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Bipolar disorder and schizophrenia:

not so distant relatives?
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Bipolar disorder (BPD) and schizophrenia (SZ) may have some susceptibility genes in common, despite the fact that current nosology
separates them into non-overlapping categories. The evidence for shared genetic factors includes epidemiologic characteristics, family
studies and overlap in confirmed linkages. Review of these data indicates that there are five genomic regions which may represent shared
genetic susceptibility of BPD and SZ. As the genes underlying these confirmed linkages are identified, the current nosology must be
changed to reflect the new knowledge concerning the shared etiologies of BPD and SZ.

Key words: Bipolar disorder, schizophrenia, genetics, linkage

Epidemiological, family and molecular genetic linkage
studies of bipolar disorder (BPD) and schizophrenia (SZ)
will be reviewed. BPD and SZ share multiple epidemiolog-
ical characteristics, consistent with the hypothesis that the
two groups of disorders share some risk factors. Consider-
ation of the family and genetic linkage studies indicates
that BPD and SZ share some genetic susceptibility.

EPIDEMIOLOGY OF BIPOLAR
DISORDER AND SCHIZOPHRENIA

If narrow diagnostic criteria are employed, lifetime risks
for SZ and BPD are estimated at about 1% (1). Recent evi-
dence suggests that broader diagnostic criteria, especially
for hypomania, will yield much higher estimates of life-
time risk for BPD (2,3), especially the BPD II subtype,
which may be the most common form of BPD. Both syn-
dromes affect men and women equally. Although BPD
and SZ are common in young adulthood (onset of illness
typically occurs between ages 15-25), these disorders are
uncommon in the prepubertal period, and it is unusual for
either disorder to arise de novo after age 50. Therefore,
these groups of disorders have similar age-at-onset distri-
butions. BPD and SZ are lifelong conditions: once diag-
nostic thresholds for BPD or SZ are met, the disorder per-
sists through life. Spontaneous, lifelong remissions in
either type of disorder are uncommon. Increased risk for
suicide is another epidemiologic characteristic shared by
BPD and SZ.

While acute symptoms and course of illness may distin-
guish these groups of disorders in more classical cases,
there are no pathognomonic signs or symptoms on which
the clinician can rely. Treatments for BPD and SZ now
show overlap in the case of atypical antipsychotics, which
represent the first choice treatment for SZ, as they
improve both positive and negative symptoms. Clozapine,
the prototype of atypical antipsychotics, may have mood
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stabilizing properties (4-6). Olanzapine showed efficacy
among BPD patients in preventing recurrences of both
mania and depression (7). These data suggest that atypical
antipsychotics may be mood stabilizers. In addition, atyp-
ical antipsychotics may treat depressive symptoms in
schizophrenia and reduce risk for suicide, thereby (8). If
SZ and BPD share some genetic susceptibility (see below),
one might predict that some medications for one group of
these disorders might be therapeutic for the other catego-
ry of illness.

Twin, family and adoption studies of BPD and SZ are
consistent with substantial genetic influences; estimates of
heritability are about 50% for SZ and about 65% for BPD
(for review see 9). With this evidence for heritability, it can
be expected that gene mapping techniques will lead to
identification of alleles which increase risk for BPD and
SZ. However, this process of risk allele identification has
been slow and difficult, as with other common complex
traits (such as alcoholism, asthma, cardiovascular disease
and diabetes). The difficulty is mostly due to the small
effect sizes of individual BPD and SZ susceptibility genes
and to genetic heterogeneity. Identification, from con-
firmed linkage regions, of susceptibility genes in non-
insulin dependent diabetes mellitus (10) and inflammato-
ry bowel disease (11,12) suggests that identification of dis-
ease risk alleles from confirmed linkage regions for com-
plex traits can be accomplished.

SCHIZOPHRENIA AND BIPOLAR
DISORDER FAMILY STUDIES

If BPD and SZ share some of the same susceptibility fac-
tors, it might be expected that family studies would reveal
some overlap in risk for particular diagnostic entities.
Among SZ family studies, an increased risk for schizoaf-
fective (SA) and recurrent unipolar (RUP) disorders is
found for the first-degree relatives of SZ probands (13-17).

