedy JL, Rosenberg D, Stein DJ, Hemmings SMJ, Lochner C, Azzam
A, Chavira DA, Fournier E, Garrido H, Sheppard B, Umafa P, Murphy DL, Wendland JR,
Veenstra-VanderWeele J, Denys D, Blom R, Deforce D, Van Nieuwerburgh F, Westenberg HGM,
Walitza S, Egberts K, Renner T, Miguel EC, Cappi C, Hounie AG, Conceicéo do Rosério M,
Sampaio AS, Vallada H, Nicolini H, Lanzagorta N, Camarena B, Delorme R, Leboyer M, Pato
CN, Pato MT, Voyiaziakis E, Heutink P, Cath DC, Posthuma D, Smit JH, Samuels J, Bienvenu OJ,
Cullen B, Fyer AJ, Grados MA, Greenberg BD, McCracken JT, Riddle MA, Wang Y, Coric V,
Leckman JF, Bloch M, Pittenger C, Eapen V, Black DW, Ophoff RA, Strengman E, Cusi D, Turiel
M, Frau F, Macciardi F, Gibbs JR, Cookson MR, Singleton A, Hardy J, Crenshaw AT, Parkin MA,
Mirel DB, Conti DV, Purcell S, Nestadt G, Hanna GL, Jenike MA, Knowles JA, Cox N, Pauls DL.
Genome-wide association study of obsessive-compulsive disorder. Mol Psychiatry. 2013; 18:788-
798. [PubMed: 22889921]

22. Hinney A, Scherag A, Jarick I, Albayrak O, Piitter C, Pechlivanis S, Dauvermann MR, Beck S,
Weber H, Scherag S, Nguyen TT, Volckmar A-L, Knoll N, Faraone SV, Neale BM, Franke B,
Cichon S, Hoffmann P, Néthen MM, Schreiber S, Jockel K-H, Wichmann H-E, Freitag C, Lempp
T, Meyer J, Gilsbach S, Herpertz-Dahlmann B, Sinzig J, Lehmkuhl G, Renner TJ, Warnke A,
Romanos M, Lesch K-P, Reif A, Schimmelmann BG, Hebebrand J. Genome-wide association
study in German patients with attention deficit/hyperactivity disorder. Am J Med Genet B
Neuropsychiatr Genet. 2011; 156B:888-897. [PubMed: 22012869]

23. Mick E, McGough J, Loo S, Doyle AE, Wozniak J, Wilens TE, Smalley S, McCracken J,
Biederman J, Faraone SV. Genome-wide association study of the child behavior checklist
dysregulation profile. J Am Acad Child Adolesc Psychiatry. 2011; 50:807-817. [PubMed:
21784300]

24. Anney R, Klei L, Pinto D, Almeida J, Bacchelli E, Baird G, Bolshakova N, Bélte S, Bolton PF,
Bourgeron T, Brennan S, Brian J, Casey J, Conroy J, Correia C, Corsello C, Crawford EL, de
Jonge M, Delorme R, Duketis E, Duque F, Estes A, Farrar P, Fernandez BA, Folstein SE,
Fombonne E, Gilbert J, Gillberg C, Glessner JT, Green A, Green J, Guter SJ, Heron Ea, Holt R,
Howe JL, Hughes G, Hus V, Igliozzi R, Jacob S, Kenny GP, Kim C, Kolevzon A, Kustanovich V,

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Abdulkadir et al.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Page 15

Lajonchere CM, Lamb JA, Law-Smith M, Leboyer M, Le Couteur A, Leventhal BL, Liu X-Q,
Lombard F, Lord C, Lotspeich L, Lund SC, Magalhaes TR, Mantoulan C, McDougle CJ, Melhem
NM, Merikangas A, Minshew NJ, Mirza GK, Munson J, Noakes C, Nygren G, Papanikolaou K,
Pagnamenta AT, Parrini B, Paton T, Pickles A, Posey DJ, Poustka F, Ragoussis J, Regan R,
Roberts W, Roeder K, Roge B, Rutter ML, Schlitt S, Shah N, Sheffield VC, Soorya L, Sousa I,
Stoppioni V, Sykes N, Tancredi R, Thompson AP, Thomson S, Tryfon A, Tsiantis J, Van Engeland
H, Vincent JB, Volkmar F, Vorstman JAS, Wallace S, Wing K, Wittemeyer K, Wood S, Zurawiecki
D, Zwaigenbaum L, Bailey AJ, Battaglia A, Cantor RM, Coon H, Cuccaro ML, Dawson G, Ennis
S, Freitag CM, Geschwind DH, Haines JL, Klauck SM, McMahon WM, Maestrini E, Miller J,
Monaco AP, Nelson SF, Nurnberger JI, Oliveira G, Parr JR, Pericak-Vance Ma, Piven J,
Schellenberg GD, Scherer SW, Vicente AM, Wassink TH, Wijsman EM, Betancur C, Buxbaum
JD, Cook EH, Gallagher L, Gill M, Hallmayer J, Paterson AD, Sutcliffe JS, Szatmari P, Vieland
VJ, Hakonarson H, Devlin B. Individual common variants exert weak effects on the risk for autism
spectrum disorders. Hum Mol Genet. 2012; 21:4781-4792. [PubMed: 22843504]

