
Abstract Previously we reported suggestive evidence for
linkage of schizophrenia to markers on chromosome
13q14.1–q32. We have now studied an additional inde-
pendent sample of 44 pedigrees consisting of 34 Tai-
wanese, 9 English and 1 Welsh family in an attempt to
replicate this finding. Narrow and broad models based on
Research Diagnostic Criteria or the Diagnostic and Statis-
tical Manual of Mental Disorders, third edition, revised,
were used to define the schizophrenia phenotype. Under a
dominant genetic model, two-point lod scores obtained
for most of the markers were negative except that marker
D13S122 gave a total lod score of 1.06 (θ = 0.2, broad
model). As combining pedigrees from different ethnic ori-
gins may be inappropriate, we combined this replication
sample and our original sample, and then divided the total
sample into Caucasian (English and Welsh pedigrees) and
Oriental (Taiwanese and Japanese pedigrees) groups. The
Caucasian pedigrees produced maximized admixture two-
point lod scores (A-lod) of 1.41 for the marker D13S119
(θ = 0.2, α = 1.0) and 1.54 for D13S128 (θ = 0, α = 0.3)
with nearby markers also producing positive A-lod
scores. When five-point model-free linkage analysis was
applied to the Caucasian sample, a maximum lod score 
of 2.58 was obtained around the markers D13S122 and
D13S128, which are located on chromosome 13q32. The
linkage results for the Oriental group were less positive
than the Caucasian group. Our results again suggest that
there is a potential susceptibility locus for schizophrenia
on chromosome 13q14.1–q32, especially in the Caucasian
population.

Schizophrenia is a serious mental illness that may be
caused by abnormal brain development (Jones and Mur-
ray 1991). The lifetime morbid risk worldwide ranges
from 0.5 to 1% (Gottesman 1991). The aetiology of schizo-
phrenia is unclear, but family, twin and adoption studies
have shown that genetic factors account for approxi-
mately 70% of the variance in liability (Gottesman 1991).
Nevertheless, the mode of inheritance of the disorder re-
mains unclear. Although recent statistical modelling sug-
gests at least three common genes that act multiplicatively
on the risk of illness (Risch 1990), the existence of major
genes in some families remains a possibility. Linkage
studies have identified several “hot-spots” for schizophre-
nia: chromosome 22 (Pulver et al. 1994a, b; Lasseter et al.
1995; Vallada et al. 1995; Schizophrenia Collaborative
Linkage Group 1996), chromosome 3p (Pulver et al.
1995), chromosome 8p (Pulver et al. 1995) and chromo-
some 6 (Moises et al. 1995; Schwab et al. 1995; Straub et
al. 1995; Wang et al. 1995).

Previously we reported suggestive evidence for link-
age of schizophrenia to markers on chromosome 13q14.1–
q32 (Lin et al. 1995), and recently two other groups have
found suggestive evidence for this region (Antonarakis et
al. 1996; Kalsi et al. 1996). In order to follow up this pro-
visional finding, an additional independent sample of 44
pedigrees (9 English, 1 Welsh and 34 Taiwanese) were
collected. The British small-to-moderate size families
were ascertained by referral of patients with schizophre-
nia who had at least one known, living, first-degree rela-
tive affected with the same illness. The Taiwanese nuclear
families were recruited by referral of patients with schizo-
phrenia who had at least one known, living sibling af-
fected with the same disease. These studies were ap-
proved by the appropriate hospital ethics committees and
informed consent was obtained from all study subjects.
Diagnoses are based on Research Diagnostic Criteria
(RDC); (Spitzer et al. 1978) for the Welsh and English
pedigrees and the Diagnostic and Statistical Manual of
Mental Disorders, third edition, revised (DSM-III-R);
(American Psychiatric Association 1987) for Taiwanese
families. A total of 224 individuals including 93 with
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schizophrenia and 17 with other psychiatric disorders
were studied. Ten highly polymorphic microsatellite
markers and the biallelic HTR2A marker (Warren et al.
1993), which showed positive lod scores from our previ-
ous findings, were genotyped using standard polymerase
chain reaction (PCR) techniques (Saiki et al. 1985). Geno-
typing data was first used to construct a genetic map using
the program CRI-MAP (Lander and Green 1987). This
enabled potential errors appearing as double recombina-
tion events in a small genetic distance to be identified and
checked. Several rounds of checking and map building
were followed until a consistent map was obtained.