June 2003



Kendler et al (16) reported increased risk for psychotic
affective illness among the relatives of SZ probands.

Increased risks for SA and RUP disorders are found
among the first-degree relatives of BPD probands, com-
pared to first-degree relatives of controls (18-20). An
important conclusion follows: increased risk for SA disor-
ders and RUP disorders occurs among relatives of BPD or
SZ probands. Importantly, there is no increased risk for
BPD among first-degree relatives of SZ probands
(14,16,21-23), nor is there increased risk for SZ among
first-degree relatives of BPD probands (14,18,19,24-28).
The family study data are consistent with partial overlap in
susceptibility for SZ and BPD, in that relatives of probands
with these disorders are at increased risk for SA and RUP
disorders.

MOLECULAR STUDIES

If BPD and SZ share some of the same susceptibility fac-
tors, it might be expected that molecular linkage studies of
BPD and SZ would identify some linkage regions in com-
mon. In order to make the process of comparison of BPD
and SZ linkage studies less susceptible to false positives,
this comparison will be restricted to linkage regions which
have been identified at a rigorous statistical level (P <
0.0001) and confirmed by two or more additional studies
(P < 0.01). This level of statistical significance is required to
limit false positives (29). In the sections which follow, five
genomic regions may be implicated in shared genetic sus-
ceptibility for BPD and SZ.

SCHIZOPHRENIA AND BIPOLAR DISORDER
MOLECULAR LINKAGE STUDIES: 18p11.2

Berrettini et al (30,31) and Detera-Wadleigh et al (32)
reported evidence for a BPD susceptibility locus on 18p11
using affected sibling pair (ASP) and affected pedigree
member (APM) methods (P = 104 - 10'6). Independent
evidence (0.01 < P <0.0001) for confirmation of this find-
ing was reported by Stine et al (33), Nothen et al (34), Ben-
nett et al (35) and Turecki et al (36). As part of Genetic
Analysis Workshop no.10, independent BPD chromosome
18 linkage data sets, including about 1200 samples, were
assembled for meta-analyses (37). An affected sibling pair
(N=382 sibling pairs) meta-analysis yielded p= 2.8 x 10-8 at
marker D18S37 (38).

In light of the family studies suggesting partial overlap in
susceptibility for BPD and SZ (see above), it is of interest
to determine whether confirmed BPD loci might overlap
with reports of SZ susceptibility loci. Schwab et al (39)
employed about twenty chromosome 18 markers in a link-
age study of 59 multiplex German and Israeli SZ pedigrees,
in which there were 24 affective disorder cases (two had
BPD). When these data were analyzed by two-point para-
metric methods, using a broad affection status model
(including affective disorders), the maximum LOD score

was 3.1 at D18S53. A multipoint non-parametric analysis
revealed P = 0.002 at D18S53. Evidence for SZ linkage dis-
equilibrium at an 18p11.2 microsatellite was also noted
(39). The data of Schwab et al (39) were most positive
when a broad affection status model was employed,
including SZ, SA disorders, RUP disorders and BPD.

This is the only SZ linkage report to identify the 18p11
genomic region. However, most SZ linkage reports do not
include affective disorders in the affection status model.
Thus, there may not be comparable methods in most SZ
linkage studies. Given the results of Schwab et al (39), it is
reasonable to consider the 18p11.2 region as one of poten-
tial susceptibility to both BPD and SZ.

A promising 18p11.2 candidate gene is an inositol
monophosphatase gene (IMPA2), whose protein is an
enzyme of the phosphoinositol triphosphate second mes-
senger signaling cascade (40). Single nucleotide polymor-
phisms (SNPs) in IMPA2 were associated with SZ in a
Japanese sample (40).

SCHIZOPHRENIA AND BIPOLAR DISORDER
MOLECULAR LINKAGE STUDIES: 1332

One genomic region of potential overlap in genetic sus-
ceptibility for SZ and BPD is 13q32. Lin et al (38) observed
a LOD score of 2.58 (P = about 0.001) at 13g32 markers
(D13S122 and D13S128) in a linkage study of SZ. In a
genome scan of 54 SZ families, Blouin et al (41) reported a
P value of 0.00002 (LOD = 3.6) at the 13q32 marker
D13S174. Subsequently Brzustowicz et al (42) confirmed
these reports in 21 Canadian SZ families, with a maximal
LOD score of 3.92 at the 13q marker D13S793. Thus, there
are several independent reports, with substantial statistical
significance, consistent with a 13q32 SZ susceptibility locus.

