
E
very family has its foibles, but this one 
has more than most. The first member 
came to researchers’ attention in 1968 
as part of a genetic survey of juvenile 

delinquents who had been admitted to Scot-
tish detention centres. One boy carried a major 
‘translocation’, in which a chunk of chromo-
some 11 had been switched with part of chro-
mosome 1. 

The translocation and the boy’s bad behav-
iour were more than just coincidence. Years 
later, when Edinburgh researchers traced the 
family, they found that the same chromosomal 
abnormality spanned four generations, with 
remarkably varied effects. Of those who carried 
it, five had depression, six had schizophrenia or 
related disorders, three had adolescent conduct 
disorder and two had anxiety disorder. One had 
attempted suicide and died in a mental hospi-
tal1. Several of those without the translocation 
had their own problems, including anxiety, 
minor depressive disorder and alcoholism.

The translocation chops up a gene called, 
with some justice, disrupted-in-schizophrenia 1 
(DISC1)2. This gene is arguably the strongest 
contender for involvement in any psychiatric 
disease, and a flurry of activity has shown that it 
codes for a hub protein involved in multiple bio-
chemical pathways in the nervous system. But 
the association and its Scottish heritage are also 
a textbook example of the complexity of psychi-
atric genetic studies. DISC1 has not shown up 
in many other screens for schizophrenia genes, 

even though it has occasionally been identified 
in genetic studies of other illnesses, including 
bipolar disorder and autism.

Researchers are convinced that variations 
in DISC1 and many other genes can scramble 
the intricate and as yet inscrutable processes 
by which brain circuits develop and func-
tion, and that this scrambling leaves 
some people at greater risk of psy-
chiatric problems than others. Even 
if one or more risk genes are present, 
external stress or some other event 
may decide whether and what symp-
toms are triggered. 

Finding genes involved in 
psychiatric conditions is prov-
ing to be particularly intract-
able because it is still unclear 
whether the various diagnoses 
are actually separate diseases 
with distinct underlying 
genetics or whether, as the 
DISC1 story suggests, they 
will dissolve under the genetic 
spotlight into one biological 
continuum. Indeed, some 
researchers suggest that it would be better to 
abandon conventional clinical definitions and 
focus instead on ‘intermediate phenotypes’, 
quantifiable characteristics such as brain 
structure, wiring and function that are mid-
way between the risk genes involved and the 
psychopathology displayed. 

In the past two years, researchers have pulled 
out a host of genes involved in other multifac-
torial diseases, such as diabetes and obesity, by 
use of genome-wide association studies. These 
use powerful new genomic tools to scan for 

variations in the DNA sequence called sin-
gle nucleotide polymorphisms (SNPs) 

that tend to occur in individuals 
with a particular condition. They 
allow scientists to see which gene 
variants pop up more frequently 
in people who have a disorder. 

Finding small genetic sig-
nals is a question of statistics: 
a weak association between 
a gene and a disease may 
stray into significance only 
when a study has hundreds 
or thousands of participants. 
But instead of helping to firm 
up which genes might be can-
didates, the largest population 
studies completed so far in 
psychiatric genetics seem to 
be eliminating them. A study 
this year led by Patrick Sul-

livan, a geneticist at the University of North 
Carolina at Chapel Hill, involved nearly 750 
patients with schizophrenia and a similar 
number of controls, and analysed almost half 
a million SNPs. But not one gene met the rigor-
ous statistical requirements needed to show it 
was a risk factor3 — not even DISC1. 

THE BRAINS OF THE FAMILY
Does the difficulty in finding the genes responsible for mental illness reflect the complexity of the 
genetics or the poor definitions of psychiatric disorders? Alison Abbott reports.

“Geneticists know 
nothing about 
psychiatric disease.”
— Daniel Weinberger
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Advocates of such studies don’t take this as 
a sign of defeat. “It shows that the studies so 
far are still statistically underpowered,” says 
Jonathan Flint, a molecular geneticist at the 
University of Oxford, UK. “We need even big-
ger studies.” On the basis of successful genome-
wide association studies in diseases such as 
diabetes, many geneticists think that several 
thousand cases and controls may be needed if a 
firm association is to be found. Some large pro-
spective studies launched by funders such as 
the US National Institutes of Health (NIH) and 
the UK Wellcome Trust are pumping up the 
numbers (see table). And last year, a US$100-
million donation from the Stanley Medical 
Research Institute in Chevy Chase, Maryland, 
to the Broad Institute in Cambridge, Massa-
chusetts, became the largest philanthropic 
gift ever given to an institution for psychiat-
ric research and much of it will support these 
types of study. “These studies have not thrown 
up any replicable findings so far, and we might 
have to wait years,” says Daniel Weinberger, an 
experimental psychiatrist at the National Insti-
tute of Mental Health in Bethesda, Maryland. 
“Do we really want to spend millions of dollars 
to extend the size of studies that may not throw 
up the right signals?”

