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The goal of this study was to identify
chromosomal regions likely to contain sus-
ceptibility alleles for early-onset obsessive-
compulsive disorder (OCD). A genome scan
was done in 56 individuals from seven fami-
lies ascertained through pediatric OCD pro-
bands; 27 of the 56 subjects had a lifetime
diagnosis of definite OCD. Denser mapping
of regions on chromosomes 2, 9, and 16 was
subsequently done with those subjects and
ten additional subjects from the largest
family in the study. Direct interviews were
completed with 65 of the 66 genotyped indi-
viduals. Relatives were interviewed blind
to proband status. Of the 65 interviewed
individuals, 32 had a lifetime diagnosis of
definite OCD. Three of the seven probands
had a history of Tourette disorder. Two of
the 25 relatives with OCD had a tic history,
whereas none of the 33 relatives without
OCD had tics. The genome scan consisted of
349 microsatellite markers with an average
between-marker distance of 11.3 centiMor-
gan (cM). Fine mapping was done with 24
additional markers at an average spacing
of 1.6 cM. Parametric and nonparametric

linkage analyses were conducted using
GENEHUNTERþ. The maximum multipoint
LOD score with a dominant model was
2.25 on 9p. However, with fine mapping
and additional subjects, that LOD score
decreased to 1.97. The maximum multipoint
nonparametric LOD* score was 1.73 on 19q.
The maximum multipoint LOD score with a
recessive model was 1.40 on 6p. The results
provide suggestive evidence for linkage on
9p and identify regions requiring further
study with much larger samples.
� 2002 Wiley-Liss, Inc.
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INTRODUCTION

Obsessive-compulsive disorder (OCD [MIM 164230])
is characterized by recurrent, intrusive thoughts that
cause marked distress, and by repetitive behaviors or
mental acts that are aimed at reducing distress or
preventing a dreaded event. In contrast to other forms
of severe psychopathology, the symptoms of OCD are
virtually identical in children and adults [Hanna, 1995;
Geller et al., 1998]. Estimates of the lifetime prevalence
of OCD in adolescent and adult samples have ranged
from 1% to 3% in the United States [Flament et al.,
1988; Karno et al., 1988; Reinherz et al., 1993; Valleni-
Basile et al., 1994] and eight other countries [Zohar
et al., 1992; Thomsen, 1993; Weissman et al., 1994;
Douglass et al., 1995]. Clinical and community studies
of adults with OCD have established an average age
at onset in early adulthood, with males having earlier
onset than females [Burke et al., 1990; Noshirvani
et al., 1991].
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There is substantial evidence for a genetic contri-
bution to the etiology of OCD [Hettema et al., 2001].
In two of the larger twin studies, the concordance rates
ranged from 80 to 87% for monozygotic twins and from
47 to 50% for dizygotic twins, depending on the sam-
ple and diagnostic criteria [Inouye, 1965; Carey and
Gottesman, 1981]. Multivariate analyses have provided
a heritability estimate of 47% for obsessional symptoms
[Clifford et al., 1984]. Recent controlled family studies
using adult probands have found that the lifetime
prevalence of OCD is significantly higher in case com-
pared with control relatives, and that an early age at
onset of obsessive-compulsive symptoms in case pro-
bands is strongly related to a more familial form of the
disorder [Pauls et al., 1995; Nestadt et al., 2000a].

Family studies using child and adolescent probands
have also consistently indicated that OCD is familial
[Last and Strauss, 1989; Lenane et al., 1990; Leonard
et al., 1992]. The rate of OCD in the first-degree re-
latives of the probands in those studies has ranged
from 7.7 to 17%. In one of the larger studies, the age-
corrected rate of OCD and subclinical OCD in the first-
degree relatives was 35% [Lenane et al., 1990]. Early
age at onset has previously been associated with in-
creased familial risk in several psychiatric disorders,
including major depression [Weissman et al., 1988],
bipolar disorder [Pauls et al., 1992], schizophrenia
[Pulver et al., 1990], and panic disorder [Goldstein
et al., 1997].