Wang K, Zhang H, Ma D, Bucan M, Glessner JT, Abrahams BS, Salyakina D, Imielinski M,
Bradfield JP, Sleiman PMA, Kim CE, Hou C, Frackelton E, Chiavacci R, Takahashi N, Sakurai T,
Rappaport E, Lajonchere CM, Munson J, Estes A, Korvatska O, Piven J, Sonnenblick LI, Alvarez
Retuerto Al, Herman El, Dong H, Hutman T, Sigman M, Ozonoff S, Klin A, Owley T, Sweeney
JA, Brune CW, Cantor RM, Bernier R, Gilbert JR, Cuccaro ML, McMahon WM, Miller J, State
MW, Wassink TH, Coon H, Levy SE, Schultz RT, Nurnberger JI, Haines JL, Sutcliffe JS, Cook
EH, Minshew NJ, Buxbaum JD, Dawson G, Grant SFA, Geschwind DH, Pericak-Vance MA,
Schellenberg GD, Hakonarson H. Common genetic variants on 5p14.1 associate with autism
spectrum disorders. Nature. 2009; 459:528-533. [PubMed: 19404256]

Bertelsen B, Stefansson H, Jensen LR, Melchior L, Debes NM, Groth C, Skov L, Werge T,
Karagiannidis I, Tarnok Z, Barta C, Nagy P, Farkas L, Brendum-nielsen K, Rizzo R, Gulisano M,
Rujescu D, Kiemeney LA, Tosato S, Nawaz S, Ingason A, Unnsteinsdottir U, Steinberg S,
Ludvigsson P, Stefansson K, Kuss AW, Paschou P, Cath D, Hoekstra PJ, Miiller-vahl K, Stuhrmann
M, Silahtaroglu A, Pfundt R, Tiimer Z. Archival Report Association of AADAC Deletion and
Gilles de la Tourette Syndrome in a Large European Cohort. Biol Psychiatry. 2016; 79:383-391.
[PubMed: 26444075]

Huertas-Fernandez I, Gomez-Garre P, Madruga-Garrido M, Bernal-Bernal I, Bonilla-Toribio M,
Martin-Rodriguez JF, Caceres-Redondo MT, Vargas-Gonzalez L, Carrillo F, Pascual A, Tischfield
JA, King RA, Heiman GA, Mir P. GDNF gene is associated with tourette syndrome in a family
study. Mov Disord. 2015; 30:1115-1120. [PubMed: 26096985]

Tsetsos F, Padmanabhuni SS, Alexander J, Karagiannidis I, Tsifintaris M, Topaloudi A, Mantzaris
D, Georgitsi M, Drineas P, Paschou P. Meta-Analysis of Tourette Syndrome and Attention Deficit
Hyperactivity Disorder Provides Support for a Shared Genetic Basis. Front Genet. 2016; 10:1-7.
Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MAR, Bender D, Maller J, Sklar P, de
Bakker PIW, Daly MJ, Sham PC. PLINK: a tool set for whole-genome association and population-
based linkage analyses. Am J Hum Genet. 2007; 81:559-575. [PubMed: 17701901]

Anderson CA, Pettersson FH, Clarke GM, Cardon LR, Morris AP, Zondervan KT. Data quality
control in genetic case-control association studies. Nat Protoc. 2010; 5:1564-1573. [PubMed:
21085122]

Méssner R, Miller-Vahl KR, Déring N, Stuhrmann M. Role of the novel tryptophan hydroxylase-2
gene in Tourette syndrome. Mol Psychiatry. 2007; 12:617-619. [PubMed: 17592484]

Riviére J-B, Xiong L, Levchenko A, St-Onge J, Gaspar C, Dion Y, Lespérance P, Tellier G, Richer
F, Chouinard S, Rouleau GA. Association of Intronic Variants of the BTBD9 Gene With Tourette
Syndrome. Arch Neurol. 2009; 66:1267-1272. [PubMed: 19822783]

Crane J, Fagerness J, Osiecki L, Gunnell B, Stewart SE, Pauls DL, Scharf JM. Family-based
genetic association study of DLGAP3 in Tourette Syndrome. Am J Med Genet B Neuropsychiatr
Genet. 2011; 156B:108-114. [PubMed: 21184590]

Herzberg I, Valencia-Duarte AV, Kay VA, White DJ, Miller H, Rivas IC, Mesa SC, Cuartas M,
Garcia J, Bedoya G, Cornejo W, Ruiz-Linares A, Kremeyer B. Association of DRD2 variants and
Gilles de la Tourette syndrome in a family-based sample from a South American population
isolate. Psychiatr Genet. 2010; 20:179-183. [PubMed: 20431429]

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Abdulkadir et al.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 16

Karagiannidis I, Dehning S, Sandor P, Tarnok Z, Rizzo R, Wolanczyk T, Madruga-Garrido M,
Hebebrand J, Néthen MM, Lehmkuhl G, Farkas L, Nagy P, Szymanska U, Anastasiou Z, Stathias
V, Androutsos C, Tsironi V, Koumoula A, Barta C, Zill P, Mir P, Miiller N, Barr C, Paschou P.
Support of the histaminergic hypothesis in Tourette Syndrome: association of the histamine
decarboxylase gene in a large sample of families. J Med Genet. 2013; 50:760-764. [PubMed:
23825391]

Dehning S, Miller N, Matz J, Bender A, Kerle I, Benninghoff J, Musil R, Spellmann |, Bondy B,
Moéller H-J, Riedel M, Zill P. A genetic variant of HTR2C may play a role in the manifestation of
Tourette syndrome. Psychiatr Genet. 2010; 20:35-38. [PubMed: 20010450]

