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The genetics of schizophrenia: glutamate not dopamine?
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Abstract

The major targets of current drugs used in mental health, such as neurotransmitter receptors and transporters, are based on serendipitous

findings from several decades ago, and there is currently a severe drought of new drug targets. There is a pressing need for novel drugs, and

much hope has been placed on the use of molecular genetics to help define them. However, despite evidence for a genetic basis to

schizophrenia stretching back for over a century, and a heritability of about 80%, the identification of susceptibility genes has been an uphill

struggle. Candidate gene studies, which have generally focussed on obvious candidates from the dopamine and serotonin systems, as well as

genes involved in brain development, have not generally been successful, although meta-analysis indicates that the dopamine D3 receptor

gene (DRD3) and the serotonin receptor gene type 2A (HTR2A) may have a very small influence on risk. Linkage analysis has provided

robust evidence of genetic loci, for example, on chromosomes 8p, 13q and 22q, and also implies shared genetic aetiology with bipolar

disorder. The identification of these loci together with advances in genetic technology, especially the characterisation of polymorphisms, the

understanding of haplotypes and the development of statistical methods, has lead to the identification of several plausible susceptibility

genes, including neuregulin 1, proline dehydrogenase and dysbindin. Interestingly, these genes point more towards a role for the glutamate

pathway rather than the dopamine pathway in schizophrenia. We have attempted to replicate some of these findings in schizophrenic patients

from SW China, and we find significant association with a novel neuregulin 1 haplotype, with proline dehydrogenase polymorphisms, but

not with catechol-O-methyltransferase (COMT). The replication of neuregulin 1 association on chromosome 8p by several investigators is the

most convincing to date, and the presence of a syndrome similar to dementia praecox of 8p linked families, and the lack of linkage of bipolar

disorder to this region is a testament to the ideas of Kraepelin more than 100 years ago.

D 2003 Elsevier B.V. All rights reserved.
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1. Introduction than a minor role in disease aetiology (Hyman and Fenton,
Schizophrenia is a debilitating brain disease, which

affects up to 1% of the population worldwide. There is no

cure, and treatments, which are mainly based on antagonism

of dopamine, serotonin and other neurotransmitter receptors

in the brain, are only partially effective. There is a severe

drought of drug targets in schizophrenia and other disorders,

with the majority of drug targets having been discovered

serendipitously over the past 50 years, and their corres-

ponding genes have not been shown to play anything other
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2003). The reasons underlying this drought involve many

factors including a lack of understanding of the pathophys-

iology of schizophrenia and the effect of diagnostic bound-

aries which may not reflect the natural boundaries of disease.

Genetics has the promise to change this process by identi-

fying new drug targets and biochemical pathways, which can

be manipulated. In addition, the delineation of schizophrenia

into components of symptom complexes and the develop-

ment of targets for these narrower clinical measures has been

proposed (Hyman and Fenton, 2003). The ability to achieve

this will require an understanding of genetic and environ-

mental effects in schizophrenia, as well as their interaction.

A variety of environmental risk factor have been identi-

fied, including pregnancy and delivery complications,

delayed developmental milestones, lower IQ, urban up-

bringing, being offspring of immigrants, having older
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fathers, cannabis smoking and childhood viral infections

(Van Os and Marcelis, 1998). There are also prodromal

factors associated with later development of the illness

(Niemi et al., 2003), including thought disorder and nega-

tive symptoms in children (Ott et al., 2002) and abnormal

suspiciousness, sensitivity and relationship difficulties

(Bearden et al., 2000). In particular, a cluster of early

features—including cognitive, academic, and social impair-

ments, along with odd/disorganized behaviours—appear to

anticipate positive symptoms and may constitute a core risk

profile (Cornblatt, 2002). These factor, combined with the

apparent absence of neuropathological changes in the dis-

ease (Weinberger and McClure, 2002), support the neuro-

development hypothesis of schizophrenia (see McGrath et

al., 2003), whereby schizophrenia results from neurodeve-

lopmental impairment early in life (2nd/third trimester),

based on neuropsychological abnormalities, high frequency

of obstetric complications, viral infections and abnormalities

of cell formation in hippocampus, cingulate gyrus, prefron-

tal cortex and temporal lobe. This could involve environ-

mental and genetic aberrations in brain development, and is

most likely the result of gene–environment interaction (Van

Os and Marcelis, 1998).