Segregation analyses have provided evidence for a
single major locus in OCD without establishing a mode
of inheritance [Nicolini et al., 1991; Alsobrook et al.,
1999; Cavallini et al., 1999; Nestadt et al., 2000b]. The
most recent complex segregation analysis found that
the dominant model of transmission best explained
their results and that the recessive model of transmis-
sion could be excluded [Nestadt et al., 2000b]. However,
Mendelian factors only partially explained the fami-
lial aggregation of the phenotype, and residual familial
effects were necessary to adequately fit the data. That
suggested polygenic factors may also contribute to the
etiology of OCD.

Although some forms of OCD appear familial, the
genetics of the disorder is complex. By ascertaining
probands with an early onset of the disorder, families
may be identified for genetic linkage studies with ex-
tensive aggregation of the disorder and possibly less
etiologic heterogeneity [Lander and Schork, 1994].
That strategy has been used successfully in molecular
genetic studies of other complex diseases, including
breast cancer [Hall et al., 1990] and Alzheimer disease
[Van Broeckhoven et al., 1992].

We initially conducted a preliminary genome scan
for DNA markers cosegregating with susceptibility
loci for early-onset OCD, using 349 microsatellite
markers in 56 individuals from seven families ascer-
tained through child and adolescent OCD probands.
The pedigree structures were consistent with segrega-
tion analyses of OCD indicating a gene of large effect
[Nicolini et al., 1991; Alsobrook et al., 1999; Cavallini
et al., 1999; Nestadt et al., 2000b]. We report a locus on
chromosome 9 with suggestive evidence for linkage

under a dominant model of inheritance, and several loci
with weaker evidence for linkage using parametric and
nonparametric analyses. Denser mapping of regions on
chromosomes 2, 9, and 16 was subsequently performed
in an extended sample.

MATERIALS AND METHODS

Subject Ascertainment and Diagnosis

The probands in the genome scan were five boys and
two girls with a current diagnosis of definite OCD. They
ranged in age from six to 17 years (14.4�3.8 years,
mean�SD). OCD onset age in the probands ranged
from three to 14 years (8.8� 3.9 years, mean�SD).
Three probands also had a history of Tourette disorder.
No probands had a history of obsessive-compulsive
symptoms or tics related to streptococcal infection
[Swedo et al., 1998]. The probands were recruited from
clinics at the University of Michigan Medical Center
and local chapters of the Obsessive-Compulsive Foun-
dation as part of a family study of pediatric OCD.

All probands were directly interviewed to deter-
mine whether they met DSM-III-R criteria for OCD
[American Psychiatric Association, 1987]. Exclusion
criteria for the probands were: 1) chronic neurological
disorder (other than tic disorder); 2) mental retarda-
tion; 3) DSM-III-R diagnosis of autistic disorder, schizo-
phrenia, or bipolar disorder; 4) currently living away
from both biological parents; and 5) adoption. Written
informed consent was obtained from both parents and
informed assent from each proband. The study was
approved by the Institutional Review Board of the
University of Michigan Medical Center.

After completing the proband diagnostic evaluation,
permission to contact other relatives was requested
from the parents. Direct interviews were done with all
26 first-degree relatives. Direct interviews were done
with 20 of 22 (91%) second-degree relatives contacted
for further diagnostic evaluation; however, a blood
sample was not obtained from one interviewed second-
degree relative. Direct interviews were done with 13
more distant relatives in two families. A blood sample
was obtained only for fine mapping from one distant
relative in the largest family (see Fig. 1) without com-
pleting a diagnostic evaluation.

After informed consent and assent were obtained,
probands and siblings between 10 and 17 years of age
were interviewed with the Schedule for Affective
Disorders and Schizophrenia for School Age Children-
Epidemiologic Version (K-SADS-E) [Orvaschel, 1987].
Siblings and other relatives less than 10 years were
not included in the study. The interview was comple-
ted independently with a parent of the subject, as well
as with the subject. It was supplemented with sec-
tions on OCD and tic disorders from the Schedule for
Tourette and Other Behavioral Syndromes (Version
C1) [Pauls and Hurst, 1991a; Pauls et al., 1995]. Rela-
tives 18 years and older were interviewed with the
Structured Clinical Interview for DSM-III-R (SCID)
[Spitzer et al., 1990, 1992; Williams et al., 1992] and
sections on OCD and tic disorders from the Schedule for
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Tourette and Other Behavioral Disorders (Version A1)
[Pauls and Hurst, 1991b]. The section on OCD included
a series of screening questions designed to cover all
criteria for a DSM-III-R diagnosis of OCD [Pauls et al.,
1995] and a checklist from the Yale-Brown Obsessive
Compulsive Scale (Y-BOCS) [Goodman et al., 1989a,
1989b] modified to obtain information about the life-
time occurrence of obsessions and compulsions.