Yoon DY, Rippel CA, Kobets AJ, Morris CM, Lee JE, Williams PN, Bridges DD, Vandenbergh DJ,
Shugart Y'Y, Singer HS. Dopaminergic polymorphisms in Tourette syndrome: association with the
DAT gene (SLC6A3). Am J Med Genet B Neuropsychiatr Genet. 2007; 144B:605-610. [PubMed:
17171650]

Miranda DM, Wigg K, Kabia EM, Feng Y, Sandor P, Barr CL. Association of SLITRK1 to Gilles
de la Tourette Syndrome. Am J Med Genet B Neuropsychiatr Genet. 2009; 150B:483-486.
[PubMed: 18698576]

Paschou P, Feng Y, Pakstis AJ, Speed WC, DeMille MM, Kidd JR, Jaghori B, Kurlan R, Pauls DL,
Sandor P, Barr CL, Kidd KK. Indications of linkage and association of Gilles de la Tourette
syndrome in two independent family samples: 17¢25 is a putative susceptibility region. Am J Hum
Genet. 2004; 75:545-560. [PubMed: 15303240]

Taylor S. Molecular genetics of obsessive—compulsive disorder: a comprehensive meta-analysis of
genetic association studies. Mol Psychiatry. 2013; 18:799-805. [PubMed: 22665263]

Arking DE, Cutler DJ, Brune CW, Teslovich TM, West K, Ikeda M, Rea A, Guy M, Lin S Jr, EHC,
Chakravarti A. A Common Genetic Variant in the Neurexin Superfamily Member CNTNAP2
Increases Familial Risk of Autism. 2008; 82:160-164.

Zheng P, Li E, Wang J, Cui X, Wang L. Involvement of tryptophan hydroxylase 2 gene
polymorphisms in susceptibility to tic disorder in Chinese Han population. Behav Brain Funct.
2013; 9:6. [PubMed: 23360517]

Farrell MS, Werge T, Sklar P, Owen MJ, Ophoff RA, O’Donovan MC, Corvin A, Cichon S,
Sullivan PF. Evaluating historical candidate genes for schizophrenia. Mol Psychiatry. 2015;
20:555-562. [PubMed: 25754081]

Pauls DL. The genetics of obsessive compulsive disorder: A review of the evidence. Am J Med
Genet Part C Semin Med Genet. 2008; 148:133-139.

Comings DE, Comings BG, Muhleman D, Dietz G, Shahbahrami B, Tast D, Knell E, Kocsis P,
Baumgarten R, Kovacs BW, Levy D, Smith M, Borison R, Evans D, Klein D, MacMurray J, Tosk
J, Sverd J, Gysin R, Flanagan S. The dopamine D2 receptor locus as a modifying gene in
neuropsychiatric disorders. JAMA. 1991; 266:1793-1800. [PubMed: 1832466]

Taylor S. Disorder-specific genetic factors in obsessive-compulsive disorder: A comprehensive
meta-analysis. Am J Med Genet B Neuropsychiatr Genet. 2016; 171B:325-332. [PubMed:
26616111]

Castellan Baldan L, Williams KA, Gallezot J-D, Pogorelov V, Rapanelli M, Crowley M, Anderson
GM, Loring E, Gorczyca R, Billingslea E, Wasylink S, Panza KE, Ercan-Sencicek AG, Krusong
K, Leventhal BL, Ohtsu H, Bloch MH, Hughes ZA, Krystal JH, Mayes L, de Araujo I, Ding Y-S,
State MW, Pittenger C. Histidine Decarboxylase Deficiency Causes Tourette Syndrome: Parallel
Findings in Humans and Mice. Neuron. 2014; 81:77-90. [PubMed: 24411733]

Lei J, Deng X, Zhang J, Su L, Xu H, Liang H, Huang X, Song Z, Deng H. Mutation screening of
the HDC gene in Chinese Han patients with Tourette syndrome. Am J Med Genet B
Neuropsychiatr Genet. 2012; 159B:72-76. [PubMed: 22095709]

Dong H, Liu W, Liu M, Xu L, Li Q, Zhang R, Zhang X, Liu S. Investigation of a Possible Role for
the Histidine Decarboxylase Gene in Tourette Syndrome in the Chinese Han Population: A
Family-Based Study. PLoS One. 2016; 11:e0160265. [PubMed: 27529419]

Deng H, Le WD, Xie WJ, Jankovic J. Examination of the SLITRK1 gene in Caucasian patients
with Tourette syndrome. Acta Neurol. Scand. 2006; 114:400-402.

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Abdulkadir et al.

51.

52.

53.

54.

55.

56.

57.

58.

Page 17

Keen-Kim D, Mathews CA, Reus VI, Lowe TL, Herrera LD, Budman CL, Gross-Tsur V, Pulver
AE, Bruun RD, Erenberg G, Naarden A, Sabatti C, Freimer NB. Overrepresentation of rare
variants in a specific ethnic group may confuse interpretation of association analyses. Hum Mol
Genet. 2006; 15:3324-3328. [PubMed: 17035247]

Chou IC, Wan L, Liu SC, Tsai CH, Tsai FJ. Association of the Slit and Trk-like 1 Gene in
Taiwanese Patients With Tourette Syndrome. Pediatr Neurol. 2007; 37:404-406. [PubMed:
18021920]

Scharf JM, Moorjani P, Fagerness J, Platko JV, lllmann C, Galloway B, Jenike E, Stewart SE, Pauls
DL. The Tourette Syndrome Association International Consortium for Genetics. Lack of
association between SLITRK1 var321 and Tourette Syndrome in a large family-based sample.
Neurology. 2008; 70:1495-1496. [PubMed: 18413575]