The diathesis-stress model (Hanson et al., 1976) hypothe-

sises that schizophrenia arises from the impact of the

environment on the genetically vulnerable. This probably

involves a multifactorial polygenic model (Gottesman and

Shields, 1967), with schizophrenia arising from a pool of

genetic and environmental factors at a critical threshold. At

lower thresholds, other disorders or traits are expressed (e.g.

schizotypy, neuropsychological impairment).

However, the relative risks associated with environmen-

tal risk factors are small compared to having a first degree

relative, with lambda S (the sibling recurrent risk) being

about 10. Schizophrenia is a highly familial disorder, and

although the aetiology of schizophrenia is not well under-

stood, there is longstanding evidence that this familiarity

results from a genetic component. Recent twin studies place

the heritability of schizophrenia at more than 80% (Cardno

and Gottesman, 2000).

Despite this high heritability, numerous candidate gene

association studies have failed to clearly identify suscepti-

bility genes because of lack of consistent replication, lead-

ing to the perception that false positive findings are common

(Lohmueller et al., 2003). Indeed, the low prior probability

of a gene being a true risk factor means that modestly

significant P values more likely arise by chance than

through true association. In addition to false positive find-

ings, false negative findings or true variability between

populations could also explain this inconsistency. There

are also a variety of reasons for this failure related to the

probable pathophysiology of the disease, including, the

existence of substantial locus and aetiological heterogeneity,

characterised by numerous genes of small effect, the in-

volvement of several biological pathways, lack of informa-

tion to help with the selection of candidate genes, and
methodological difficulties related to study design, statisti-

cal power and diagnostic validity and reliability (Tabor et

al., 2000).

Most obvious candidate genes, such as genes in the

serotonin and dopamine systems, have been examined with

negative results, leading to the conclusion of that genes for

schizophrenia novel unknown proteins or unexpected can-

didates. However, recent approaches based on meta-analy-

ses of published data which take account of publication bias

indicate that some favoured candidate genes for schizophre-

nia (the dopamine D3 receptor gene, DRD3 and the sero-

tonin receptor gene type 2A, HTR2A) may have a small

effect on risk, with odds ratios of about 1.1 (Lohmueller et

al., 2003). Other genes which have been associated with

schizophrenia in the past such as the dopamine D2 receptor

gene and catechol-O-methyltransferase gene (COMT) did

not provide evidence for association from meta-analysis.
2. Linkage analysis

Linkage analysis has been more successful, with good

evidence for genetic loci identified on chromosomes 8p,

22q, 13q and several other locations in the genome, findings

which are strengthened by meta-analysis of published data

(Badner and Gershon, 2002; Lewis et al., 2003). These

linkage findings have led to systematic genetic mapping

efforts and positional candidate gene analysis of these loci,

which appears at last to be leading to the unequivocal

identification of susceptibility genes.

An interesting feature of linkage analysis in psychosis is

that some loci are positive for linkage to both bipolar

disorder and schizophrenia, since the two disorders are

typically thought to be distinct with different clinical char-

acteristics, aetiologies, and treatment regimens. (Berrettini,

2000; Badner and Gershon, 2002). This will not surprise

many clinical psychiatrists as, anecdotally, psychotic

patients often have both diagnoses in their notes. Indeed,

similarities between the two disorders include age at onset,

lifetime risk, course of illness, worldwide distribution, risk

for suicide, equal gender risk and similar genetic suscepti-

bility and multiple family studies are consistent with greater

overlap than previously acknowledged. This indicates that

our nosology will require substantial revision in the light of

molecular genetic findings (Berrettini, 2000).

A number of investigators have published evidence

implicating specific genes as risk factors for schizophrenia

(Cloninger, 2002). These emerging genetic findings are

described below.
3. Neuregulin 1

In a recent publication by Stefansson et al. (2002),

linkage to chromosome 8p followed by haplotype mapping

with microsatellites and single nucleotide polymorphisms
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(SNPs) identified at-risk neuregulin 1 haplotypes for schizo-

phrenia in patients from Iceland. Three microsatellite at-risk

haplotypes, each individually in excess in patients, were

found to have the same single nucleotide polymorphism

core haplotype upstream of the first 5V exon of NRG1. This

finding has now been replicated in two large case control

studies from Scotland (Stefansson et al., 2003) and the UK

(Williams et al., 2003). The haplotype frequencies in Scot-

tish and Icelandic patients and in Scottish and Icelandic

controls, respectively, are very similar. A second replication

study in a UK population found a small excess of the same

neuregulin 1 risk haplotype, particularly when patients with

a family history were analysed. In a Chinese sample, this

haplotype was not found but a potential at-risk haplotype

mapping to the same location in the gene was significant by

both family-based and case control association methods (Li

et al., submitted for publication) and a combination of three

single nucleotide polymorphisms was also significant in an

independent sample from Eastern China (Yang et al., 2003).