Additional information on relatives 18 years and
older was obtained with the Family Informant Sche-
dule and Criteria (FISC) [Mannuzza et al., 1985].
The mother of each affected offspring was interviewed
with the FISC regarding her spouse, adult offspring,
parents, and siblings. The father of each affected off-
spring was interviewed with the FISC regarding his
spouse, parents, and siblings. The maternal grand-
mother provided FISC information for the third-degree
relatives in the largest pedigree (see Fig. 1). Thus,
two types of data were obtained on all adult subjects:
1) information from direct structured interviews and
2) personal history information from a biological
relative and/or spouse.

All interviews were audiotaped, as well as coded on
paper. All interviewers had at least a masters degree
and clinical training in either child or adult psycho-
pathology. They were trained to at least 90% diagnostic
agreement with the individual instruments. The inter-
viewers were confined to interviewing either probands

and their relatives between 10 and 17 years of age, or
adult relatives. The interviewer for a given proband
was not involved with the interviews of other family
members. Because control probands and their relatives
were included in an ongoing family study, the inter-
viewers were blind to proband status.

After completion of all interviews for an individual,
all available materials (personal interview data, family
history data, and clinical records) were collated. All
information identifying or describing the proband was
removed so that diagnostic ratings could be complet-
ed by raters blind to proband diagnosis. The blinded
diagnosticians were never given a complete family to
evaluate at one time, and all diagnostic evaluations
of probands were done separately from those of the
relatives.

Best-estimate lifetime diagnoses were made inde-
pendently by two investigators using DSM-III-R cri-
teria. Definite OCD was diagnosed only if a subject met
all diagnostic criteria. Subthreshold OCD was diag-
nosed if a subject met criteria for obsessions and/or
compulsions, but lacked compelling evidence for any of
the following criteria: 1) marked distress; 2) duration of
obsessive-compulsive symptoms for more than one hour
per day; or 3) significant interference in the person’s
normal routine, occupational (or academic) functioning,
or usual social activities or relationships with others.
When major disagreements occurred between two diag-
nosticians, consensus diagnoses were reached with
the assistance of a third diagnostician following establi-
shed procedures developed for the diagnosis of other
psychiatric disorders [Leckman et al., 1982; Klein et al.,
1994].

Only individuals with a lifetime diagnosis of definite
OCD were considered affected. Relatives with either a
lifetime diagnosis of subthreshold OCD or a history of
probable obsessions or compulsions were considered
unknown. Other aspects of the interviewing and diag-
nostic process have previously been described in detail
[Hanna et al., 1998;Veenstra-VanderWeele et al., 2001].

Genotyping

Peripheral blood samples were obtained by veni-
puncture from 66 consenting individuals. Samples were
immediately transported to the laboratory and stored
frozen at �708C until the time of DNA extraction. DNA
was extracted using the PureGene DNA Isolation Kit
(Gentra Systems, Minneapolis, MN).

Fifty-six individuals from seven families were initi-
ally genotyped with 349 microsatellite markers from
the 28 panels of the ABI PRISM Linkage Mapping Set
version 1 (LMS v. 1), with an average between-marker
distance of 11.3 centiMorgan (cM) and an average
heterozygosity of 0.81. Twenty-four additional markers
were subsequently typed for fine mapping of three
chromosomal regions at an average spacing of 1.6 cM
for a total of 373 markers in the original 56 subjects.
Ten additional subjects from family 1 were also typed
for the 24 fine mapping markers along with seven
flanking LMS v. 1 markers. However, those 10 subjects
were not genotyped for the rest of the LMS v. 1.

Fig. 1. The structures of the seven pedigrees used in a genome scan of
early-onset OCD are presented with symbol definitions.
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Primer sequences for these markers are available
at The Genome Database with one exception, EAAC1,
which has been described separately [Veenstra-
VanderWeele et al., 2001]. Table I shows these markers
with genetic positions calculated from available genetic
and physical map data. When the genetic map distance
between two markers was estimated as 0 and physical
map distance was not available or less than 10 kb, a cM
distance of 0.01 was assigned. When genetic map data
were not available, physical map data were used to
place the marker between other markers that had both
genetic and physical map data.