Zimprich A, Hatala K, Riederer F, Stogmann E, Aschauer HN, Stamenkovic M. Sequence analysis
of the complete SLITRK1 gene in Austrian patients with Tourette’s disorder. Psychiatr Genet.
2008; 18:308-309. [PubMed: 19018236]

Abelson JF, Kwan KY, O’Roak BJ, Baek DY, Stillman AA, Morgan TM, Mathews Ca, Pauls DL,
Rasin M-R, Gunel M, Davis NR, Ercan-Sencicek AG, Guez DH, Spertus Ja, Leckman JF, Dure
LS, Kurlan R, Singer HS, Gilbert DL, Farhi A, Louvi A, Lifton RP, Sestan N, State MW. Sequence
variants in SLITRK1 are associated with Tourette’s syndrome. Science. 2005; 310:317-320.
[PubMed: 16224024]

Karagiannidis I, Rizzo R, Tarnok Z, Wolanczyk T, Hebebrand J, N6then MM, Lehmkuhl G, Farkas
L, Nagy P, Barta C, Szymanska U, Panteloglou G, Miranda DM, Feng Y, Sandor P, Barr C,
Paschou P. Replication of association between a SLITRK1 haplotype and Tourette Syndrome in a
large sample of families. Mol Psychiatry. 2012; 17:665-668. [PubMed: 22083730]

McGrath LM, Yu D, Marshall C, Davis LK, Thiruvahindrapuram B, Li B, Cappi C, Gerber G, Wolf
A, Schroeder FA, Osiecki L, O’Dushlaine C, Kirby A, lllmann C, Haddad S, Gallagher P,
Fagerness JA, Barr CL, Bellodi L, Benarroch F, Bienvenu OJ, Black DW, Bloch MH, Bruun RD,
Budman CL, Camarena B, Cath DC, Cavallini MC, Chouinard S, Coric V, Cullen B, Delorme R,
Denys D, Derks EM, Dion Y, Rosario MC, Eapen V, Evans P, Falkai P, Fernandez TV, Garrido H,
Geller D, Grabe HJ, Grados MA, Greenberg BD, Gross-Tsur V, Griinblatt E, Heiman GA,
Hemmings SMJ, Herrera LD, Hounie AG, Jankovic J, Kennedy JL, King RA, Kurlan R,
Lanzagorta N, Leboyer M, Leckman JF, Lennertz L, Lochner C, Lowe TL, Lyon GJ, MacCiardi F,
Maier W, McCracken JT, McMahon W, Murphy DL, Naarden AL, Neale BM, Nurmi E, Pakstis
AJ, Pato MT, Pato CN, Piacentini J, Pittenger C, Pollak Y, Reus VI, Richter MA, Riddle M,
Robertson MM, Rosenberg D, Rouleau GA, Ruhrmann S, Sampaio AS, Samuels J, Sandor P,
Sheppard B, Singer HS, Smit JH, Stein DJ, Tischfield JA, Vallada H, Veenstra-Vanderweele J,
Walitza S, Wang Y, Wendland JR, Shugart Y, Miguel EC, Nicolini H, Oostra BA, Moessner R,
Wagner M, Ruiz-Linares A, Heutink P, Nestadt G, Freimer N, Petryshen T, Posthuma D, Jenike
MA, Cox NJ, Hanna GL, Brentani H, Scherer SW, Arnold PD, Stewart SE, Mathews CA, Knowles
JA, Cook EH, Pauls DL, Wang K, Scharf JM. Copy number variation in obsessive-compulsive
disorder and tourette syndrome: A cross-disorder study. J Am Acad Child Adolesc Psychiatry.
2014; 53:910-919. [PubMed: 25062598]

Alexander J, Potamianou H, Xing J, Deng L, Karagiannidis I, Tsetsos F, Drineas P, Zsanett T,
Rizzo R, Wolanczyk T, Farkas L, Nagy P, Szymanska U, Androutsos C, Tsironi V, Koumoula A,
Barta C, Sandor P, Barr C, Tischfield J, Paschou P, Heiman G, Georgitsi M. Targeted re-
sequencing approach of candidate genes implicates rare potentially functional variants in Tourette
Syndrome etiology. Front Neurosci. 2016; 10:428. [PubMed: 27708560]

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



Page 18

Abdulkadir et al.

