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A significant portion of patients with 22q11 deletion syndrome (22911DS) develop psychiatric disorders, including schizophre-
nia and other psychotic and affective symptoms, and the responsible yene/s are assumed to also play a significant role in the
etfiology of nonsyndromic psychiatric disease. The most common psychiatric diagnosis amony patients with 22q11DS is schizo-
phrenia, thought to result from neurotransmitter imbalances and also from disturbed brain development. Several genes in the
22911 reyion with known or suspected roles in neurotransmitter metabolism have been analyzed in patients with isolated schizo-
phrenia; however, their contribution to the disease remains controversial. Haploinsufficiency of the TBXT gene has been shown to
be sufficient to cause the core physical malformations associated with 22q11DS in mice and humans and via albnormal brain de-
velopment could contribute to 22911DS-related and isolated psychiatric disease. 22q11DS populations also have increased rates
of psychiatric conditions other than schizophrenia, including mood disorders. We therefore analyzed variations af the TBXT locus
in a cohort of 446 white patients with psychiatric disorders relevant to 22911DS and 436 ethnically matched controls. The main di-
aynoses included schizophrenia (n = 226), schizoaffective disorder (n = 67), bipolar disorder (n = 82), and major depressive disor-
der (n = 29). We genotyped nine tay SNPs in this sample but did not observe significant differences in allele or haplotype fre-
quencies in any of the analyzed groups (all affected, schizophrenia and schizoaffective disorder, schizophrenia alone, and
bipolar disorder and major depressive disorder) compared with the control group. Based on these results we conclude that TBX1
variation does not make a stronyg contribution to the genetic etfiology of nonsyndromic forms of psychiatric disorders commonly
seen in patients with 22q11DS.
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INTRODUCTION

22q11 Deletion syndrome (22q11DS) is
the most common human microdeletion
syndrome, leading to a host of develop-
mental anomalies, which commonly in-
clude craniofacial, palatal, and conotrun-
cal cardiovascular malformations and
thymus and parathyroid hypo- or aplasia
(1,2). Most deletions are 3 Mb in size and
lead to reduced dosage of ~45 genes
(3-5). It is estimated that more than 50%
of 22q11DS patients develop psychiatric
disorders, including schizophrenia, affec-
tive disorders, anxiety disorders, autism

spectrum disorders, and attention deficit
disorder with or without hyperactivity
(6-11). Of these diagnoses, schizophrenia
is the most common (12-14, reviewed in
15), and its high prevalence among pa-
tients with 22q11DS makes the syndrome
the greatest known genetic risk factor for
schizophrenia, second only to having an
affected monozygous twin or two par-
ents with schizophrenia. Consequently,
it is thought that the gene/s responsible
for the psychiatric manifestations of
22q11DS also contribute to the genetic
etiology of nonsyndromic schizophrenia
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in the general population. A large num-
ber of population studies have impli-
cated more than 10 of the ~45 genes in
the 3-Mb region typically deleted in pa-
tients with 22q11DS in the etiology of
schizophrenia (16-25, reviewed in 26).
Many studies have not been replicated,
however, and it is therefore highly un-
likely that all of these genes play a role.
Disturbances in the metabolism of the
neurotransmitters dopamine and gluta-
mate are thought to play a fundamental
role in the etiology of psychiatric disease
(27-29). Two genes from the 22q11 region
that are involved in the regulation
of neurotransmitter levels have been
extensively studied in patients with non-
syndromic schizophrenia: Proline dehy-
drogenase (PRODH) encodes a mito-
chondrial enzyme that catalyzes the first
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step in the conversion of proline to the
neurotransmitter glutamate (30). Mouse
studies support a role in schizophrenia
(31,32), and population studies have
found an association of PRODH variants
with the disorder (33,34), but overall,
evidence from population studies is

still controversial (35-37). Catechol-O-
methyltransferase (COMT) inactivates
catecholamine neurotransmitters
(dopamine, noradrenalin, and adrena-
line) by transferring a methyl group from
S-adenosyl methionine (38). This role has
made COMT a prime suspect in the ge-
netic etiology of schizophrenia, but evi-
dence from population studies has failed
to provide definitive proof (reviewed in
26, 39). A third gene, ZDHHCS, was im-
plicated on the basis of a systematic scan
of the 22q11 region in patients with
schizophrenia and subsequent mouse
studies showing a schizophrenia-related
phenotype (16,40). However, subsequent
replication studies in schizophrenic pa-
tients did not support a role of ZDHHCS
(41-45).

