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In order to evaluate the linkage of schizo-
phrenia to loci at chromosome 15q, we
genotyped six microsatellite markers at
chromosome 15q11±14 in 52 Taiwanese schi-
zophrenic families. Two phenotype models
(narrow: DSM-IV schizophrenia only; and
broad: including schizophrenia, schizoaffec-
tive, and other nonaffective psychotic dis-
orders) were used to de®ne the disease
phenotype. Maximum nonparametric link-
age scores (NPL scores) of 3.33 (P¼0.0003)
and 2.96 (P¼0.0008) were obtained at the
marker D15S976 under broad and narrow
models, respectively. Positive linkage
results were also observed at the marker
D15S1360, previously reported to have sig-
ni®cant linkage to a neurophysiological
de®cit of schizophrenia, with NPL scores of
2.71 (P¼0.003) and 2.78 (P¼0.002) under
broad and narrow models, respectively.
The results provide suggestive linkage evi-
dence of schizophrenia to loci at chromo-

some 15q13±14 in an ethnically distinct
Taiwanese sample. ß 2001 Wiley-Liss, Inc.
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INTRODUCTION

A recent report using a neurophysiological de®cit,
decrease of P50 inhibition, as the phenotype for linkage
analysis found a chromosome 15q14 locus as the site of
a possible susceptibility gene for schizophrenia. The
genomewide linkage analysis of the P50 inhibition
de®cit in nine multiplex schizophrenia families found a
signi®cant LOD score (Z¼5.30; y¼0) at D15S1360 on
chromosome 15q14 within 120 kb of the ®rst exon of the
a-7 nicotinic receptor subunit gene (CHRNA7). When
the clinical diagnosis of schizophrenia was used as the
affected phenotype, the maximum LOD score at the
same marker was not statistically signi®cant (Z¼ 1.33;
y¼0.07) [Freedman et al., 1997].

Attempts to replicate this ®nding showed inconsis-
tent results [Kaufmann et al., 1998; Leonard et al.,
1998; Neves-Pereira et al., 1998; Curtis et al., 1999;
Riley et al., 2000]. However, three studies showed
positive results in Caucasian families [Leonard et al.,
1998], in African American families [Kaufmann et al.,
1998; Leonard et al., 1998], and in Southern African
Bantu families [Riley et al., 2000]. The chromosome
region of interest revealed by the initial study harbors
the a-7 nicotinic receptor subunit gene, which is a
theoretically important psychophysiological trait for
schizophrenia [Leonard et al., 1996]. It is meaningful to
investigate whether the positive linkage ®ndings can be
replicated in another distinct ethnic group. Therefore,
we used families of Taiwanese schizophrenic probands
with at least two affected siblings in an attempt to
replicate these ®ndings.
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MATERIALS AND METHODS

Subjects

Schizophrenic probands who had at least two affect-
ed siblings were identi®ed from the Department of
Psychiatry, National Taiwan University Hospital, and
the university-af®liated Taoyuan Psychiatric Center.
Data collection was initiated after informed consents
were obtained from the identi®ed study subjects and
their families. All of the family members were person-
ally interviewed by the research psychiatrists using
the Psychiatrist Diagnostic Assessment (PDA) [Hwu
and Yang, 1987; Hwu, 1999]. The ®nal diagnostic
assessment was formulated by integrating the PDA
data and clinical information of medical chart records.
DSM-IV criteria [American Psychiatric Association,
1994] were used for ®nal diagnoses of schizophrenia,
schizoaffective disorder, and other nonaffective psycho-
tic disorders.