Weinberger is the most outspoken advocate 
of ‘intermediate phenotypes’. He focuses on 
candidate genes — those for which there are 
already good biological reasons to think that 
they might confer risk. Weinberger argues that 
hallucination, panic attacks or other disordered 
behaviours are consequences far downstream 
of faulty genes. What genes code for more 
directly, he rationalizes, are the biological traits 
in the brain that he measures, and that com-
bine to alter behaviour. Following this logic, 
the coupling between the gene and the inter-
mediate phenotype should be closer, cleaner 

and easier to find than the coupling between 
the gene and the actual diagnosis.

Weinberger has produced a string of high-
profile papers, and some scientists have been 
persuaded to adopt his approach. This month, 
his methodology will get its own massive cash 
endorsement when the Lieber family and the 
Essel Foundation — which Constance and 
Stephen Lieber created in the 1960s to sup-
port neuroscience research and education — 
announces an endowment that will more than 
rival that of the Stanley Medical Research Insti-
tute. But many geneticists — those pursuing 
the genome-wide association studies — are not 
shy to say that they find Weinberger’s approach 
inadequate. “Looking for candidate genes is a 
waste of time and money,” says Flint.

Breaking down boundaries
How best to pull out psychiatric risk genes has 
become an acrimonious discussion, one hotly 
debated in meetings at which Weinberger’s 
forceful defence of his theory has on occasion 
fuelled flames. Weinberger insists that much 
of the dispute is ideological, because the prob-
lem is forcing geneticists and neuroscientists 
to cross into each other’s domains, and that 
this makes his papers a tough sell with referees. 
“Geneticists know nothing about psychiatric 

disease and have no frame of reference for 
thinking about the brain,” he says. “But then 
brain neuroscientists aren’t thinking about 
genetics either.” 

The field may be divided about how to iden-
tify risk genes, but it is united in its desire to do 
so. Such a catalogue might make it possible to 
identify those at risk of mental illness before 
it arises and, when symptoms appear, to place 
them accurately on the spectrum of mental dis-
orders. It might also point to new biochemical 
pathways at which to direct treatments. 

A consensus is emerging that from a catalogue 
of 100–300 risk genes, only a few — say between 
5 and 10 — will be needed to precipitate psy-
chosis in an individual. Each gene is likely to 
confer a very low risk on its own, so will be hard 
to identify unequivocally with any method. 

The challenge of identifying these genes is 
magnified by the difficulty in identifying the 
right population to study. This is well illus-
trated by the widely used handbook of the 
American Psychiatric Association called DSM 
IV (Diagnostic and Statistical Manual of Mental 
Disorders, fourth edition), which lists nearly 
300 subcategories of psychiatric disorder. 

The full version of the DSM takes up more 
than 700 pages and took 1,000 individuals six 
years to produce. But few psychiatrists would 
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BIG NUMBERS: MAJOR ONGOING STUDIES IN PSYCHIATRIC GENETICS
Disorder Subjects/Controls SNPs per person Institute leading  collaboration

Unipolar disorder 1,500/500 550,000–610,000 University of Bonn, Germany

Bipolar disorder 7,075/10,559 300,000–1,000,000 Psychiatric Genome-Wide Association 
Study Consortium

Major depressive disorder 12,926/9,618 300,000–1,000,000 Psychiatric Genome-Wide Association 
Study Consortium

Attention-deficit 
hyperactivity disorder

2,874/0 600,000 Genetic Association Information 
Network initiative 

Schizophrenia 2,500/8,000 1,000,000 Wellcome Trust Case Control 
Consortium

The estimated cost for SNPs is US$350–500 per person.
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deny that it is a crude approximation and 
that the symptoms used to assign categories 
substantially overlap. Delusions are frequently 
a symptom of schizophrenia, but a typical 
person with schizophrenia might also exhibit 
apathy. Patients with major depressive disor-
der usually exhibit apathy, but some will also 
be delusional. A clinical diagnosis “may be the 
mental end-stage of all sorts of different neuro-
biological disorders”, says Robin Murray, a 
psychiatrist from Kings College London. “It 
may be a little like a diagnosis of ‘renal failure’ 
which is the end-stage of all sorts of medical 
disorders from heart disease to toxic shock.”

