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ABSTRACT

Investigation of schizophrenia related genes and pathways through getaeme
association studies

D°mH¢ seyin Al per
M.Sc., Bioinformatics Program

Advisor. Asgst. Prof. DrYe ki m Aydén Son

January 2013124 pages

Schizophrenia is a complex mental disorder that is commonly characterized as
deterioration of intellectual process and emotional responses and affects 1% of any
given population. SNPs are single nucleotide changes that take place in DNA sequences
and estalish the major percentage of genomic variatidnghis study, our goakas to

identify SNPs as genomic markers that are related with schizophrenia and investigate the
genes and pathways thate identified through the analysis 8NPs Genome wide
assoation studieGWAS) analyse theavhole genome otase and control groupe

identify genetic variationand searcHor related markerslike SNPs. GWASs are the

most common method to investigate genetic causes of a complex disease such as



schizophrenia because regular linkage studies are not suffiGaniof 909,622 SNPs
analysis of the dbGAP Schizophrenia genotyping data identZtetb5 SNPs with a p
value 5x10°. Next combinel pvalue approach to identiffassociated genes and
pathwayp and AHP based prioritization to select biologically relevant SNPs with high
statistical association are used through MESNP software6,000 SNPs had an AHP
score above 0.4, which mapped to 2,500 genes suggested tmssociated with
schzophreniaand elated contions. In addition to peviowsly described neurological
pathwayspathway andchetwork analysis showed enriolent oftwo pathways

Melanogenesis and vascular smooth muscle contraction pathways were found to be
highly associatedvith schizophreniaWe have also shown th#tese pathways can be
organized in one biologicaletwork, which might have a role in the molecular etiology

of schizophreniaOverall analysis results revealed two novel candidate genes SOS1 and
GUCY1B3 that hae a possible relation with schizophrenia.

Keywords:METU-SNR, AHP, GWAS pathway and gene discoveschizophrenia
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PREFACE

In this research we have investigasathizophrenia related genes and pathways through
genome wide association studi@$ie genotyping data from 1,385 subjects as control
and 1,576 cases are downloadesin dbGaP of NCBI. We have used several well
known bioinformatics tools that are publicly available as well as recently published
METU-SNP software, which enables users to filter and reduce the dataset into a
statistically significant and a biologicallyelevant subsetln order to identify novel
genes and/or pathways related with schizophrenia based on the ®AXEB and
Reactome,and GeneMANIA tools were used for pathway and network discovery
respectivelyWe have found that elanogenesis and vascularaath muscle contraction
pathwayswere highly associatedvith schizophreniaWe have also shown th#tese
pathways can be organized in one biologivatiwork, which might have a role in the
molecular etiology of schizophreni@Overall analysis results resfed two novel
candidate genes SOS1 and GUCY1B3 that have a possible relation with schizophrenia.

Our results were discussed in Chapter 3 in details and summarized in Chapter 4.
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CHAPTER |

1 INTRODUCTION

1.1. Single Nucleotide Polymorphisms and GenomeWide Association
Studies

1.1.1. Human Genome

Deoxyribonucleic acid (DNA) is the genetic material of all living orgasiamd many

viruses. DNA comprises four repeating units. These are namely: Adenine (A), Guanine

(G), Thymine (T) and Cytosine (C). First tynucledotidesare called purines and latter

ones are called pyrimidines and sum of purines equals sum of pyrimithn&9853,

James Watson and Francis Crick suggested the most common form of DNA in which
DNA has a double helix structure. In this model, two chains of DNA run antiparallel
meaning one chain runs 56 to 36 dir.ection
The interactions that hold double helix structure together on a sugar phosphate backbone

is provided via hydrogen bonding as a result of pairing of A with T (double bond) and G

with C (triple bond)1].

Genes are the functional units of heredity. They are sequences within genome and are

transferred from parent to progeriyarly systematic approaches to understand genes



suggestedhat one geneodesfor one protein and amutation thatis carried out on a
genecauseshe disruption obiological processedHowever, later studies showed that a
geneis not necessarily codéor a single protein, instead it may code fqeracursors of

a protein or asubunit of a ppt ei n. Thus, the fione gene:

modifiedinto one gene: one polypeptide chij.

Genome is the whole set of genetic information of an organism and encoded in DNA or
in RNA for many types of virus such as HIV. The genome consists of genes, which are
functional units that are packed in chromosomeshBpecies has a unique genoamsl
genomes of individual members of the same speciedldfso from each otheat some
extent Although genomes differ in size, there is no correlation between the complexity

of organism and. itsd genome size

In 1990the Human Genome Projetias been startdoly Aristides Patrinos, head of the
Office of Biological and Environmental Research in the U.S. Department of Energy's
Office of Science. Francis Collins directed the US National Institutes of Health (NIH)
National Human Genome Research Institute effoftke aim was to identify all the
genes in human DNA; detect the sequence of human DNA; build a database and store
the information; develop and improve tools for analysis; transfer the technoldgg to
private sectorln June 200@hefirst draft of the human genome project was readyer

the completeworking draft and its analysiare published in February 2001. Although
HGP was originally planned to be successfullfinalized by the end of 2005,
international efforts and developing technoladipwed itto be completed ahead thfe
schedule by April 20084].

Human genome is a complex structure with ~3.2 billion of bases (haploidnhuma
genome). It relies on histones to preserve its compact feature and it only occupies a
microscopic space insidbe nucleus with its two meter length form of chromating5].

The human genome project revealdtht human genome contains roughly, (2D



proteincoding gene$6]. Today there are3910 unique sequences identified as human
gene structures in the GRch37 yg8ease of the human genonéhen it iscomparedo
rest of the genomewhich comprisesnoncoding RNA molecules, regulatory DNA
sequences, introns another norannotated, thecoding region of the genome is
accountablenly for 2% of the whole haploid g@me[7].

Although humans haveéhe same genetic material in terms of biochemistry, two
individual genetically varies from each other and rest of the populatien legst0.1%
[5]. Variations among huans rangs from modifications in karyotype to single
nucleotide change$8]. Even monozygotic twins are genetically different due to
mutations during development and gene copy number vaisd8pnThere are totabf
five major types of human genetic variations (Figlif&0]).

Wy ey - - ~ - — ~ ~ -
Singl leotid jant ATTGGCCTTAACCECCGATTATCAGGAT
Single nucleotide varian PREn A o 7 Rt e A R
5 A GGCC A (z((-»hz ATCAGGAT
. 2 ATTGGCCTTAACCCGATCCGATTATCAGGAT
Insertion-deletion variant s G R S
AT TGCCCTIT TAACC U BaaC CCAT TATCAGGA]
‘l;‘
e - YR VAR YR -
2 . ATTGGCCT LAAIS_CCCQ\:AT-AL AGGAT I
Block substitution iEREPgatane 0 esudeiogd =
ATTGGCCTTRAACAGTGGATTATCAGGAT o
™
—
Inversion variant ATTGGCCTTAACCCCCEGATTATCAGGAT ot
Wwersion v ]t R =
ATTGGCCTTCCGGCOTTATTATCAGGAT

Stru

AT T A GGG LAA CCCCCGATTATCAGGAT

Copy number variant ‘
P AT T IACCTCCGATTATCAGGAT

Figurel. Classes of human genetic variatgdopted fronj10])

The single nucleotide variantshow alteration ownly onenucleotide(A, T, G or C)of
the genomic sequenc8econdclass of variations is insertiegeletion variants in which
more than one base pair is missing in some sequences wheresisbseeuences
present in otherdn some cases number of missing bases can rga¢h 80000 and

more [10], [11]. The thrd class is observed whenstring of neighboring bases varies

w



between genomeshich arecalled block substitutias In inversion variant cases it is
shownthat the order of a DNA sequence is reverséthe last class is called copy
number variants as the number of repeated subsequdiffses between individuals
[10].

Genetic variation ocas both within and among populations. For instance a given gene
can be found in different varieties in a population and such genes are called polymorphic
genes In other words, that gene has multiple alleles in a given population. As well as
there are gersewith multiple alleles in a population, there are also many fixed genes
meaning that those genes have only single gdlilp

1.1.2. Single NucleotidePolymorphisms

SNPs aresingle nucleotide changes that take place in DNA sequences. As mentioned
earlier SNPsinstitute 90% of the genomiovariations. Such variations cause
modi fications in traits of an individual
disease to physical faaes of the individual13]. For instance, occurrence of a single
nucleotide change in the Apolipoprotein E (APOE) gene on chromosome 19 corresponds
to an incrased risk for Alzheimer's diseafb4]. As it has been shown a SNP may
influence risk of a common disease if it is occurred in a regulatory region of a gene. Yet,
most SNPs are observed in pording regions of genonj&5]. Depending on
location, it might have several uses comsidg medical and research applications.
Coding SNPs that are responsible for a monogenic disorder can be usascdartion

and diagnosisof the target disease and can uidized for gene therapy approaches
Furthermore, an SNP that is responsible fiberation of the primary structure of a
protein involved in drug metabolism is a perfect candidate for pharmacogenomic studies
[16]. However, targeting just one SNEMot sufficient formost disease$-or instance, it

has been shown that in osteoporosis focusing on a group of SNPs reveals the relation



between their role and emergence of such congliasd17].

After the human genome project had completed in 2003 it was estimated that there were
10 million SN in human genome which was corresponding to one SNP per 300 bases
on averagg18]. However, as of 26 June 201, dbSNP build 137 [19] there are
53,558,214 huma8NPs submitted tthe databaseind 38,097,002 of them are validated

to date[20]. The biallelic SNPs which only havewo variants contributes their rapid
increase since they can be genotyped relatively easy via automatedhrbigghput
genotyping methodf21]. The highnumbers of SNP&entified alsoemphasizetheir
importance. Moreover, they are perfect candidategeasmicmarkers due to thelow
recurrent mutation ratparallel to theevolutionaryproperties of human genonj21l].

Today, there is a bigffort going on to identify disease associatdP profiles and
genome wide studiegre enabing researchers not only to detect genetic variation more
thoroughly and with different perspedai but also it helpslinical applications such as
disease deteion, preventative and curative medicine gain momenand develop
further[22].

1.1.3. GenomaMde Assaiation Sudies

Genome wideassociationstudies (GWAS) or whole genome association seml
compareghe differencebetweencase and control groupsith a high coverage that is
representative of the whole genome in oreidentify genetic variations by aeching

for related markers, namely SNPs. Furthermore, in a given GWAS fittdengenetic
variatiors is not the sole purpose. Main goal is to assoclaeariationprofiles with a
diseaseor a phenotypg23]. After a successful attempt to associate a genetic variation
with a disease, further studies comprise development of new and better methods to fight,

prevent or cure thpathological conditionf24].



Genetic linkage studies were popular prior to introduction of GWAS and they had high
success rates in identification of single gene disor{@s$ [26]. Through genetic
linkage studies Huntington's disease and Alzheimer's disease were shown to be inherited
and the genes in interest were successfully iso[&(&¢ [28]. Yet, for complex diseases
including €hizophrenia, bipolar disorder, diabetes, etc. conducting linkage salidies

not reveal any specific genetic factors for detection. Risch examined whether the genetic
study of complex disorders reached its limits in 1996. He suggested that future of the
genetics of complex diseases should be studied through association analysis since results
from linkage studies between complex diseases and various loci were not replicable, and
supported his hypothesis for association analysis through statistical calts[2€]. In

this context, the human genome project also contributed to progress of GWAS through
biobanksfoundedafterwards and the International HapMap Proj&8ji.

GWAS utilizes high throughput techniques and SNPs as markers distributed throughout
genome to correlate allele épeencies with trait variation in samples collected from a
population. In GWAS it is hypothesized that a causal variant is located on a haplotype.
Accordingly, an association should be observed between a marker allele in linkage
disequilibrium (LD) betweenthe causal variardnd thetrait of interest. GWAS involve

only genomic markers throughouthe analysisand they are considered as unbiased
because previous knowledge of the trait etiology is not used as opposed tic gene
studieq30].

In 2005, Kleinet al. had carried out first successful GWAS on age related macular
degeneration (AMD). They analyzed roughly 116204 SNPs in 96 cases and 50 controls.
They found ait that complement factor H gene (CFH) on chromosome 1 is strongly
associated with AMD (nomind?-value<107) [31]. Afterwards, GWA studies continued

to successfully associate trawgth diseases such as IL23R gene on chromosome 1p31
wit h Cr oh 3]s lymphotexaialgh@ gene (LTA) located on chromosome
6p21 with myocardial infarctioi33], TNFSF15 (the gene encoding tumor necrosis



factor superfamily, member 15) on chromosome 9932 and inflammatory bowel disease
[34], and IDEKIF11-HHEX, EXT2-ALX4 and type 2 diabetef35]. Yet, the most
comprehensive study was achieved by Wellcome TrustCase Control Consortium in 2007.
They concluded GWAS results for seven common diseases, including bipolar disorder
(BD), coronary artey disease (CAD), Crohn's disease (CD), hypertension (HT),
rheumatoid arthritis (RA), type | diabetes (T1D), and type Il diabetes (T2D). They
examined ~2,000 individuals for each of aforementioned diseases and a shared set of
~3,000 controls with 500,568\®s. Their findings included 24 independent association
signals: 1 in BD, 1 in CAD, 9 in CD, 3in RA, 7 in T1D and 3 in T2D with a relgtive

high confidence of at p < 80" [36].