[te]  y860/660 16  yS9T/S6T S|0QU098/T/SL86  |0NUOD-aseD SISALIUAS UILOJOJSS 1 ZHdl 1 20 §290.5vs!
[te]  x660/660 ;e  yS9T/S6T SI0NU0I /T /SL 86 041U0D-85eD SISaUIUAS UIUOJ0IBS z ZHd 1 670 9¥6595S4
[6€l 6.T salfiwey S1 00T laL urajoud Buipjoy uringnL LT aod. o 6992998/
[6€] 6.1 salfiwey S1 00T laL urajoud Butpjoy uingn 1T aodi 90 T9THPLES
[sel 650 6.1 ysrl 229 salfiwey S1 ST laL yimoJBino spnaN €T IMHLITS 670 025T€S6S!
[s€] 66'0 T/€ y99'T 229 saljiuwre) S1 ST 1at YImouBIN0 B)NaN €1 IMYLITS 92'0 £SEBEBSESI
X S|0J1u0d
[2€] 260 6.7 48L7T or'8 9€7 / 58580 997 [011U00-35e0 Janodsues suiwedoq S LIVAEVIOIS 20 L7E9s!
[9€] 660 T.€ 68'T $104U00 TTE / S1 /8 [0J1U02-858D Joidsoas uluololas X OCHLH 870 626£T8ES!
[9€] 660 6.7 0S°C $1011U00 TTE / SL /8 [011U09-858D loydaoal ujuololes X ICHLH L€0 LYT8TSS!
[sel 6.7 €8 sal|Iwey S1 025 1aL SIS3UIUAS sueISIH Gl OaH 9e'0 0STYS8s!
[vel 1.8 STT soL} pjiyo-jussed 69 1aL J01da2al surwedoq 1T zay4da G20 8TESYIVSI
[vel T.€ STT Sou} pyiyo-jusied 69 1aL Joydaoas sulwedog 1T za&d 1170 1656.0Ts1
[vel 6.1 ST sou1 pyiyo-jusied 69 laL 101da2a1 sulwedoq 1T zaya €0 612981
[e€] 010> 6.7 v0'T SOL} pj1yo-jussed 687 1ai ursjoud Buipjoygeds ondeuAs-1sod T £dv9o1a 170 ErZTYTIZTS!
[e€] 16°0 T.€ T Sou} pliyo-juaied 682 laL urelold Buipjoyess andeuAs-1sod T £dvoia 670 92T¥92TTs!
S|0J1u0d
[z€l T/€ 208 062 / SL 22 [01}U02-8580) suonaessul urel0id-uigloid 9 6ag.1g A o1L2/GE6S)
S|0J1u0d
[e] 6.7 7'6T YIE/SL YT [041U02-858D 8Seuly| BUIL0BIYL / BULIBS T Zada/DINY - 8T°0 16¥008Ts!
S.1 ul paredijdw|
a0Ue BJRY n%:m Apnxs Apns Apns Apnisaous P Apnisaous P uolpuN}auLRD HHD aweN aue9 4V IN aldnNs
1uese.ud Juesald 2ous P dVUBPPI azis a|dwes j0adAL
ul emod ul d0 olslels
’ |011U0D X
Ayrenb
Blje
S0l
pIyo
-ua.red
JON
2SaIpNIS

3ouaJaal Jo sBulpuly Buipnjoul 323yd j0.3u0d Alljenb Jaye @SV 10 ‘DO ‘SL ul patealdwi A|snoinald SdNS a1epIpued [enpIAIpul palebiisanul J0 MIIAIBAQ

Author Manuscript

T algel

Author Manuscript

Author Manuscript

Author Manuscript

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



Page 19

Abdulkadir et al.

'290/G¥S1 pue 9659G1s) Bulureluod sadAjojdey omy Jo sisAjeue paseq-adAojdey ayi Jo pariodal s)nsey

Y

‘saljiwey ajdnnw Joy paiodal synsay

"(8EG9156S) PUB ‘0ZSTESES) ‘GERERSESI SANS Suleluod 1ey) adAojdey ayy) sisAjeue adAojdey Jo synsal ayl Aq pamo||oy sisAjeue Jaxsew ajbuls sy} Jo S}Nsal 9_._.\

'sisAjeue Jaxew a|BuIs 8yl WOJY PAUILIGO S19M Soel m%oh\

8995651 NS Perealjdul 3y} uiim (8'0<zd) @1 UBIY Ul ST dNS SIUL,

"adA10uab vy 8yl SnsIaA 9 8y Jo uostiedwod d1dAroush ayl Joy pariodal onel sppo

4

‘Apn1s 8ouaJayal ayl Jo sisAeue adAjojdey ay oy payodal mH_:womm

'sadA101dey omy ui Jueayiubis Ajjeurwiou yZTyTZTS! Yim Jayiabol pue juediiubis Ajjeuiwiou sem 9zT9zT TSI

17

"672962651 PUB 9GTHT/YSI SANS pajedtjdu ayy yum Aw.OAva anybiy ur st NS m_f.m

‘(€S 8]1qeL 0S[e 93S) G0'0=" pue ‘ApnIS 8duaIaYal By} Ul O13el Sppo ‘Aduanbaiy
a[a][e Jourw panodal sy} ‘(S 31qel) dNS Yoes 10} SoL piyd-lusied ajqejieAe Jo Jaquinu ay) uo paseq ‘Apms jussaid ay ul Jamod ay) pare|najes am ‘o1jes sppo ue papiaoid pey Apnis sousiayal syl UBYAA

q

‘[0 ‘62] ur paystignd sisyawesred papuswwodal ayy Buisn 20" TA MNITd Ul $%98yd [013u0d Aljenb prepuels passed SANS __<m

“aseIaSUBNIAUIBIN-O-1049918D) LNOD ‘Z 3seIAX0IpAY UeydoldAll ZHcL 410198400 BUIP|OS UNNGNL ‘GOg.L ‘T J9qWBI ‘Aliwed a1I-M LN PUY LIS ‘TY&L/7S ‘T Jauodsuel 1 auiwedoq ‘72va