This presents a profound problem for genetic 
studies because it means that some researchers 
may be looking for shared risk genes in a group 
of people who may not actually share any or, 
indeed, have the same disease. It is an absolutely 
crucial point; many researchers think that poor 
and inconsistent diagnoses may explain much 
of the past failure of genetic-association studies 
and will be the factor on which future success 
hinges. The difficulties became apparent even 
before the genome-association studies. The 
DISC1 story — in which a strong candidate 
identified in one study is rarely found in another 
— has been repeated over and over in family 
studies and in case–control studies, in which 
groups of unrelated individuals with a disorder 
are compared with healthy controls.

Weinberger is convinced that the right 
signals will be found by his candidate-
gene approach, and says that millions of 
the Lieber family’s money will be spent 
to that end. Weinberger likens the huge 
endowment to the Manhattan Project in 
its ambition and scope. “We’ll try 
to work out the risk genes, work 
out the faulty circuitry and work 
out how to develop new ways of 
treatment,” he says. 

Weinberger’s first major 
breakthrough involved a gene 
called COMT, which encodes a 
key enzyme in the metabolism 
of dopamine, a neurotrans-
mitter that is important in 
schizophrenia and the target 
of many antipsychotic drugs. 
COMT had already been linked to schizo-
phrenia in family and case–control studies. 
But Weinberger instead examined whether 
variation in the gene was linked to one of 
his intermediate phenotypes. In this case he 
used functional magnetic resonance imaging 
(fMRI) to examine the activity of the brain’s 
prefrontal cortex, which is known to function 
abnormally in schizophrenia.

In a 2001 paper, Weinberger and his col-
leagues showed that people with a variation in 

COMT that causes a methionine amino acid to 
be substituted for a valine in the protein tended 
to have worse working memory and lower 
activity in the prefrontal cortex than those 
without the mutation. They also found that 
the mutated version of the gene and the poorer 
working memory were found in more parents 
whose offspring had schizophrenia than in 
those who didn’t4. That makes biological sense, 
says Weinberger, because the two forms of the 

enzyme differ in how efficiently they 
break down dopamine, so children 

who inherit the methionine ver-
sion would have upset levels of 
a key transmitter that might 
make them more susceptible to 
schizophrenia. 

The study was a turning point 
in the field, says Jeremy Hall, a 
neuroscientist at the University 
of Edinburgh, UK, who was one 
of those convinced to adopt the 
approach. 

But Flint argues that no one 
has yet shown that intermediate 
phenotypes have a tighter link 
to the genes responsible than 
the disease itself. “I just don’t 
buy that brain size or whatever 
will work better,” he says. 

Weinberger quickly followed 
his 2001 paper with another in which he exam-
ined variants of the serotonin transporter gene 
that are known to be risk factors in psychiatric 
disorders such as depression. Rather than look-
ing for an association between genetic variants 
and a specific disorder, Weinberger looked for 
links with another intermediate phenotype. He 
used fMRI to show that those with the ‘short’ 
version of the gene — who have less efficient 
serotonin signalling — also had more activity 
in the amyg dala when they reacted to fearful 

stimuli such as angry or afraid faces5.
It was the first time that anyone had shown 

that a gene could change how a region of the 
brain responds to an emotional stimulus — the 
idea being that it could predispose someone to 
a range of psychiatric conditions if he or she 
encounters the right environmental trigger. 
In 2003, a study done in New Zealand inde-
pendent of Weinberger identified one of those 
potential genes. The team used data from a 
long-term study that tracked 1,000 children 
through young adulthood, and showed that 
those with the short variant of the serotonin 
transporter gene were more likely to be thrown 
into serious depression when faced with a 
stressful life crisis, such as relationship angst, 
than were those with the long variant6. It’s a 
classic case of gene–environment interaction, 
and Weinberger has gone on to identify other 
gene variants, such as one that could make chil-
dren more likely to develop schizophrenia if 
they are exposed to a period without oxygen 
during birth.

Emotional response
The main criticism of the candidate gene 
approach is that it is restricted to the tiny list of 
genes that have established links to the disease, 
precisely what researchers are short of. “We are 
just too ignorant of the underlying neurobiol-
ogy to make guesses about candidate genes,” 
says neuroscientist Steven Hyman, provost 
of Harvard University in Cambridge, Mas-
sachusetts. “Candidate genes are like packing 
your own lunch box and then looking in the 
box to see what’s in it.” That’s why Hyman and 
many other researchers say that, despite their 
past failures, bigger and better genome-wide 
association studies are a more promising way 
forward for psychiatric genetics. 

Several meta-analyses are now under way in 
attempts to increase the statistical power and 

“The studies so 
far are statistically 
underpowered. 
We need bigger 
studies.”
 — Jonathan Flint
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to pick up risk genes that earlier studies might 
have missed. One such initiative, the Psychiatric 
Genome-Wide Association Study Consortium, 
comprises groups from all over North America 
and Europe doing such studies. It focuses on 
five disorders — autism, attention-deficit hyper-
activity disorder, bipolar disorder, major depres-
sive disorder and schizophrenia, and includes 
some 59,000 individuals. Where possible, the 
scientists are pooling their data so that they can 
detect genetic associations that their individ-
ual efforts could not pick up alone. For 
example, the consortium is currently 
comparing 13,000 cases of major 
depression with 10,000 controls.