One of the main goals of the human genome project was emergence of hiotlzeres
biological information is storeth data warehouseg\lthough it is not directly related
with HGP, enormous amount of data resulting from GWA studit® lead to
foundation of GWAS databaseSurrently there areés major databases: GWAS Central
formerly known as HGVbaseG2B7], GWASdb[38], NHGRI GWAS Catalod39],
Genetic Association Databa$#0] and PharmGKH41]. All of these databases allow
access to SNP information and its associated phenoty@#l. alsoharbors a genotype
I phenotype interaction databasehere the many GWAS experimental data with
additional clinical information on case and tmfs is stored and sharedttvusersin a

controlled mannej42].



1.2. Schizophrenia

1.2.1. Epidemiology

Almost 100 years hee passed since Kraepelin and Bleuknggestedthe modern
concept of schizophrenia into literatyd8]. The detailed studies that were carriater

on around 1980s concludedrrespondingha s Kr aepel i n aMH[4FB] eul er
Schizophrenia is defineds a complex psychiatric disorder causeddgenetic and
environmental factors as well as their interactidds]. Generally, schizophrenia
emerges in early aduife, emergingof schizophreniaymptoms usuallgoincidesto 20

to 35years of agg47]. Regardless o& gendey chance ofan i n d ipresectinga | 0 s
schizophrenicspectrumis approximately %1[46]. Yet, incidence rate varies across
cultures For instance people that reside or were born in an urban setting areaunder
greater risk for developing schizophreda]. Furthermorejmmigrants are considered

as ahigh risk group, especially if they have different skin color tmasidents[49].
Additionally, Bresnaharet al. showed that African Americans are more prone to
develop schizophrenia than European Americans by three {i5@8s Mortality is
another issue for schizophrenia pat¥enSuicides(5.6% of schizophrenia patients
commits suicide[51]) and premature deatl52] are the main reason for increased

mortality.

1.2.2. Symptoms and Subtypes of Schizophrenia

Symptoms of schizophrenia are categorized into three as: positive (delusions,
hallucinations), negative (reduced emotions, speech, interest) and disorganized
symptomgdisrupted syntax and behavior), as weltagnitivesymptoms in many cases

[46].



There are fourclassicals ubt ypes of schizophreni a; Kahl
hebephrenia, Kraepelinés dementi a par ano |
schizophreniaoday is considered as a merger of these disorfig8s Kraepelin[54]

states that these four disorders should be comUdieeduse iis impossible to differ

them strictly. Although distinctiveness was apparent at initial stages any disorder may
transform into another one as Bleuleble x pl ai ned t hi s transform
begins as a hebephrenic may be a paranoid

Paranoid ehizophrenic patients suffer from delusions and hallucinations. These
delusions and hallucinations may be continuous or may last for long periods of time.
Gradually, individual becomes isolated and withdrawn due to affecting delusions and
hallucinations. ially, hospitalized patient reachasmore or less stable end stake.
spite of the fact that current delusions are no longer as stroeaylgdelusions, ahis
stage patient is indifferent, apathetic and sustains life without any ambition fg3joal

Second subtype of schizophrenia is composed ofgtebaic schizophrenia patients.
Thought disorder stands out for this group as well as the symptoms affective flattening
and incongruity.Although first symptoms are negligible such as absentmindedness,
dreaminess or forgetfulnesscute symptoms are obsedvduring the course of this type

of schizophrenia like staring into space and talking to oneself. Eventually, patients start

dealing with delusions. Hallucinations, on the other hand, are almost §3knt

Catatonic schizophrenia is the thigtoup of classical subtypes. Multiple motor,
volitional and behvioral disorders are observed in this subtype. Severe symptoms as
florid delusions, hallucinations and formal thought disorder follow of quietness,
withdrawal, absentmindednesstic. Catatonic schizophrenia differs from other subtypes

via its catatonic rtarre that is originated from stupor or excitemgsd].

The final group of classical subtypes of schizophréntae simple schizophrenia. This



form is apart from Kraepelinbs original
patients do not develop florid symptoms. Ngpecific prodrome is observedatgent
becomes unsuccessful, cold, unsympathetic and aliendtedinal stage of the disorder
differs from patient to patieris3].

1.2.3. Risk Factors

Although symptoms, progress and subcategories of schizophrenia are well documented,
exact cause of the disorder still remains unknown. As mentioned before $chiziepgs

a complex psychiatric disorder and environmental and genetic factors play a role in
development of schizophrer#6].

1.2.3.1EnvironmentaRiskFactors

There are numerous researches that show the effect of environment. For instance, a
review that was conducted on three different groups with nataploations showed a
concordance with schizophreni@he groups were selected according to the time that
complications had occurred (during pregnancy, at the time of delivery and abnormal
fetal growth and development). And it wasportedthat the magnituel of risk of
developing schizophrenia was doubled in individuals that survive natal complications

compared to individuals without such complicatd®6]. The second trimester of

pregnancy isalso prominenf or f et usds neurodevel opment .

occur during this periodoubksthe risk of offspring for developing schizophrefbd].
Environmental factors are not limited to complications that are occultgthg
pregnancy and at the time of delivery. Also, environmental factors that individuals face
after birth have an impact for an individual to develop schizophfd8iga If an urban

environment is considered, a high correlation can be easily observed between urban

10
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inhabitance and birthYet, inordinate representation of schizophrenia is seghase
habtats[58]. Since there is an apparent correlation of birth and urban inhabitause,

of increased numberof schizophrenia incidents remain unknovBoydell & Murray

tried to find cause, and examine whether the reason of correlationdd&oweprenatal

or peinatal factors, or whether urbanicity causes psychological stress and social
isolation that may risk at a later point in developmgtg]. A recent study with a
population size of 30000 adolescentsuggests that if an individual is genetically prone

to schizophreniastress of citylife may lead to development of schizophref&]. It is

not only urbanstress that elevates the risk of developing schizophrbuiaalso use of
cannabis during adolescence increase thebgigkvo to three time$60]. Moreover, it is

not just cannabis use but also alcohol abuse and drug abuse were reported for up to 60%
of chronic schizophrenic patien®1% of patient8 f o u nabusng acohbland 14%

of patient® found to beabusng drugs (twice the rates in general populatigmjor to

first admission. Althoughalcohol abusehad generally emerge following the first
symptom of schizophrenia, the numbers vary among drug abusers. 27aB%d st
abusing drugs prior to first symptom, 37.9% started drugs after the emergence of first
symptom and34.6% showed simultaneous emergence of drug abuse and first symptom
[61]. There are also other studies @mmorbidity of substance abuse and schizophrenia
[62], [63].

1.2.3.2GeneticRiskFactors

Schizophrenia shows high heritiitly rates [64]. Thesefigures rely on the studies that
were conductednd being conductefdr over eighty yearf43], and a lage collection of

data that is acquired from family, twins and adoptee studlles.results of these studies
confirm the importance of genetics and its association with schizophrenia and

schizophrenia spectrum disord§ss]. According to twinstudiesthere is a concordance
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of 50% between monozygotic twins and 17% between dizygotic {@6]s One of the
most important studies that show potent effect of genes belongs ti@s@an.
Gottesman showed that having a seedadree relative with schizophrenia increases the
risk of individual to 34% from 1% baseline; having first degree schizophrenic relative
increases the risk up to 13%igure?2) [67].

0 5 10 15 20 25 30 35 40 45 B0

MZ twins

Offspring of dual
matings

DZ twins

Siblings with cna
affected parent

Children

Siblings

Parants

Half siblings

Grand children

Nephews/Miscas

Uncles/Aunts
First cousins

Baselina

Figure2. Risk rates of developing schizophre(aaopted froni67])

Since perfect concordanceaibsent between monozygotic twins it would be accurate to
state that schizophreniagenetically mediated. Furthermore, some of the recent studies
had alscconcluded overallisk for developing schizophrenia is more likely as a result of

interaction between environment and gend6&j.
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1.2.4. Linkage Studies of Schizophrenia

As common genetic studies were turned out that they arefficient and reliable for
the discovery of relevant genes and pathways of the disorder, scientists focus on genome
wide association studies for schizophrenia and other complex diseases.

In a review prepared by Riley and Kendler in 2@B8y listed eightihkage regions:
22912 g13, 8p22p21, 6p24p22, 13gq14932, and 6q21q22. Yet, they mentioned the
interpretation of results is controversial, sispecificationof replication for linkage to a
complex trait remains uncleaklthough the interpretation of selts stands controversial,
they reported results of the studigsh promising candidate gengd5]. COMT [69i 71],
PRODHZ2[72] and ZDHHC8[73] were listed for chromosome 22q; NRGMi 77] and
PPP3C(78], [79] for 8p22p21; DTNBP1[80i 89] for 6p24p22; G72 and DAAQ9OI
96] for 139q14932; TRAR4 [97] for 6g2Etq22; DISC1[98i 101] for 1942; RGS4102Z
104] for 1g2%tq22 as candidate genel addition follow up studies showed that
DTNBPL1 interacts with AKT1 gene and further focus on this particular gene revealed
associabn with schizophrenifl05i 107], although there were someudies that showed

no associatiofl08].

Another review that was done by Tiwasi d. in 2010 reports 11 additional genes

associated with schizophrenieD9] summarizedn table 1
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Tablel. Schizophrenia related gensscording to linkage studies

Gene Locus Function Reference
DRD2 11923 Dopamine signaling [110], [111]
ERBB4 2033.3934 Receptor tyrosine kinase NRG [74], [112 114]
GARBB2 5q34 GABA signaling [110], [115]
GRIN2B 12p12 Glutamate signaig [110], [116]
HTR2A 1391421 Serotonin signaling [110], [117], [118]
IL1B 2q14 Immune [110], [119], [120]
NOTCH4 6p21.3 Neurodevadpment [12171123]
NRXN1 2p16.3 Synapses [124]
PDE4B 1p31 Synapses [125 128]
PRODH 22q11 Glutamate synthesis [110], [129], [130]
RELN 7922 Synapses [1317 133]

1.2.5. Genomeénide Associationof Schizophrenia

Linkage studies were the major tool befohe GWAS was available However, there

was a serious debate on these studies that most of the chromosomes show linkage
signals on thousand of genes. Moreover, accurately identifying a significant region by
means ofa linkage study is questionable due to heterogeneity and swffdict sizes

which are expected for schizophreaissociated polymorphismis09].

Linkage studies in large scales has an advantage over GWA studies by means of
identifying regions with both multiple rare and common variants in susceptibility genes
[134i 136] asfocusing onthe affected members of a familyitin a population reduces
heterogeneityln linkage studiesan affected chromosomal region is associated with a
phenotype which results in thousands and millions of base pairs, thus tease genes.

That 6s why | inkage st udeasausiondawevetm@a@GWA der ed
study if the allele actually playing a role in emergence of the phenotype in interest or
related with a causal allele, it is going to be reported sinceill have a higher

frequency. Moreovervhenthere is no genealleleor region preceding the study GWAS
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Is the perfect tool to identify totally novel susceptibility factd37], [138]

One of the first GWA studies was carried out in 2006 showed suggestive evidence of
linkage at 8p23-$21.2 and 11p13:-@14.1.Suarezet al.used a combined schizophrenia
sample of 409 pedigrees (of 263 is European ancestry and of 146 is African American
arcestry). Families in the sample wereot alsorequired to have a proband with
schizophrenigbut alsoa single or more siblings of the proband with schizophrenia or
schizophrenic disordeAs a result of nonparametric multipoint linkage analysis of all

families association opreviously mentionedhromosome regions were foufi89].

There is another GWA study from 2006 reporting a candidate gae&in A2
(PLXNAZ2) on chromosome 1g32. There w&20 patients of European descent and 325
controlsin the study The studyutilized over 25000 SNPsand found62 markersYet,

the most consistent one was determineds@$2016 The finding was successfully
replicated in an independent sample of European Americans, in smaller subset of Latin

and Asian Americangl40].

