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(ABSTRACT:

Genetic factors play a mafor role in the etlologies of most pyychiairic disorders. Psychiatric disorders

comsed by defects in o stnple pene at segregate wirkin the family (following a Mendelian inheritance

pratiern) are easy {o sereen and hence wsed in molecular diagnosis rewlinely. However, a vest majority of

prychiairic disorders are caused by the ineraction of multiple genetic and environmenial fociors, The

indersianding and freatment of these complex pavchiatric disorders pose moany challenges, beconse of the

clinical overfap of sympioms as well as genetic heterogeneity, which creates a problem in classification of
these divorders. Advancements in DNVA technologies have enabled sciemtists to study these disorders in

increasing detail. As research progresses, there has been a recent reevaluation of dicgrostic eriteria and

their wsefulness in treatment and cloasificarion, This is based on the observation that there is more efiological

overlap berween pyyohiciric disorders than previously appreciated. Ay new information on generic and

epigeneiic visk factors in psychiatry grows, this review takes @ leok at how genetic dissection of such

dizorders has evelved amd progressed over the years,

b
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It is mow well established that genefic faciors ane
important in the etiologies of most psychiatric disorders.
Howsever, the vast majority of psychiatric disorders donot
follow simple patterns of inheritance within a family. This
implies that psyehiatric disorders are probably caused by
the interaction of multiple genetic and environmental
factors.

Advancements in DN A technologies have enabled
scientists to study complex psychiatric disorders
increasing detail. Coupled with this, the identification and
Iocalzation of DA varants throughout the human genome
has resulted in a rapid increase in molecular genetic
investigations of major psychiatric disorders, Molecular
genetics is concerned with the search for the DMNA
variants, which are responsible for a disorder or which
influence its development or outcome.

There are over 300 identified psychiatnc disorders.
With continuing research, more psychiatric disorders arc
being identified cach year, and many are being re-
categorizedire-classified based on DNA and other
evidence, It is beyond the scope of this review to cover
the entire spectrum of research on psychiatric genetics.
We have, therefore, restricted curselves to such psychiatric
disorders that have major genetic underpinnings. We have
also discussed, in the following sections, how such gehetic
knowledge can be useful in diagnosis and in providing
mechanistic insights into these disorders.

Molecular genomics of psychiatric disorders
Classical approacies to study genetic disorders

To investigate genetic contribution to the cticlogy
of a disarder, classical approaches have used family and
twin studies, In family studies, sets of related individuals
are studied. The idea is that if a disorder has a genetic
component, the relatives of the person with the condition
(proband} are expected (o have the disorder more
frequently than the general population. Hence, morbidity
risk among relatives increases with genetic proximity to
the proband. For example, family studies have consistently
demonstrated that schizophrenia runs within families. A
first-degree relative (parents, offspring, siblings) of an
affected individual has a 10% lifetime rizk of developing
schizophrenia in contrast to a risk of 1%0 in the general
population.{1) Similarly, in such relatives of patients
suffering from manic depression the risk is 8% compared
1o 0.5% in the general population (2}

In twin studies, a pair of twins iz said to be
concerdant for a condition if both members are affected,
and discordant if only one member of the pair is affected,
A genetic contribution is indicated ir the coneordance rate
in monoEyvgoedic twins (MZ) is significantly greater than
the concardance rate in drgypedic twins {DE), Forexample,
MZ and DZ concordance rates in schizophrenia are ~53%
and 15% respectively, indicating a high genetic
component.(3) Similarly, in manic depression, MZ twins
show dizease concordance of up to three times than DZ
twins, which again indicates high genetic contribution.{2)
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Simple moegogenic psvefiarric disorders

