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SUMMARY

The completion of Human Genome Project and the "HapMap" project was followed by translational activities from companies
within the private sector. This led to the introduction of genome-wide scans based on hundreds of thousands of single nucleotide
polymorphysms (SNP). These scans were based on common genetic variants in human populations. This new and powerful
technology was then applied to the existing DNA-based datasets with information on psychiatric disorders. As a result, an
unprecedented amount of novel scientific insights related to the underlying biology and genetics of psychiatric disorders was
obtained. The dominant design of these studies, so called "genome-wide association studies" (GWAS), used statistical methods which
minimized the risk of false positive reports and provided much greater power to detect genotype-phenotype associations. All findings
were entirely data-driven rather than hypothesis-driven, which often made it difficult for researchers to understand or interpret the
findings. Interestingly, this work in genetics is indicating how non-specific some genes are for psychiatric disorders, having
associations in common for schizophrenia, bipolar disorder and autism. This suggests that the earlier stages of psychiatric disorders
may be multi-valent and that early detection, coupled with a clearer understanding of the environmental factors, may allow
prevention. At the present time, the rich "harvest” from GWAS still has very limited power to predict the variation in psychiatric
disease status at individual level, typically explaining less than 5% of the total risk variance. The most recent studies of common
genetic variation implicated the role of major histocompatibility complex in schizophrenia and other disorders. They also provided
molecular evidence for a substantial polygenic component to the risk of psychiatric diseases, involving thousands of common alleles
of very small effect. The studies of structural genetic variation, such as copy number variants (CNV), coupled with the efforts
targeting rare genetic variation (using the emerging whole-genome "deep" sequencing technologies) will become the area of the
greatest interest in the field of genetic epidemiology. This will be complemented by the studies of epigenetic phoenomena, changes of
expression at a large scale and understanding gene-gene interactions in complex networks using systems biology approaches. A
deeper understanding of the underlying biology of psychiatric disorders is essential to improve diagnoses and therapies of these
diseases. New technologies — genome-wide association studies, imaging and the optical manipulation of neural circuits — are
promising to provide novel insights and lead to new treatments.
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* * * * *
were compared to healthy controls regarding their genetic
make-up, without any “a priori” hypothesis. Association

between genes and diseases were sought through a design
called “genome-wide association study”, without neces-

Introduction

The completion of Human Genome Project provided
the first insight into a complete sequence of the haploid

human genome. The expectations from general public,
media, investors, industrial sector and researchers them-
selves were large, and the main hope was to
revolutionize medical practice. Everyone was hoping
for an era of discovery of important biological processes
controlled by genes that would lead to development and
creation of the new, “smarter” drugs. These novel drugs
would be more targeted and effective, and have lesser
side effects. There was also a hope of “personalized
medicine” which would be based on predictive genetics
and administration of “tailored” drugs to patients, before
a disease even develops (Risch & Merikangas 1996,
Collins 2010).

Instead of traditional, hypothesis-driven research, the
new era of discovery in biomedical research dawned.
After decades of being limited to studying environmental,
social and economic factors that predisposed to human
diseases, the researchers were suddenly able to measure
human individual genetic make-up more precisely than
any of the aforementioned risk factors. Studies were
designed in which cases suffering from certain diseases
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sarily needing to understand anything about the function
of those genes. The researchers were looking for sta-
tistically significant differences in the frequency of gene
variants between diseased cases and controls at hundreds
of thousands of loci in the genome (Golub 2010).

To achieve this, the whole genome needed to be
“tagged” in some way, using parts of the human genome
that are very different among individuals — so-called
“genomic markers”. The "HapMap" project (an
abbreviation of “haplotype mapping”) defined “blocks”
of the human genome which were relatively free from the
“crossing over” phenomenon. Such blocks were tagged
with polymorphic genetic markers — hundreds of
thousands of them across the genome. This massive
project was followed by ftranslational activities,
undertaken by the companies from the private sector (e.g.
Affymetrix Inc. and lllumina Inc.). This resulted in the
introduction of genome-wide scans based on hundreds of
thousands of single nucleotide polymorphysms (SNP).
These scans were based on “common” genetic variants in
human populations, in which the frequency of minor
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allele is still greater than 5% in the population. The
common variants were specifically chosen for scans to
"tag" the "blocks" of the genome separated by
"recombination hot-spots" (Wellcome 2007).

Genome-wide association studies

Hundreds of genetic variants that influence complex
human diseases have been found and reported during
the period between 2007 and 2010. The dominant
design of these studies, so called "genome-wide
association studies” (GWAS), used statistical methods
which minimized the risk of false positive reports.
Massive international collaborations between groups of
scientists resulted in sample sizes which provided great
power to detect genotype-phenotype associations. All
findings were entirely data-driven rather than
hypothesis-driven, which often made it difficult for
researchers to understand or interpret the findings
(Golub 2010, Wellcome 2007).

The recent application of this new and powerful
technology to the existing datasets with information on
psychiatric disorders and stored DNA resulted in an
unprecedented amount of novel scientific insights
related to the underlying biology and genetics of
psychiatric disorders and many other complex human
diseases (Burmeister et al. 2008). The application of
these novel technologies to the study of genetic basis of
psychiatric diseases exposed the first interesting
candidate loci in the genome. Surprisingly, the findings
indicated that some genes associated with psychiatric
disorders seem to be non-specific, having associations
in common for schizophrenia, bipolar disorder and
autism. This suggests that the earlier stages of
psychiatric disorders may be multi-valent and that early
detection, coupled with a clearer understanding of the
environmental  factors, may allow prevention
(Burmeister et al. 2008, Walsh et al. 2008).