The neurodevelopmental model of
schizophrenia is based on evidence for
perturbances in brain development (46).
The observation that craniofacial and
limb anomalies are correlated with schiz-
ophrenia supports this hypothesis and
suggests the disturbance of a shared
morphogenetic mechanism (47,48). The
key 22q11DS gene, TBX1, is involved in
epithelial /mesenchymal interactions
(49,50), a mechanism crucial for the de-
velopment of a wide variety of organs
including the forebrain, heart, face, and
limbs (51,52). It is therefore conceivable
that TBX1 plays a role in brain develop-
ment and thus in 22q11DS-associated as
well as nonsyndromic psychiatric dis-
ease.

Several mouse studies have analyzed
Thx1 expression in the brain and, with
one exception (53), have provided con-
vincing evidence for expression at low
levels during prenatal brain develop-
ment and then in a steadily increasing
fashion from birth to three months
(54-56). In addition, evidence supporting
a role of TBX1 in psychiatric disease

comes from mouse studies that have ana-
lyzed prepulse inhibition (PPI), a meas-
ure of sensorimotor gating that is abnor-
mal in 22q11DS (57) as well as in several
nonsyndromic psychiatric disorders
including schizophrenia, posttraumatic
stress disorder (reviewed in 58),
Tourette’s syndrome (58-60), and obses-
sive compulsive disorder (61). The PPI
deficits observed in mice harboring large
heterozygous deletions of the equivalent
of the region commonly deleted in
22q11DS have been shown to be caused
in part by haploinsufficiency of Tbx1
(55,62). However, our own study failed
to show sensorimotor gating deficits in
mice heterozygous for loss of Tbx1 (63).

We tested whether TBX1 variation was
associated with psychotic and affective
disorders relevant to 22q11DS in a large
cohort of white patients. Because psychi-
atric manifestations seen in 22q11 dele-
tion syndrome include psychotic and
affective diagnoses, we included in our
analysis a total of 446 samples from pa-
tients diagnosed with schizophrenia,
schizoaffective disorder, bipolar disorder,
major depression, or psychotic and mood
disorder not otherwise specified (NOS).
To capture the largest amount of haplo-
types possible, we determined the haplo-
type block structure of the TBX1 locus
and selected tag SNPs. To detect associa-
tion of variants that directly influence
TBX1 expression levels, we included
about 20 kb of the 5" untranslated region.
This interval contains several conserved
elements showing high interspecies con-
servation, including a known functional
enhancer (64).

All single-SNP as well as haplotype
analyses failed to detect an association,
leading us to conclude that TBX1 is not
likely to play a major role in the genetic
etiology of nonsyndromic psychotic and
affective disorders.

MATERIALS AND METHODS

Study Subjects

The study sample comprised 446 white
patients residing in the USA (mean age =
36.2 years; 36.2% females). Diagnostic
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categories included schizophrenia (n =
226), schizoaffective disorder (n = 67),
bipolar disorder (n = 82), major depres-
sion (n = 29), psychotic disorder NOS
(20), and affective disorder NOS (22).
The control group consisted of 436 white
individuals (mean age = 38.73 years,
52.06% females).

Case patients were recruited from the
inpatient and outpatient clinical services
of the Zucker Hillside Hospital, a divi-
sion of the North Shore-Long Island
Jewish Health System (NSLIJHS). Inclu-
sion criteria for screening for this study
included a clinical diagnosis of a psy-
chotic disorder, no active substance
abuse, and ability to provide informed
consent. After written informed consent
was obtained, each subject was assessed
with the Structured Clinical Interview for
DSM-IV Axis I Disorders (SCID, version
2.0, 8/98), administered by trained
raters. Standardized diagnostic assess-
ments were supplemented with clinical
information obtained by review of med-
ical records and interviews with family
informants when possible, and all diag-
nostic information was compiled into a
narrative case summary. Information on
the onset and course of axis I illness,
presence of axis II pathology, presence of
axis IIT diagnoses, and a brief description
of the subject’s psychosocial and occupa-
tional functioning during the course of
illness was presented to a consensus di-
agnostic committee consisting of a mini-
mum of three senior faculty with DSM-
IV diagnostic experience, as well as other
faculty and trainees with SCID experi-
ence. All available information was used
to arrive at a consensus DSM-IV diagnosis.