‘1auodsues) suiwedop ‘9 Aj1wey J811eD 8INj0S ‘L9 T7S Oz J01dedal | H-G ‘ase|AX0qIeasp auIpnsiy-| ‘DgH ‘158l wnil

basip uoissiwsuel) ‘1 1 ‘€ UIg0id pare1dossy-fojowoH (ejiydosoiq) abie

'$981Q €4V 7d T M1 TT-UIB10Id PareId0sSY UNdRIu0D ZdNLND ‘6 Bulureiuod urewoq (zOd) 919 6G4.4 ‘2Q 103dadal suiwedop Z@g&@ ‘T Bulureuod urewoq aseury puy eaday uniuy ‘LY yYNY
‘o11eJ SpPo ‘YO ‘swosowolyd ‘YHD ‘(uoneindod N3D-dendeH sy uo paseq) Aouanbaiy a1a]1e JoUIW /A ‘18pJIOSIP WnJdads wsnne ‘qsy 4aplosip aAIs|ndwo2-aA1SSasqo ‘D0 ‘BWOIPUAS 8naIno] ‘S

siied-qis
8/ pue sou} piyo

[Tv] T.E -Juared wsnne Gy 1dal 8|Nd3jowW uoisaype ||8d L ZdYINANDO €0 SY.v6.L/8]
SOLI P[IYd
-Jussed OO0 €€ve
/ S1043U02 Z176°89
[ov] TL€ /AD0 sosed gee' Ly sisAjeue-eloN uorepe.fap aulwedoq 44 LNoo L0 0891
sJoplosip
perep.
u1 pareojdw|
a0ue BJoY Q%Em Apnxs Apns Apns Apnisaoue P Apnisaoue P uolpuniaueo HHD aWeN aue 4V IN aldNs
1ueso.ud Juesald  QouslePI  dUBRPI azisa|dwes joadAL
ul Jemod ut do olsies
‘ |0.13U00 X
Ayrenb
R
soll}
pIyo
-lue Jed
0N

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



Page 20

Abdulkadir et al.

"$195e1ep GZ JO SIsAeue-glaw e uo ummmm\

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



Page 21

Abdulkadir et al.

‘[0 ‘62] ut paystignd sisiswesred papuawiwodal ayy Buisn 20" TA MNITd Ul $%98yd [013u0d Alijenb prepuels Buimo||o) papnioxa aiam mazwm

"€H Joidadal sulwelsly ‘A& ‘Jeriodsueny areweln|b ‘T Jaquiawl T Ajiwe) Jaliied 8lnjos
‘TVIOTS ‘z eydpe ‘101dadal W-vavo Zv&gyo 'z aselAxolpAy ueydordAn ‘ZH4y ‘1euodsuen sulwedop / 9 AjiWe) J81LIed 8IN|0S ‘T/VA/EY9D TS “W-9SepIX0 aulWeoUoW ‘-0 ‘aselAxogiedsp sulpnsiy
-1 'ogH ‘zq 10ydasdal suiwedop Zgy@ ‘ewosowolyd ‘HYHD H2ayd Aijenb Q0 ‘SdNS Buibbel ‘sdNSI (JapJosip wnuidads wsnne ‘gsy :4apJosip aAIS|INdwo-aAISSasqo ‘A0 BWO0IPUAS a1aino) ‘S

‘_ouawow‘_ aulwelsiH aulwelsiH 0¢ Z 8 EHEH
auab arepipued patebisanul AiMeN
[sT] sal|Ie) 00 LLE JaJodsues slewein|o aleweIn|o 6 25 IVIo1s
[v1] sal|lwey WsHNY 0L J01d82al vavD vavo 12 vT Zv4avo
sepIosIp
porep. Ul pateoidwi sausb atepipued
[ev] $104U02 GZT / SL 6VT SISOUIUAS 1 H-G (LH-G) uluololss 2T 6T ZHd1
[2€] $1043U02 9ET / $3SD 992 JaJodsuesy sulwedoq aulwedoq S € 4 TLYa/EV9OTS
1H

vl souy pjiyo-juared SLOTT -G pue aulwedop jo uonepesfe@  sutwedop ‘(LH-G) uluojoses X 1 6 v-ovmn
[27] sol|iwey S1 02§ SISOUIUAS sulWeISIH sulwelsiH Gt Ir OaH
[e] $1043U02 ¥TE / S1 L¥T J0jdaoay suiwedoq auledog 1T vT z2aya
20U BIBY Apnis uolpun femyred  HHO OO BUMO|0)  SANSIJO# sousb alepipued
2oU PPl azs a|dures JAniwsue 110 neN pepnoXo parepJ-PNIWsSUe 110INBU S |

SANS 10 #

Author Manuscript

dsy 10 ‘ado ‘s ui parearjdwi Ajsnoinsid sauab srepipued pareblisaAul JO MBIAIBAQ

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



Page 22

Abdulkadir et al.