The most recent studies of common genetic
variation, using 3,322 European individuals with
schizophrenia and 3,587 controls and two different
analytic approaches, implicated the role of major
histocompatibility complex in schizophrenia and other
disorders. They also provided molecular evidence for a
substantial polygenic component to the risk of
psychiatric diseases, involving thousands of common
alleles of very small effect. The same component also
contributes to the risk of bipolar disorder, but not to
several other non-psychiatric diseases (The International
Schizophrenia Consortium 2009).

It should be stressed that genome-wide association
studies rapidly become accepted as a new and powerful
tool to search for novel biological insights to explain
susceptibility for psychiatric diseases. However, with
the possible exception of the variants in CNTNAP2
gene and its association with autism, which has been
convincingly replicated by more than one group,
genome-wide association studies have not brought the
psychiatric research field into focus. Currently, it
appears that each new large-scale association study

keeps bringing new loci to attention of the research
community, but very few of those identified loci are
easily replicated in other cohorts. This is in contrast to
other common complex diseases, such as myocardial
infarction, type 2 diabetes, colorectal cancer, Crohn’s
disease or rheumatoid arthritis, in which all the
conducted genome-wide association studies usually
confirmed associations that were previously reported by
other groups (Wellcome 2007, Burmeister et al. 2008,
Walsh et al. 2008, The International Schizophrenia
Consortium 2009, Editorial, Nature 2010).

What is the reason for this relative lack of success in
finding genes with replicable associations with
psychiatric diseases in comparison to other complex
human diseases? There are several. Firstly, there is the
issue of the precision to which we can diagnose
psychiatric disorders today (Burmeister et al. 2008,
Schulze 2010, Plomin et al. 2009). The power of
genome-wide association studies to detect genes
depends on strong links between the studied phenotype
and genotypes. If the phenotype cannot be measured
and quantified accurately and there is substantial
misclassification of cases and controls, the power of the
study diminishes very quickly. Psychiatric disorders are
lot more difficult to objectively “measure” in
comparison to other diseases that have reasonably
straight-forward diagnostic criteria, such as e.g.
colorectal cancer or Crohn’s disease (Wellcome 2007,
Burmeister et al. 2008, Walsh et al. 2008, The
International Schizophrenia Consortium 2009, Editorial,
Nature 2010).

Secondly, the current genome-wide association
studies of psychiatric diseases typically involved only a
few thousand cases and controls, whereas the studies of
more common diseases (e.g. diabetes type 2 or
myocardial infarction) managed to collect, diagnose and
genotype more than 50,000 cases and controls already
(Wellcome 2007, Burmeister et al. 2008, Walsh et al.
2008, The International Schizophrenia Consortium
2009, Editorial, Nature 2010). Studies of simpler
phenotypes, such as e.g. human height or body mass
index, have now reached more than 250,000 participants
in the global effort to underpin the underlying genetic
variants and understand the “genetic architecture” of
complex human traits. Thus, larger sample sizes will
surely bring new insights in the near future, and several
quantitative test scores relevant to cognitive functioning
may also prove to be more tractable “intermediate
traits” (so-called “endophenotypes™) for studying rather
than the incredibly complex phenotype of human
psychiatric diseases (Burmeister et al. 2008, Schulze
2010, Plomin et al. 2009, Mansour et al. 2009, Garriock
et al. 2010).

Translation of the early results into practice
and future research avenues

It is known that most psychiatric conditions are
highly heritable. However, at the present time the rich
"harvest" from GWAS in terms of the quantity of
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discovery still has very limited power to predict the
variation in psychiatric disease status at individual level.
All identified variants combined together typically
explain less than 5% of the total variance in disease risk
between individuals. Efforts to explain the "missing
heritability" of human psychiatric disorders are
underway. The studies of structural genetic variation,
such as copy number variants (CNV), coupled with the
efforts targeting rare genetic variation (using the
emerging whole-genome "deep" sequencing
technologies) will become the area of the greatest
interest in the field of genetic epidemiology (Tam et al.
2009, Knight et al. 2009). This will be complemented
by the studies of epigenetic phoenomena, changes of
expression at a large scale and understanding gene-gene
interactions in complex networks using systems biology
approaches (Burmeister et al. 2008, Editorial, Nature
2010, Akil et al. 2010).

Conclusion

Although psychiatric disorders are highly heritable,
identifying their genetic basis has so far been
challenging, with most discoveries failing to be
replicated. However, improvements of classification and
diagnosis of psychiatric diseases, increase in sample
size, and the incorporation of intermediate quantitative
traits (“endophenotypes”) and multiple known environ-
mental and social determinants into genetic analyses,
will all help to find replicable genetic variants
associated with disease risk. Further steps will include
the identification of rare inherited variants and novel
structural mutations (Burmeister et al. 2008, Editorial,
Nature 2010, AKkil et al. 2010).

A deeper understanding of the underlying biology of
psychiatric disorders, such as schizophrenia, bipolar
disorder or autism, is essential to improve diagnoses and
therapies of these diseases. There has been little
progress with treatment of these disorders over the past
several decades. However, new technologies — inclu-
ding not only genome-wide association studies descri-
bed in this article, but also novel imaging technologies
and the optical manipulation of neural circuits — are
promising to provide novel insights and lead to new
treatments (Editorial, Nature 2010, Akil et al. 2010).
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