Thus, evidence is accumulating that neuregulin 1 may be a

genuine risk gene for schizophrenia. However, association is

restricted to haplotypes, and the underlying functional

variant(s) that give rise to disease risk have not yet been

identified.

Neuregulin 1 is a plausible candidate gene for schizo-

phrenia. It has multiple functions in a variety of tissues

(Buonanno and Fischbach, 2001), including acting as a glial

growth factor (an alternative name for NRG1 is glial growth

factor 2) and migration of cerebellar and cerebral cortical

neurons along radial glia is dependent on NRG1. In addi-

tion, it regulates neurotransmitter receptor expression, in-

cluding the NMDA 2c receptor, GABA receptor h2 subunit,

and neural nicotininc acid receptors (acetylcholine recep-

tors) a5 and a7. NRG1 signalling contributes to long-term

potentiation/synaptic plasticity through fyn kinase phos-

phorylation of NMDA2a at CA1 synapses, so a role in both

the development of neurodevelopmental and neurotransmit-

ter receptor abnormalities is plausible. However, it is not

known how this effect is mediated.

The haplotypic association is not strong enough to

account for the magnitude of linkage on chromosome

8p; there are two explanations for this, either that the

underlying functional variants bear a stronger relationship

to the disease, or that there is a second locus for schizo-

phrenia on chromosome 8p such as the calcineurin gamma

subunit proposed by Gerber et al., 2003 (see other genes

below).
4. Catechol-O-methyltransferase

Catechol-O-methyltransferase (COMT) is one of the ma-

jor degradative enzymes of the catecholamine transmitters. It

catalyses the transfer of a methyl group from S-adenosylme-

thionine to catecholamines, including the neurotransmitters

dopamine, epinephrine, and norepinephrine. COMT has long
been a candidate for aetiological involvement in schizophre-

nia, because of its role in dopamine metabolism and associ-

ation with the velocardiofacial syndrome. Both linkage and

association studies have implied that chromosome 22q11 is a

locus for schizophrenia (Karayiorgou and Gogos, 1997).

Microdeletions of 22q11 are associated with velocardiofacial

syndrome, a contiguous gene syndrome that includes a

variety of congenital abnormalities, learning difficulties,

and psychosis in up to one third of patients (Golding-Kushner

et al., 1985). The deletion is also 80-fold more common in

patients with psychosis compared to the normal population

(Sugama et al., 1999). Haploinsufficiency for at least one

gene from the 1.5-Mb ‘psychosis critical region’ at 22q11,

defined by deletion analysis of a schizophrenic patient

(Karayiorgou et al., 1995), is causally implicated in psycho-

sis. From this region, two genes proline dehydrogenase gene

(PRODH) and COMTwere identified as a potential candidate

for schizophrenia.

There have been many conflicting reports of association,

which culminated in a recent meta-analysis of data, indi-

cating that the COMT activity polymorphism, Met158Val,

in which the met allele causes instability of the enzyme and

a low activity phenotype, is not associated with schizophre-

nia (Lohmueller et al., 2003). However, further investiga-

tion of the role of this polymorphism using the Wisconsin

card sorting test, a neuropsychological test of frontal lobe

function, indicates that the valine allele is associated with

poorer performance and may be a contributor to the

neuropsychological impairment seen in schizophrenia

(Egan et al., 2001).

However, it is still possible that other polymorphisms in

COMTconfer risk to schizophrenia. We previously identified

an association between a COMT haplotype consisting of

multiple markers around the gene, and schizophrenia (Li et

al., 2001). We genotyped five single nucleotide polymor-

phisms from the COMT gene and two from the ARVCF gene,

which abuts the 3V end of COMT, and haplotype construction

in family trios with schizophrenia from SW China. In this

study, we found a five-marker haplotype that was transmitted

to schizophrenic offspring more often than expected by

chance (P= 6� 10� 4). Shifman et al. (2003) also identified

a highly significant association between a COMT haplotype

and schizophrenia. Although the haplotypic association find-

ing of Shifman et al. (2003) appears to confirm our earlier

finding of haplotypic association, of the seven polymorphic

markers used by Shifman et al., only two (Rs4633, previously

denoted COMT 186C/T; and Rs165688, the functional ac-

tivity polymorphism also denoted COMT Val158Met) were

used in our earlier study, making the two results difficult to

compare directly. A recent analysis of the effect of the

Shifman et al. haplotype on expression of COMT indicated

that the ‘risk’ haplotype is associated with lower expression

of the protein (Bray et al., 2003).