[e2] 6.7 sou1 pjiyo-juased Got Auj1genoxe [euoinau pue ‘Buiyoueiq OBLIpUBP ‘UOISBUPE |]8D T 20447 100 €LTLE0ZTS!
[z2] 6.1 $|0)U02 OOET / S350 G617 Jo1da0al srewreIn|o T SWHD ST0 2829106/
[ez] L€ sou1 GOy uoisaype [180 T &Wy34  STO Z95.52Ts!
[z2] 6.7 $]01U02 OOET / $352 G617 ausBoouo-oj01d |130-9 pue pIojBAIN z VII708 810 8/£95525!
SANS SYMO aHay
[t2] SOLI} pj1yo-Juaed OY / SI013U0D LGS / S858D G9YT zt 0 p176L62S!
[t2] L€ sou} pjiyo-Juared OY / SIONIU0D /GGG / S3SED G9¥T 0z €20 G6ZTETYS!
[t2] L€ SOL13 pj1ya-Juased QY / SI013U0D /GGG / S85BD G9YT €1 ST0 95225965/
[t2] 6.1 soL} pliyo-Juased OY / SI01IU0D /GGG / S3SBD G9KT 9 440 80,6665
[t2] L€ sou} p|iyo-Juared OY / SIONIU0D /GGG / S3SED G9¥T uiajoud pjoyeos 8T  Idv97d 610 Z90T80TTS!
SANS SYMD 20
[oz] $|011U03 /995 / S8Sed £2/2 T zz0 p0BETLLYSI
[oz] 6.7 $|013U0D 299G / S8SBD €2/7 €T 220 8506V TTTSI
[ 267 S|0U0 /GG / S3SJ ¥68T T z€0 S0EE09TTS!
[o] k> $101U03 $961 / 98I G8ZT €T €80 £8098€/5!
[] 6.1 $|043U0D 7961 / S85I G8TT L 1€°0 TTT69/8!
[o] L€ $10U03 7961 / 383 G8ZT € 810 Z0SE90€TS!
[2] S]0J1U0D 17/ GG / SOSBD ¥68T T 100 297509028/
[ S|0U0 /GG / S3SJ ¥68T wsljogelaw ayefe T = 120 0T0EZTLS!
[oz] 6.1 $|01U0D /995 / S8Sed £2/2 10106} uonduosuel] ) I9IN0d 0 298861
[o] L€ S|013U0D 961 / S35BD GBZT aseswAjod YN 1uspuadep-yNG 721 geylod 120 1926€59s!
[ 267 S|0U03 /GG / S3SeI ¥68T s1so1ko0pug T WIVoId %20 Zv6TZ9s!
auoq
[o] TLE S|013U0D 961 / S35BD GBZT 0} aBe|11red Jo uonIsuel 8y} pue abe|1Jed Jo uoIeIRIo[D 6 IV/Z700 820 266898/
Apns
jussaud
a0ue BJoY b:_"m_m%ﬂwow@ Apnis aous o1 azis ajdwes 4V IN
SO PIIYo awreu SANS
-Wered o N uopoung HHO 8w SYMOSL

Author Manuscript

Author Manuscript

ASV 10 'AHAV ‘a0 ‘SL 40 SYMO ul paedtjdwi SdNS do) pajeBisaaul Jo MaIAIBAQ

€ 9lqeL

Author Manuscript

Author Manuscript

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



Page 23

Abdulkadir et al.

"ETTILTETSI UMM (T=54) a1 UBIy Ul s1 1y 606¥0..51 10} S}INSal paliodal SYMD _E_m__oQ

‘[0€ ‘62] ut paystgnd sisraweled papuawiiodal sy Buisn 70°TA MNIT1d Ul $98y2 [03u09 Alifenb prepuels ssed 1ou pip azmm

10108 PaIRI0SSY/-(dd L) UIs10Id Bulpulg Xog VIVl ‘DT4V/L ‘Blod 1018inbey fUIE|0d (]9 AJIWeH £-18d ‘EAX YV ‘Z 91 T-UIdI0Id PIIeIoossy

unaRIIeD ‘ZdvYINAND ‘T UIS10100YdSOYd Paonpul-SSals ‘TdILS -2 BUILIEII0D 18305y Yol duIanaT L DHY T G II00J0qeIsp 1010805y 1eWBIN|D ‘SNHD ‘€ 19GUISN AfIieS UILLISS L NETS

VT ewoydwA7 770 1190-8 VITTOE T UlIsi0id pajeloossy-bojowioH (gj1ydosoiq) 8617 'Sasia ‘TdvO1d € WAzuF dlfe €N ‘T X0QoawoH T SSe[D 110d ‘T41N0d ‘g apndsafiod (parosid YNG)
111 (YY) aseiswiAfod ‘G 10d “UId)0id A1Quiassyy uliyield Bulpulg JoHSOulAPRBYdSOYd ‘W TV IIld ‘T 8Yalv ‘TINXX 8041 ‘uabeljoD ‘Tv/Z 702 ‘dwosowolyd ‘“4HD ‘(sawouab 0pQT uo paseq) Aouanbaiy
3]9]e Joulw ‘4W/|A $18pJ0sIp wniaads wsnine ‘asy ‘iapJosip AianoesadAyaioyap-uonusie ‘qHAY ‘18p1osip aAIs|ndwo2-aAISSasqo ‘DO ‘Apnis UOIRId0SSe apIM-auwouab ‘SWAND ‘awolpuAs anainol ‘S

[vel TLE saliwe) G0.¢ S or'0 LEETTLLS!
[vel TLE sal|IWey G0LT 8 01'0 8T0€8.S!
[sz] 6.1 S350 T6Y9 / SaSEI YOZT / SAN|IWey 08/ 5 820 qETT8LIETS!
[sz] 6.T $9580 T6Y9 / S3583 0T T / SallILey 08L ] LE0 650L0€YS!
[vel seljiwe) S0Le 10)9e) uonduosuel | 9T II4VIL ¥0°0 2L9T0STYSI
[vel 6LT saliwe) G0.¢ uoezire|od |[39 PUB UOISIAIP |30 4 geqyvd  L€0 2055.9v8!
[vel 6.1 salie) G0LC uoisaype |13 L ZdYNINOD 100 TOT8TLTS!

SANS SVMO asv

[ez] TL€ sou pjiyo-juated Goy $s81s 0] asuodsay 1T IdlLS ST G9TL09TTS!