Detera-Wadleigh et al (32) described linkage (P =
0.00003) to 13932 markers (D13S1271 and D13S779) in
22 BP kindreds of European ancestry. One may be con-
cerned that these kindreds were misclassified. However,
they reveal evidence for linkage to 18p11.2 and 21g21 (32),
which are confirmed BPD susceptibility loci. Kelsoe et al
(43) reported linkage of BPD to 13932 markers, with LOD
= 2.4 at D13S154. Thus, in the 13932 region, a confirmed
SZ susceptibility locus, there are statistically impressive
reports of linkage in BPD.

A promising candidate gene in this region is G72 (44), a
gene of uncertain function. The G72 protein interacts with
D-amino acid decarboxylase. SNPs in the G72 gene are
associated with SZ (44) and BPD (45).

SCHIZOPHRENIA AND BIPOLAR DISORDER
MOLECULAR LINKAGE STUDIES: 22q11

The velocardiofacial syndrome (VCFS) presents in
childhood with variable clinical manifestations, including
cardiac anomalies, typical facies, learning disabilities and,
in about 30% of cases, psychosis. The form of the psy-
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chosis is affective according to some authorities (46,47),
although others describe it as schizophrenia-like (48). The
VCEFS is caused by microdeletions in 22q11. Although the
exact boundaries of the critical region remain uncertain,
most deletions are about 3 Mb in size. Stemming from an
initial report by Pulver et al (49), a substantial multicenter
effort to confirm a SZ susceptibility locus in this region
resulted in evidence for linkage, at D22S278 (50).

Lachman et al (51) first reported evidence for BPD link-
age in the VCFS region. Subsequent weakly positive
reports include those by Detera-Wadleigh et al (32) and
Edenberg et al (52). Kelsoe et al (43) report a LOD score of
3.8 at D22S278, while, at this same microsatellite locus,
Mujaheed et al (53) reported evidence for linkage disequi-
librium in BPD Arab Palestinian kindreds. Thus, this
22q11 region may be a locus for susceptibility to SZ and
BPD.

Several promising candidate 22q11 genes have been
described as explanations for the 22q11 linkage results in
BPD and SZ. Proline dehydrogenase (PRODH2) variants
are in linkage disequilibrium with SZ in some populations
(54). A second candidate is a G-protein coupled receptor
kinase (GRK3), whose gene is markedly upregulated in rat
brain during chronic amphetamine exposure (55). A third
promising candidate is catechol-O-methyltransferase
(COMT), which has been associated with cognitive diffi-
culties in SZ (56) and with SZ diagnosis (57).

SCHIZOPHRENIA AND BIPOLAR DISORDER
MOLECULAR LINKAGE STUDIES: 8p22

There have been several reports of SZ susceptibility
mapped to 8p22-24. In 54 extended SZ kindreds, Blouin et
al (41) reported evidence for a SZ locus at 8p22: the het-
erogeneity LOD score was 4.5, and non-parametric analy-
sis yielded P = 0.0001. Brzustowicz et al (42), in 21 extend-
ed Canadian SZ pedigrees with 8p markers, reported a
maximum multipoint LOD score of 2.1 at D8S136. Levin-
son et al (58), in a multicenter collaborative effort, report-
ed independent results (that did not include the pedigrees
of Blouin et al [41]), yielding P = 0.00018 in this same
region of 8p22. Gurling et al (59), in a study of 13 extend-
ed European SZ kindreds, reported a LOD of 3.6 for 8p22
markers. Thus, these reports constitute a confirmed SZ
linkage.

Recently, Stefansson et al (60) described evidence from
both mouse and human studies that neuregulin 1 (NRG1)
is an 8p susceptibility gene for SZ. They found linkage dis-
equilibrium with NRG1 haplotypes in Icelandic individu-
als with SZ. This has been confirmed in a Scottish SZ sam-
ple (61).

