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Campbell,1 suggested that the next 10-year period is
likely to be the “decade for psychiatric disorders.” This
was not a prediction of an epidemic, although mental

illnesses are highly prevalent, nor a suggestion that new ill-
nesses would emerge. The key point was that research on
mental illness was, at long last, reaching an inflection point
at which insights gained from genetics and neuroscience
would transform the understanding of psychiatric ill-
nesses. The insights are indeed coming fast and furious. In
this Commentary, we suggest ways in which genomics and
neuroscience can help reconceptualize disorders of the mind
as disorders of the brain and thereby transform the prac-
tice of psychiatry.

Compelling reasons to look for genes that confer risk for
mental illness come from twin studies demonstrating high
heritability for autism, schizophrenia, and bipolar disor-
der.2 Although there have been notable findings from link-
age and genome-wide association studies, with candidate
genes and specific alleles identified for each of the major
mental disorders, those that have been replicated explain
only a fraction of the heritability.

Where is the missing genetic signal for mental illness?
The discovery that large (�1 megabase) structural or copy
number variants, such as deletions and duplications, are 10-
fold more common in autism and schizophrenia is an im-
portant clue.3,4 Copy number variants are individually rare,
sometimes restricted to a single family or developing de novo
in an individual. Although “private mutations” are rare (remi-
niscent of Tolstoy’s dictum that “each unhappy family is un-
happy in its own way”), they are in aggregate remarkably
common, spread across vast expanses of the genome, and
ultimately could explain more genetic risk than common
variants. Although many of the genes implicated are in-
volved in brain development, copy number variants do not
appear to be specific for illnesses in the current diagnostic
scheme. Within families, the same copy number variant may
be associated with schizophrenia in one person, bipolar dis-
order in another, and attention-deficit/hyperactivity disor-
der in yet another. The genetics of mental illness may really
be the genetics of brain development, with different out-

comes possible, depending on the biological and environ-
mental context.

The same twin studies that point to high heritability also
demonstrate the limits of genetics: environmental factors
must be important for mental disorders. The advent of epi-
genomics, which can detect the molecular effects of expe-
rience, may provide a powerful approach for understand-
ing the critical effects of early-life events and environment
on adult patterns of behavior. Epigenomics can now map
changes across the entire genome with unbiased, high-
throughput technologies and point to the mechanisms by
which experience confers enduring changes in gene expres-
sion and, ultimately, changes in brain activity and func-
tion. Epigenomic modifications that alter transcription may
also be a mechanism for mental illness, even in the absence
of common or rare structural variants. For instance, a rare
copy number variant detected in autism deletes the oxyto-
cin receptor gene. In many individuals with autism who do
not have this deletion, epigenomic modifications appear to
silence this gene.5

Genomics and epigenomics already point to diverse mo-
lecular pathways that confer risk of mental illness. What binds
these diverse molecular mechanisms together to yield clus-
ters of symptoms recognized as the syndromes of psychi-
atric disorders? Increasingly, clinical neuroscientists are iden-
tifying specific circuits for major aspects of illness. But just
as the genetic variants do not map selectively onto current
diagnostic categories, so, also, circuits seem to be associ-
ated with cognitive and behavioral functions, without a one-
to-one correspondence to diagnosis. For instance, the neu-
ral basis of extinction learning, which was first mapped in
the rat brain, appears to be conserved in the human brain,
with key nodes including ventromedial prefrontal cortex,
amygdala, and hippocampus.6 Rather than defining the bi-
ology of a single illness, extinction is an important feature
of posttraumatic stress disorder, obsessive-compulsive dis-
order, and various phobias.

Two noteworthy points are emerging from systems neu-
roscience. First, there seem to be emerging relationships be-
tween genetic variation and development of neural circuits
that mediate complex cognition and behavior, from re-
ward to emotion regulation. Second, the current diagnos-
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tic categories, based on clinical characteristics, do not seem
to align well with findings from genetics and neuroscience.
The National Institute of Mental Health recently launched
the Research Domain Criteria project to reformulate psy-
chiatric diagnosis according, in part, to emerging biology
rather than the current approach, which is limited to clini-
cal consensus.7

Reconceptualizing disorders of the mind as disorders of
the brain has important implications for how and when to
intervene. From the study of neurodegenerative disorders
such as Parkinson disease, Huntington disease, and Alzhei-
mer disease, it is known that behavioral and cognitive
symptoms are late events, occurring years after initial signs
of neuronal damage. Although mental illnesses are more
likely neurodevelopmental rather than neurodegenerative
disorders, the behavioral and cognitive manifestations that
signify these as “mental” illnesses may be late stages of
processes that start early in development. In medicine, the
best outcomes are rarely observed from treatments initi-
ated in late phases of an illness. If genetics and neurosci-
ence could provide rigorous, specific, early detection years
before psychosis or depression, these illnesses might be
redefined in terms of a trajectory. As a result, interven-
tions, rather than being ameliorative or rehabilitative,
could become preemptive or even preventive. But this
transformation in diagnosis and treatment, which can be
informed by recent progress in cardiovascular disease and
cancer, will depend on an intense focus on the genetics
and circuitry underlying mental illness to ensure new
approaches to detecting risk, validating diagnosis, and
developing novel interventions that may be based on alter-
ing plasticity or retuning circuitry rather than neurotrans-
mitter pharmacology.

Recent examples illustrate how these genetic and basic
neuroscience discoveries can rapidly lead to new clinical in-
novations that will make such a transformation in practice
possible. For example, elucidation of the roles that genetic
and downstream effects on protein synthesis play in the
pathogenesis of fragile X syndrome8—an important cause
of autism and inherited mental retardation—has quickly
opened the door to clinical trials of pharmacologic treat-

ments for that disorder’s debilitating cognitive impair-
ments. Likewise, advances in understanding the circuitry
underlying extinction learning have led to promising new
behavioral approaches for blocking previously learned fear
responses.9 Even as new interventions are developed for anxi-
ety disorders, recent discovery of genetic variants associ-
ated with efficacy of existing behavioral treatments sug-
gests new ways to tailor their use.10 Such examples provide
strong bases for hope that insights emerging from genetics
and neuroscience will be translated into rational develop-
ment of new robust and personalized treatments.

A “decade for psychiatric disorders” cannot come too
soon.1 With no validated biomarkers and too little in the
way of novel medical treatments since 1980, families
need science to provide more than hope. Genetics and
neuroscience finally have the tools to transform the diag-
nosis and treatment of mental illness. But first, it is time
to rethink mental disorders, recognizing that these are
disorders of brain circuits likely caused by developmental
processes shaped by a complex interplay of genetics and
experience.
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