Lenczet al. reported identification of a novédcusassociatedvith schizophreniaThe

locus is located neamlony stimulating factor, receptor 2 alpf@SF2RA) gene in the
pseudoautosomal regigh41]. Furthersequencing studigargeted the exonic sequences
and upstream region of CSFR2A and its immediate neighbor, the interleukin 3 receptor
alpha (IL3RA)revealed another associationarfe more polymorphism, rs6603272, in
intron 5 of the IL3RA gen@ independnt samples of Han Chinese patigi#2], [143]

According to GWA studies, certain copy number variations (CNVs) are shown to be
related with high risk of schizophrenia and other psychiatisorderg144i 146]. In a
GWAS of CNVs that was conductéd two phasedy Stefansson, Het al in 2008 In
phase | heyfound outnominal association betweéhree deletions at 1g21.1, 15911.2

and 15g13.3&ndschizophreniaThey identified 66de novoCNVs after the analysis of
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9,878 transmissions from parents to offspring. Their sample was population based
consisted of 1,43 schizophrenia cases and 33,250 controls. Their other sample for phase
Il covered 3,285 cases and 7,951 controls. As the results of the combined sample
showed all three deletions significantly associate with schizophrenia and related
psychoses[144]. In addition to previoug mentioned study, The International
Schizophrenia Consortiushowed another association for large deletion22yil1but

not on 15913.3 or 1g21.1 in 2008 They included a sample consisted of 6,572
individuals whom3,391 were patientsThey used a total of 890 CNVshieh occus

only once in either a case or a contrdhere were two independent signals pointing
thioredoxin reductase 2 (TXNRD2a gene that partially overlaps with cateefsl
methyltransferase (COMT) and the location within the genes phosphatidylindsito
kinase type 3 alpha (P14KA) and serpin peptidase, clade D (heparin cofactor) member 1
(SERPIND1)[146]. In addition The International Schizophrenia Consortiweported
ZNF804A,MYO18B and NOTCH4 as candidate gene<2009[147], which replicated
the result of  aluhdtywasadporti©gogbrmmeowida association of
ZNF804A and schizophrenia in 20Q848]. One year later, in 2009, a susceptibility
gene fibroblast growth factor receptor 2 (FGFR2) on chromosome if&f25was

i denti fi ed ebalas@debuli of @ metmmalyes of 5,142 cases and 6,561
controls[149].

Another seech for sequence variants was carried out by Stefanssoet, &l.in 2009.

Their sample composed of 2,663 schizophrenia cases and 13,498 controls from eight
European locations (England, Finland (Helsinki), Finland (Kuusamo), Germany (Bonn),
Germany (Munib), Iceland, Italy and Scotland). There were 314,868 SNPs that were
covered by the studw significant association was exhigd for the following regions:

the major histocompatibility complex (MHC) region on chromosome 6p22.8
HIST1H2BJ, PRSS16 (2arkers), PGBD1 and NOTCH4; marker located upstream of

the neurogranin gene (NRGN) on 11g24.2 and a marker in intron four of transcription
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factor 4 (TCF4) on 18g21.5tefansson, Het al. emphasized that the association of
MHC region was consistent witiin immune component to schizophrenia risk and the
association of NRGN and TCF4 wasplication of disruption of pathways involved in
brain development, memory and cognitifi?1]. Moreover, dditional findings were
published in 2009 by Shi, 8t al. pointing a region on chromosome 6p22Lhe region

of interest region includes a histone gene clusidiST1H2BJ, HIST1H2AG,
HIST1H2BK, HIST1H4l and HIST1I1H2AHand several immunityelated genesThe
dataset in the study was a collection of 8,008 cases and 19,077 cokérdhiet al.
emphasized these studies (GWAS of CNVs) identified a region or regions of
associatioa of common SNPs with schizophrenityrther studies were required to
identify the sequence variatip46].

PLAA, ACSM1, ANK3 were found to be associated with schizophrenia as a result of
GWAS by Athanasiwet al.in 2010. The study was performed in a Norwegian discovery
sample ©201 cases and 305 controvith a focused replication analysis in a European

samplecomprising2663 cases and 13,780 control subj¢ti].

The Schizophrenia Psychiatr@enone-Wide Association Study (GWAS) Consortium
identified five new schizophrenia loci in a tvgtage study in 201 he analysis covers
51,695 individuals MIR137, CACNA1C, ANK3 and ITIH3ITIH4 region were the
reported findings found to be associatedhweithizophreni@l51].

1.2.6. Other Molecular Studiesf Schizophrenia

Besides GWAS of CNVs there are alpathway analysis oGWAS data for the
identification ofgenetic causes of schizophrefi&2i 154]. Jia, Pet al. were carried out
such a study i n 2010 t o ofl genesant medipeng e s 6

schizophrenia. As their results suggested glutamate metabolism pathwayhelaGF
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signaling pathway, and TNFR1 pathwalich are respectively related to metabolism of
glutamate, the process of apoptosis, inflammation, and immune system wetd¢ddae
associated with schizophreniaGene Set Enrichment Analysis (GSEA) and
hypergeometric tesver e i ncorporated along with Fish
combined effect of genes. Their study utilized GAIN GWAS dataset for schizophrenia
of unrelded European ancestry samples (1158 schizophrenia cases and 1378 controls)
Yet , anot her st et clyin 2000 fond Eve pdthways/hick were
disparate from the results of J al. O6 D u s het a. integrated SNP to ratio test
(SRT) on tle ISC GWAS and used GAIN GWAS dataset as validation datékety

found glycan structures biosynthesis 1, cell cycle, SNARE, cell adhesion molecules
(CAMSs), and tight junction pathways associated with schizophi{@®®]. Thereupon,

Jiaet al. prepared a report in 20Miscussing benefits and limitations of pathway based
analysis applied to GWAS datasetser a comparative study of theif$52] and

O 06 Du s het @a.sihey concluded that there are several factors affecting results of
GWAS data analysis throtgpathway based methods such as such as pathway
annotations, pathway size, gene length, SNP density in genes, definition of gene
boundaries, and assignment op&alueto a gene which has multiple SNPS3]. In

this study, we also aimed to identify novel pathways and netvoasesd on combined p

value analysis of associated SNPs for genes and pathways.

Another groupthat was using improved gene set enrichment analy§SEA), on 3
independent GWASSs of schizophre(@AIN European Ancestry and African American
Ancestry, and Dke Study European Ancestr{) identify pathways associated with
schizophrenia and reported an association between the pathway substrate specific
channel activity and schizophrenigheir merged dataset included 3,446 cases and 3,209

controls and over hndreds thousands of genotyped SPs!].

In a recent study that is unrelated to GWAS, Brzustowicz and Bassett presented
miRNA-mediated risk for schizophrenia in 22g11.2 deletion syndrome (22911.2DS)
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[156]. This deletion syndromeonfers a 25to 30fold increased risk for schizophrenia
over the general population[157]. Although association between 22g11DS and
schizophrenia were shown many years Hds8], Brzustowicz and Bassepiresented a
theory which mechanistically explains the link between 22g11.2DS, miRNAs, and
schizophrenia riskL56].

1.2.7. Online Mendelian Inheritance In Mg§@®MIM)

OMIM is a public database that cagdohuman genes and genetic disordditse
information OMIM contain idull-text, referenced overviewsith all knownMendelian
disorders and over 12,000 gerssl updates dailyOMIM focuses on the relationship
between phenotype and genotyt&9]. Table 2 presentSOMIM retrieved information

that shows location of the associated gene, gene/locus name and MIM number linked to

that genaas ofJanuary2013

Table2. Schizophreniaelated genesom OMIM

Location Gene/ Locus | MIM number Location Gene/ Locus | MIM number
1p36.2 SCzZD12 608543 11pl4.1 GPR48 606666
1p36.22 MTHFR 607093 11914921 SCzDb2 603342
1g32.1 CHI3L1 601525 12g24.11 DAO 124050
1g42.2 DISC1 605210 13q14.2 HTR2A 182135
1g42.2 DISC2 606271 13932 SCzDb7 603176
3p25.2 SYN2 600755 13g33.2 DAOA 607408
3013.31 DRD3 126451 14g32.33 AKT1 164730
5023935 SCzDh1 181510 18p SCzZD8 603206
6p23 SCzZD3 600511 22q11.21 COMT 116790
6p22.3 DTNBP1 607145 22q11.21 RTN4R 605566
6013q26 SCzZD5 603175 22q12.3 APOL4 607254
8p21 SCZD6 603013 22q12.3 APOL2 607252
10g22.3 SCzZD11 608078
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1.2.8. Molecular Summary of Schizophrenia

Table 3 summarizes thecurrent molecular findings on schizophrenidhe regions
marked with * were found to be associated with schizophreniadfgr&son, Het al in

2008 However, The International Schizophrenia Consortiugould not find
corresponding association in 2008.

Table3. Summaryof currentknowledge on molecular etiologf schizophrenia

Source Gene / Term

COMT, PRODH2ZDHHCS8, NRG1, PPP3CC, DTNBP1, G72, DAAO, TRAR4, DISC]
RGS4, AKT1, DRD2, ERBB4, GARBB2, GRIN2B, HTR2A, IL1B, NOTCH4, NRXN1,
PDE4B, PRODH, RELN

Linkage
Studies

PLXNA2, CSF2RA, IL3RA, TXNRD2, COMT, PI4KA, SERPIND1, ZNF804A,
MYO18B, NOTCH4, FGFR2, HIST1H2BJ, PRSSHE&BD1, NOTCH4, NRGN, TCF4,
GWAS HIST1H2BJ, HISTLIH2AG, HIST1H2BK, HIST1H4I, HISTIH2AH, PLAA, ACSML,
ANK3, MIR137, CACNALC, ANK3, ITIH3ITIH4region, 8p23.321.2, 11p13-414.1,
1g21.1, 15q11.2%, 15q13.3* 22q11, 6p223&1

glutamate metabolism pathway

TGFbeta signaling pathway

TNFR1 pathway

glycan structures biosynthesis 1

cell cycle

SNARE

cell adhesion molecules (CAMs)

tight junction pathways

substrate specific channel activity pathway
22011.2 deletion syndrome

Other

=4 =4 -8 -0_-8_-0_9_9_9_-49

SCzD12, MTHFR, CHI3L1, DISCIDISC2, SYN2, DRD3, SCZD1, SCZD3, DTNBP1,
OMIM SCZD5, SCZD6, SCZD11, GPR48, SCZD2, DAO, HTR2A, SCZD7, DAOA, AKT1,
SCZD8, COMT, RTN4R, APOL4, APOL2

Common
Genes

NOTCH4, HTR2A, COMT, HIST1H2BJ, ANK3
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CHAPTER I

2 MATERIALS AND METHODS

2.1. Data

2.1.1. dbGAP(database of Genotypes and Pheno}ype

The dbGaP public repository for individdalel phenotype, exposure, genotype and
sequence data and the associations between lihsnbeen instituted by thdational

Center for Biotechnology InformatiofNCBI). Eachstudies and subsets ioformation

from those studies in the databdseave it sd® wunique ublislkeedt i fi e
studies to discuss or cite the primary data in a specific Wagte are two access types

for usage of dbGaPPublic access llaws researchergo study documents linked to

summary data on specific phenotype variables, statistical overviews of the genetic
information, position of published associations on the genome, and authorizedisiccess

required to obtaimdividualtleveldaa [42].
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2.1.2. Cases and Controls

Cases were selected according to criteria for schizophrenia (SCZ) or schizoaffective
disorder (SA) per the Diagnostic and Statistical Manual of Mental Disorders version IV
[160]. More information on inclusion criteria can be found onlinfLét]. Individuals in

control group were selected unless they endorsed a history of these disdhaers.
control subjects have been recruited by Knowledge Netwarlssirvey and marketing
research companyn U.S. Each control filled out a questionnaire comprisifg
screening questions (45 for disease related traits and 24 for personalily Triaés
guestionnaire and details can be accessed ffb62]. In total there were 3,029
individuals in the dataset comprising 1,385 subjects as control and 1,576 subjects as case
[163].

NonGAIN GWAS dataset includes 908,477 SNPs and two different sets of data apart
from controls and cases. These are General Research Use (GRU) comprising 2,677
subjects(1,385 controls and 1,292 cases) and Schizophrenia and Related Conditions
(SARC) comprising 352 cases. The dataset divided into two groups because of the type
of data access consent that participants gave. The people in GRU group agreed their data
to be &cessible for general research use purposes and the SARC group agreed their data
to be accessible in research which are solely related to schizophrenia and related
conditions. The SARC group was excluded from this study, only data from GRU group

was useddr analysis.

The Affymetrix GenomeWide Human SNP Array 6,@r Affy 6.0 as commonly known,
covers 1.8 million genetic markers as more th@f6,600 single nucleotide
polymorphisms (SNPs) and more than 946,000 probes for copy humber vai@itigh

The plaform also offers analysis tools that can truly link copy number and association

high-resolution reference map and a copy number polymorphism (CNP) calling
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algorithm developed by the Broad Instit(1&4].

In this study we handled a dataset, which is a part of Molecular Genetics of
Schizophrenia (MGS) GWA study, downloaded from db@G#R with study accession
number of phs000167.v1.pl. The MGS study ipooates 3,972 cases (2,686 European
ancestry (EA) and 1,286 African American (AA)) and 3,629 controls (2,656 EA and 973
AA) (analyzed sample remaining after quality control exclusions). Half of the EA
sample and almost the entire AA sample were genotypeér the preservation of the
Genetic Association Information Network (GAIN) with the Affymetrix 6.0 platform.
Remaining samples were also genotyped with the same platform and referred as
nonGAIN sample.