In order to attempt to replicate our original finding in the

same geographic population, we have genotyped an inde-

pendent sample of 136 sib-pair families (289 affected
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siblings) collected from the same region of SW China.

families in which two or more siblings met DSM-IV

schizophrenia diagnosis criteria were recruited from Sichuan

Province, Southwest China. We used the pedigree disequi-

librium test (PDT; PDTPHASE; http://www.hgmp.mrc.ac.

uk/Menu/Help/unphased) in the family sample and the same

set of six markers, we analysed in our initial study with

family trios. This time, none of the individual polymor-

phisms were significant when analysed alone, if corrected

for multiple testing, including the Val158 polymorphism,

which was significantly over-transmitted at the P= 0.01

level (uncorrected) in the initial study (Li et al., 2001) and

was not significant in the replication sample (P= 0.43). We

also did not find significant haplotypic association with

haplotypes of [186C/T-472G/A] and [472G/A-900ins/delC],

which were previously reported as positive in our first

sample.
5. Proline dehydrogenase

As discussed above, PRODH is one of two candidate

genes for schizophrenia from the 22q11 region deleted in

VCFS. Analysis of PRODH-deficient mice revealed a

deficit in prepulse inhibition, a sensorineuronal gating

deficit functionally relevant to schizophrenia, making

PRODH a strong functional and positional candidate gene

(Gogos et al., 1999).

Liu et al. (2002) examined a single nucleotide polymor-

phism in the PRODH gene, PRODH2*1945, and demon-

strated association between allele 2 by both TDT and case

control analysis. Subsequent analysis of further single nucle-

otide polymorphisms and ‘moving window’ haplotype anal-

ysis revealed a two-marker haplotype, PRODH2*1945/1766,

which was more significantly associated than either single

nucleotide polymorphisms alone in three independent sam-

ples. A three marker haplotype including the marker

PRODH2*2026 was also significant in some samples. In

addition, the PRODH gene has a nearby pseudogene-like

structural variant that may generate mutations through a

gene-conversion mechanism, especially in early onset cases.

We have attempted to replicate their findings of associ-

ation between a haplotype in the PRODH2 gene in a

sample of family trios from SW China. We performed a

system screening of the promoter regions and coding

regions in PRODH gene for potentially functional poly-

morphisms using human genome sequence, single nucleo-

tide polymorphism databases and polymorphism screening.

Six single nucleotide polymorphisms (PRODH1945G/A,

PRODH1852G/A, PRODH1766C/T, PRODH1483A/G,

PRODH1482C/T and PRODH1195G/A) have been identi-

fied; within them, PRODH1852G/A and PRODH1483A/G

were first reported in our study. Individual genotyping of

these six single nucleotide polymorphisms was performed on

500 nuclear families with at least one offspring with schizo-

phrenia, all from SW China. Transmission distortion test
(TDT) for individual single nucleotide polymorphisms and

haplotypes of paired markers were performed using pro-

gram UNPHASED. PRODH1852G/A showed significant

allelic transmission distortion (P= 0.02), and two flanking

single nucleotide polymorphisms (PRODH1945G/A and

PRODH1766C/T) also showed a trend of allelic transmis-

sion distortion (P= 0.08 for PRODH1945G/A and P= 0.07

for PRODH1766C/T). Haplotypic analysis of paired

markers supported the association between a haplotype of

PRODH1945G/A-PRODH1852G/A and schizophrenia

(Global P = 0.0006) , and PRODH1852G/A and

PRODH1766C/T and schizophrenia (Global P= 0.01) be-

fore correction for multiple testing.
6. Other genes: dysbindin, G72, DAOO and PPP3CC

Chromosome 6p was one of the first regions of strong

linkage detested for schizophrenia. Straub et al. (2002) used

a family-based haplotype mapping approach to examine this

locus in Irish families to identify complex association

between a cluster of single nucleotide polymorphisms at

the human dystrobrevin binding protein 1 locus (DTNBP1)

locus, implicating this gene as a potential risk gene for

schizophrenia. One replication study has also found associ-

ation here but with a common rather than a rare allele. A

follow up study in the same families reanalysed the data and

used two novel single nucleotide polymorphisms. A single

30-kb high-risk haplotype was identified that showed a

significant association with schizophrenia and explained

the pattern of significant findings in the analyses with

individual markers (Van den Oord et al., 2003).