In preparation for efficient genotyping, multiplex
polymerase chain reaction (PCR) for each panel was
optimized with the goal of one multiplex PCR for each
of the three fluorescent labeling colors in each panel.
Therefore, only 117 PCRs were required to amplify 349
microsatellites. This process also led to optimal peak
heights for each marker. Amplification of the LMS v. 1
was carried out as under multiplex and singleplex con-
ditions described previously [Veenstra-VanderWeele
et al., 1998] and available at http://www.genes.uchi-
cago.edu/panels/psy.html. The fine mapping markers
were amplified by singleplex PCR under the same
conditions (see Table I). The average genotyping failure
rate was 8%. The average genotype-wise Mendelian
incompatibility rate was 0.8% across the genome.

PCR products for each panel were pooled using ratios
adjusted to give even peak heights across fluorescent
labeling colors. Pooled PCR products were separated by

capillary electrophoresis on an ABI Prism 310 Genetic
Analyzer. Fluorescent peaks were analyzed using ABI
GeneScan Analysis version 2.02 and the local Southern
sizing method. Genotypes were assigned blind to pedi-
gree structure and clinical data using ABI Genotyper
version 2.0.

Genetic Linkage Analysis

Parametric and nonparametric linkage analyses
were conducted with GENEHUNTER [Kruglyak et al.,
1996] and a modification of that program, GEN-
EHUNTERþ [Kong and Cox, 1997]. GENEHUNTER
extracts complete multipoint inheritance information
from pedigrees of moderate size with diverse struc-
tures. Because of memory constraints, the extension of
family 1 used in fine mapping was analyzed as a
separate sub-family. GENEHUNTER provides exact
computation of multipoint LOD scores (decimal loga-
rithms of the likelihood ratio under the hypotheses of
linkage and no linkage) involving dozens of highly
polymorphic markers and a nonparametric linkage
(NPL) analysis that is robust to uncertainty about mode
of inheritance.

GENEHUNTERwas configured to calculate themore
conservative nonparametric pairs statistic (NPLpairs).
Examining all individuals simultaneously would yield
more power, but is also more likely to produce false
positive findings in a small sample [Kong and Cox,
1997]. In the parametric analysis, we assumed reduced,
age-dependent penetrance and sporadic cases, with
both penetrance and sporadic case rate increasing with
age, and the proportion of sporadic cases among all
cases increasing with age. The result is that the disease
status of young unaffected individuals and affected
individuals with late age at onset provides less in-
formation on the putative disease locus than early onset
affected individuals, but that all individuals still
provide full information on the genetic marker(s). Age
at onset was specified as a linear function from two to
25 years. The lifetime prevalence of the affected pheno-
type was estimated to be 2.5%. Sex ratio was assumed
to be 1:1 [American Psychiatric Association, 1994].

Two simple genetic models were used in the para-
metric analyses: a dominant model in which 1>
f(DD;a)¼ f(Dd;a)> f(dd:a)> 0 and a recessive model
in which 1> f(DD;a)> f(Dd:a)¼ f(dd;a)>0. Recent evi-
dence suggests that a critical factor in LOD score
analysis is the mode of inheritance at the linked locus,
not that of the disease or trait in itself [Greenberg et al.,
1998]. Because other genes and environmental factors
are almost certainly involved in the etiology of OCD, we
chose penetrances for non-disease-susceptibility geno-
types to be greater than zero and the gene frequency to

TABLE I. Fine Mapping Markers

Chromosome Marker cM

2 D2S396 237.10
2 D2S172 239.20
2 D2S2340 239.21
2 GATA67B01 240.71
2 GATA12H10 240.81
2 D2S206 244.91

9 D9S1779 0.00
9 D9S1858 0.10
9 D9S129 2.90
9 D9S54 7.00
9 D9S288 9.90
9 D9S178 10.10
9 D9S1813 10.11
9 D9S1792 10.31
9 GATA62F03 14.71
9 EAAC1 15.31
9 D9S199 15.32
9 D9S1852 15.42
9 D9S281 16.02
9 D9S286 18.72