The sample comprised 52 nuclear families with at
least two affected siblings. One of the affected sibling
subjects was married and had an affected son. A total of
242 subjects were recruited, of which 109 members
were diagnosed as schizophrenia, 4 members as
schizoaffective disorder, and 4 as other nonaffective
psychotic disorder. Among the siblings of these 52
families, there were 4 affected triplets and 45 affected
pairs and a total of 53 independent sibling pairs under
the narrow phenotype model; there were 6 affected
triplets and 46 affected pairs and a total of 58
independent sibling pairs under the broad phenotype
model. Table I shows the number of siblings (including
the affected siblings) and parents with DNA available.
The affected subjects were 60% male and were 32�0.8
years of age. The mean age of onset was 21.6�6.1 years
of age. The unaffected subjects were 52% male and were
49.1�1.8 years of age.

Genotyping

Six microsatellite markers located in the chromo-
some 15q11±14 region were genotyped. These markers
were distributed across a 7.58 cM genetic distance.
The intermarker distance was determined from the
Location Database (LDB: http//cedar.genetics.soton.
ac.uk/public_html/) and a previous report [Riley et al.,
2000].

DNA was extracted from whole blood using a
modi®ed salting-out method [Lahiri et al., 1992]. The
microsatellite markers were ampli®ed using standard

PCR condition and 10 ng of genomic DNA with
¯uorescent 50 end labeling of the primers. The allele
types of these markers were determined by analysis
with Genescan software by comparing the fragment
sizes with an internal standard in an ABI-377 genetic
analyzer (Perkin-Elmer). Genotypes were read inde-
pendently by two individuals blind to the clinical status
of the study subjects.

Statistical Analyses

The phenotypes of the study samples were assigned
to the narrow phenotype model, containing DSM-IV
schizophrenia only, and the broad phenotype model,
composed of DSM-IV schizophrenia, schizoaffective
disorder, and other nonaffective psychotic disorders
(including schizophreniform disorder, delusional dis-
order, and psychotic disorder not otherwise speci®ed).

Two-point linkage analysis was performed using
MLINK program of LINKAGE (FASTLINK version
3.0) [Lathrop et al., 1984; Cottingham et al., 1993].
Multipoint parametric LOD score and nonparametric
linkage analyses were calculated using GENEHUN-
TER (version 2.0) [Kruglyak et al., 1996]. In the
parametric analyses, the parameters of genetic models
used for linkage analyses were as follows. Allelic
frequencies were calculated from 86 founders in these
study pedigrees. The disease gene frequencies in the
dominant and recessive models were 0.005 and 0.1,
respectively. In both the narrow/dominant model and
the narrow/recessive model, the penetrance was 0.5
and the probability of phenocopy was 0.005. The
penetrance and the probability of phenocopies were
0.7 and 0.01, respectively, in both the broad/dominant
and the broad/recessive models.

RESULTS

Two-point LOD score analysis showed a maximum
LOD score of 0.8 (y� 0.2) at D15S976 under the narrow/
recessive model. Multipoint LOD score analysis showed
heterogeneity LOD scores under different phenotype
and inheritance model were not more than one at the
six markers (data not shown). Nonparametric linkage
analysis found suggestive linkage evidence for
D15S976 (Z�3.33, P� 0.0003 under the broad model;
Z� 2.96, P� 0.0008 under the narrow model). The
¯anking marker D15S1360 also showed positive results
(Z�2.71, P�0.003; Z�2.78, P�0.002 under broad
and narrow model, respectively) as did D15S165
(Z�2.5, P�0.005; Z� 1.97, P� 0.018 under broad
and narrow model, respectively). The detailed result
of the nonparametric linkage analysis is shown in
Table II.