Brute numerical force might still 
not be enough if researchers are not 
exquisitely careful about the way they 
diagnose patients, and even Hyman 
expresses reservations. “There 
are potential differences in 
different patient samples — 
the name autism or schizo-
phrenia does not necessarily 
identify similar populations 
because of a lack of objective 
medical tests.” If patients 
grouped together as hav-
ing schizophrenia actually 
include some with other 
disorders, then statistical 
power becomes moot. 

Sullivan, a member of the consortium, 
agrees that it will take great care to ensure that 
cases are comparable in terms of diagnosis and 
ancestry, and across different genetic technolo-
gies. He would like critics to wait for ongoing 
studies to be completed before pronouncing 
on their likely fate. “It is not the time to play 
Chicken Licken — ‘the sky is falling, the sky is 
falling’,” he says.

One way to ensure that all recruits are 

handled identically is to diagnose them care-
fully when they are enrolled rather than rely-
ing on existing diagnoses. Flint is working with 
other investigators around the world to register 
6,000 women with recurrent depression and 
6,000 controls in such a study. The first results 
won’t be out until 2011. “It is delayed gratifica-
tion,” says Ken Kendler, one of the study’s prin-
cipal investigators and director of the Virginia 
Institute of Psychiatric and Behavioural Genet-

ics at Virginia Commonwealth University in 
Richmond. “If you are in a rush, this isn’t 

the field for you.” 
More immediate gratification is 

coming from association studies 
of a different type, those that look 
at stretches of the genome that 
may be duplicated or deleted from 

one person to the next. One 
study published this year 
found such copy number 
variants (CNVs) linked 
to schizophrenia in up 
to 10% of non-familial 
cases — those that have 
not been inherited7. The 
CNVs arose spontane-
ously in the affected indi-
viduals, rather than being 
inherited from the par-
ents. Some of the genetic 

regions that are being identified have been 
implicated in autism, underlining how some 
risk genes are shared across diagnoses. These 
mutations tend to confer a higher risk of the 
disease, perhaps explaining why they are 
being picked up in association studies where 
SNPs were not, and they may turn out to be 
particularly useful in diagnosis. 

But everything must always come back to the 
biology, says an unimpressed Weinberger. He 
likens these genome searches to a study trying 

to understand why road accidents happen by 
throwing everything that’s known about driv-
ers into the pot. “You’ll find that the only thing 
they all have in common is ownership of a 
driving licence,” he says. “But that’s not going 
to give you any insight into the diverse things 
that really matter,” such as local speed limits, 
foggy weather and when the local bars close. 
Similarly, genome-wide association studies for 
schizophrenia might highlight a gene linked 
to oxygen deprivation at birth — one of the 
strongest risk factors for the disorder — but 
that has nothing to do with the brain. “The 
endgame can’t be statistical,” Weinberger says, 
“it has to get down to gene variants that impact 
the neurobiology involved.” 

Back to biology
Population geneticists insist that without rigor-
ous statistics, candidate genes, logical though 
they may sound, could turn out to be false 
leads. And once statistically validated genes are 
in hand, the plan is to investigate their biologi-
cal role in disease, along with their interactions 
with other genes and the environment. 

No one doubts that the animosities will 
defuse as more data are generated and the 
power of the approaches becomes clear. 
Whether those data will help to refine the 300 
categories of disease, remains uncertain. If the 
same pool of risk genes underlies all the dis-
orders, the existing groupings could vanish, 
only to be replaced with an even longer list in 
which diagnosis is based on countless genetic 
combinations. 

Mental-health professionals are already work-
ing on the fifth edition of the diagnostic hand-
book. The final version is due to be released in 
2012, but even that may be too soon for genetics 
to help substantially in reclassification. Psychia-
trists are already coming to the conclusion that 
the DSM should be used flexibly. They real-
ize that treatments should control the specific 
symptoms a patient displays — depression by  
antidepressants, for example, even if their for-
mal diagnosis is schizophrenia. 

With questionable diagnoses and impenetra-
ble biology, symptoms are the best indicators 
that the psychiatric profession has to go on. But 
when the dust settles, and the data do start to 
flow, genetics may finally offer some clarity. ■
Alison Abbott is Nature’s senior European 
correspondent.
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See Editorial, page 137.
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“We are just too ignorant 
of the underlying 
neurobiology to make 
guesses about candidate 
genes.” —Steven Hyman
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