2.2. Analysis

2.2.1. Pre-processing of Schizophrenizata

After the dataset was downloaded, it was required to be adjusted for determination of
significance values of each SNP. Although most of the datasets do not require any
tuning for next step schizophrenia set was missitige phenotypeentriesfor all of the
partcipants Upon correctionof missing valueshrough ID matching of the subject with

the phenotype value of the subject from related study and phenotype dilset

became available for furtheteps of thanalysis.
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2.2.2. Assignment oftatistical Associatiam

PLINK [165] v1.07was used foralculationof significance valuedt is designed as
free, opersource commandline tool to handle a bunch of beneficial analysis such as
whole genome association analysiad a range of basic, larggcale analyses in a
computationally efficient mannerThe sole focusof the toolset is on analysis of
genotype/phenotype daféhus any data which will be analyzed through PL|NKould

be undergone proper formattifit6].

Prior to statistical associatioPLINK applies initial quality control. This procedui®
performed thorugh base filtering and preprocessing with default features (Minor Allele
Frequency = 0.05, SNP Missingness Rate.¥ Ihdividual Missingness Rate = 0.1,
Hardy Weinberg Equilibrium = 0.001)he softwarewas executed fobinary dataset
(*.bed, *.bim and *.fanfiles) with the following parameters

plink--b f i | e f f--askoe--adjuatvatsoutput file"

Upon completion of PLINK analysis, gjenerates.gassoc.assoc as an output file in
addition tobasic *.assoc file. Former file includes a {s@ted list of association results

with following columns: Chromosome; SNP identifier; Unadjusted, asymptotic
significance value; Genomic control adjusted significance value; Bonferroni adjusted
significance value; Holm stegown adjusted significance value; Sidak sirstiep
adjusted significance value; Sidak stipvn adjusted significance value; Benjamini &
Hochbeg (1995) stepup FDR control; Benjamini & Yekutieli (2001) steyp FDR

control Among these statistical results unadjustedajue was used in latter analysis
because rest of the statical tests have an assumption that states each test subject is

indepentof each other.
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2.2.3. Data Preparation for METLENP

SNPs in the result files of PLINKredesignatedvith Affy | ds. However, focombined
p-value analysis andNP prioritizationthrough METUSNP, SNB must begiven
indicated withrs IDs @ reference SNP ID nuyer assigned to each unique submitted
SNP records by dbSNPAccordingly, all of the affy IDs were converted in®IDs. Yet,
further adjustment on the result filesasrequired with respect to format for the next
analysis.Each column isrestrictedwithin a spesific character limitFirst column is
required 4, second is required 12, and the rest is required 11 including white spaces.
After output files were reformatted according to those limitations, results were

appropriate to be piped for SNP priordtion.

2.2.4. METU-SNP Analysis

METU-SNP is an integrated software application which is specifickbsigned for use

in SNP based genome wide association studies applicatioris publicly accessible at
http://metu.edu.tr/~yesim/me&np.htm. Thee arealso vdeo tutorials and helpfiles
available on the websiteMETU-SNP is written in Java as desktop application to
prioritize biomarkers and discover genes and pathways related to diseases via analysis of
the GWAS caseontrol data. METWUSNP isa very benefical tool for GWA studies

since: (1) it allows the user to prioritize hundreds thousands of SNPs that are statistically
found to be associated with the phenotype, (2) it helps identifying of the smallest set of
SNPs (informative SNPs) that can be integraed biomarker panel of the phenotype

for follow-up analysis. For the identification of an informative SNP subset it is required
to sort the SNPs according to wdtfined criteria. By doing so, biologically more
relevant SNPs are going to be clusterethag preserve their statistical significances. In

order to perform such a task, MET&NP employs a scoring mechanism for each SNP
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t hat would reflect SNPG6s biologicaand and s
Gene Set Enrichment Analysis frameworkdo evaluation of SNPs. Furthermore, the
software is equipped with machine learning based feature selection schemes which
enables users to decrease the number of SI
data gathered from major public database$ ag dbSNP, Entrez Geft67], KEGG

[168] and Gene Ontologhi 69].

2.2.5. Associating Genes and Pathways

Fi sher 0H70reeltshoo dk nown as Fi sher Gistheclassdh i ned
method to combine-palues from independent tesissher's method combinesvalues

into one test statistia?) using thefollowing formula[171];

Q
=2 loge (Pn)

£=1

P« is the pvalue for the i hypothesis test. As the formula suggests thvalpes tend to
be large, when the test statissicwill be small. Thus, the nullypotheses are failed to

reject for every tedtl 71].

Fi sher 0 3s bemgaseédindVMETU-SNP analysis in order to find statistically
significant geneshrough associated SNP%Vhereas Hypergeometric test (Fish@r
exact test[172]) is being usedo determine statistically significant pathways the
following formula total number of given genes is N, total numbegearfeswhich are
significantly associated with the disease isaf®l m is the number of genem the
pattway. T h at 6 s -vakiea of dbsepving dsignificant genes in the pathway is
estimated by173]:
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METU-SNP has two phases to carry theesecalculationsUs i ng Fi sher 6s cor
andF i s hegactdestshe software calculates combinedguesfirst for thediscovery

of significant genes anthen thepathways, respectively. Parameters were selected as
following: SNP threshold value as 5x10“, gene and pathway thresholdvalues as

0.05.

2.3. SNP Prioritization with Analytic Hierarchy Process (AHP)

Analytic Hierarchy ProcessAHP) is used in decisicmaking based on multiple

different criteria. It was developed by T. L. Saaty in 19404l].

Inputs that can be used in an AHP study varies from actual measurements such as weight,
height, price to subjective opinions such as preference, satisfactory level, feelings etc.
Since humans are not consistent, some levels of in¢ensiss are allowed in AHP.

Principal Eigen vectors and principal Eigen values are utilized to determine the ratio
scales from former and consistency index from laf1§i5]. Furthermore, AHP is a

speci al tool with itsd being flexible tha
as Linear Prgramming, Quality Function Deployment, Fuzzy Logic and so on. AHP
empowers users to achieve their goals in a better way by integrating such different
technique$176].

Analytic Hierarchy Process provides a numeric scale for the measurement of
guantitative and qualitative performances.

thandéd, to 1 for Oo6equal 06, and t ogtBeertier Oab:
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spectrum of the comparis¢h76].

In our study we have used MEF&INP6s AHP based prHlrQwoi ti zat

determine the biolgically more relevant SNPs among statistically signific&MPs
associateavith schizophreniaAHP score was determined as 0.4 for prioritization step.
SNPs with a lower alue than 5x1® are selected for the AHRripritization, and the
cut-off AHP scoe of 0.4 is used for fther selection of SNP subset after prioritization.

2.4, Analysis of Associated SNPs and Gene Lists

These analyses include the utilization of differgntblicly availabletools such as
RegulomeDBJ[178] to identify DNA features and regulatory elements in-ooding
regions of the human genonsnd SNPexus [179] to summarize association of

variations in the dataset with phenotypes.

RegulomeDB is a public databaaenotates SNPs with known and predicted regulatory
elementssuch asregions of DNAase hypersensitivity, binding sites of transcription
factors, and promoter regions that have been biochemically characterized to regulation
transcription. The database utilizedatasets from GEO, the ENCODE project, and
published literaturg178]. It accepts query data in following formahSNP IDs, ©

based coordinates, BED files, VCF fileyd GFF3 files (hg19). RegulomeDB only

requires exclusion of SNPs located on mitochondrial chromosomes.

SNPnexus is &anowledgebaséor functional annotation of novel and publidyailable
genetic variantslt was designed to simplify and assist in the selection of functionally
relevant Single Nucleotide Polymorphisms (SNP) for lesgale genotyping studies of

multifactorial disorders. SNPnexus allows queries using dbSNP identifiers or
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chromosomal regions for annotating known variatitsis synchronized with UCSC

human genome annotation databeiseregular updates. Furthermore, SNPnexus allows
usersto compute the follving data: genomic mapping and additional annotations
gene/protein consequences, effect on protein function, hapmap population data,
regulatory elements conservation, phenotype & disease assocatbrstructural
variations In this study SNPnexus is uséor summarizing association of variations in

the dataset with phenotypes. SNPnexus retrieves phenotype and disease association data
from: GAD, The Genetic Association Databag®];, COSMIC, The Catalogue Of
Somatic Mutations In Canc¢t80] and GWAS Catalogue, The Catalogue of Published
GenomeWide Association Studi¢39], [179].

Batch Query Paste in your query (upto 100K SNPs/InDels)

Input format] [Load Example]

P

--0OR -
Please specify a file (upto 100K SNPs/InDels} [ oose File | No file chosen

Phenotype & Disease Association [/|Genetic Association of Complex Diseases and Disorders (GAD)
Catalogue of Somatic Mutations in Cancer (COSMIC)
MNHGR!I Catalogue of Published Genome-Wide Association Studies

Figure3. SNPnexus parameters for functioaahotation

2.5. Biological Pathway Analysis

DAVID [181] and Reactom§l82], which were publicly available bioinformatics tools,
were employed for pathway analysidis analysis helps us to understand and find out
the biological context of the data by visualizing the oyaesented pathways in the

dataset.

Database for Annotation, Visualization, and Integrated Discovery (DAVID), provides a
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set ofbioinformaticstools thatpresentcombiration offunctionally descriptive datand
graphical displaysDAVID enhances the utilityof resources which are focused on
annotations and curatismf genespecific functional datsuch as Kyoto Encyclopedia
of Genes and Genomes (KEG[368], BioCarta[183], PANTHER pathway[184] and
much moreby enabling batch query of genés5].

Annotation Summary Results
Help and Tool Manual
Current Gene List: List_1 2468 DAVID IDs

Current Background: Homo sapiens Check Defaults Clear All

Disease (0 selected)
Functional__Categories (0 selected)
Gene_Ontology (0 selectad)
General Annotations (0 sslected)
Literature (o selected)
Main_Accessions (0 selected)

E Pathways (3 selected)

BEID 2.19% 76 Chart | s

¥] erocarTA 13.1% 323 Chart | e—
EC_NUMBER 20.0% 715 [ Chart |

V| KEGE_PATHWAY 40.5% 999 [ Chart |

V| pANTHER_PATHWAY 25.4% 627 Chart | e——
REACTOME_PATHWAY 24.5% 604 Chart | ——

Protein_Domains (0 selected)
Protein_Interactions (0 seslected)
Tissue_ Expression (0 sslectad)

*Red =nnotstion c=tegories denote DAVID defined defaults=*

Combined View for Selected Annotation

| Functional Annotation Clustering |

| Functional Annotation Chart |

| Functional Annotation Table |

Figured. DAVID parameters for pathway analysis

After gene lists were uploadesks Entrez gene ID® DAVID, functional annotatio
chart tool was used. All the default options were cleared and BIOCARTA,
KEGG_PATHWAY and PANTHER_PATHWAY options were selected. Thera s n 6 t

any other tuninghan thosehat had been done for the analysis.

Reactome isan open source curated bioinformatidatabasevhich covershuman
pathways and reactionif enables users to carry dili mapping, pathway assignment

and overrepresentation analysia Pathway and Expression Analysis tofdl82].
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REACTOME

Home About Content Documentation Tools Download Contact Us Outreach

Pathway Analysis

Allows you to analyse a list of protein, gene, expression data or compound identifiers and determine how they are likely to affect pathways. More

Video Tutorial
Paste or upload your data:

100816239 o
79731

475

7020

168311

54

728642

G77768

10146

693154

100126334 =
80761 S
4173 P

Mo file chosen

Select your desired analysis tool

Inhouse services:

_' ID mapping and pathway assignment. Takes your list of IDs and finds the corresponding pathways from Reactome, plus the corresponding
UniPrat IDs

@ Overepresentation analysis. Finds the Reactome pathways in which IDs in your list are strongly enriched - can help to understand the biological
context of your data.

Figure5. Reactome parameters for pathway analysis

To represent our dat@e uploaded lists of gene IDs (Entrez) to pathway analysis tool of
Reactome and carry out overrepresentation analysis. This analysis helps users to
understand the biological context of their data by finddngchedReactome pathways

with user list of gene

2.6. Network Analysis

GeneMANIA is a publicly availablegene network toofor predicting the function of
guery genes and gene sdtsfinds other genes that ane a relationship wittgenesin
interest by hosting very large set of functional association daieprisingprotein and
genetic interactions, pathways, -egpression, cdocalization and protein domain
similarity ( cur r ent | y,ndeding 1,464 assati@ion networks containing
292,680,904 interactns mapped t0149,747 genes from 7 organism$)l86].
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GeneMANIA isallowedto integrate 10 related genes to network for gene discovery and

OPredi

ctedo

default options were used.

GENEMANIA

Find genes in H. sapiens (human)

(type or select a species)

Networks

option 1is

Video tutorials Blog

Contact us

v related to 114, 115, 23236, 4660, 5579, 136, 800, 3708; 557

Enable: all, none, default (94 of 287 currently enabled)
Sort by: first authar, last author, publication date, size

(type 1 gene perline — example)

Hide advanced options ¥

Upload help  [UEGEGHENTI S

[ Attributes 01 » 7] InterPro
Co-expression 200181

Co-localization 212

Genetic interactions 33

Pathway 616

Physical interactions 61/61

[] Predicted 0151

Shared protein domains ~ 2/2

[[] Uploaded o

Network weighting

Query-dependent weighting

@ automatically selected weighting method

(2 Assigned based on guery genes

Number of gene results

Gene Ontology (GOFbased weighting  Equal weighting

0 Biological process based
2 Wolecular function based
D Cellular component based

© Equal by network
© Equal by data type

Inthe results generated by GenelaNIA, 10 [+] related genes and atmost 20 [=] related attributes will be displayed.