Gienctic models are defined by the observed pattem
of inheritance ofa disorder or a trait within families, There
are three such simple Mendelian meodels for inheritance.
If the inheritance pattern is Autosomal Dominant (AD),
anly one copy of a mutation s required to express the
disense. The risk is equal between sexes, with a morbidity
risk of 0.3 in firsi-degree relatives of a proband and 2
morbidity risk of 0.25 in second-degree relatives. For
example. Huntington's disease is caused by & mutation in
one copy of & gene on chromesome 4.(4) I the inheritance
pattern is Autosomal Recessive ( AR), affected individuals
Tequine two copies of a mutation in the same gene, one
from each parent, lisdividuals with one copy of the mutation
are carriers. In AR inheritance, siblings have a morbidity
risk of 0.25. [n the X-linked Recessive model, a mutation
on the X-chromosome causes disease in males, while
temales ure uswally protected by having two X
chromosomes. An example is Fragile-X syndrome, where
over 73% of males carrying the mutation have severe
mental handicap compared toonly 10-20% of females.(5)
Table 1 gives a list of some monogenic psychiatric
disorders. Although in some cases, multiple mutations is
the saime gene might give rse to the disease phenotype,
with the advent of modem technical advancements, it iz
relatively easier and cost-effective to sereen larger
stretches of DNA encompassing a single gene,

Table 1. List of some Mendelian psyehintric disorders with their
causal penes
I w

Complex psychiatric disorders
Understanding complex disorders

I'he understanding and treatment of complex
neuropsychiatric disorders pose many challenges to
medicine, since the most common elinical diagnoses are
not defined on the hasis of eticlogy but rather on the basis
of clinical classification, behavior and cognition. In most
common psychiatric disorders, it is usoally rare to have a
definite mode of genetic inheritance, because of genetic
heterogeneity, In other words, while ane gene may
contribute nominally to several different disorders, one
disorder may be caused by several different undertying
pgeries as well. For example, variations in the brain-derived
neurctraphic factor, BDNF, gene have been associated
with schizophrenia, bipolar disorder, major depression,
anorexin nervosa and bulimis nervosa [ 15-19)

To expand, & disease may be caused by one major
defective gene with additional modulation by other minor
genetic effects or environmental factors, However, in most
cages 1o major zene effect is observed, and the disease |s
thus truly polygenic, Such traits are determined by a
combination of effects from several genstic loci as well
as many environmental factors with small, independent
and additive effects. Thus, a fundamental question
regarding allelic anatomy of complex disorders revolves
around how big the effect of the mutation is. Uswally,
genetic variations that have very large effects on disease

Garo [ Apirnirad
Pt i I R tend to be rare in the population. Conversely, commin
moagms w0 (w1 Josm [an [ow g, e genetic variations agsociated with 2 Jisease tend 1o CAITY
r T relatively small risks. Over the past decade, ong of the
P Py Py gy (T AU leading theories regarding the allelic architecture of
i anmsd i s e st e e common disorders (affecting more than 1% of the
p—an T[N e | (Ot | ot population) is the “Common Diseass, Common Varant™
isinees (CDCV) hypothesis.(20, 21) The COCV hypothesis
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APV, i il il proposes that disease alleles for common diseases were
B e, el common in our &ncestral population, and disease alleles
P — TR BT [P e —— mepwanum|  1OF rire diseases were rare. Due 1o rapid population
;‘“‘"‘ - . s sseais expansion, common disease alleles massively increased in
ool it el el Bt £ o proportion. Rare disease alleles have also increased in
| e e | s 5 proportion, but not as much as the commarier alleles, since
CelmiLi they were rare in the original popelation. Another key
v T ™ e | et of the COCY hypothesis is that new alleles are
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i o . 5 Tt mwutations is a relatively slow process. Thus, the fraction
o = of new mutation in the popelation is predicted o be small
Fages ® Timad || wg¥ A FuET | Pt wyordigic deondes o | o e 1 L
i i ki |4 . compared o common vamnt_:-, but may represent a
P g oo considerable proportion of the disease burden for initially
P I rare disorders.{20,21)
E——— m— —

Eastern ). Psychintry Vol. 15, Nao, [-2

frer

pris
putl

it s

Lin

rels
liml

pre
by

chr
yiel
the
ofi

L=
|',I|.'!|
ge
an
[
T

sl

f =@ ¥ 2

m 1l



Crenetic Approaches for sfudying complex disorders

The Candidate Gene Approach: 1f there is an a
priori reason o sugeest the involvermnent of a gene in the
pathophysiology of the disorder, it forms the basis of a
candidate pene study, Onee identified as a candidate gene,
it is systematical ly studied woascertain disease liability,