Two diagnostic models based on RDC or DSM-III-R
were used to define the disease phenotype. A narrow
model consisted of RDC or DSM-III-R schizophrenia as
affected and a broad model included diagnoses of schizo-
phrenia, schizoaffective disorder and unspecified func-
tional psychosis. Two-point lod score analyses were per-
formed using the program MLINK from the LINKAGE
package (Lathrop et al. 1984) and tabulated family by
family. As locus heterogeneity was expected, the admix-
ture lod score (A-lod), which assumes that a proportion α
of families are linked, was calculated for each marker. Al-
lelic frequencies were calculated from 79 unrelated indi-
viduals in the pedigrees. A dominant model was used with
a disease gene frequency (q) of 0.008, with penetrance (f1,
f2) of 0.5 and sporadic risk (f0) of 0.005 for the narrow
model and 0.7 and 0.01 for the broad model. When the
narrow model was used, subjects who would have been
counted as unaffected under the broad model were desig-
nated as phenotype unknown. In this replication sample,
two-point total lod scores obtained for most of the mark-
ers were negative at a variety of recombination fractions
with both diagnostic models except for the marker D13S122,
which produced a lod score of 1.06 (θ = 0.2, with the
broad model). Because of the uncertainty of the mode of
transmission of the disease, the model-free method of
linkage analysis, MFLINK (Curtis and Sham 1995), was
also applied to our data. Two-point admixture and model-

free lod (MFLOD) scores for markers on chromosome 13
with the narrow model for the replication sample are
shown in Table 1.

As genes predisposing to a disease may differ between
ethnic groups, combining samples from different ethnic
origins may be inappropriate. Therefore we divided this
replication sample and our original sample into Caucasian
(English and Welsh) and Oriental (Taiwanese and Japan-
ese) groups. The 21 Caucasian families used in this group
consisted of 171 individuals, including 61 with schizo-
phrenia and 17 with other psychiatric disorders. The 36
Oriental families were composed of 193 individuals, in-
cluding 85 with schizophrenia and 9 with other psychi-
atric disorders.

The Caucasian pedigrees gave total two-point lod
score of 1.41 and 1.47 for markers D13S119 and
D13S128 at θ = 0.2 with the narrow model, respectively.
Allowing for heterogeneity, the Caucasian pedigrees pro-
duced maximized A-lod scores of 1.41 for marker
D13S119 (θ = 0.2, α = 1.0), 1.16 for D13S144 (θ = 0, α =
0.35), 1.19 for D13S122 (θ = 0, α = 0.45), and 1.54 for
D13S128 (θ = 0, α = 0.3) with nearby markers also pro-
ducing positive A-lod scores under the narrow model. A
two-point model-free lod score of 1.72 was also obtained
for D13S128. When we looked at family-by-family link-
age results, the majority of the lod score for D13S128 was
contributed by two families (lod score = 1.59 for
CAR017, lod score = 1.41 for INS035). The results of
two-point admixture and model-free lod scores of schizo-
phrenia for markers on chromosome 13 for the Caucasian
sample with the narrow model are shown in Table 1.

When five-point model-free linkage analysis was ap-
plied to the Caucasian sample, a lod score of 2.58 (narrow
model, as shown in Fig.1) was obtained around markers
D13S122 and D13S128, which are located on chromo-
some 13q32. A small peak of lod score of 1.09 was also
observed near markers HTR2A and D13S119. Twelve-
point non-parametric linkage (NPL) analysis using the
program GENEHUNTER (Kruglyak et al. 1996) was per-
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Table 1 Two-point linkage results of admixture (A-Lod) and model-free lod (MFLOD) scores of schizophrenia for markers on chro-
mosome 13 with the narrow model for replication sample (n = 44), Caucasian group (n = 21) and Oriental group (n = 36)

Marker Replication sample Caucasian group Oriental group

A-Lod MFLOD A-Lod MFLOD A-Lod MFLOD
Lod score Lod score Lod score

A-lod θ α A-lod θ α A-lod θ α

D13S126 0.58 0 0.45 0.024 0.02 0.3 0.40 0.006 0.79 0 0.55 0.04
HTR2A 0.02 0 0.15 0 0 0 0 0 0 0 0 0.30
D13S119 0.02 0 0.05 0 1.41 0.2 1.0 1.19 0.14 0 0.20 0
D13S144 0 0 0 0 1.16 0 0.35 1.18 0 0 0 0
D13S160 0.34 0 0.30 0.72 0.86 0 0.35 0.72 0.11 0 0.15 0.51
D13S121 0.02 0.2 0.20 0.07 0.08 0 0.10 0 0.05 0 0.10 0.24
D13S71 0.01 0.3 0.40 0 0.83 0.2 1.0 0.59 0 0 0 0
D13S122 0.53 0.2 1.0 0.86 1.19 0 0.45 1.08 0.27 0 0.25 0.48
D13S128 0.03 0.3 0.45 0.22 1.54 0 0.30 1.72 0.01 0 0.05 0.28
D13S64 0.002 0 0.05 0.17 1.03 0.1 0.75 1.14 0 0 0 0.18
D13S173 0 0 0 0 0.39 0.3 0.90 0.09 0.12 0 0.15 0