Healthy controls were identified and
recruited by the Zucker Hillside Hospital
Healthy Control Project. Potential partici-
pants were recruited via local newspaper
advertisements, flyers, and community
Internet resources and underwent initial
telephone screening to assess eligibility
criteria. Subjects meeting eligibility crite-
ria were administered the SCID-NP to
rule out the presence of an axis I psychi-
atric disorder. A urine toxicology screen
was conducted to rule out the use of any



drugs, and a family history questionnaire
was conducted to rule out the presence
of familial psychiatric disorders. Exclu-
sion criteria included current or past:
axis I psychiatric disorder, psychotropic
drug treatment, substance abuse, first-
degree family member with an axis I
psychiatric disorder, or inability to pro-
vide written informed consent. A subset
of the control cohort was collected
through the Massachusetts General Hos-
pital Clinical Research Program in con-
junction with the Harvard-Partners Cen-
ter for Genetics and Genomics in Boston,
MA, USA. This subset comprised dis-
ease-free subjects older than 18 years. For
the purposes of the study, “disease” was
defined as current or past diagnoses
made by a medical care provider that
required medication or other forms of
treatment/therapy. With the exception of
orthopedic procedures, appendectomy,
or trauma-related conditions, surgery
was considered an exclusionary criterion.
Subjects who took prescription medica-
tions or regularly used over-the-counter

medications were also excluded. Subjects
completed a structured family and med-
ical questionnaire that detailed current
and past psychiatric illness and pharma-
cological or psychotherapeutic psychi-
atric treatment. All responses to the self-
report form were confirmed by clinical
interview by physicians. Physical exams
were completed at the study visit. This
study was approved by the Institutional
Review Board at NSLIJHS and Partners
Healthcare.

The set of Caucasian control DNAs
used to develop tag SNPs was obtained
from Coriell (Camden, NJ, USA).

Tag SNP Selection

Forty-four SNPs were validated in a
small set of normal controls. All SNPs
that were monomorphic or had high fail-
ure rates were excluded from further
analyses. Nineteen SNPs with a minor al-
lele frequency of >5% across the TBX1
locus were genotyped in a set of 94 Cau-
casian controls (Coriell). All but one SNP
were derived from the dbSNP database.

RESEARCH ARTICLE

SNP (v14186) was derived through our
own SNP discovery efforts and has not
yet been assigned a dbSNP ID. All SNPs
that were in Hardy-Weinberg equilib-
rium were then searched for contiguous
subsets with reduced haplotype diver-
sity. Together with custom-designed
scripts, we used the programs PMPLUS
(66) and EHPLUS (67), the latter of
which employs the expectation-maxi-
mization algorithm to infer haplotype
frequencies in the population. By sliding
expanding and contracting windows
along the region, we identified blocks of
markers for which a large percentage of
data were seen to be represented by just
a few haplotypes. A reduced set of mark-
ers to tag the blocks was selected in such
a way as to preserve the observed diver-
sity among the major haplotypes (freq

> 0.05). In situations for which more than
one set of choices were available, we
considered two additional factors: prefer-
ence was given to markers with lower
failure rates; marker subsets were chosen
such that the greatest percentage of data

s0 < 10 >4ored

1=rs2871042
2=rs756663
3=1rs885988
4=rs747226
5=rs739374
6=v14186
7=rs737868
8=rs1978060
9=rs41298814
10=rs2301558
12=rs2238776
13=1rs2238777
14=rs2238778
15=rs737869
16=1rs2238779
17=1rs4819522
18=rs5746826
19=1rs2073762

Figure 1. Linkage disequilibrium (LD) at the TBX1 locus and location of SNPs. The genomic organization of the TBX1 gyene is shown above.
Exons 1-9A, 9B, and 10 are symbolized by vertical bars. The star represents a known enhancer (64). Below, the underlying LD structure is
shown. LD strength is symbolized by shades of red (the darker the higher). Solid black lines show three haplotype blocks. SNP identifica-
tion numbers are listed on the right. SNPs selected for genotyping cases and controls are circled.
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Figure 2. Linkayge disequilibrium (LD) in the association sample. Pairwise LD between the
nine SNPs genotyped in the association sample is shown in Table 1. Haplotypes as well as

their frequencies are listed in Table 2.

could be pooled into the major haplo-
types as defined by the tags.