Linkage and Association Approach: Two different but
related methods for investigating the relationship besween
candidate penetic markers and disease are association and
Iimkage. Linkage is said to occur whem two genetic traits
are co-inherited mther than independently inherited as
predicted by Mendel™s second law., IFthe traits are encoded
by genes that exist close together on the same
chromosome, then recombimation betwesn e will ceeur
very rarely during meiosis. Under these circumstances,
the two genetic traits will be passed on to subsequent
offspring simultancously. Linkage analysis reguires the
study of families in which there are multiple affected
individuals and its aim i3 to detect genes of major etfect.
Lsimg modern technodogy, segregation of single nucleotide
polymorphisms (SMPs: present throughout the human
genome) in the DNA within a family can be determined
and compared with their co-segregation with the disease,
If they co-segregate, then the disease gene is located close
o the polymorphic marker.

An alternative method |5 the penetic association
study. This methot] looks for an association between one
allele of a genetic polymorphism and the disease. For an
association study, one requires a large number of unrelated
patients and a large number of wnrelated unaffected
individuals, SNPs very elose to the causil genetic mutation
are unlikely to be separated because there is very linle
chance of recombination occurring between them. Thus
cartnin alleles/SNPs will alzo occur more frequently in
patients than in controls, Genetic association studies do
not require any major assumption and is capable of
detecting even minor susceplibility 1oci, Nowadays, with
the appropriote stafistical methods, genetic wide
association studies (GWASY con be used to screen for
association of variants et the whole genome level.

Copy Number Varlations (CNVs) ln Pesychloiric
divorders

Chromosomal deletions and duplications or
rearrangements (trmslocations, inversions, ete. Y have been
associated with psychiatric disorders, often caused due tw
genome instability. Defetion in chromosome 22 (2241 1~
12}, often sssociated with psychotic and behaviodral
symptoms, is well-known in psychiatry.(22-24) Recently,

penomic hybridization arrays have allowed cyvtogensticists
to go beyond the microscopic level of resolution and to
detect chromosomal alterations at the maolecular evel,
termed as Copy Number Variations (CNVa)L A CNY is a
sggment of DMA greater than 1000 basze-pairs with
varinhle copyv number compared with the reference
genome. CNV regions contained hundreds of genes,
disease loci and functional elements, Some studies indicate
that these variations are 2 1o 3 times more important in
scope than the SNPs that are used in penome-wide
associalion studies(25, 267 Interestingly, o large number
of these submigroscopic CNVs were found Lo be
widespread in the genome of otherwise healihy humans.
Theé main challenge is to determine which of these CHYs
are pathogenie. Usually, IT o CHNV co-seerecntes with the
disease in the sume family, it is very likely that this CNV
is pathogenic. Reports of studies on many psvchiatric
disorders {e.g., autism, attention-deficit hyperactivity
dizorder, schizophrenia) support the possibility fora role
of CMWs in these disorders.(27, 78)

Majer findings from recent penetic studies

Although Tamily-linkage and twin studies have
indicated that generic faciors often play an impodant role
in the development of psychiatric disorders, relinble
identification of specific genetic susceptibility factors to
particular discrders, through linkage or assaciation studies,
has proven difficult, This is possibly due to overlap of
svinploms, ingdequate clinical classification infroducing
biases, complexity of interactions betweéen penes,
environment and early development 293 Recent research
has mereasingly focused on links between genes and
endophénotypes, that is, specific traits like
neurophysiological, biochemical, endocrinological,
neurganatomical, cognitive, or neuropsychological
characteristics, rather than disease categories.( 300 We shall
discuss the inherent vast variability in common peyehisiric
disorders in the light of modern genomic advances,
partioularly autism spectrum disorder {ASD) and
schizophrenta. Some of the other complex psvcliatric
disorders ane represented in Table 2.