DISCUSSION

Our result found maximum NPL scores of 3.33
(P�0.0003) and 2.96 (P� 0.0008) at marker D15S976
under broad and narrow phenotype model, respec-
tively. This ®nding attains the level of signi®cance
(P<7�10ÿ4) for suggestive linkage for sibling pair
analysis [Lander and Kruglyak, 1995]. The NPL score

TABLE I. Distribution of Families by Number of Siblings and
Parents Genotyped

Siblings
genotyped

Parents genotyped

Total1 2

2 5 6 11
3 9 25 34
4 4 1 5
5 0 2 2

Total 18 34
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of D15S1360, to which was reported signi®cant linkage
of P50 inhibition de®cit in schizophrenia in the initial
study [Freedman et al., 1997], is 2.71 (P� 0.003) and
2.78 (P�0.002) under broad and narrow model,
respectively. Our ®nding supports the results of the
initial study because the P value exceeds the threshold
(P<0.01) suggested for support of previously obtained
signi®cant linkage results [Lander and Kruglyak,
1995].

This study shows discrepant linkage result between
parametric and nonparametric linkage analysis.
Because parametric linkage analysis can be highly
sensitive to misspeci®cation of the linkage model
[Clerget-Darpoux et al., 1986], it is error prone for
analyses of complex disorders such as schizophrenia,
for which the mode of inheritance is uncertain.
Furthermore, our family sample containing primarily
sibling pairs has limited power for LOD score analysis.
The NPL analysis is robust to uncertainty about mode
of inheritance, much more powerful and less prone to
positive errors than other nonparametric methods, and
nearly as powerful as LOD score analysis under the
correct parametric model [Kruglyak et al., 1996].
Therefore, the positive result of NPL analysis in this
study supports suggestive linkage evidence for linkage
of schizophrenia to chromosome 15q13±14.

The present study found the peak NPL score at
marker D15S976, 1 cM centromeric to D15S1360,
which was signi®cant in the initial study [Freedman
et al., 1997] and a follow-up study [Leonard et al.,
1998]. These two previous studies did not genotype
D15S976. Another study reported positive result at this
marker (NPL score� 1.61; P� 0.054), though the peak
NPL score was at D15S1360 (NPL score�1.79;
P�0.038) and at D15S1043 (NPL score�1.81;
P�0.037), 2.5 cM centromeric to D15S1360 [Riley
et al., 2000]. Considering these positive results, the
most promising region for a candidate gene for schizo-
phrenia extends from D15S1043 to D15S1360.

Mapping of this region has revealed a number of
expressed sequences that have not been fully charac-
terized and several brain-expressed genes, of which
CHRNA7 is the most promising candidate for schizo-
phrenia. Several lines of neurobiological investigation
have supported the role of the a-7 nicotinic receptor in
schizophrenia [Leonard et al., 1996]. CHRNA7 is now
known to be partially duplicated (exon, 5±10) with four
novel upstream exons. The duplication lies within 5 cM
of CHRNA7, and the duplicated sequence is expressed

in the brain [Gault et al., 1998]. The partial duplication
may have functional relevance and should be consid-
ered as a candidate.

Other known brain-expressed genes in this region,
including tight junction protein 1 (TJP1) at 15q13
[Mohandas et al., 1995], cysteine knot superfamily 1,
bone morphogenetic protein (BMP) antagonist 1
(CKTSF1B1) at 15q13±15 [Topol et al., 2000], and
secretory granule neuroendocrine protein 1 (SGNE1) at
15q13±14 [Roebroek et al., 1989]. These might also be
postulated as potential candidate genes accounting for
the positive linkage signals in this study, though the
function of some of these genes is still uncertain and
their functional signi®cance for schizophrenia is
unknown.

The present study provides suggestive evidence for
linkage of schizophrenia to loci at chromosome 15q13±
14 and replicates the initial linkage ®nding in an
ethnically distinct sample. However, we remain cau-
tious in our interpretation because suggestive linkage
indicates statistical evidence expected to occur one time
at random in a genome scan. Thus, a false positive
result cannot be ruled out [Lander and Kruglyak,
1995]. Further replication studies in larger samples
are warranted. Further determination of the role of
the candidate gene in the chromosome region will
require identi®cation of the mutation that gives rise to
the linkage signal and understanding of how its effects
on neuronal function interact with other genetic and
environmental factors to cause schizophrenia.
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