SNP Genotyping

Multiplex PCR was carried out to gen-
erate short PCR products (>100 bp) con-
taining one SNP or insertion deletion.
Briefly, 2.5 ng genomic DNA was ampli-
fied in a 5 pL reaction containing 1 x
HotStar Taq PCR buffer (Qiagen, Valen-
cia, CA, USA), 2.5 mM MgCl,, 200 ptM
each dNTP, 50 nM each PCR primer, and
0.1 U HotStar Taq (Qiagen). The reaction
was incubated at 95 °C for 15 min fol-
lowed by 45 cycles of 95 °C for 20 s,
56 °C for 30 s, 72 °C for 1 min, followed
by 3 min at 72 °C. Excess dNTPs were
then removed from the reaction by incu-
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bation with 0.3 U shrimp alkaline phos-
phatase (USB) at 37 °C for 20 min fol-
lowed by 5 min at 85 °C to deactivate the
enzyme. Single primer extension over
the SNP or insertion/deletion was car-
ried out in a final concentration of

600 nM each extension primer, 50 ptM
d/ddNTP and 0.126 U Thermosequenase
(Solis Biodyne, Tartu, Estonia) and incu-
bated at 94 °C for 2 min followed by

45 cycles of 94 °C for 55,52 °C for 55,
and 72 °C for 5 s. The reaction was then
desalted by addition of a cation exchange
resin followed by mixing and centrifuga-
tion to settle the contents of the tube. The
extension product was then spotted onto a
384-well spectroCHIP before being flown
in the MALDI-TOF mass spectrometer.
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Statistical Analyses

Haplotype block structures for the
nine tag SNPs were determined in the
association study control sample using
Haploview version 3.32 (68). Haplotype
blocks were defined in accordance with
the Gabriel method (69) with a minimum
criterion for strong pairwise linkage dis-
equilibrium (D’) between markers set to
.90 and default settings for all other crite-
ria. Using this method, three haplotype
blocks were identified (Figure 1). Allelic
and haplotypic x> tests were conducted
to test for association with any major af-
fective or psychotic disorder (all affect-
eds), schizophrenia or schizoaffective
disorder (schizophrenia and schizoaffec-
tive), schizophrenia only (schizophrenia),
and affective disorder only (bipolar dis-
order and major depressive disorder). Al-
lelic and haplotypic x* tests were con-
ducted to test for association using the
same subgroups.

RESULTS

Because this study was initiated prior
to completion of the Phase I HapMap,
preliminary work was conducted to
identify a set of SNPs with comprehen-
sive, yet nonredundant coverage of the
TBX1 locus. First, 44 SNPs chosen from
dbSNP and our own SNP discovery ef-
forts as well as published studies (65)
were validated in a small set of normal
control samples. Of these, 19 SNPs with
a minor allele frequency of >5% across
the TBX1 locus were genotyped in a set
of 94 Caucasian controls. One SNP
(rs2238775) was not in Hardy-Weinberg
equilibrium and was excluded from fur-
ther analysis. We reanalyzed our data
with Haploview (68) because tag SNPs
were generated before this now standard
software was available. One tag SNP dif-
fered between our selection and those se-
lected by Haploview with default set-
tings. However, with a minor change in
block definition, the tags selected by
Haploview were identical to our initial
selection. To define our blocks, we
started with those defined by the Gabriel
method (69) with the minimum fraction
of strong linkage disequilibrium in in-



Table 1. Allele frequencies

RESEARCH ARTICLE

All affecteds

Schizophrenia + schizoaffective

Alleles

(major/ Frequency Frequency Frequency Frequency
SNP ID minor)  Allele cases confrols X P Allele cases controls N P

n =446 n =436 n=293 n =436
rs2871042 A/G A 0.53 0.53 0.002 0.963 A 0.54 0.53 0.039 0.843
rs885988 A/G G 0.48 0.48 0.002 0.968 G 0.49 0.48 0.032 0.859
1s747226 G/A G 0.62 0.60 1.025 0.311 G 0.63 0.60 0.919 0.338
rs739374 C/T T 0.28 0.26 1.658 0.198 T 0.28 0.26 0.955 0.328
v14186 C/T T 0.37 0.33 2.421 0.120 T 0.37 0.33 1.950 0.163
rs737868 C/G C 0.71 0.67 2.682 0.102 C 0.72 0.67 3.546 0.060
rs2301558 C/T C 0.72 0.71 0.170 0.680 C 0.71 0.71 0.002 0.961
152238777 A/G G 0.54 0.52 1.165 0.280 G 0.55 0.52 1.401 0.237
rs5746826 G/T T 0.54 0.51 1.238 0.266 T 0.55 0.51 1.768 0.184
Schizophrenia Affective disorder (BP + MDD)