Autism Speciram Divorders {(ASD)

Autism is a of development disorder in children
which includes deficiency m social Tunctioning and
language development, repetitive and ritalistic behavior,
tantrums and aggressive behavior(3 1) Autism is the most
prevalent syndrome among a spectrum of disorders
currently grouped under Autism Spectrum Disorders
(ASEH, moluding Reft™s syndrome (0.006% prevalence),
Asperger's syndrome (0L025% ), Pervasive Developmental
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Disorder Not Otherwise Specified (PDD-NOS, 0.15%).
and Childhood Disintegrative Disorder (CDD. 0.001%).032,
131 ASDs hove o world-wide prevalence of approximately
0.1 percent. However, considering the entire spectrum of
disorders, it may be as high as /150, which may be due to
changes in modern diagnostic criteria (32)

ASDY s a commaon, highly heritable neuropsychiatric
condition marked by genetic heterogensity, It is one of the
meost familial of all psyehiatric disorders, with approcimately
90% heritability.(34) The risk 1o siblings of autistic
individuals is at kenist 20 times higher than among the general
population.(35) Owver the past decade, large-scale genc
discovery efforts have clearly shown that autizm is not a
simple/Mendelian disorder(36) Thus it represents an
etiologically heterogeneous disorder in which the various
genetic or environmental risk factors affect common
malecular pathways’ networks in the brain (37-39) Al the
same time, despite very strong evidence for a penetic
contributicni4d, 41, the rate of progress in gene discovery
has been show. However, it is also the case that stud ies of
the genetics of complex disorders, including ASD, have
Juest begun to réach maturity, Over the last five vears, with
the rapid evolution of genomic tools and methodologies, a
tremendous amount of data has been generated and recent
findings are offering the Diest glimpses of the biology
underlying common disease cond itions.

While the COCY hypothesis has been a leading
schonl of thought, there are alternate views of penetic
architecture of common psychiatric diseases. and autism
in particular. The “Rare Variant Common [hiscasc™
(RY CDyapproach supposes that commaon disease like ASD
Ay be caused by mitiple rare variations in the same gene
(allelic heterogeneity} or multiple genes {locus
heteropeneity ), that lead 1o a common phenotype 42, 43)
Such variation could either be transmitted from generation-
to-generation or de novo, With respect to ASD, gene
discovery efforts have also included studv of known rare
imonogenic syidromes that share fearures with ASD, |ike
Fragile X syvmdrome, neurcfibromatosis, and tuberous
sclerosts which show phenotypic overlap with ASD. For
example, mutations im MECPEZ, the Rett Syndrome gene,
have been found among cases of idiopathic autism without
the Rett phenotype.(44) Also, studies aimed at investigating
extreme outlier or rare familias that tranzmit the phenoty pe
in a Mendelian fashion are of special interesi.(45)

Rare micrascopic chromosomal sbnormalities ocour
at & mean rate of up o T.4% in autism versies tess than
% in the general population, the most common of wh ich
are maternal ly inherited duplications at 151 1-13.(46-48)

_— —

De novo deletions or translocations have also been
reported at Xp22.3.(49) A functional mutation a1 this region
waz reported in the gene WLOMN4X, a neuronal adhesion
molecule important for specifying excitatory versus
inhibitory synapses 50, 517 Genes coding for molecules
that mteract with NLGN4X, including SHANEK3 and
NEXMNI have both been strongly implicated m ASD. The
convergence of findings showimng multiple mutations ina
relevant molecular pathway as opposed to just a single
gene 15 important for confirmation of rare variant findings
and autism.(52-55)

Candidate gene association studies have also aimmed
al identifying common alleles contributing to ASD. While
patential flaws are found in many studies of ASD, several
recent candidute gene mveshigations have been discovered,
The genes EN2, MET and CNTMNAPZ have emerged as
relatively strong candidates from these recent single locus
association studies. OfFthese, Contactin Associated Protein
Z{CNTHAFLY, has emerged recently &5 a candidate for
involvement in a range of developmeral disonders wcheding
putizm, lanpuage development, and seizure, based both on
comimon and rare variant findings.| 36-60)