Apnis
Juesaud
ul [0J3U0D
20U BRY Auenb Be Apnis aous BjpJazss a|dwes 4V IN
SO} PIIYo awreu SANS
-uafed Jo N uonoun4 dHO CLC SYMOS1

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



Page 24

Abdulkadir et al.

‘pazAjeue Ajaresedas usym aouedIIUBIS [eUILIOU MOYS PIP NS Jejnomed S1y) ‘1ABMOY ‘UOIIBIDOSSE JO 8JUSPIAS OU PaMOYS SIsA[eue pased-aush ms._u

‘pauiodal ale sanjen d pa1daii0oun eyl a1oN ‘[9] MoYyod 9DIVS.L dYl Woiy SUosHedwod [013U09-3Sed Uo paseq,

'$329Y92 [043u09 Alijenb passed 1eyl SANS I[e 40} ¥a4 ayr Buisn suostiedwod ajdinw 1oy paisnipe w:_,m?n_\Q

‘suoneInwiad 0OQ‘0T UO paseq auab ay) 1oy anjen _g_h_o_;_m_,Q

juijd ur uondo ] @ -lusred sy} Woi) PaALIap SI J1SIe)S 158} asenbs-1yd w:.{

“MNITd U1 358} wnugijinbasip UoISSIWSUEI] PIePUBIS 83U} U0 Paseq aJe pajuasaid S|enlajul 80Uspiu0d 9456 PUe Soljel Sppo UL,
Z 9SBIAX0IpAY urydold iy ‘ZiHdL 40108100 Bulpo+

unngny ‘gog.l ‘T s9uodsuel] sulwredoq ‘TIVA 4910aSuRL suILBdop ‘9 AJIWE) 481118 Sinfos ‘SV9D TS Yarodsues) Sjeweinyb ‘T 1aquiaw T AJIwey 4a1.1ed ainjos ‘TYTIT1S ‘81l A1anodsip asfe} ‘¥4 ‘onel
SPPO ‘YO ‘1UnN02 panIwsueRuUN:paIWsUeI] ‘N1 (sawoush QpOT Uo paseq) Aouanbauy sa)e Joulw A (LEyDHO pling) uonisod Jred 8seq ‘dg ‘awosowolyd ‘YHD ‘wsiydiowAjod spnoajonu a|buls ‘NS

20 T00 80L 06'T-60T +vv'1 ¥8:1¢T JOUIN 20 o WIVOIld 8€.€8.G8 T CV6129s4
20 00 79 8LT-¥0T 9€1 ¢6:9¢T JOUIN ¢e0 \/B] a1uabisu| 6176.660T T GOEE09TTSI
SBIPNBS SYMD SL WO SANS Juealjiubs Ajeuiwon

620 60 150 100 86, 80T€60 6ST  T¥.S lofely 500 1 ZHdL Svigzee, ¢ 4866696LS)
80 10T 12°0 00 vZv €27-660 6V'T  6£8S Jofeny 0g0 9/ ZHd veszzez,  ¢1 4€TB09LYSI
£9°0 160 150 9000 Se'.  Tvz€60 ST 8Ty Joul €00 v/9 ZHd1 veesTvz. g1 49T0STOTTSI
860 00T 120 £0°0 9% TLT-90T GET STT6ST JouIN 620 \/6) LIVA/EVY9OTS  ST8WEET g  4860cr0Tss
62°0 90T 170 90000  €2TT €£€-6ZT ¥0Z  vEi6h JoUIN 00 219 IVIOTS 6866TSy 6  C/EZTBLTSI

ado0 Jos ] ul pareaijdwi Asnoine id sausb atepipued Wo 1y SANSI Juedijiubis AjfeuiwoN

18°0 70T LG50 200 T09 SST-20T 92T  €91:50C Jouty 6v°0 o/L ZHdL 69/9e€2. T 9765968

€0 160 ¥9°0 €0°0 Sv's  LLT-€0T ST T6€CT Joury 610 2/9 aodi 16082808 /T T9THP/ES!

S 1 ul paredtdwil Asnoine id SINS a1epipued 1uediubs AjfeuilioN

SVMOSL SYMD p (Had) gluwou X oD %56 HO NIl op|e EN apIe a9 dg dHO dNS
anfeA-d SLY0 pesnlpesnend  anend penIWsUe 11-BAO lofe /10Ul N

sauab arepipued
paredijduwi Ajsnoinaid woiy SANS? 10 SANS alepipued S| palealjdwi Ajsnoiaaid ayl JO SJ118USD) 104 WNILIOSUOYD [BUOITRUISIU| UOIBIJ0SSY SWOIPUAS
a)124n01 3Y} JO SWYMO S aYl Wol) Sanjen+ Bulpuodsaliod yiim s1sal winiigiinbasip uoIsSIWSuUR) Jno wol) sbulpuly NS 1uediiubis AjjeutwoN

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Eur Arch Psychiatry Clin Neurosci. Author manuscript; available in PMC 2018 April 01.



	Abstract
	INTRODUCTION
	METHODS
	Study subjects
	Clinical measures
	Selection of single nucleotide polymorphisms
	Genotyping
	Quality control
	Family-based association analysis

	RESULTS
	Sample description
	Transmission Disequilibrium Tests
	Candidate SNPs previously implicated in TS
	Candidate genes previously implicated in TS or related disorders
	Comparison of nominally significant SNPs with independent cohort

	Post-hoc power analyses

	DISCUSSION
	References
	Table 1
	Table 2
	Table 3
	Table 4