formed. For ease of comparison, the NPL statistics and P
value produced by GENEHUNTER were transformed to
lod score equivalents. A maximum NPL lod score of 1.54
was obtained on the same region as the five-point
MFLOD results for the Caucasian group (Fig. 1). The in-
heritance information extracted from the 11 markers used
for the multipoint NPL analysis ranges from 0.74 to 0.91.
Although the 12-point non-parametric lod scores obtained
were less positive than the 5-point MFLOD scores, the pat-
tern of the NPL results is similar to the MFLOD results.

The linkage results for the Oriental group were less
positive than for the Caucasian group. Under the assump-
tion of heterogeneity, a maximum two-point lod score of
0.79 for the marker D13S126 (narrow model) was obtained
(Table 1). In the Oriental group, a region around markers
D13S160 and D13S121 gave a five-point MFLOD score
of 0.43 (Fig. 1). Twelve-point NPL results for the Oriental
group shown in Fig. 1 do not suggest linkage.

The lod scores obtained from the replication sample
are less impressive than our original findings (an approx-
imate multipoint lod score of 2 was the maximum ob-
tained) with both diagnostic models. However, when the
combined sample is divided into different ethnic groups,
the results from the Caucasian group, which included ten
additional families that are not part of our original sample,
are consistent with our previous findings. This was not the
case for the Oriental group. We may speculate therefore
that the susceptibility locus for schizophrenia in Cau-
casians may be different from that in Orientals.

The lod score we obtained is below the traditional crit-
ical value of 3 for linkage; however, it has been pointed
out that some true susceptibility loci may never show sig-

nificant linkage because they confer a very small in-
creased risk and have common alleles (Owen and Crad-
dock 1996). Two other groups have also found suggestive
evidence in this region: Antonarakis et al. (1996) obtained
a lod score of 2.54 for D13S128 using a dominant model
and Kalsi et al (1996) a lod score of 1.09 for D13S144. It
remains possible that there is a dominant susceptibility lo-
cus for schizophrenia in a proportion of families, espe-
cially for subjects of Caucasian ethnicity. An international
collaboration and meta-analysis may be required to eluci-
date this suggestive linkage evidence to markers on the
chromosome 13q14.1–q32 region.

Acknowledgements This work was supported by the Ministry of
Education of Taiwan, Republic of China (Ming-Wei Lin), grant
DOH (83) (84) (85) (86)-HR-306 from the National Health Re-
search Institute, Taiwan, Republic of China, grant NSC-85-2331-
B-002-134 from the National Council of Science, Taiwan, Repub-
lic of China (Hai-Gwo Hwu) and Wellcome Trust University
Award (Pak Sham). We would like to thank Dr. Mathew Sargeant
for the collection of the Welsh pedigree and the HGMP Resource
Centre, Hinxton, Cambridge for oligonucleotide synthesis.

References 

American Psychiatric Association (1987) Diagnostic and statistical
manual of mental disorders: DSM-III-R, 3rd edn, revised.
American Psychiatric Association, Washington, DC

Antonarakis SE, Blouin JL, Curran M, Luebbert H, Kazazian HH,
Dombroski B, Housman D, et al (1996) Linkage and sib-pair
analysis reveal a potential schizophrenia susceptibility gene on
chromosome 13q32. Am J Hum Genet 59:A210

Curtis D, Sham PC (1995) Model-free linkage analysis using like-
lihoods. Am J Hum Genet 57:703–716

Gottesman II (1991) Schizophrenia genesis: the origins of mad-
ness. WH Freeman, New York

Jones P, Murray RM (1991) The genetics of schizophrenia is the
genetics of neurodevelopment. Br J Psychiatry 158:615–623

Kalsi G, Chen C-H, Smyth C, Brynjolfsson J, Sigmundsson Th,
Curtis D, Butler R, et al (1996) Genetic linkage analysis in an
Icelandic/British family sample fails to exclude the putative
chromosome 13q14.1–q32 schizophrenia susceptibility locus.
Am J Hum Genet 59:A388

Kruglyak L, Daly MJ, Reeve-Daly MP, Lander ES (1996) Para-
metric and nonparametric linkage analysis: a unified multipoint
approach. Am J Hum Genet 58:1347–1363

Lander ES, Green P (1987) Construction of multilocus genetic
linkage maps in humans. Proc Natl Acad Sci USA 84:2363–
2367