Chumakov et al. (2002) created a map of single nucleotide

polymorphisms across a 5-Mb segment from chromosome

13q34 that has been genetically linked to schizophrenia using

a sample of Canadian families. Association data pointed to a

novel, primate specific gene (termed G72) encoding a 153-aa

protein. Yeast two-hybrid experiments with the G72 protein

identified interaction with the enzyme D-amino acid oxidase

(DAAO), a potent activator of N-methyl-D-aspartate type

glutamate receptor in the human brain. Four single nucleotide

polymorphism markers from DAAO were found to be

associated with schizophrenia in the Canadian samples, and

furthermore, genetic interaction between the two genes was

found.

Gerber et al. (2003) analysed a subset of calcineurin-

related genes as candidates for schizophrenia based on their

role in downstream regulation of dopaminergic signal trans-

duction and NMDA-dependent synaptic plasticity. Genes

from this family were prioritised based on their location

within loci implicated in psychosis by linkage analysis such

as chromosome 8p. The authors found association between

polymorphisms in the PPP3CC gene which encodes the

calcineurin gamma catalytic subunit gene. This is biologi-

cally plausible as mice with a forebrain specific calcineurin

1 knockout display schizophrenia related behavioural ab-
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normalities. This association finding is near to the neuregu-

lin 1 gene identified in an Icelandic sample (Stefansson et

al., 2002) as being associated with schizophrenia. It is

possible that both findings are correct, and the reason

linkage between schizophrenia and chromosome 8p appears

to be relatively strong is the presence of two susceptibility

genes in this region. On the other hand, the association with

neuregulin 1 appears statistically robust and the discovery of

the underlying causative polymorphisms in this gene may be

sufficient to explain all linkage and association in this

region.
7. Symptom dimensions and the influence of individual

genes

One possible way to overcome the limitations on gene

mapping imposed by these factors is to refine the phenotype

so that each individual susceptibility gene has a more direct

relationship with a measurable characteristic, such as a

quantitative score for a symptom dimension or an endophe-

notype such as an electrophysiological measurement (Leb-

oyer et al., 1998). This will work conversely as well, as the

influence of a given susceptibility gene on symptoms can be

evaluated by examining patients with the risk alleles versus

patients without. The importance of this process may lie in

the delineation of schizophrenia and related mental disor-

ders into component symptom complexes so that drug

therapy can be aimed at these narrower clinical complexes

which cut across diagnostic boundaries rather than as

monotherapies ineffective in many patients within a hetero-

geneous disorder.

For the use of symptom dimensions to be successful in

genetic analysis, there must have a heritable genetic basis,

which can be estimated from family, twin studies and

adoption studies. Family studies cannot estimate the extent

of heritability, but interfamilial correlation between siblings

or other relatives implies that a trait is influenced either by

genes or shared environment. The latter is not thought to

be important in schizophrenia (Cardno and Gottesman,

2000).

Although the underlying nosology of schizophrenia

remains controversial, it is generally accepted that psycho-

sis can be divided into clusters of related symptoms.

Several studies have found five clusters of negative symp-

toms, cognitive symptoms, positive symptoms, hostile

excitement/mania, and finally depression (von Knorring

and Lindstrom, 1995; Van Os et al., 1999; Mass et al.,

2000). Similar dimensions were found by Wickham et al.

(2001) consisting of two affective dimensions (depressive

and manic), and three schizophrenic dimensions (reality

distortion, disorganisation and psychomotor poverty). But

do these symptoms have an individual heritable origin and

show familiality or do they vary randomly between

patients? A series of studies have attempted either to

predict the occurrence of the disease or its spectrum
disorders in the relatives of probands based on epidemio-

logical measures, or using family history data. In two

studies, probands’ scores on positive or negative dimen-

sions did not predict schizophrenia in relatives (Kendler et

al., 1994; Cardno et al., 1997) although in a broader study

of functional psychosis, negative scores did (Van Os et al.,

1997). However, dimensions related to disorganisation

(positive formal thought disorder and/or inappropriate af-

fect/bizarre behaviour) were predictive (Cardno et al., 1997;

Van Os et al., 1997).