16 D16S515 79.80
16 D16S3097 81.50
16 D16S3142 81.51
16 D16S3049 84.81
16 D16S516 88.21
16 D16S3104 93.01
16 D16S3119 93.02
16 D16S3073 93.03
16 D16S507 93.04
16 D16S505 96.84
16 D16S511 98.24

TABLE II. Parameters Used for Parametric Linkage Analysis

Genetic
model

Maximum penetrance
Phenocopy
proportion

Disease
allele

frequencyAA Aa aa

Dominant 0.50 0.50 0.0052 0.20 0.02
Recessive 0.50 0.0052 0.0052 0.20 0.20
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be relatively large (see Table II). These assumptions
provide alternative explanations for apparent recom-
binants. This is critical because even a few meioses
incorrectly scored as recombinants substantially re-
duces the evidence for linkage [Ott, 1977]. Our strategy
is sensible because the maximum LOD score is quite
insensitive to misspecification of model parameters
other than the degree of dominance [Clerget-Darpoux
et al., 1986].

RESULTS

A genome scan was initially completed with 56 indi-
viduals from seven families with two or more affected
relatives. Denser mapping of regions on chromosomes
2, 9, and 16 was subsequently done with those subjects
and ten additional subjects from the largest family (see
Fig. 1). Altogether, 65 of the 66 genotyped individuals
were directly interviewed. Of the 59 directly inter-
viewed relatives, 25 (nine males and 16 females) had
a lifetime diagnosis of definite OCD. Five affected re-
latives were siblings, four were parents, eight were
second-degree relatives, and eight were more distant
relatives. They ranged in age from 12 to 89 years
(43.5� 20.9 years, mean�SD). OCD onset age ranged
from five to 24 years (12.1�5.6 years, mean�SD). Two
affected relatives had a history of chronic tics. The 29
unaffected relatives (19 males, 10 females) ranged in
age from 12 to 80 years (44.5�19.8 years, mean�SD).
Three relatives (two males, one female) had a lifetime
history of subthreshold OCD and were considered
unknown. They ranged in age from 18 to 48 years
(36.4� 16.4 years, mean�SD). A 10-year-old girl with
possible compulsions was also considered unknown.
None of the relatives with an unaffected or unknown
phenotype had a history of tics.

The results from the parametric and nonparametric
analyses using LMS v. 1 are shown in Figure 2. The
maximum multipoint LOD score under the dominant
model was 2.25 on chromosome 9p at 9.9 cM, corre-
sponding to D9S288. Three other regions had LOD
scores > 1 under the dominant model: 1.12 on chro-
mosome 16q at 92 cM, between D16S515 and D16S516;
1.06 on chromosome 2q at 237.1 cM, corresponding
to D2S396; and 1.05 on chromosome 19q at 94 cM,
corresponding to D19S210. Under the recessive model,
three regions showed peak multipoint LOD scores >1:
1.40 on chromosome 6p at 5 cM, corresponding to
D6S470; 1.33 on chromosome 17q at 123 cM, between
D17S784 and D17S928; and 1.07 on chromosome 2q at
237.1 cM, corresponding to D2S396.

The maximum multipoint nonparametric LOD*
score was 1.73 on chromosome 19q at 89 cM, between
D19S418 and D19S210. Three other regions had non-
parametric LOD* scores > 1: 1.25 on chromosome 16q
at 80 cM, between D16S515 and D16S516; 1.15 on
chromosome 21q at 21 cM, between D21S1253 and
D21S1263; and 1.01 on chromosome 2q at 240 cM,
between D2S396 and D2S206.

Figure 3 shows the results for the fine mapping
markers and the flanking LMS v. 1 markers on chro-
mosomes 2, 9, and 16 in the 56 original subjects plus the
ten subjects added in family 1. With fine mapping and

the additional subjects, the peak multipoint LOD score
on 9p with the dominant model decreased slightly to
1.97 at 9.9 cM, corresponding to D9S288. The nonpara-
metric LOD* score on 16q increased slightly to 1.36 at
90.1 cM, between D16S3049 and D16S516. However,
the LOD score under the dominant model in that region
decreased substantially to �0.09. The nonparametric
LOD* score on 2q decreased to 0.77 at 239.2 cM, corre-
sponding to D2S172. The dominant and recessive LOD
scores on 2q decreased substantially to 0.27 and �1.62,
respectively, at 237.1 cM, corresponding to D2S396.