Figure6. GeneMANIA parameters for network analysis
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CHAPTER 11l

3 RESULTS AND DISCUSSIONS

3.1. PLINK Results and Analysis of Associated SNPs and Genes

P-values of 90,622 SNPsfrom 2,677 subjectsvere calculated througRLINK (Table
4). Therewere 25,555 SNPs with a-palue smaller than 5x10 and4,375 of thenwere
mapping to 5,365 Entrez gene IDs and 5,324 Ens¢b@l] gene names according to
Ensembl Biomarf188].

PLINK was solely used for calculation pfvalues for SNPsThere is no consideration
of biological significance of the SNRs the geneshat they arenappedn this analysis
None of thegenespreviously mentioned (1.4. Moleculapidemiology) were ranked
among top 1Ostatistically significantSNPs (Table 4) Most of the SNPs wernot
mapped to any gen@ out of 10, and three SNPs mapped to two gerfist one is
PCDH11Xfrom SNPrs2563850andrs2562967 Secondgeneis PCDH11Y from SNPs
rs2557227rs2563850and rs2562967 Both genes were associated with the GO terms
calcium ion binding and homophilic cell adhesigithough there are hits for the seh
of APCDH11Y a nodfindingshof theostudias entnoduwe definite proof of
lack of association between PCDH11Y variants and schizophasneell asbetween
PCDH11X and schizophrenifl89], [190]. And this is an example of a strord¥) but

anunvalid statistical result.
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Table4. GO Annotations ofhe genes whictop 10 SNPsmap

Chr. p-value SNP ID Gene GO Annotation (Function)
Ambiguous |4.16E20 |rs2574608 | No genemodel available
Ambiguous | 8.30E20 |rs2352301 | No gene model available
Ambiguous | 8.78E20 |rs2771913 | No gene model available
XorY 1.08E19 |rs2563850 | PCDH11Y, PCDH11X Calcium ion binding
Ambiguous | 1.36E19 |rs2123561 | No gene model available
XorY 1.43E19 |rs2562967 | PCDH11Y, PCDH11X Calcium ion binding
Y 1.43E19 |rs2558989 | No gene model available
X 1.57E19 |rs425231 |No gene model available
Y 1.67E19 |rs2557227 | PCDH11Y Calcium ion binding
X 2.01E19 |rs2755895 | No gene model available

Table 4 also includes location information of the given S\Rs seen from the table
locations are mostly ambiguotdisr given SNPs and the rest (4 SNPs) is either on Y
chromosome or X chromosomaAlthough SNP locations were ambiguous according to
ENSEMBL Biomart,it is highly probable that they reside on pseudoautosomal region as
it is suggested in Manhattan plot (Figure(Bdp 100 SNPs can be found at appendix A

with associated{values and full list is provided in the electronic supplements)
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Figure7. Manhattan Plot of PLINK results

Red line indicates 10and there are 15,783 SNPs above it. Blue line indicatesue of 10°° and there ar801 SNPs above it. Chromosorhand
chromosome X has the greater number of highly significant $NR<L0") accumulated arountD™. Chromosome has 4SNPsaccumulated on
higher significance level compared to other chromoso@ieomosome 13 has the most signific&NP, following chromosome XY
(pseudoautosomal region), chromosome 1, chromosome 15 and chromosome-@ahitts pmaller than 78



PLINK results are summarized in thEigure 3 with respect to -palues and
chromosonesas aManhattan PlotThe Y-axis shows log;o of unadjusted fvalues on

the X-axis SNPs are shown according to their chromosomal locations. Red line (lower
line) indicates-valueof 10° and blue lindupper line) indicatep-valueof 10*°. Above

red line there are total of 15,783 SNRehich each onehas a p-value smaller than or
equals t010° and above blue line there are 201 SN a p-value smaller than or
equals to 18°. Further investigation on the Manhattan piaticateschromosome 1 and
chromosome Xhas the greater number of highly significant SNPs. Chromosome 1 has
14 and chromosome X has 23 SNPs with thaialues mostly accumulated around™£0
Chromosome 6 has 4 SNPs which are accumulated on higher significance level
compared to dter chromosomes, and these are nameBb5Q8759, rs6916467,
rs7768749,rs11967088 Chromosome 13 has the most significant SNR88630) on

the Manhattan plot, following rs3869940 on chromosome(pséudoautosomal regign)
rs12741415 on chromosome 13883014 on chromosome 15 and rs17042395 on
chromosome 3 witlp-values smaller than I¥. The SNPs oY chromosome show the
least significant values among any other SNswever, there is a study reported a
novel locusnear the CSF2RA (colony stimulatirfgctor, receptor 2 alphavhich is
located in the pseudoautosomal region (PAR1) of the X and Y chromosomes
(Xp22.32/Yp1l1l.3) geneg[141].

First 10 SNPs that map to a gemeere summarized in Tabt The rank of the SN& p-
value and the gene associated with the SNP and functional GO annotation of the gene
were also denoted in the table. SNPs were ranked according to-ttadirgs where the

most sigriicantly associated ones are the top ones
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Tableb. First 10 SNPs mapping to a gene

RANK SNP ID p-value Gene GO Annotation (Function)
PCDH11Y, . . o
3 rs2563850 | 1.08E19 PCDH11X Calcium ion binding
PCDH11Y, . . o
5 rs2562967 | 1.43E19 PCDH11X Calcium ion binding
9 rs2557227 | 1.67E19 | PCDH11Y Calcium ion binding
14 |rs2759914 | 2.45E19| PCDH11Y Calcium ion binding

1 lon channel activity

1 PhosphatidylinositeB,4,5
trisphosphate-phosphatase activity

1 Proteintyrosine phosphatase activity

1 Protein tyrosiné serine/ threonine
phosphatase activity

20 rs2880301 | 1.47E18 | TPTE2

21 rs2557030 | 1.69E18 | PCDH11Y Calcium ion binding
32 rs3883014 | 1.92E16 | PPP1R12B Enzyme activator activity
36 rs11967088 1.37E14 | CDYL Histone acetyltransferasetivity

1 Enzyme binding

37 rs1778596 | 1.43E14 | PDE4DIP {1 Protein binding

39 rs7768749 | 8.16E14 | CDYL Histone acetyltransferase activity
44  |rs7638929 | 2.73E13| CLSTN2 Calcium ion binding
45 rs6916467 | 3.03E13 | CDYL Histone acetyltransferase activity

There were 7uniquegenes thaare included inthe list and these wedl@CDH11YX,
TPTEZ2, PPP1R12B, CDYL, PDE4DIP and CLSTM&hough there are still irrelevant
genes within the list like PCDH11Y/X, TPTE2 and PPP1R12B, even adding one
biological filter byselecting the coding SNRs the statistical findingsevealedthatthe
genes that which implicates the association with schizophrenia, such as[C®1Yland
PDEA4DIP[192].

DAVID allows guery of maximum 3,000 genes, so first 3,000 gene IDs were sorted and
pipedinto the analysis with last entity havingvplue of 6.79x18. Table 6 shows the

top 15 results of pathway analysis of PLINK results through DAVID functional
annotation charTop 100 terms can be found at appendix B and full list is provided in

the electronic supplements)
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Table6. PathwaysOverrepresented Accordirtg PLINK Results (DAVID analysis)

Category shows the original database where the terms orient, term column shows the enriched terms
associated with the gene list, count column shows the number of genes involved in the term, 86 colum
shows the ratio of involved genes over number of query genes-aade column shows how enriched

the term is through modified fisher exaevglue.

Category Term Count % P-Value
KEGG Glycosphingolipid biosynthesis 9 0.32502708 5.45E04
KEGG Nucleotide excision repair 16 0.57782593 0.0010827
KEGG Homologous recombination 11 0.39725532 0.0049802
KEGG Calcium signaling pathway 39 1.40845070 | 0.0088684
KEGG Axon guidance 30 1.08342361 | 0.012019
KEGG Vascular smooth muscle contraction 26 0.93896713 0.0205175
KEGG Other glycan degradation 7 0.25279884 0.0220071

Aspirin Blocks Signaling Pathway Involve

BIOCARTA | : s 8 0.28891296 0.0220690
in Platelet Activation

PANTHER | 2HT2 type receptor mediated signaling | ;g 0.65005417 | 0.0227012
pathway

KEGG Cell adhesion molecules (CAMS) 29 1.04730949 0.0281569

KEGG MAPK signaling pathway 52 1.877934272 | 0.0290108

BIOCARTA Thrombin signaling and proteasetivated 7 0.252798844 | 0.0413848
receptors

KEGG Mismatch repair 8 0.288912965 | 0.0432031

PANTHER Histamine H1 receptor mediated signaling 12 0.433369447 | 0.0446769
pathway
Arrhythmogenic right ventricular

KEGG cardiomyopathy (ARVC) 18 0.650054171 | 0.0493845

DAVID analysis of PLINK results returned gbrichedterms(p <0.05) with very small
percentages of genes mapping to pathwBghway analysis of PLINK resuligere

found to bdooselyrelated toeach other and schizophrenidany of the pathways were
essential biological pat hwa yJ193], soéuccehl | a sa déhcee
mo | ec (1b4 ad d 6 MAP K s i g n 41B5], napd spneet sueha asod
6glycoshingol i pil[d9%]@minas ybéna xhoens[198]dnieret deghtyre 6

related withneurologicdisordes. Another possible candidaterm whichwas 6 ot her
gl ycan degr adaa newatodical fuacticn.r Sincenitgrefets to a relevant

function it is mostlikely to be related with schizophrenia at first glandafortunately,
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there I sndt emoynteredoncr ete case

A second pathway analysis website Reactavas also utilized. Top 15 results from
Reactome overrepresentation analysis were pteden Table7 (Top 100 events can be
found at appendix C and full list is provided in the electronic suppleméfsgalued
column isthe unadjusted probability of seeing N or more geimethis event by chance
finumber of genes colurns countof genes irthe query which map to thisvent, fiotal
number of genesis the count of gendavolved in thiseventand the last column shows
fthe name of the evemthat is overrepresented.

Table7. EventsOverrepresented Accordirig PLINK Results (Reactome analysis)

P_value Number of | Total number of Name of this Event
genes genes

5.45E10 8 13 FGFR4 binds to FGF
5.45E10 8 13 FGFR4 ligand binding and activation
5.45E10 8 13 Autocatalytic phosphorylation of FGFR4
7.75E09 9 23 FGFR ligand binding and activation
1.21E08 9 24 Phosphorylation of FRSalpha by activated FGFR
1.21E08 9 24 Activated FGFR binds PLQamma
1.21E08 9 24 PLC-gamma phosphorylation BGFR
1.21E08 9 24 Activated PLC gamma release by activated FGFR
1.21E08 9 24 Phosphorylation of FRSBeta by activated FGFR
1.21E08 9 24 Activated FGFR binds FRS2alpha
1.21E08 9 24 Activated FGFR binds FRS2beta
1.21E08 9 24 Activated FGFRrecruits SHC1
1.21E08 9 24 SHC1 is phosphorylated
2.74E08 9 26 Activated FGFR and FRS2 bind to SHP2
2.74E08 9 26 SHP?2 is phosphorylated by activated FGFR

There are total of 292 events that are significant (p < 0.05) according to Reactome

results. Theseevent s are mostly popul ated wi
observedat least once 73 eventswithin 292 event§25% occurrence ratefrollowing

PI3K was observe®2 times (7.5%). Although most of the analysis resuliased to
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PLINK analysisshowed only lose connections to schizophrenia,Reactome results
were almost directly related withhe diseaseFGFR2 is one of theasual genes of
schizophrenia and some of the FGFR variants are known to play a role in psychological
disorders[198]. PI3K pathwayis also being referred in schizophrenia related studies
[199], [200]

RegulomeDB, an analysis tool for identifyingmcoding SNP s with regulative effects,

iIs employed next for this study. PLINK results returned 4,732 SNP IDs and
RegulomeDB scores of 179 of them were above 3 (1a is the highest score and 6 is the
lowest score). So all these SNPs were selected and mémpédther analysis. 179

SNPs mapped to 222 gene IDs. Tab&hows DAVID functional chart of these genes.

Table8. Pathways overrepresented according to PLINK RegulomeDB results (DAVID analysis)

Category Term Count | % PValue
PANTHER Pentose phosphate pathway 311.442307693 0.014624854
KEGG Starch and sucrose metabolism 311.442307697 0.065847064

Once again pure statistical results are shown to be inadequate to extrapolate. Pentose
phosphate pathway and starch and sucnessgabolism are too way general to associate

with any conclusion and establish a biological sense out of them in concordance with
schizophreni a. For i nstance, a search reg

29,400 results and tarch and sucrosmetabolism'search returns 958 results.