Five studies have examined within-family correlations of

symptom dimensions in sibling pairs or families. Burke et

al. (1996) found modest correlation for positive, negative

and disorganisation dimensions, Kendler et al. (1997) found

correlation for positive and negative symptoms but did not

examine disorganisation, and Loftus et al. (1998) and

Cardno et al., (1999) found highest correlation for disorga-

nisation. Wickham et al. (2001) found that psychomotor

poverty, disorganisation and mania were familial.

Several studies have examined familiality of clinical

characteristics, with course and severity consistently being

shown as correlated between affected relatives (Slater, 1953;

Bleuler, 1978; Burke et al., 1996; Kendler et al., 1997;

Wickham et al., 2002) and modest familiality being found

for age at onset (Gottesman and Shields, 1972; Crow and

Done, 1986; Kendler et al., 1987; Kendler and Mclean,

1990; Wickham et al., 2002). Of three studies investigating

pre-morbid functioning (DeLisi et al., 1987; Cardno et al.,

1999), two showed significant familiality. Two studies

investigated the familiality of mode at onset (Cardno et

al., 1999; Wickham et al., 2002).

The reverse of this approach was attempted by Kendler

et al. (2000), who examined the ‘Major Symptoms of

Schizophrenia Scale’ in families showing linkage to chro-

mosome 8p. This scale has 10 key variables, plus out-

come: hallucinations, delusions, Schneiderian delusions,

positive thought disorder, catatonic symptoms, affective

deterioration, negative thought disorder, depression, mania

and chronicity. The 8p linked families showed evidence of

a symptom cluster of positive thought disorder, affective

deterioration, depression and poor outcome, akin to the

core dementia-praecox syndrome described by Kraepelin

more than 100 years ago (Adityanjee et al., 1999). This

definition was the first division of manic depressive

psychosis from the previous single psychosis, and it is

poetic that molecular genetics can confirm this notion over

100 years later.
8. Discussion

Despite evidence for heritability of schizophrenia stretch-

ing back for over a century, and a genetic contribution to

aetiology of about 80%, the identification of genetic sus-

ceptibility factors has been an uphill struggle, presumably

because of factors related to biological and genetic hetero-
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geneity, complex inheritance, diagnostic definition, etc.

Classically, the neurochemical theories of schizophrenia

have focussed mainly on the dopamine, and more recently,

the serotonin system. The failure to identify anything but

weak association with genes of the dopamine and serotonin

system implies that there is not major direct involvement of

these pathways in pathophysiology. Instead evidence from

linkage analysis and positional mapping using haplotypes

appears to indirectly implicate the glutamate system, in

addition to evidence from other data (Tsai and Coyle,

2002). As outlined by Harrison and Owen (2003), many

of the genes above are involved in the glutamate system,

including neuregulin 1 (regulation of NMDA receptor gene

expression/presence in glutamatergic synaptic vesicles) G72

and DAOO (metabolism of D-serine, a glutamate receptor

modulator), and the calcineurin gamma catalytic subunit

gene downstream, involved in regulation of dopaminergic

signal transduction and NMDA-dependent synaptic plastic-

ity. In fact, the regulation of and interaction between the

dopamine and glutamate systems may be the important

feature of pathophysiology in schizophrenia. Of course, it

is also equally plausible that there is no central underlying

neurochemical pathophysiology in schizophrenia, but in-

stead a series of biologically diverse neurodevelopmental

abnormalities which are clustered together by the similarity

of their clinical outcome.

Either way, this developing new understanding of basic

pathophysiology important implications for schizophrenia

has the potential to (i) guide development of new pharma-

ceuticals through the identification of novel drug targets, (ii)

identify the highest risk individuals (such as schizophrenic

family members, or those with prodromal symptoms most

likely to convert to schizophrenia) for early intervention,

(iii) guide treatment selection according to genotype (phar-

macogenetics) and (iv) improve nosological classification,

which has implications for treatment and for clinical and

biological research by reducing heterogeneity of study

populations. This process will involve the amalgamation

of aetiological genetics, pharmacogenetics, nosology, symp-

tomatology and environmental risk factor analysis into a

cohesive multidisciplinary field.
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