DISCUSSION

To our knowledge, this is the first genome-wide
linkage analysis of OCD. Although significant evidence
for linkage was not detected on any chromosome using
the Lander and Kruglyak criteria [1995], our LOD
scores in a region near the telomere on 9p meet the
criterion for suggestive linkage. Lander and Kruglyak
[1995] found by simulation that a whole genome screen
should detect, on average, one LOD score exceeding
1.9, their threshold for suggestive linkage. Although a
region with suggestive linkage may represent a false
positive finding, they suggested that such evidence is
strong enough to merit testing in an additional sample.

It should be noted that the strongest evidence for
linkage was obtained with a parametric linkage ana-
lysis using a dominant transmission model. Previous
segregation analyses of OCD have provided evidence
for a single major locus that may have a dominant
transmission pattern [Nicolini et al., 1991; Cavallini
et al., 1999; Nestadt et al., 2000b]. The results from our
linkage analysis, as well as from previous segregation
analyses, indicate that it may be important to consider
both parametric and nonparametric analyses in future
linkage studies of OCD.

The decline in the LOD score for chromosome 9 with
the family 1 extension may have been due to an
increase in genetic information and/or genetic hetero-
geneity. The parents of two children with clinical
diagnoses of autistic disorder and pervasive devel-
opmental disorder were included in the extension,
although the children themselves were below the lower
age limit for the study. A possible relationship between
OCD and autistic disorder was noted in a family study
in which OCD was significantly more common in rela-
tives of autistic probands compared to relatives of Down
syndrome probands [Bolton et al., 1998].

A report of 9p monosomy in a patient with Tourette
disorder and OCD is consistent with our finding of
suggestive linkage in that region, and provides further
support for the hypothesis that a susceptibility locus
may be expressed as either disorder [Taylor et al.,
1991]. Our LOD score of 1.40 on 6p using a recessive
model with marker D6S470 overlaps with a reported
association between Tourette disorder and 6p markers
in an Afrikaner sample [Simonic et al., 1998]. Twin and
family studies indicate that some forms of OCD may be
genetically related to Tourette disorder [Price et al.,
1985; Pauls and Leckman, 1986; Pauls et al., 1986,
1991]. Furthermore, the distinction between tic-related
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Fig. 2. The results of a genome scan of early-onset OCD are presented with dominant, recessive, and GHþ LOD scores shown for each chromosome.
With the exception of chromosome 9, cM distances are given relative to the furthest pter marker on each chromosome in the ABI Linkage Mapping Set
version 1, which is assigned a position of 0 cM. For chromosome 9, cM distances are given relative to the furthest pter marker used for fine mapping so that
the y axis begins at 9.9 cM.
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Fig. 2. (Continued)
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Fig. 2. (Continued)
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and non-tic-related OCD has received support from a
variety of studies [Hanna et al., 1991; Leonard et al.,
1992; McDougle et al., 1994; Leckman et al., 1995;
Pauls et al., 1995]. Tic-related OCD occurs more often
in males than in females, and has an earlier age at
onset than does non-tic-related OCD [Leonard et al.,
1992; Leckman et al., 1995]. Hence, in families ascer-

tained through pediatric OCD probands, the rate of
tic-related-OCD may be increased.

A recent study of one large French Canadian family
found significant linkage for Tourette disorder to 11q
[Merette et al., 2000]. That region was also implicated
by the association study of Tourette disorder in an
Afrikaner population [Simonic et al., 1998]. A genome
screen of sib pairs affected by Tourette disorder found
suggestive evidence for linkage on 4q and 8p [Tourette
Syndrome Association International Consortium for
Genetics, 1999]. In contrast, a genome scan of several
families with Tourette disorder found no significant
or suggestive evidence for linkage [Barr et al., 1999].
In our linkage study of early-onset OCD, we found
no evidence for linkage to chromosomes 4, 8, or 11.
The molecular genetic relationship between OCD and
Tourette disorder may be resolved with further linkage
and family-based association studies.