There are total of77,411results in SNPnexusanalysis. 3,331 of them present the
keyword #Aschizoo (s c hlhbuzwhenhheregaiiva assosiatidns z o a f -
were disregardedndtotal was reduced down £)053SNPsfrom 3,331results Further,

number of results referring tothe keywords for disease class neurological,
chemdependency and psywhs 19,963comprising3,404unique SNPs. These findings

were discussed later on with AHRRsed prioritizatiorindings.
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3.2. METU -SNP Analysis

After calculating pvalue associations with PLINK the METSONP software is utilized
for combined pvalue calculations of genes and pathways and prioritization of associated
SNPs.

According to the number of SNP and theivagdues,METU-SNP calculates a combined
p-value forgenesand biological pathwaysTherewere total of 16,615 gengsn which
associated SNPs with avalue of smaller than 0.05, mappiecthe list.12,256 of them
were significant (p<0.05) and 6,708 of thewere highly significant (p<0.00005)
including 2,517 genes with-yalue = 0.0(Top 100 genes can be found at appendix D
and full list is provided in the electronic supplemen&jce there are so many genes
with a pvalue of 0, it would not be wise to examijst thetop significant onesne by
one with respect to their GO annotations

Table9 shows the result of DAVID analysigsultsfor top 15 termgAll of the terms

can be found at appendix.E)

Table9. Pathway®verrepresented Acoding to First 3000GenesBased On Combined-Yalue

Calculations
Category Term Count | % P-Value
KEGG Axon guidance 49 1.668369084 | 3.93E09
KEGG Calcium signaling pathway 56 1.906707525 | 3.22E07
KEGG Longterm depression 29 0.987402111| 9.62E07
KEGG Vascular smooth muscle contraction 39 1.327885598 | 2.49E06
KEGG Focal adhesion 59 2.008852571 | 2.88E06
KEGG ?;Z?’émgggm; right ventricular 29 | 0.987402111| 9.07E06
KEGG ECM-receptor interaction 30 1.02145046 | 2.67E05
KEGG Pathways ircancer 82 2.79196459 | 2.68E05
PANTHER F';”;Lav?;’;mpic glutamate receptor group Iil 32 | 1.089547157 | 4.50E05
KEGG ABC transporters 19 0.646918624 | 7.52E05
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(Table 9 cont.)

KEGG MAPK signaling pathway 65 2.213142663 | 4.70E04
KEGG Small cell lungcancer 27 0.919305414 | 5.10E04
PANTHER | Integrin signahg pathway 65 2.213142663 | 5.49E04
PANTHER g:tﬁf\‘lv”;';e H1 receptor mediated signaling 19 | 0.646918624 | 6.32E04
KEGG Long-term potentiation 23 0.783112019 | 6.94E04

Thereweretotal of 61 more enrichedterms(p < 0.05) overrepresented with respect to
METU-SNP gene results and returned resultse mostly related with neurotpcal
terms as seen from Tabk Pvalues showd high enrichmentand a lot smaller
compared toprevious DAVID results based onPLINK analysis Furthermore, gene
countswere larger in numbers as wedk percentagesAnd there seems to be more
relevant results both within terms and with schizophrenia. In addition to DAVID results
of PLINK, terms related with schizophrenia c | UE€M-recéptor interactiom[201],
ABC trang0Qlandenvs ong t €208} Otherrelevantneusolbgical n 6
terms are6 | ong t er mposdsiblp relatorsto® o ldi z( o p hetabatrope ) ,
glutamate receptor group Il pathwiaand integrin signalingpathway (some of the

integrins activat&/APK signaling pathway204]).

Cluster analysis groupgerms having similar biological meaning since they share
similar gene members. The overall enrichment score for the cluster based on the EASE

scores of each term members. The higher the score is the more enriched the cluster is.

Cluster analysis for the enhed pathways with DAVID revealed total of 19 clusters in
the DAVID cluster analysis, but two clusters, cluster 1 and cluster 3, from tegre3
included in the tablelO, because these two clusters seemed to be the most related

clusters with neurologicaétms and schizophrenia.
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Table10. DAVID Cluster Analysis of Combined-¥Yalue Selected Gene Results

Cluster 1 | Enrichment Score: 2.865165214266108
Category | Term Count | %
KEGG Vascular smooth muscle contraction 39 1.3278855
KEGG Gap junction 27 0.9193054
PANTHER | Endothelin signaling pathway 28 0.9533537
KEGG GnRH signaling pathway 24 0.8171603
Cluster 3 | Enrichment Score: 2.2422371291829233
Category | Term Count | %
PANTHER | Histamine H1 receptor mediated signaling pathway 19 0.6469186
PANTHER | Thyrotropinreleasing hormone receptor signaling pathway 24 0.8171603
PANTHER | 5HT2 type receptor mediated signaling pathway 26 0.885257(
PANTHER | Oxytocin receptor mediated signaling pathway 23 0.783112(
PANTHER | Metabotropicglutamate receptor group | pathway 17 0.5788219
PANTHER | Muscarinic acetylcholine receptor 1 and 3 signaling pathway 22 0.749063%
PANTHER | Alpha adrenergic receptor signaling pathway 13 0.4426285
PANTHER Angiof[ensin Ikstimulated signaling through @oteins and beta 18 0.6128707
arrestin
PANTHER | Betal adrenergic receptor signaling pathway 16 0.5447734
PANTHER | Cortocotropin releasing factor receptor signaling pathway 12 0.408580
PANTHER | Beta2 adrenergic receptor signaling pathway 15 0.51072%2

Table 10shows the related clusters of DAVID cluster analysis (cluster 1 and 3) of

METU-SNP gene results. Cluster 1 comprises 118 genes which 63 of them are unique;

cluster 3 comprises 214 genes which 52 of them are unique.

The first cluster seems tbe ircluding an unrelated terrm u ¢ h ascuslar smooth

muscle contractiamdue to high number of genes contributing to these pathways it was

ranked at the to he entire term set in tHatter clusterwererelated with neurology and

brain (relations are detmined via keyword search on related search engines

GeneMANIA can be used to find out new relationships or genes among a given gene
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sets.Additional analysis with GeneMANIA for the genes only comprising these two
clusters revealed total interaction tife two clusters. Agene networkis built on
GeneMANIA with 63 genes of cluster &nd integrating 52 genes from cluster 2
(duplicates were removedYhere were 114 genes in the network including riew
genessuggested bgseneMANIA (Figured). Query genes are depicted as black nodes
and discovered genes are depicted as gray nédiges show different interactions
among genegurple for ceexpression, lighblue for pathway, yellow for shared protein
domains, red for physical interactions, kiar blue for celocalization and green for
genetic interactions. Node sizes are determined according to their weight in the network.

In order to inspect theeh genedound related in GeneMANIAirst gene symbols of
these genesvere acquired. These areRMP, GUCY1B3, ADCY1, ADCY4, EDNZ2,
EDN1, ADCY7, ADCY6, ADCY10andGRIN1. Then GO annotations and terminology
related with these genes were investigated thorou@idgept LRMP and GRIN1, the
related genes from GeneMANIA were further discussethe next sctionsince there

are genein common.
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Figure8. GeneMANIA gene network from related DAVID clustdfrMETU-SNP geneesults

Query genes are depicted as black nodes and discovered genes are depictetodegr&ylges show different interactions among genes, purple for co

expression, lighblue for pathway, yellow for shared protein domains, red for physical interactions, darker bludoftalieation and green for genetic

interactions.



LRMP (lymphoidrestricted membrane protg¢ihas GO annotation of vesicle fusion and
targeting in process and endoplasmic reticulum membrane, integral to membrane and
integral to plasma membrane in component with no terms retrieved from any of
biological database or knowledgeba&s.the findings imply LRMP is not likelyo bea

candidate gene that can be associated with schizophrenia.

GRIN1 (glutamate receptor, ionopic, N-methyl Daspartate 1l)encodes a critical
subunitprotein of NmethytD-aspartatd NMDA) receptors, members of the glutamate
receptor channel superfamily which are heteromeric protein complexes with multiple
subunits arranged to form a ligagdted on channel. These subunits play a key role in

the plasticity of synapses, which is believed to underlie memory and lealnings

showed that GRIN1 gene is associated with mental retardation phen@yppe
Furthermore, there are lots péurologicaltermsand GO annotationassociated with

this genes u c h as Al zhei mer 6s di sease, cal ciu
potentiation, neuroactive ligan@ceptor integration, neuronal systemeurotransmitter
binding, synaptic transmission, regulation of excitatory polysynaptic membrane
potential, etc A's it 6s s hown t he probability of
schizophrenia is highly strong. Even, there are some studies showing possible
associatiorj206i 209].

There is also a possibility of very distantly related genes present in the network. For
instance DNAJC25 may be one of those geaeshe network topology ggests. The
features that DNAJC25 bears about the network such as the number of interactions,
guantity of interaction types and distance of the node from nejvemekshown to be

very weak in conjunction wittgeneral structure of the networlRs GO functim
annotations (heat shock protein binding, unfolded protein binding) imply that DNAJC25
is the most distinctive gene among other genes that were discudbed terms

(neuronal system, neurotransmitter receptor bindfrgh REACTOME still validate
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the rdation of DNAJC25 with the network.

Top 15 results from Reactome overrepresentatimalyais were presented in Table 11
(Top 100 events can be found at appendix F and full list is provided in the electronic

supplements)

Tablell EventsOverrepresented Based on CombineddaRie of Gene Resul{Reactome analysis)

Number of | Total number of

P-value genes genes Name of this Event
3.16E10 11 23 GRB2-SOS1 is recruited by activated FGFR mutants
1.62E09 11 26 SEgi:SOSl is recruiteh activated FGFR through p
1 62E09 11 26 Ejasgllzjgt:gﬂ?;tesxchange mediated by G851 boun
2.21E09 10 21 Activated FGFR mutants bind FRS2alpha
2.21E09 10 21 FGFR mutants phosphorylate FRS2alpha
2.21E09 10 21 Activated FGFRmutants bind PL&amma
2.21E09 10 21 PLC-gamma phosphorylation by FGFR mutants
2.21E09 10 21 Activated PLGgamma release by activated FGFR mu
2.64E09 11 27 GRB2:S0S1 binds to-pRS2:activated FGFR
4.38E09 9 17 FGFR2 ligand binding analctivation
4.38E09 9 17 Signaling by FGFR2 mutants
4.38E09 9 17 Activated point mutants of FGFR2
4.38E09 9 17 '[F;/cr)é)r; r:gu&ﬁ]ngzeo{niﬁ)ilsrzs bind and are inactivated by
6.52E09 11 29 SHG-mediated cascade
6.52E09 11 29 Rasnucleotide exchange by GRB2:SOS1 througBHC

Total of 341 eventswere found to besignificant (p < 0.05)n Reactomeanalysis The
eventswere agaimmostly populated with FGFRibroblast growth factor receptognd
it s 6 (F&FRR acoutrence increased to 15 from 10 compared to PR&HCtome
analysis) They occurred at least once i &vents withind41events (2.5% occurrence
rate). FollowingSOS variantsoccurred 3 times (6.74%), GRB2 occurred 22 times
(6.45%) and PI3K a@curred 20 times (%5.86FGFR and PI3K were already discussed
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previously GRB2 was identifiecand validatedas a risk gene for schizophrenia in 2011

[210]. However, t her e 1 sfor®OSlamthe Reaetomefrasdiga t i o n
SOS1 was present together wi®RB2, suggestinga relation betweenSOS1 (or
SOS1:GRB2 complex) and schizophrenia.

3.3. SNP Prioritization with METU -SNP and Analysis of Gene Lists

In the next stage the statistically associgd®&tPs were prioritized through METSNP
usingan algorithm based canalytical hierarchy process (AHPYegrated into METU

SNP. This procedure ranks the SNPs according to their biological relevance while
preserving their statistical significand@verallgoal isto combine strength of statistics
and biological importance of the SNPs with respethéxontent of the study.

25,000SNPswith a pvalue smaller than 5xI0were prioritized using METLSNPand
AHP scors werecalculated for each of therfheir scoresvere ranging from 0.033 to
0.7375.To further reduce the number of SNPs a thresholdoffuAHP value was
determined as 0,4which is the suggested threshold in previous stud&g]. This
selection reglted in 6,202 SNPs and 2,587 unique gene Dable 12 shows the top 10
prioritized genes with their associated gene names andlpes(Top 100 SNPs and their

associated qvalues can be found at appendix G and full list is provided in the electronic

suppgements)
Tablel2 Top 10 Coding SNPAfter AHP Prioritization
CHR SNPID P-Vval AHP Score Associated Genes
11 rs17115004 1.42E06 0.737535 NCAM1
11 rs2229163 4.14E06 0.73671 CHRM4
8 rs7009117 5.67E07 0.71945 PCM1
11 rs6589360 6.64E08 0.715562 NCAM1
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(Table 12 cont.)