The first large-scale genome-wide association study
{COWAS) showed significant associabion of ASD to an
intergenic region on chromosome 5 — 5pl4.1, mapping
between the nevronal adhesion molecules Cadherin 9 and
Cadherin 1040} In recent years, several studies have
provided additional evidence for the role of rane variation
and particalarly Copy Mumber Variations {CNVs), in
Contactin 4021, 61, 62) In general. contactins bind 1a
contactin-associated proteins o mediate their functions,
at least in the peripheral nervous system. CHTHAPZ was
first and so far most convincingly tied to ASDLI63) Also,
both de novo deletions and duplications at 16p11.2 have
been identified in patients with ASD.{64, 65). Weiss etal.
{2008} found these in 1% of autism case samples
compared o 0 1% in the general population 63 ) Marsholl
et ol (2008}, in addition to finding support for the 16p.11
locus, identified several new candidates, including DPPG
andd DPP10L{66) 1tis of note that this deletion was observed
in other psychiatric disorders including bipolar disorder (1/
420), attention-deficit hyperactivity disorder {1/203),
schizophrenia( 1648), dyabexia{ /748 ) and anxiety, panic,
depression or addiction (17230000 28) Newly identified
genes using this method include CHNTHN4, BZRAFT nt
1722 and MDGAZ 4at 14gq21.3.441, 67) Recently, a
number of reports have been published reporting a spate
of rare de novo and transmitted CNWs in ASDs.{68-70)
Levy etal, (2011 ystdied a large cohort of Tamilies with a
single affected child with at least one unaffected sibling
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(multiplex families were excluded), Apart from rare
deletions and duplications, they report rele of inherited
“wltrarare” duplications. They also report several hundred
target boci cansal to ASDs, which although point to a great
diversity of genctic causes, but also suggests functional
convergence of the pathophysiology of the discase (68)

Morrow et al. (2008) conducted a large-scale
homozyveosity mapping study in consanguineous Middle
Eastern families. They found several large. rare, inherited
homazygous deletions that disrupted either the coding or
potential regulatory regions of brain-expressed transcripts,
including DIAL, NHES, PCDH | Dand CHNTHN3, They also
found rare amino acid changes in MHE9 in nearly 6% of
patients with both autism and epilepsy compared to 0.63%
of controls, The results suggest that changes in ackivily-
repulated gene expression during brain development niay
contribute to ASDL(T 1)

Since there is not a single gene or genetic test that
definitively diagnoses autism, the diagnosis of autisim
remains largely a clinical’syndromie one. However, this
does not preclude the usefulness of penetic testing m aiding
in dingnosis, fnmily planning or prognosis.( T2) There arc
several institutional gueidelines that provide
recommendations regarding genetic testing in autism.

Schizoplranio

Schizophrenia is a psychotic disorder of severaly
inuppropriate emotional responses, with patients sulfering
from delusions and hallucinations. There may be
impairment of cognitive function, disordered thinking and
concentration, as well as erratic behavior, Schizophrenia
is & common disorder with a lifetime prevalence of
approximately 13073

In 1988, Bassett ot al. (1988) reported a Chinese
famiky in which members with a diagnosis of schizophrenia
had a partial trisomy of chromosome 5.(74) This finding
was not replicated in subsequent studies. That genetic
factors play & major role is evident from twin studies that
show heritability for schizophrenia to be = 0%, However,
identification of susceptibility genes has been slow, because
of the lack of diagnostic biomarkers {physiological,
biochemical, ete.) which can be used to define the
parameters of the disorder. The uncertain relationship
between diagnosis and underlving ctiology has created
difficulties for resoarch. For example, while schizophrenia
and bipolar disorder have been historically classified into
non-cverlapping categories with distinet efiologies, this
separation is parhally arifBcial.(29) Despite this, therefave
besn a few notable successes in the identification of genetic
risk factors. For a list of penes that have been associated
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with Schizophrenia as well as some common complex

disorders, see Tahle 2.

Table 2. List of some complex psvehiatric disorders
showing association with multiple genes (data
compiled from Oaline Mendelian Inheritance in Man)