Only one region provided suggestive evidence for
linkage in our study. However, several other regions
had some evidence for linkage, including 2q, 6p, 16q,
17q, and 19q. The LOD score of 1.33 on 17q with a
recessive model did not include the region containing
the serotonin transporter gene, which has been impli-
cated in family-based and case-control association
studies of OCD [McDougle et al., 1998; Bengel et al.,
1999]. Those regions with some evidence of linkage may
prove interesting if they converge with findings in sub-
sequent linkage studies. If one of those regions repre-
sents an actual weak linkage, that may be consistent
with genetic heterogeneity or oligogenic inheritance.
Conversely, each of those findings could represent a
false positive finding.

Our genome scan of early-onset OCD did not include
probands with neuropsychiatric symptoms related to
streptococcal infection. It has been proposed that pedi-
atric autoimmune neuropsychiatric disorders associa-
ted with streptococcal infection (PANDAS) account for
a substantial minority of cases with early-onset OCD or
Tourette disorder [Swedo et al., 1998]. The human
leukocyte antigen (HLA) region on chromosome 6 is
associated with a number of autoimmune disorders
[Friday et al., 1999; McCurdy, 1999; Barbesino and
Chiovato, 2000; Gough, 2000]. Although we found a
mildly suggestive LOD score of 1.40 under the recessive
model at D6S470 on 6p, that marker is 26 cM distal to
the HLA region (closer to pter).

Based on linkage results in regions containing func-
tional candidate genes, we sequenced the coding
regions of two genes. This effort was motivated in part
by an initial nonparametric analysis in which the
genotypes of all affected individuals in a pedigree were
examined simultaneously (data not shown), in contrast
to our current analysis in which pairs of individuals are
examined. As noted previously, examining all indivi-
duals simultaneously is more likely to produce false
positive findings in a small sample [Kong and Cox,
1997]. We have reported the lack of coding region
mutations leading to amino acid changes in both the
SLC1A1/EAAC1 glutamate transporter gene on chro-
mosome 9 [Veenstra-VanderWeele et al., 2001] and
the HTR2B serotonin receptor gene on chromosome 2

Fig. 3. The results from finemapping are presented for chromosomes 2,
9, and 16 with dominant, recessive, and GHþ LOD scores shown for each.
The cM distances presented here conform to those presented for the entire
chromosomes. The LOD score lines are as follows: dominant ( ),
recessive ( ), and GHþ LOD ( ).
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[Kim et al., 2000]. It is still possible, nonetheless, that
mutations in the regulatory regions for either of those
genes could contribute to early-onset OCD.

The results from our preliminary linkage study of
early-onset OCD should be interpreted with utmost
caution. The power of the genome scan was limited by
the small sample of 56 individuals so that only loci of
very large effect may have been detectable. That is a
major limitation of the study. The inclusion of four
families in which five individuals had chronic tics in
addition to OCD possibly increased the genetic hetero-
geneity of the sample. The parametric analysis using
a dominant model that yielded a suggestive linkage
finding on 9p required generation of hypothetical gene
frequency and penetrance values that cannot be empi-
rically derived. Different penetrance functions may be
considered for males and females based upon recent
segregation analyses [Cavallini et al., 1999; Nestadt
et al., 2001]. Furthermore, the results from a para-
metric linkage analysis in a small sample of extended
families can be sensitive to diagnostic changes in a few
critical individuals [Hodge and Greenberg, 1992]. If
there is a susceptibility locus for early-onset OCD on
9p, a larger sample will be required to produce signi-
ficant evidence for linkage.

Because of the small sample size, we used only a
narrow affection model (i.e., definite OCD) in our lin-
kage analyses. However, it is possible that suscept-
ibility loci involved in OCD may not be specific to the
disorder. That is, one or more loci may also increase the
risk for Tourette disorder [Price et al., 1985; Pauls and
Leckman, 1986; Pauls et al., 1986] or anxiety disorders
other than OCD [Torgersen, 1983; Andrews et al.,
1990a, 1990b]. Given the problems associated with
multiple testing, it seems reasonable in studies with
small samples to expand the phenotype only after
linkage is clearly established with a narrow affection
model. Genome scans with much larger samples may
be needed to establish significant evidence for linkage
and to assess affection models for OCD.
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