11 rs7128875 1.38E06 0.715562 SLC6AS

7 rs7809317 1.77E06 0.715562 CNTNAP2
9 rs6475523 9.05E06 0.715562 SMARCA2
7 rs2906288 4.26E05 0.715562 CNTNAP2
14 rs1012023 3.73E07 0.714776 NPAS3

1 rs4846051 1.64E05 0.714737 MTHFR

SNPs and the genes thaye mapped were listed on Table 4Bng withtheir GO
annotations. Although none of the schizophrenia associated genes mentioned earlier
made to the top of the list, there are saypeescloselyrelated with neurodevelopment

and somethat have specific neurological function¥he list is further enriched with
neurological termswhen component GO annotations are considerddirther
investigations regarding following genes revealed neurological phenotypes such as
Al zhei mer 6s di s e §3%2¢ hyperelplexia aued\ SLEGAD [213];

Al z hei me r[Bld], adtisns k[@1H]eschizophrenia and bipolar disord@16]

due to CNTNAPZ2; NicolaidesBaraitser syndrome due to SMARCAZ2[217];
schizophrenia, bipolar disorder and depression due to NPE3B], [219}
schizophrenia due to MTHFR 10].

Tablel13 GO Annotations ofelected genes aft&NPprioritization

SNPID Genes GO Annotation
rs17115004 | NCAM1 axon guidance, cell adhesion, cytokimediated signaling pathway
G-protein coupled acetylcholine receptor signaling pathwaegnylate
rs2229163 | CHRM4 cyclaseinhibiting G-protein coupled acetylcholine recepsignaling

pathway cell proliferation, cell surface receptor signaling pathway
centrosome organization, cilium assembly, interkinetic nuclear
migration, microtubule anchoring, microtubule anchoring at centrosg

rs7009117 PCM1

rs6589360 | NCAM1 axonguidance, cell adhesion, cytokingediated signaling pathway
157128875 | SLCEAS glycine:sodium symporter activity, neurotransmitter:sodium symport
activity

enzyme binding, receptor bindintgrain development, cell adhesion,
cellular protein localization, cerebral cortex development

helicase activity, protein binding, transcription coactivator activity,
transcription regulatory region DNA binding

rs7809317 | CNTNAP2

rs6475523 | SMARCA2
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(Table 13 cont.)

enzyme binding, receptor bindinlgrain development, cell adhesion,

rs2906288 | CNTNAP2 cellular protein localization, cerebral cortex development
rs1012023 | NPAS3 DNA binding, protein dimerization activity, signal transducer activity
(4846051 | MTHFR methylenetetrahydrofolate reductase (NADPH) activiigdified amino

acid binding
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Figure9. Manhattan plot ofelected SNPs after AHP based prioritization with MESNP



AHP resuls are summarized in the figure Wwith respect to fvalues andthe
chromosome$SNPs are locatedince the SNP list has maximursvplue of 0.00005s

used as cut off for the SNPs to be prioritizBthnhattan plot starts just before®1The
Y-axis showd log;o of unadjusted {values, orthe X-axis chromosomes ardistributed

in an ordered fashiorRed line indicates-palue of 10'°. Above red line theumber of
SNPs reducefrom 6,202to 57. Further investigation on the Manhattan plot indicates
chromosome 1 has the greater number ofliigignificant SNPsagain Chromosome 1

has 6 SNPsas well as chromosome 7. Chromosome 6 has 4 SNPs which are

accumulated on higher significance level compared to other chromosomes, and these are

namely rs7760946, rs69164677768749 ands11967088The htter 3 SNPs were also
present in previous plot from PLINK resulill these SNPs map to CDYL gene which

is encountered in submicroscopic 6p25 deletion. And this syndroateitiacterized by
intellectual disability, language impairment, hearing deficit,ranofacial,
ophthalmologic, cardiac, and varying central nervous system anomglis.
Rs386994mn chromosome XY (pseudoautosomal region) is the most significant SNP
on the plot, following rs12741415 on chromosomarid the rest is less significant
(p<10™).Al t hough rs3869940 has the highest

the plot locéed on the pseudoautosomabion; rs3869940 is unique in that respect.

Further mor e, it isnbét being mapped to any

as a significant marker.

The variations located on Y chromosomedkess significanceompared to other SNPs
on Manhattan plot of PLINKAnd s seen from current pl ot

located on Y chromosome made to the AHP list.

DAVID pathway analysis of AHP prioritized genes are shown on Tabl@ll of the
terms can be found afppendixH). It was possible to run analysis with the entire gene
IDs, since thewumber ofentities (2,587) for AHP lisvas wi t hi n DAVI D6s
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Table14. Pathwayverrepresented Accordinng AHP Results (DAVID analysis)

Categay Term Count |% PValue

KEGG Axon guidance 52 2.1069692 | 9.94E08
KEGG Focal adhesion 69 2.7957860 | 9.22E07
KEGG Vascular smooth muscle contraction 44 1.7828200 | 2.56E06
KEGG Calcium signaling pathway 59 2.3905996 | 1.48E05
KEGG Long-term depression 29 1.1750405 | 4.52E05
KEGG Pathways in cancer 94 3.8087520 | 5.17E05
PANTHER | Integrin signalling pathway 73 2.9578606 | 6.24E05
KEGG ABC transporters 21 0.8508914 | 8.48E05
KEGG MAPK signaling pathway 78 3.1604538 | 1.28E04
BIOCARTA | Thrombin signaling an@roteaseactivated receptor| 12 0.4862236 | 2.04E04
KEGG Regulation of actin cytoskeleton 64 2.5931928 | 3.27E04
BIOCARTA Eﬁggﬁgwj&?ﬂp&ﬁ%ﬂz‘"E‘)tr']cc’)gr?rf]gt‘ggtory 10 0.4051863 | 3.88E04
KEGG ,(A'\Ar\w\)//tg)mogemc rightventricular cardiomyopathy o8 11345218 | 8.00804
PANTHER | 5HT2 type receptor mediated signaling pathway | 27 1.0940032 | 1.47E03
PANTHER Heterotrimeric Gprotein signaling pathwagq 49 19854132 | 1.54E03

alpha and Go alpha mediated pathway

Therewere total of 59 significant terms (p<0.05) overrepresented bated orAHP

results andwere mostly related with neufogical terms as seen from Tablil

Moreover, top 10 of these results are populated with tespesifically related with
neurodevelopmentaxon guidance, focal adhesiointegrin signaling pathway, ABC

transporters, and MAPK signaling pathwdyspecially associatienbetween corpus

callosum development arsthizophrenia were shown tine previoustudies[220i 224],

revealing thepresence oftauctural differecesin corpus collasunof schizophrenia
patients. Hence, any pathway related to neurodevelopmental process maysieathto
structural differentiationP-valuespresentechigher significance andvere a lot smaller
compared to DAVID results of PLINKnalysis Yet, these results are almost similar to
previous geneesults (Tabl®) based on combinegatvalues.In both enrichment alysis

top 5 termsavere samebut gene counts from AHP resultgere higher and percentages
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(%) were alsolarger due to higher gene counts aless number ofjenes involved.
Although pvalueswere close to each othersalues ofcombined geneesults showd a
stronger enrichmentin addition to pvalues,five different terms are involved among
prioritized SNP set analysisnamely: Thrombin signaling and proteasetivated
receptorsregulation of actin cytoskeletpRKC-catalyzed phosphorylation afhibitory
phosphoprotein of myosin phosphate&dT2 type receptor mediated signaling pathway
and heterotrimeric Gprotein signaling pathwagq alpha and Go alpha mediated
pathwayAs s o c i at i egulationfof attia cytoskeleton wi t h s cwas zophr
predictedin previousstudies as wel[201], [225]. Thrombin signaling and protease
activated receptorand 5HT2 type receptor mediated signaling pathwagre found to

be associated with neural terminold@g6i 228].

Table15 shows the first two clusters of DAVID cluster analysis of AHP results.

Tablel5. DAVID Cluster Analysiof AHP Results

Cluster 1 Enrichment Score:2.322655045830916

Category Term Count | %

KEGG Vascular smoothmuscle contraction 44 1.7828200
PANTHER | Endothelin signaling pathway 32 1.2965964
KEGG Gap junction 28 1.1345218
KEGG GnRH signaling pathway 27 1.0940032
KEGG Melanogenesis 24 0.9724473
Cluster 2 Enrichment Score:2.232236011179473

Category Term Count | %
PANTHER | 5HT2 type receptor mediated signaling pathway 27 1.0940032
PANTHER | Oxytocin receptor mediated signaling pathway 24 0.9724473
PANTHER | Thyrotropinreleasing hormone receptor signaling pathway | 24 0.9724473
PANTHER | Alpha adrenergic receptor signaling pathway 14 0.5672609
PANTHER | Histamine H1 receptor mediated signaling pathway 18 0.7293354
PANTHER er;glsc;};e]nsm Ikstimulated signalinghrough G proteins and betd 20 0.8103727
PANTHER | Metabotropic glutamate receptor group | pathway 16 0.6482982
PANTHER | Muscarinic acetylcholine receptor 1 and 3 signaling pathway | 21 0.8508914
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Therewere total of 23 clusters the DAVID cluster analysidyut firstonly two clusters

are includedin the table 15asthey were foundo be the most related clusters with
neurological terms and schizophrerduster 1 comprisel55 genesvhich 77 of them

are unique; cluster 2 comprises 176 genes whitlof them are uniquéilthough the

entire term set in the second cluster related with neurology and brain (relations are
determined via keyword search on related search engines), firstrdeiseemed to be
including unr el at a&scular tsmaotmsmusdeu cohtractiers a mad/
A rlanogenests Yet, a deeper investigatigprovedotherwise Building a gene network

via GeneMANIA with 77 genes otluster lreveaéd a network withfull coverage In

other words, each one of #egenesareinteracting with one or more genesthin the
cluster.Moreover, integrating genes from cluster 2 with genes cluster one, a set of genes
comprising 108 entities (there is a single gene ID that is not resabhy GeneMNIA)

is formed. An analysis of this set brought out a second gene network not different from
the first one. Second gene network comprising the entire genes from both of the clusters
revealed full interactionwvhich means related and interagtigenes were clusteradter

DAVID analysis(Figure §.

GeneMANIA was also employeb present the gene interaction network and to search
for newcandidate genes. 10 new gemese returned bseneMANIA analysis as they
werelinked to to thequery genesn both of the networks. These geneare ADCY1,
ADCY10, ADCY4, ADCY6, ADCY7, ARGLU1, EDN1, EDN2, GUCY1B3nd
PLA2G12B and these ten genes were ranked in top 20 genes among 118 genes with
PLA2G12B ranking firstby GeneMANIA Among these genes Brennaral al.
previouslyimplied association of ADCY7 with schizophrenia. In addition ADCY8 was
mentioned along with ADCY7 as possible candidate [192]. Although ADCY8 was not
one of the discovered genes, it was included in the network as a quergsides that,

8 of these genes are in common with the results from MENP genes. Since DAVID

results were so similar, such an overlap wouldekgected Table 16 lists these genes
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with their rankings (GeneMANIA ranked the genes according to their functions)
annotatios of biological importance and relevance over NCBI. Among those genes
GUCY1B3 is thenode withmostinteractions following ADCY7 and EDNL. In addition

to that, these 3 genes are the only ones that have physically interactions with the network.
The overalltopology of GUCY1B3 (long term depression term from KEGG) and its
interactions suggeshatit has the highest potential to be associated satiizophrenia
amongother genes revealed by GeneMANIA

®
@
& ® % [
o9 &
Ne Y - »
o e © ®
® ®» &
@ ° ® ®
® - @ ’.o
® ® © ®©92 g9 o *
® °eo ®
- ® L ° ° ge® %o,
@ 0e®s.0%° o ®
® o ® S ° ®
«® o ©® o
o0o® © g, ® @
® @ ® e a
@ @« C ) &
o, ® e ®
@ @
&

Figure10. MergedGene Networlof DAVID of Prioritized SNPs
Black nodes are unique to second cluster (31 nodes); red ones are unique to first cluster (6dreedes)
one are common nodes (21 nodasyl grey nodes are added by GeneMANIA plugin of Cytoscape [224].
Gene nameare missing due to requirement of specific zooming in which it is not possible to show whole
network.
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Table16. DiscoveredSenes from GeneMANIA with Their Importance and Relevance

Rank | Gene Name Biological importance & relevance
1 |PLA2G12B -
i GO Terms (processierve growth factor receptor signaling pathwg
4 | ADCY4 i GO Terms (component): dendrite
il Neuronal system (From REACTOME)
6 |ADCY10 i GO Terms (component): axon, dendrite, neuronal cell body
1 Located in brain
8 |ADCY1 1 A similar protein in mouse is involved in pattern formation of the
brain.
i GO Terms (processiterve growth factor receptor signaling pathyvg
10 |ADCY7 synaptic
1 transmission
i Expressed in brain tissue
121 ADCY6 1 Neuronal system (From REACTOME)
14 | ARGLU1 -
18 |GUCY1B3 i Long term depression (From KEGG)
19 |EDN2 -
20 |EDN1 bl Endothelin 1 can affect the central nervous system

An interesting mat t e placeneen{(acootdiag td GeaeMANIAs
ranking) in the network without any annotatissuch as the LRMP gene (with no
terminology) from GeneMANIA network oMETU-SNP gens. One explanation for
their high rankingpy GeneMANIA may betheir interactions withother highly ranked
genes. Even, PLA2G12B and LRMP were placed on the network congpgeimes in
the related clusters from boMETU-SNP gens and AHP resultéFigure 7. They were

listed among top 7 genes in a netwark 138 genes, PLA2G12B ranking second.