Alleles

(major/ Frequency Frequency Frequency Frequency
SNP ID minor)  Allele cases confrols X P Allele cases controls N P

n=226 n =436 n=111 n =436

rs2871042 A/G G 0.48 0.47 0.114 0.735 A 0.54 0.53 0.033 0.856
rs885988 A/G G 0.49 0.48 0.125 0.723 A 0.52 0.48 0.001 0.971
15747226 G/A G 0.62 0.60 0.510 0.475 G 0.62 0.60 0.191 0.662
rs739374 C/T T 0.29 0.26 1.694 0.193 T 0.31 0.26 2.490 0.115
v14186 C/T T 0.36 0.33 1.080 0.299 T 0.34 0.33 0.080 0.777
rs737868 C/G C 0.76 0.67 2.561 0.110 C 0.68 0.67 0.074 0.785
rs2301558 C/T T 0.29 0.29 0.046 0.830 C 0.76 0.71 1.676 0.195
152238777 A/G G 0.55 0.52 1.379 0.240 G 0.53 0.52 0.198 0.657
rs5746826 G/T T 0.55 0.51 1.676 0.196 G 0.49 0.51 0.005 0.943

formative comparisons set to 0.8 and a
minimum haplotype frequency of 5%,
and simply extended them to include
those flanking SNPs whose inclusion
kept the sum of haplotypes captured
above 85%. With these methods, we were
able to eliminate the need to genotype
10 SNPs in high linkage disequilibrium
with our tags, resulting in a final set of
nine SNPs genotyped in our set of 446
samples of patients diagnosed with ei-
ther schizophrenia, schizoaffective disor-
der, bipolar disorder or major depres-
sion, or psychotic and mood disorder
NOS.

Figure 1 shows the TBX1 genomic
structure as well as the location of SNPs
in relation to the underlying block struc-
ture. Figure 2 shows the pattern of link-
age disequilibrium across the nine SNPs
in the association sample. Three pairs of
SNPs remained in very high linkage dis-

equilibrium and formed haplotypes ac-
cording to the modified Gabriel criteria
described above. None of the nine indi-
vidual SNPs showed a positive associa-
tion in the “all affecteds” category (all
nominal P values > 0.05), nor did any of
the three haplotypes (all nominal P val-
ues > 0.05). Similarly, analysis of the in-
dividual subgroups of patients compared
with healthy controls, (schizophrenia/
schizoaffective, n = 293; schizophrenia
only, n = 226; affective disorder n = 111)
remained entirely negative (Table 1) as
did haplotype analysis of the same pa-
tient categories (Table 2).

DISCUSSION

22q11DS is one of the strongest ge-
netic risk factors for the development of
schizophrenia, and the region deleted in
patients with 22q11DS is assumed to con-
tain one or several genes that are also in-
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volved in the genetic etiology of nonsyn-
dromic schizophrenia. Based on the hy-
pothesis that disturbed brain develop-
ment contributes to schizophrenia and
the fact that haploinsufficiency of TBX1
causes the main developmental anom-
alies of 22q11DS, we analyzed a possible
contribution of TBX1 variation to the ge-
netic etiology of schizophrenia and other
nonsyndromic psychiatric disorders seen
in patients with 22q11DS.

We genotyped a set of tag SNPs across
the TBX1 gene in a set of 446 white pa-
tients and 436 ethnically matched con-
trols. Allele and haplotype frequencies
did not differ significantly between all
affected patients and controls, and no
significant differences were observed be-
tween cases and controls in the diagnos-
tic subcategories.

Our negative findings can be inter-
preted several ways. First, TBX1 may not

I 411



TBX1 VARIATION IN PSYCHOTIC AND AFFECTIVE DISORDERS

Table 2. Haplotype frequencies

All offecteds

Schizophrenia + schizoaffective

Frequency Frequency Within-  Frequency  Frequency Within-
Haplotype cases controls X2 P block P cases controls X2 P block P
Block 1 (rs747226+739374)
AC 0.375 0.399 1.086 0.297 0.385 0.37 0.40 0.946 0.331 0.530
GC 0.343 0.346 0.015 0.902 0.35 0.35 0.010 0.919
GT 0.282 0.255 1.635 0.201 0.28 0.25 0.935 0.334
Block 2 (v14186+rs737864)
TC 0.366 0.332 2.100 0.147 0.213 0.37 0.33 1.805 0.179 0.176
CcC 0.338 0.338 0.001 0.982 0.35 0.34 0.119 0.731
CG 0.293 0.329 2.488 0.115 0.28 0.33 3.262 0.071
Block 3 (rs2301558+rs2238777)
CA 0.456 0.475 0.609 0.435 0.543 0.44 0.47 0.869 0.351 0.530
G 0.278 0.276 0.011 0.915 0.28 0.28 0.127 0.722
CG 0.264 0.241 1.273 0.259 0.26 0.24 1.018 0.313