Recently Ophoff et al (62) described a linkage disequi-
librium signal at 8p22 in distantly related BPD persons
from a population isolate in the Central Valley of Costa
Rica. Greater than expected sharing of a 5 cM three mark-
er haplotype at D8S503 was observed. The significance
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level reported was 0.000057. Thus there is a statistically
impressive report of BPD susceptibility mapped to this
region.

SCHIZOPHRENIA AND BIPOLAR DISORDER
MOLECULAR LINKAGE STUDIES: 10p14

A fifth region of potential BPD/SZ susceptibility is
found at 10p14. Faraone et al (63), Straub et al (64) and
Schwab et al (65) reported evidence for linkage of SZ to
10p14 markers. Faraone et al (63) reported P = 0.0004 for
marker D10S1423 and P = 0.0006 for D10S582, in a study
of 43 American SZ kindreds of European ancestry. Straub
et al (64), in a study of Irish SZ kindreds, reported P =
0.006 for this region in a multipoint analysis. For marker
D10S582, Schwab et al (65) reported P = 0.0058 for Ger-
man SZ kindreds. These three groups of investigators stud-
ied independent sets of kindreds which were of general
European ancestry.

Foroud et al (66) studied BP kindreds from the National
Institute of Mental Health (NIMH) Genetics Initiative. They
found LOD = 2.5 (P = 0.001) for marker D10S1423. Thus,
the 10p14 region may represent another genomic region at
which there is shared susceptibility for BPD and SZ.

META-ANALYSES

Badner and Gershon (67) analyzed complete genome
scans for BPD and SZ. There were 11 BPD genome scans
(about 1250 affected) and 18 SZ genome scans (about
1900 affected). The most promising regions of the genome
for BPD were 13932 and 22q11, while the most promising
SZ regions were 8p24, 13932 and 22ql1. All of these
regions have been implicated in shared BPD/SZ suscepti-
bility, as noted above.

A rank-sum type of meta-analysis (68) was applied to SZ
linkage data by Levinson et al (69). They concluded that 8p
and 22q were among the most promising regions for SZ.

CONCLUSION

Family and linkage studies are consistent with the con-
cept that SZ and BPD share some genetic susceptibility.
Multiple regions of the genome, including 18p11, 13q32,
22q11, 10p14 and 8p22, represent areas with potential
BPD/SZ shared genetic susceptibility. As susceptibility
genes in these regions are identified, through the applica-
tion of linkage disequilibrium mapping methods to large
sample sizes, it will be necessary to develop a new, geneti-
cally-based nosology, in which this overlap is accurately
represented.

References

1. Nurnberger JL Jr, Berrettini WH. Psychiatric genetics. London:
Chapman and Hall, 1998.

June 2003



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Angst J, Gamma A, Benazzi F et al. Toward a re-definition of sub-

threshold bipolarity: epidemiology and proposed criteria for bipo-
lar-II, minor bipolar disorders and hypomania. ] Affect Disord
2003;73:133-46.

. Akiskal HS. Validating ‘hard’ and ‘soft’ phenotypes within the bipo-

lar spectrum: continuity or discontinuity? J Affect Disord
2003;73:1-5.

. Zarate CA, Tohen M, Banov MD et al. Is clozapine a mood stabilizer?

J Clin Psychiatry 1999;60(Suppl. 12):43-6.

. Suppes T, Webb A, Paul B et al. Clinical outcome in a randomized

1-year trial of clozapine versus treatment as usual for patients with
treatment-resistant illness and a history of mania. Am J Psychiatry
1999;156:1164-9.

. Ciapparelli A, Dell’Osso L, Pini S et al. Clozapine for treatment-

refractory schizophrenia, schizoaffective disorder and psychotic
bipolar disorder: a 24-month naturalistic study. J Clin Psychiatry
2000;61:329-34.

. Tohen M. Personal communication, 2003.
. Meltzer HY, Alphs L, Green Al et al. Clozapine treatment for sui-

cidality in schizophrenia: International Suicide Prevention Trial
(InterSePT). Arch Gen Psychiatry 2003;60:82-91.