GUCY1B3 was also involved in the list as"2§ene under rest of the previously
disovered genes except EDN1 and ARGLU1 (EDN1 canfea2l ARGLU1 could not

make to the list)lt is important to note the orientations of GUCY1B3, PLA2G12B and

LRMP. All of them are filling a gap in the network. EspecialBUCY1B3 is located

almost in themiddle of the networKFigure 7)

57

PLAZ



859

PRKCZ
ADRBK1
SLCGA‘
MYLS CACNA1E pDGFC

GNA1TCE7L 2
SNAP2S

@E@

Figurell Combined GeneMANIA network from related DAVID cluster of significant gene based on combuadaepand genes prioritized SNPs
mapped



As it is observed the networks aréagng GUCY1B3 forward with backing evidence

from NCBI and term annotations from databases and knowledgebases. The same
networks are also highlighting PLA2G12B and LRMFhich, by the way,are not
backed ugby otherdatabaesfor all of these genes

Next, theSNPnexusnalyses were carried out with all the prioritized SNPs (6,202 SNPs)

to investigate their phenotypic relations. The list of prioritized SNPs returned 62,584
results,as expected it was less than Rh&NK results. 1,714 of them related to the
keyword Aschizoo (schizophreni a, schizoaf
associations and there were 747 SNPs within 1,714 results. Further, number of results
referring to disease class neurological, clependency and psych is 15,523 comprising

4,201 unique SNPs. These findings support our previous observations suggesting the
strength of AHP based SNP prioritization which takes both biological relevance and

statistical significance into account.

Table 17shows the first cluster of DAVID analysis that was carried out with the results
of SNPnexusoming from prioritized SNPs. 4,201 SNPs were mapped to 1,322 genes
via ENSEMBL BioMart and these genes were analyzed with DAVID. Compared to
table 15, table 17 aludes two more terms: loftgrm depression and potentiation. Other
than these two terms AHP based prioritization was found to be quite successful bringing
out the relevant terms (Loftgrm depression and potentiation terms were also found in
DAVID chart of AHP results). Moreover, PLINK (statistical) results (1,792 SNPs were
mapped to 1,975 genes), which were biologically refined thr@&NRnexus provided

the same cluster table with table 17 (only difference was the ordeEndifthelin
signaling pathwaynd GnRH signaling pathway . P r e sasaularesmooth mudcle
contractio® a nelanogenes& i n table 17 reinforces th

schizophrenia.
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Tablel17. DAVID cluster analysis oENPnexusesults of prioritizedSNPs

Cluster 1 Enrichment Score: 3.24197385617593

Category Term Count | %

KEGG Vascular smooth muscle contraction 32| 2.52365930¢
KEGG Long-term depression 23| 1.81388012¢
KEGG Long-term potentiation 20| 1.57728706¢
KEGG Gap junction 21| 1.65615147
PANTHER | Endothelin signaling pathway 23|1.81388012¢
KEGG GnRH signaling pathway 19]1.498422713
KEGG Melanogenesis 16| 1.26182965]

3.3.1. Analysis of NorCoding Prioritized SNPs

All of the prioritized SNPs (25,000) were analyzed through RegulomeDB as PLINK
results. Among the 6,192 non-coding SNPs returned here were 177 SNPwith a
RegulomeDB scorabove3. These SNPs were ggested to have regulatory effects on
192 genes. We have analyzdtese genes with DAVID tool using default patlywa
options for this study. TableBlshows the result of DAVID analysis of these genes.

Table18 Pathways overrepresented according to AHP RegulomeDB results (DAVID analysis)

Category Term Count | % PValue

KEGG Chemokine signaling pathway 713.846153844 0.059653974
KEGG Long-term potentiation 412.197802194 0.080680724
KEGG Vascular smoothmuscle contraction 5(2.7472527470.08567403]
KEGG Renal cell carcinoma 412.197802199 0.08631547¢

Long-term potentiation and vascular smooth muscle contraction terms lister in

DAVID chart for prioritized noac o d i n g reshilté.Prs ailditionio vascular smooth

muscle contractioterm is present ithe firstcluster of DAVID analysidor prioritized

coding SNPsThe genedvolved with vascular smooth muscle contraction wet€B1,
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ARHGEF1, ADORA2B, CACNA1C and PRKCH and theywere also related to
neurological terms, process and/or phenoty@esnes involved in lorgerm potentiation
include RPS6KA2 and CREBBP in addition to PLCB1 and CACNAXInong all
these genethreeare related with a neurological phenotype, whstiggests a role in
molecular etiology of schizophrenidPLCB1 with Epileptic encephalopathy, early
infantile, 12 (EIEE12)[229]; CACNAL1C with major depressi, bipolardisorder and
schizophrenig151], [219], [230232] and CREBBP withRubinsteirTaybi syndrome
(since symptoms include mental retardatif#§3]. Associations of these genes with the
phenotypes show that CACNA1C is the most likely candidate gene that may be
associated with schizophrenialthough PLCB1 and CREBBP have been asdedi

with neurological phenotypes CACNA1CO06 s relation with ps
makes it a strong candidathh order to specify more precisehggulatory elements
located on CACNA1C gensere found to be more likely associated with schizophrenia.

All of 149 events are found to be significant (p < 0.05) in Reactome analysis. These
events are mostly populated with FGFR and
were occurred at least once in 37 events within 149 events (24.8% occurrence rate).
Following PI3K occurred 20 times (%13).

Top 15 results from Reactome overrepresentation anadgsisrding to AHP results
were presented in Table 18op 100 events can be found at appendix | and full list is

provided in the electronic supplements)
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Table19. Reactome Analysis of genes of Prioritized Nooding SNPs

Total
P-value Number number Name of this Event
of genes
of genes

1.22E04 > > D-glyceraldehyde ®hosphate + orthophosphate + NAD+ <=>1,3

' bisphospheD-glycerate + NADH +H+
1.22E04 2 5 1,3-bisphospheD-glycerate + NADH + H+ <=> Ejlyceraldehyde 3

' phosphate + Orthophosphate + NAD+
2.69E04 10 238 | Metabolism of carbohydrates
2.69E04 3 12 Keratan sulfate degradation
3.63E04 > 3 limit dextrin-glycogenin =>(1,6)alphaglucosyl)poly((1,4)alpha

glucosyl) glycogenin

3.63E04 > 3 ((1,6)alphaglucosyl)poly((1,4)alphaglucosyl)glycogenin =>

' poly{(1,4)-alphaglucosyl} glycogenin + alph&®-glucose
3.63E04 2 3 poly((1,4)alphaD-glucosyl) glycogenin =xlycogenglycogenin
3.63E04 2 3 Activated NOD oligomer recruites RIP2 (RICK)
3.99t04 4 32 Keratan sulfate/keratin metabolism
4.39:04 3 14 RIP2 is K63 polyubiquitinated
5.83E04 5 62 Glucose metabolism
7.20E04 2 4 GPVI binds Fyn and Lyn
7.20E04 2 4 RIP2 binds NEMO
7.20E04 2 4 CARDS9 binds RIP2 (and NOD2)
1 77E03 2 6 Binding of GPVI:Fc Epsilon R1 gamma receptor complex with

collagen
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CHAPTER IV

4 CONCLUSION AND FUTURE STUDIES

4.1. Conclusions

- GWA studies are very well designed fdentification of novel features related
with a disease as they provide higher resolution for any given linkage study.

- Data produced as a result of GWA study should be well handled via statistical
tools to filter out insignificant ones then it should beldjically assessed
through biological data and knowledgebases.

- Statistical results are not sufficient enough for association studies most of the
time. Data size may require further decrease to handle and be feasible for further
studies.

- METU-SNP was showto be a very useful tool to further decrease the size of
data. As the software preserves statistical significance of the data, it also enriches
data biologically.

- Integrating GWAS studies with pathway and network analysis was valuable to
discover new rations and validate the findings of the study.

- 25 of the 66 genes from molecular summary of schizophrenia were observed in

combinedp-value ofgenes and AHPbased SNPrioritizationresults.

63



The resultsof the noRGAIN data analysis wasn parallel with the previous
GAIN study [155]. DAVID cluster analysis of AHP results was also petht
three of the five pathwaysentioned in the GAIN studyell adhesion molecules
(CAMs), cell cycleand tight junction

GRIN1 (NMDA receptor)was found to be most likerelated with schizophrenia
according to GeneMANIA results of MEFSBNP genes.

Association of FGFR(especially FGFR2)and its related genes which is
previously associated with schizophrenia was also observed in this study.
Previously nominated GRB2 gens eausal of schizophrenia was also observed
in this study.

CNTNAP2, NPAS3 andMTHFR genes, which were previously associated, were
observed in this study.

ADCY7, whose association wasalso implied in [192], observed among

discovered genes the gene networlbuilt by GeneMANIA

Novel findingsof our studyinclude:

SOS1 forming a complex with GRB2 was found to be psscandidate
according to Reactome results of MEFBINP genes.

Melanogenesis and vascular smooth muscle contraction pathways were found to
be related with schizophrenia according to DAVID cluster analysis. Although
melanogenesis pathway was one of the éas&ched pathways, genes belong to
this pathway showed full coverage in a gene network composed of genes from
neurological pathways.

GUCY1B3 was identifiedasa strong candidate gene as a result of GeneMANIA

analysis.There were also two other genes PLAZB and LRMP ranked before

GUCY1B3. Although therdasn 6 t any suggestive evidenc
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be related with schizophrenia, they rankadtop levels within a neurological
gene network.
- CACNALC was identified as a casual gene of schizophremaewious studies,
this study suggests that CACNA1COGs ass
originated from itso6é regulatory el ement
- Axon guidance, focal adhesion, integrin signaling pathway, ABC transporters,
and MAPK signaling pathways shown to be assied with schizophrenia in this
study, might have a role in corpus collasum reshaping observed in schizophrenia
patients.
- Long-term potentiation and vascular sotb muscle contraction pathwagdso
being present in DAVID analysi of RegulomeDB resultsuggestinteraction
between the networks of the coding and-coding SNPs.
- The final combined network can be suggested as a key molecular basis for the

etiology of schizophrenia

4.2, Future Studies

Future studiesre including but not limited to:

.  Meta analys of the two datasets including current one and additional
schizophrenia genotyping data, which is planned to be accessed through dbGAP,
to validate SNP profiles associated with schizophrenia.

ii.  Integration of findings from genotyping analysis with phenatypatures.

ii.  Building a decision support model using genotype and phenotype features by
means of data mining methods.
iv. A pilot study with genotype profiles and the decision support model for the

external validation of the proposed model.
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4.3.

APPENDICES

APPENDIX A: TOP100 SNPs FROM PLINK RESULTS

Rank SNP P-Vval Rank SNP P-Val
1 rs2574608 | 4.16E20 51 rs11995470| 1.40E12
2 rs2352301 | 8.30E20 52 rs1927887 | 1.42E12
3 rs2771913| 8.78E20 53 rs6713559 | 2.18E12
4 rs2563850 | 1.08E19 54 rs10239811 2.40E12
5 rs2123561 | 1.36E19 55 rs6711688 | 3.59E12
6 rs2562967 | 1.43E19 56 rs7214631| 3.67E12
7 rs2558989 | 1.43E19 57 rs9604109 | 3.74E12
8 rs425231 | 1.57E19 58 rs2426553 | 4.37E12
9 rs2557227| 1.67E19 59 rs1458528 | 4.49E12
10 rs2755895 | 2.01E19 60 rs12068752| 4.50E12
11 rs2750987 | 2.12E19 61 rs7404615| 4.72E12
12 rs2563654 | 2.45E19 62 rs884562 | 5.30E12
13 rs2759914 | 2.45e19 63 rs2146327 | 7.02E12
14 rs1435898 | 2.65E19 64 rs2558593| 7.19E12
15 rs2352691 | 3.08&19 65 rs2904311 | 7.34E12
16 rs1435910 | 4.35E19 66 rs8078633 | 7.46E12
17 rs2752696 | 5.25e19 67 rs9514925| 7.62E12
18 rs2522781 | 1.26E18 68 rs2318050 | 8.30E12
19 rs2880301 | 1.47E18 69 rs2734743| 1.10E11
20 rs2557030 | 1.69E18 70 rs6735695| 1.12E11
21 rs2441262 | 2.86E18 71 rs7055488 | 1.1311
22 rs2653037 | 4.94E18 72 rs7052126 | 1.14E11
23 rs2534048 | 7.05£18 73 rs1566060 | 1.15E11
24 rs2534362 | 1.14E17 74 rs11984987| 1.1911
25 rs3865868 | 1.25E17 75 rs10000609| 1.23E11
26 rs2197554 | 1.34E17 76 rs7652014 | 1.24E11

99