Schizophrenia Affective disorder

Frequency Frequency Within-  Frequency  Frequency Within-
Haplotype cases controls X2 P block P cases controls X2 P block P
Block 1 (rs747226+739374)
AC 0.379 0.400 0.537 0.464 0411 0.38 0.40 0.189 0.664 0.275
GC 0.333 0.346 0.232 0.630 0.31 0.35 1.018 0.313
GT 0.289 0.255 1.760 0.185 0.31 0.25 2.444 0.118
Block 2 (v14186+rs737864)
C 0.362 0.333 1.033 0.310 0.301 0.34 0.34 0.000 0.9993 0.975
CcC 0.350 0.338 0.197 0.657 0.34 0.33 0.014 0.9065
CG 0.288 0.329 2.221 0.136 0.32 0.33 0.063 0.8022
Block 3 (rs2301558+rs2238777)
CA 0.446 0.474 0.954 0.329 0.571 0.47 0.47 0.053 0.8175 0.385
G 0.291 0.276 0.338 0.561 0.25 0.28 0.733 0.3921
CG 0.261 0.241 0.645 0.422 0.29 0.24 1.846 0.1743

play a role in the genetic etiology of the
nonsyndromic versions of the psychiatric
disorders included in this study. This
finding would be concordant with re-
sults of our own study showing that
mice with heterozygous loss of Thx1 do
not show the same sensorimotor gating
deficits observed in mice carrying large
deletions affecting Tbx1 and 26 other
genes (63). The lack of association would
also be supported by data published by
Hiroi et al who found that although the
behavioral anomalies of mice transgenic
for a segment containing four genes in-
cluding TBX1 could be ameliorated by
antipsychotic drugs, this effect was not
observed in mice heterozygous for TBX1
loss (70). However, our findings contrast
with those of a study by Paylor et al (55),
who showed that prepulse inhibition
(PPI) defects seen in a mouse model of
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22q11DS are caused by haploinsuffi-
ciency of two genes in the deleted region,
Tbx1 and Gnbll. PPI is a measurable en-
dophenotype of several psychiatric dis-
orders including schizophrenia and can
be measured in humans as well as mice.
Of note, the mouse studies by Long et al
(63) and Paylor et al (55) were both car-
ried out in mice with a mixed genetic
background and are difficult to compare
because strain-dependent penetrance of
the sensorimotor gating deficit cannot be
excluded. Alternatively, the lack of TBX1
association in our sample may be a false-
negative result. Of note, associations of
two genes, DTNBP1 and COMT, have
been shown in the same cohort (71,72).
Statistical power is a common concern
when considering negative results in ge-
netic association studies of complex dis-
ease. It is clear that psychiatric illnesses
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are polygenic, with any single genetic
locus likely to contribute only a small
proportion of the risk variance (73). Con-
sequently, association studies should be
adequately powered to detect effect sizes
(odds ratio, OR) of 1.5 or less. Given the
sample sizes of cases and controls in the
present study, we would have had ap-
proximately 80% power to detect a simi-
lar effect for TBX1. Furthermore, all
TBX1 SNPs and haplotypes examined in
the present study had a robust minor al-
lele frequency of 25% or greater. The
present study would have had power of
70%—-80% to detect effects as low as OR
= 1.3 for all such variants, and had
nearly 100% power to detect ORs > 1.5.
Thus, our results are unlikely to be false
negatives, and even moderate effects for
TBX1 on major psychiatric illness can be
excluded. However, it is still possible



that very small effects (1 < OR < 1.3)
were not detected.

In summary, it is unlikely that TBX1
plays a major role in the genetic etiology
of nonsyndromic schizophrenia and
other psychiatric disorders observed in
patients with 22q11DS. However, it is im-
portant to point out that schizophrenia
associated with 22q11DS may represent a
genetic subclass that is very similar but
genetically distinct from the nonsyn-
dromic form (13,74,75). In this case TBX1
may still contribute to the risk of devel-
oping psychiatric disease in patients with
22q11DS.
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