. Berrettini WH. Bipolar disorders: review of molecular genetic stud-

ies. In: Davis KL, Charney D, Coyle JT et al (eds). Neuropsy-
chopharmacology, the fifth generation of progress. Philadelphia:
Lippincott, 2002:1027-38.

Horikawa Y, Oda N, Cox NJ et al. Genetic variation in the gene
encoding calpain-10 is associated with type 2 diabetes mellitus.
Nature Genet 2000;26:163-75.

Hugot JP, Chamaillard M, Zouali H et al. Association of NOD2
leucine-rich repeat variants with susceptibility to Crohn’s disease.
Nature 2001;411:599-603.

Rioux JD, Daly M]J, Silverberg MS et al. Genetic variation in the
5q31 cytokine gene cluster confers susceptibility in Crohn’s dis-
ease. Nature Genet 2001;29:223-8.

Gershon ES, DeLisi LE, Hamovit J et al. A controlled family study
of chronic psychoses. Arch Gen Psychiatry 1988;45:328-36.
Maier W, Lichtermann D, Minges J et al. Continuity and disconti-
nuity of affective disorders and schizophrenia. Results of a con-
trolled family study. Arch Gen Psychiatry 1993;50:871-83.

Maier W, Lichtermann D, Franke P et al. The dichotomy of schiz-
ophrenia and affective disorders in extended pedigrees. Schizophr
Res 2002;57:259-66.

Kendler KS, McGuire M, Gruenberg AM et al. The Roscommon
Family Study. IV. Affective illness, anxiety disorders, and alco-
holism in relatives. Arch Gen Psychiatry 1993;50:952-60.
Somnath CP, Reddy YC]J, Jain S. Is there a familial overlap between
schizophrenia and bipolar disorder? J Affect Disord 2002;72:243-7.
Gershon ES, Hamovit ], Guroff JJ et al. A family study of schizoaf-
fective, bipolar I, bipolar II, unipolar, and normal control
probands. Arch Gen Psychiatry 1982;39:1157-67.

Weissman MM, Gershon ES, Kidd KK et al. Psychiatric disorders
in the relatives of probands with affective disorder. Arch Gen Psy-
chiatry 1984;41:13-21.

Winokur G, Tsuang MT, Crowe RR. The Iowa 500: affective disor-
der in relatives of manic and depressed patients. Am ] Psychiatry
1982;139:209-12.

Baron M, Gruen D, Ranier JD et al. A family study of schizophre-
nia and normal control probands: implications for the spectrum
concept of schizophrenia. Am ] Psychiatry 1985;142:447-55.
Coryell W, Zimmerman M. The heritability of schizophrenia and
schizoaffective disorder: a family study. Arch Gen Psychiatry
1988;42:770-9.

Maj M, Starace F, Pirozzi R. A family study of DSM-III-R schizoaf-
fective disorder, depressive type, compared with schizophrenia and
psychotic and non-psychotic depression. Am ] Psychiatry
1991;148:612-6.

Baron M, Gruen R, Asnis L et al. Schizoaffective illness, schizo-
phrenia and affective disorders: morbidity risk and genetic trans-

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

mission. Acta Psychiatr Scand 1983;65:253-62.

Winokur G, Coryell W, Keller M et al. A family study of manic-
depressive (bipolar I) disease. Is it a distinct illness separable from
primary unipolar depression? Arch Gen Psychiatry 1995;52:367-73.
Helzer JE, Winokur G. A family interview study of male manic-
depressives. Arch Gen Psychiatry 1974;31:73-7.

James NM, Chapman CJ. A genetic study of bipolar affective dis-
order. Br ] Psychiatry 1975;126:449-56.

Johnson GFS, Leeman MM. Analysis of familial factors in bipolar
affective illness. Arch Gen Psychiatry 1977;34:1074-83.

Lander E, Kruglyak L. Genetic dissection of complex traits: guide-
lines for interpreting and reporting linkage results. Nature Genet
1995;11:241-7.

Berrettini W, Ferraro T, Goldin L et al. Chromosome 18 DNA
markers and manic depressive illness: evidence for a susceptibility
gene. Proc Natl Acad Sci USA 1994;91:5918-21.