Lasseter VK, Pulver AE, Wolyniec PS, Nestadt G, Meyers D,
Karayiorgou M, Housman D, et al (1995) Follow-up report of
potential linkage for schizophrenia on chromosome 22q: Part 3.
Am J Med Genet 60:172–173

Lathrop GM, Lalouel JM, Julier C, Ott J (1984) Strategies for mul-
tilocus linkage analysis in humans. Proc Natl Acad Sci USA
81:3443–3446

Lin M-W, Curtis D, Williams N, Arranz M, Nanko S, Collier D,
McGuffin P, Murray R, Owen M, Gill M, Powell J (1995) Sug-
gestive evidence for linkage of schizophrenia to markers on
chromosome 13q14.1–q32. Psychiatr Genet 5:117–126

Moises HW, Yang L, Kristbjarnarson H, Wiese C, Byerley W,
Macciardi F, Arolt V, et al (1995) An international two-stage
genome-wide search for schizophrenia susceptibility genes.
Nat Genet 11:321–324

Owen MJ, Craddock N (1996) Modern molecular genetic ap-
proaches to complex traits: implications for psychiatric disor-
ders. Mol Psychiatry 1:21–26

419

Fig. 1 Multipoint linkage results of schizophrenia for markers on
chromosome 13 with narrow model for the Caucasian pedigrees (n =
21) and the Oriental pedigrees (n = 36). NPL are 12-point non-
parametric linkage analysis using the program GENEHUNTER.
NPLC indicates lod scores for the Caucasian group and NPLO for
the Oriental group. MFLOD are 5-point model-free lod scores us-
ing the program MFLINK coupled with VITESSE. MFLODC
indicates model-free lod scores for the Caucasian group and
MFLODO for the Oriental group



Pulver AE, Karayiorgou M, Wolyniec PS, Lasseter VK, Kasch L,
Nestadt G, Antonarakis S, et al (1994a) Sequential strategy to
identify a susceptibility gene for schizophrenia: report of po-
tential linkage on chromosome 22q12–q13.1: part 1. Am J Med
Genet 54:36–43

Pulver AE, Karayiorgou M, Lasseter VK, Wolyniec P, Kasch L,
Antonarakis S, Housman D, et al (1994b) Follow-up of a report
of a potential linkage for schizophrenia on chromosome
22q12–q13.1: part 2. Am J Med Genet 54:44–50

Pulver AE, Lasseter VK, Kasch L, Wolyniec P, Nestadt G, Blouin
JL, Kimberland M, et al (1995) Schizophrenia: a genome scan
targets chromosomes 3p and 8p as potential sites of suscepti-
bility genes. Am J Med Genet 60:252–260

Risch N (1990) Linkage strategies for genetically complex traits. I.
Multilocus models. Am J Hum Genet 46:222–228

Saiki RK, Scharf S, Faloona F, Mullis KB, Horn GT, Erlich HA,
Arnhein N (1985) Enzymatic amplification of beta-globin ge-
nomic sequences and restriction site analysis for diagnosis of
sickle cell anaemia. Science 230:1350–1354

Schizophrenia Collaborative Linkage Group (1996) A combined
analysis of D22S278 marker alleles in affected sib-pairs: sup-
port for a susceptibility locus for schizophrenia at chromosome
22q12. Am J Med Genet 67:40–45

Schwab SG, Albus M, Hallmayer J, Honig S, Borrmann M,
Lichtermann D, Ebstein RP, et al (1995) Evaluation of a sus-
ceptibility gene for schizophrenia on chromosome 6p by multi-
point affected sib-pair linkage analysis. Nat Genet 11:325–327

Spitzer RL, Endicott J, Robins E (1978) Research diagnostic crite-
ria for a selected group of functional disorders, 3rd edn. New
York State Psychiatric Institute, New York

Straub RE, MacLean CJ, O’Neill FA, Burke J, Murphy B, Duke F,
Shinkwin R, et al (1995) A potential vulnerability locus for
schizophrenia on chromosome 6p24–22: evidence for genetic
heterogeneity. Nat Genet 11:287–293

Vallada HP, Gill M, Sham P, Lim LCC, Nanko S, Asherson P,
Murray RM, McGuffin P, Owen M, Collier D (1995) Linkage
studies on chromosome 22 in familial schizophrenia. Am J
Med Genet 60:139–146

Wang S, Sun C, Walczak CA, Ziegle JS, Kipps BR, Goldin LR,
Diehl SR (1995) Evidence for a susceptibility locus for schizo-
phrenia on chromosome 6pter–p22. Nat Genet 10:41–46

Warren JT, Peacock JML, Rodriguez LC, et al (1993) An MspI
polymorphism in the human serotonin receptor gene (HTR2):
detection by DGGE and RFLP analysis. Hum Mol Genet 2:338

420