Diserdai Fhenelype| Eymptama Afroivd'Aeynagied Gesen
i
Echimopheenis || S50 Porychote disoder, ECA01D WTHAR, CHELL
SRpOeEmnAaE el NS0, ORCE, BYHE, DRDG,
o,
Enpeney delrTs SCEEL DTHEP, 50 BOITE
A hwlisciaaleors, SO, PR, BTN DA
gl Ol ol Rt HTEIA, BCIGT, DeOm AKTI
incon, decriened SCAT) BT, DOT, RTRAR,
thinkingy and concepimion AFTLE aPTLS
amaic beharay
(Egesshn: Lorr ] SOt s iel! EBLHF CORAT, HTRE2A,
campalshia o SLCEM. HTTHTRA
Ao (000
Bipuer slecsve | 125050 [Episrdes of s phora, SLORAN MTRE BACA I TR
dizander | Major epssades-oimarnin pigeiat) | BOAE DURG 3058 BOR,
Aliiie tisoedni o Irypieremia | bipok 1 COPAT, XRPY TRPRL, WTHDN
Maris Depresshe riferspersad wih pecods TPH2
Feyrhosts o s o
ANl sersida | EETER Ealing ik, hiiadm | COMT BORL MADA VTR,
e ol e gl gesn BT
low body szl
Aufiem Specirem | H0EED Derbbency i sozal LN, SRR REARA B,
Disordars (ASDY fenefioning pedllnguege | WET CHTWRASZ DOWTRCTIN
éndopremal repekias DEP DR CHITR, BT
] TR R e i RIDCAT D&t HHER POOHI
limnsTe, Aggreiiies CHTEG
mehaviow
Absation Deficy- | 1laes Chidhond-orge b asoral | OFDG, BL0GAS HTA1E ATRAZE,
Hyprarmctiiiy ki, P bl DRCH SCHEA SUSPE COeAT
Discrdar (ALEEI) srion on el
hyporactee- Imputda
bibsador R i sl
e Bnoior BcaEieTc
e ol
Bajor depressiv: | S0RE0S Maordeprsineapsaes, | WTHTR CREH 1 PEBRS, TPH
mnrder | WA chinugss i moeke TR HT RS DDA, MOD2,
wekgsL sheep, ond CHENG, TOR A, DR,
papeRCma ke ac ity FLCERA% BT
s sca gy
feplings ol worhies e
o (A, ey inking
oncarinleg, FITRRIng
Socis brs, ecurmesd cughs
of dmalh wlthﬂiwq
e sl kncionmg.

Raole of Epigenetics in pavchiairic disorders

In recent years, there have been a large number of
studies indicating the importance of the effect of the
enviranment on genome regulation through epigenetic
proceszes, resulting in the silencing of key regulatony penes
15 well as re-expression of key penes. The term
Epigenctics, which literally means “in addition to genetics™,
has evolved to mclude any process that alters gene activity
without changing the DNA sequence, and leads to
modifications that can be transmitted to daughter cells.
However, unlike genetic mutations, epigenetic changes
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are potentially reversible and therefore hold the promise
of being treatable or preventable through drugs, diets’
supplements and other environmental influences.

Also, since epigenetic changes may precede pre-
symplomalic stages of many diseases, such changes, iT
detectable, can serve as important biomarkers for early
disease detection and prognosis. Although DNA
methy lation, histone modification and small regulatony KNA
ieg. microRMNA) mediated regulation of gene expression
are three major epigenetic mechanisms identified, most
technolegical advancements have been achieved in the
DA methylation field. Aberrant DNA methy kation (hyper/
hy pomethylation] is an epigenetic change that imvolves the
addirion/removal of methy] groups 1o cyviosine residues in
the comext of o Cpl dinucleotide, This usvally cocurs in
the promoter region of a gene, which containg a high
density of Cpl dinucleotides, termed Cpd islands, The
methyl group addibion imterferss with binding of
transcriptional proteins to the gene promoter (regulatory
region of a gene) resulting in long-term silencing of that
gene. {n the ather hand, promoter hypo-methylation may
result in re-expression of key genes,

In recent years there has been an explosion of data
indicating the impontance of the effect of environment on
the genome regulation through epigenetic processes,
especially in the development of cancers, svstemic lupus
erythematesus, cardiovascular diseasze [atherosclerosis,
homocysteinemial, ps_'r'::hiuh'i-; disorders {schizophrenia,
bipolar disorder, major depressive disorder), chronic
ohstruetive polmonary disease. reproductive dysfunction
und aging {73-81)