Berrettini W, Ferraro T, Choi H et al. Linkage studies of bipolar ill-
ness. Arch Gen Psychiatry 1997;54:32-9.

Detera-Wadleigh SD, Badner JA, Berrettini WH et al. Evidence for
a bipolar susceptibility locus on 13g32 and other potential loci on
1g32 and 18p11.2. Proc Natl Acad Sci USA 1999;96:5604-9.
Stine OC, Xu J, Koskela R et al. Evidence for linkage of bipolar dis-
order to chromosome 18 with a parent-of-origin effect. Am ] Hum
Genet 1995;57:1384-94.

Nothen MM, Cichon S, Rohleder H et al. Evaluation of linkage of
bipolar affective disorder to chromosome 18 in a sample of 57 Ger-
man families. Mol Psychiatry 1999;4:76.

Bennett P, Segurado R, Jones I et al. The Wellcome trust UK-Irish
bipolar affective disorder sibling pair genome screen: first stage
report. Mol Psychiatry 2002;7:189-200.

Turecki G, Grof P, Cavazzoni P et al. Lithium responsive bipolar
disorder, unilineality and chromosome 18: a linkage study. Am J
Med Genet 1999;88:411-5.

Goldin LR, Gershon ES, Berrettini WH et al. Description of the
Genetic Analysis Workshop 10 bipolar disorder linkage data sets.
Genet Epidemiol 1997;14:563-8.

Lin JP, Bale SJ. Parental transmission and D18S37 allele sharing in
bipolar affective disorder. Genet Epidemiol 1997;14:665-8.
Schwab SG, Hallmayer J, Lerer B et al. Support for a chromosome
18p locus conferring susceptibility to functional psychoses in fam-
ilies with schizophrenia, by association and linkage analysis. Am J
Hum Genet 1998;63:1139.

Yoshikawa T, Kikuchi M, Saito K et al. Evidence for association of
the myo-inositol monophosphatase 2 (IMPA2) gene with schizo-
phrenia in Japanese samples. Mol Psychiatry 2001;6:202-10.
Blouin J-L, Dombrosky B, Nath SK et al. Schizophrenia suscepti-
bility loci on chromosomes 13q32 and 8p21. Nature Genet
1998;20:70.

Brzustowicz LM, Honer WG, Chow EWC et al. Linkage of famil-
ial schizophrenia to chromosome 13g32. Am J Hum Genet 1999;
65:1096-103.

Kelsoe JR, Spence MA, Loetscher E et al. A genome survey indi-
cates a susceptibility locus for bipolar disorder on chromosome 22.
Proc Natl Acad Sci USA 2001;98:585-90.

Chumakov I, Blumenfeld M, Guerassimenko O et al. Genetic and
physiological data implicating the new human gene G72 and the
gene for D-amino acid oxidase in schizophrenia. Proc Natl Acad
Sci USA 2002;99:13675-80.

Hattori E, Liu C, Badner JA et al. Polymorphisms at the G72/G30
gene locus on 13g33 are associated with bipolar disorder in two
independent pedigree series. Submitted for publication.

Papolos DF, Faedda GL, Veit S et al. Bipolar spectrum disorders in
patients diagnosed with VCFS: does a homozygous deletion of
chromosome 22q11 result in bipolar affective disorder? Am J Psy-
chiatry 1996;153:1541-7.

Carlson C, Papolos D, Pandita RK et al. Molecular analysis of
VCFS patients with psychiatric disorders. Am ] Med Genet
1997;60:851-9.

71



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

72

Pulver AE, Karayiorgou M, Wolyniec PS et al. Sequential strategy
to identify a susceptibility gene for schizophrenia: report of poten-
tial linkage on chromosome 22q12-q13.1: part 1. Am ] Med Genet
1994;54:36-43.

Pulver AE, Nestadt G, Goldberg RS et al. Psychotic illness in
patients diagnosed with velo-cardio-facial syndrome and their rel-
atives. ] Nerv Ment Dis 1994,182:476-8.

Gill M, Vallada H, Collier D et al. A combined analysis of D22S278
marker alleles in affected sib-pairs: support for a susceptibility
locus for schizophrenia at chromosome 22q12. Am ] Med Genet
1996;67:40-5.