The comrelation between psychiatrio disorders and
the states of genomic methylation has been under extensive
investigation fora long time (&1, 82 ) Initially, seversl studies
pointed to abnormal methylation of the promoter of the
reglin pene (RELN pand glutamic acid decarboxylase gene
[GADST yin schizophrenia and bipolar illness (B3-87} The
relin protein is necessary for newronal migration and
synaptogenesis during brain development. Another proup
found three fiold higher methvlation in the serotonin 5-HT1A
gene promoter in schizophrenic or depressed patients than
itcontrols.(B8) Mill ecal, (2008) studied DA methylation
changes in the frontal cortex and germling tissues
associated with schizophrenia and bipolar disorder in
microarrays of gene promoters.| 89) Psychosis-associated
DMNA methylation changes were identified in numerous
enes involved in glutamatergic and GABAergic

to reported changes of steadyv-state mENA levels
pssociated with psychosis (e BOMF LY} Other genes
that have abnormal DNA methylation paticms in schizophrenic
patients include COMT, S0X 10 and svtl 1{9)-92)

MeGowan et al, (2008) studied the RN A pene that
encode ribosomal RMA in the genome of brain tissue of
suicide subjects. and found hypermethylation throughout
the promoter and regulatory regions, consistent with
reduced rRNA expression in the hippocampus(93) Poulier
et al. (2008) demonstrated that DNMT3b gene (DNMTs;
the enzymes which catalyze the addition of the methy | group
on Cpls sites) expression is increased in suicide subjects
compared with control subjects i the benin cortex, linked
with female bias, and consistent with the observation that
Major Depression Disorder (MDY s twice as prevalent
in women 4]

However, epigenetic changes being stable but
reversible, there is a possibiliy (o use suitable drugs that
can amend epigenomic defects by therapy.(95) DNA
methvliransferase inhibitors and histone deaceiylase
inhibitors are being explored forepigenamic therapy, and
two tvpes of DMA methylation inhibitors, azscitidine and
decitabine, have generated much interest in cancer
therapies.( 75, 946)

Conclusion

Modern technical advances have accelerated
progress in peychiatric genetics. Single pene Mendelian
disorders are easy 10 sargen and used in moleculur disgnoses
routinely. For complex disorders, the collection of large
cohorts via intemational collaborations. wgether with aray-
based DNA technologies permitting genome-wide
interrogation of variation, have resulted in major advances.
More progress is expected with data coming oo
massively parallel sequencing (Next gen sequencing) of
partinl and whole genomes. Although such experiments
are pradusily becoming routine, interpretation of results,
particularly in the context of diverse and overlapping
phenotype data {as is presented in psychiatric disarders),
will require major compuiationsl infrastruciure and possibly
new computational methods

As etinlogical rescarch into psychiatric disorders
progresses, there has heen a recent reevaluation of
diagnostic criteria and their usefulness in treatment and
classification. Thas is based an the observation that there
is more eliclogical overlap between psyvihiatric disorders

+ than thought previously. In fact, they might better be

neurotransmission. brain development, and other processes ~ gocoribed ps domains of disorder-relpted traits rather than

functionallby linked to disease eticlogy, and correspo

separate categories. The view thalt many complex
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psvehiatric disorders are notl separate entities but are
intervals in w continuows spectrum, is supported by evidence
coming from epidemiology and genetics. Also, gene-
environment interactions that affect the genetic and
epigenetic status of an individual are being highlighted to
influence pavchological traits. Such mteractions may be
the cause of development of certain personality and
pevchiatrie traits. Recent epidemiological studies have
revealed that the development of some traits common to
psychiatric disorders, such as antisocial behavior or
depression, can result from environmental insults thal may
have oecurred prior o the onset of illness in some children
that carry certam genomis variants that sensitizes them fo
these msults 497

Ag the list of new information on genetic risk factors
in peyvchiatry grows, the most challenging nspect will be fo
understand the manner by which these changes affect
the development and fenction of regions in the brain, It is
probable that stesd of fooking at individual genes, genetic
circurs and pathways that are disrupted by vanations ond
are effected in diseese will be targeted for therapy, With
these rapidly ocourring changes, it is vital for clinicians
and eoamselors to keep abrenst of these new developments,
Mareaver, it is impomant to keep in mind that many of the
formal dipgnostic eriteria and gnalyses were developed
prior to the recent explosion of genetic data, and
consequently tend to underestimate the now-demonstrated
value of these afiproaches. Current literature recommends
that there is increased need for genetic testing with a
decreasing threshold for ohtaining such tests. This is well
Justified as more is learned abowl the genetic causes of
psyvchaatne disorders and as tests becone more accurate
and less expensive.
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