Lachman HM, Kelsoe JR, Remick RA et al. Linkage studies sup-
port a possible locus for bipolar disorder in the velocardiofacial
syndrome region on chromosome 22. Am ] Med Genet 1996;74:
121-8.

Edenberg H, Foroud T, Conneally M et al. Initial genomic scan of
the NIMH genetics initiative bipolar pedigrees: chromosomes
3,5,15,16,17, and 22. Neuropsychiatr Genet 1997;74:238-46.
Mujaheed M, Corbex M, Lichtenberg P et al. Evidence for linkage
by transmission disequilibrium test analysis of a chromosome 22
microsatellite marker D22S278 and bipolar disorder in a Palestin-
ian Arab population. Am ] Med Genet 2000;96:836-8.

Liu H, Abecasis GR, Health SC et al. Genetic variation in the 2q11
locus and susceptibility to schizophrenia. Proc Natl Acad Sci USA
2002;99:16859-64.

Niculescu AB II1, Segal DS, Kuczenski R et al. Identifying a series
of candidate genes for mania and psychosis: a convergent func-
tional genomics approach. Physiol Genomics 2000;4:83-91.

Egan MF, Goldberg TE, Kolachana BS et al. Effect of COMT
Val108/158 Met genotype on frontal lobe function and risk for
schizophrenia. Proc Natl Acad Sci USA 2001;98:6917-22.
Shifman S, Bronstein M, Sternfeld M et al. A highly significant
association between a COMT haplotype and schizophrenia. Am J
Hum Genet 2002;71:1296-302.

Levinson DF and the Schizophrenia Linkage Collaborative Group.
Additional support for schizophrenia linkage for chromosomes 6
and 8. A multicenter study. Am ] Med Genet 1996;67:580-94.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Gurling HMD, Kalsi G, Blaveri E et al. Initial genome wide para-
metric genetic linkage analysis of schizophrenia and schizophrenia
spectrum disorders finds LOD scores above 3.00 on four chromo-
somes at 1q22-23, 5q22-35, 8p21-23 and 11q14-24. Mol Psychiatry
1999;4(Suppl.):S4.

Stefansson H, Sigurdsson E, Steinthorsdottir V et al. Neuregulin 1
and susceptibility to schizophrenia. Am ] Hum Genet 2002;71:877-
92.

Stefansson H, Sarginson J, Kong A et al. Association of neuregulin
1 with schizophrenia confirmed in a Scottish population. Am J
Hum Genet 2003;72:83-7.

Ophoff RA, Escamilla MA, Service SK et al. Genomewide linkage
disequilibrium mapping of severe bipolar disorder in a population
isolate. Am ] Hum Genet 2002;71:565-74.

Faraone SV, Matise T, Svrakic D et al. Genome scan of European-
American schizophrenia kindreds: results of the NIMH Genetics
Initiative and Millennium consortium. Am ] Med Genet 1998;81:
290-5.

Straub RE, Jiang Y, MacLean CJ et al. Genetic variation in the
6p22.3 gene DTNBP1, the human ortholog of the mouse dysbindin
gene, is associated with schizophrenia. Am ] Hum Genet
2002;71:337-48.

Schwab SG, Hallmayer J, Albus M et al. A genome-wide autoso-
mal screen for schizophrenia susceptibility loci in 71 families with
affected siblings: support for loci on chromosome 10p and 6. Mol
Psychiatry 2000;5:638-49.

Foroud T, Castelluccio PE Keller DL et al. Suggestive evidence of
a locus on chromosome 10p using the NIMH Genetics Initiative
bipolar affective disorders pedigrees. Am ] Med Genet 2000;96:18-
23.

Badner J, Gershon ES. Meta-analysis of whole-genome linkage
scans of bipolar disorder and schizophrenia. Mol Psychiatry
2002;7:405-11.

Lewis CM, Wise LH, Levinson DF. Meta-analyses of genome
searches: methods. Am ] Med Genet 2002;114:700.

Levinson DF, Lewis CM, Wise LH et al. Meta-analysis of genome
scans for schizophrenia. Am ] Med Genet 2002;114:700-1.

June 2003



