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Schizophrenia is a mental disorder characterized by abnormal thinking, social
engagement, and interpretation of reality (World Health Organization). This disease is a
crippling disorder that has spurred much research over the past decades with the aims of
finding a specific cure. The polygenetic nature of the disease and potential environmental
factors that affect it as well make elucidating a distinct pathophysiology very elusive
(Schizophrenia Working Group of the Psychiatric Genomics Consortium). However, the
advancement of next generation sequencing and the combined efforts of research centers,
universities, medical institutions have made the use of genome-wide mapping an efficient
strategy in elucidating patterns and associations regarding schizophrenia (Dempster,
Yongsheng). Through a meta-analysis of multiple genome-wide association studies
regarding the genetic and epigenetic associations of schizophrenia, the complexities of
this elusive disease and the possibilities of a distinct etiology will become more
comprehensive.
The symptoms of schizophrenia are most commonly broken up into two
categories: positive and negative. Positive symptoms are characteristics that are not

typically found in the majority of people’s normal functioning. A common positive
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symptom of schizophrenia is having delusional thoughts (Carson). These are usually false
beliefs that are not based in our reality. Individuals with delusional thoughts often have
an unstable sense of their own self (Sims). Schizophrenic individuals may also
experience hallucinations (Sims). These can be attributed to any of the senses; however,
schizophrenics most commonly experience auditory hallucinations, usually in the form of
hearing voices (Sims). These auditory hallucinations tend to have structure to them and
resemble actual figures. Another frequent positive symptom in schizophrenic individual
1s making loose associations (Hirsch). This is where a person’s thoughts or speech
illogically progresses to ideas or phrases that are very loosely associated in meaning.
Somewhat less frequent of a symptom is a tendency to have random outbursts of violence
(Hirsch). When a person does exhibit this trait, the violence is usually not directed at
other people, but instead at their own self. This leads to a higher than average rate of
suicide in people with schizophrenia (Harkavy). Most available antipsychotic drugs
aimed at treating schizophrenia, such as clozapine, olanzapine, risperidone, and
amisulpride, are able to decently remedy these symptoms, however, the negative
symptoms prove to be more evasive (Kneisl).

Negative symptoms are characteristics that normal healthy people have, but that
have either been reduced or nonexistent in a person with schizophrenia (Sims). An
example of these is a lack of social cognition. This leads to a reduced desire to form
relationships, difficulties understanding emotional facial expressions, and withdrawal
from society (Carson). Schizophrenics tend to have diminished emotions themselves as
well as lowered motivation and difficulties feeling pleasure. Another very common

inability experienced is the difficulty in understanding abstract things, such as proverbs
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(Barry). These symptoms tend to be the most debilitating in society and, unfortunately,
do not respond well to medications.

The demographics of schizophrenia are fairly similar worldwide. Around 0.3 to
0.7% of people around the world suffer from schizophrenia, which is around 24 million
people worldwide (Os, World Health Organization). There is no difference in the rates of
schizophrenia between people of different socioeconomic statuses, however, people of
lower economic standing tend to be diagnosed much later after their onset, are more
likely to go untreated, or cannot efficiently treat their illness due to inadequate healthcare
systems (Os). There also is no significant difference in incidence between males and
females; however, there is a difference in their ages of onset. Both genders’ peak ages of
onset occur in early adulthood, however, schizophrenia tends to appear earlier in men,
with a peak at 21 years old, and slightly later in women, with a peak at 25 years old (Os).

Schizophrenia has been shown to have a high level of heritability, with estimates
as far as 80% (Sullivan). However, schizophrenia is a polygentic disease, meaning it is
caused by more than one gene, and finding a specific pathophysiology has proven to be
quite difficult. Research has now been directed at trying to determine what common
genic variations attribute to schizophrenia. Current estimates state that common
polygenetic variations are accountable for one-third of the total genetic variation in
schizophrenia (Sklar). The method of using genome-wide association studies (GWAS)
has been very helpful in elucidating the intricacies of complex diseases that have
multifaceted components to their condition. GWAS use DNA microarrays to identify
single nucleotide polymorphisms in databases of millions of varying genomes. The

studies are used to find associations in genetic variations that could be used to identify,
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avert, and counteract these complex conditions. One of the biggest hurdles in applying a
GWAS on schizophrenia, however, is finding enough suitable patients for the study
(Schizophrenia Working Group of the Psychiatric Genomics Consortium). In order to go
about this, consortiums, comprised of many universities medical institutions, and
research centers from around the world, pool together many databases of DNA
microarrays in order to extract a comprehensive analysis.

Around two-dozen large GWAS have been performed in order to identify
schizophrenia-associated loci and just over 100 distinct loci with significant associations
have been found (International Schizophrenia Consortium, Ripke, Ikeda, Hamshere,
O’Donovan, Rietschel, Schizophrenia Psychiatric Genome-Wide Association Study
Consortium, Schizophrenia Working Group of the Psychiatric Genomics Consortium,
Irish Schizophrenia Genomics Consortium, Shi, Shi, Stefansson, Steinberg, Yue, Lancz,
Psychiatric GWAS Consortium). A p-value of 5x10"-8 or less was used to define a
significantly associated loci. In order to properly characterize the disease and with the
need of space in mind, only specific loci and their associated genes will be elaborated
upon based on the current understanding of schizophrenia’s characteristics.

A schizophrenic-associated loci was found at 11g23.2, which corresponds to the
DRD2 gene. This gene encodes for the D2 subtype of the dopamine receptor. This protein
is the receptor for its endogenous ligand, dopamine, and is pivotal in dopaminergic
neurotransmission. Dopamine is a neurotransmitter that is responsible for reward-
motivated behavior, motor control, memory, and cognition. Many atypical antipsychotic
drugs aimed at treating schizophrenia, such as amisulpride, olanzapine, risperidone, and

clozapine, work as D2 receptor antagonists, thus decreasing dopaminergic
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neurotransmission and blocking off mesolimbic and prefrontal cortex limbic pathways.
This in turn can help remedy the positive symptoms of schizophrenia as well as some
negative cognitive symptoms. (Schizophrenia Working Group of the Psychiatric
Genomics Consortium)

Schizophrenic-associated loci were also found at 7q21.12, 16p13.2, 5q33.2,
17p13.3, 4933, and 16921 and correspond to the genes GRM3, GRIN2A, GRIA1, SRR,
CLCN3, and SLC38A7 respectively. These genes are all associated with the
neurotransmission of glutamate, which is an excitatory neurotransmitter in the nervous
system. Glutamate is responsible for synaptic plasticity, which plays a role in memory,
learning, and long-term potentiation. Glutamate also plays a role in cross talk between
synapses, the regulation of growth cones, and synaptogenesis. Glutamate has four types
of receptors — NMDA receptors, kainate receptors, AMPA receptors, and mGluR. GRIA1
encodes for a subunit of an AMPA receptor, GRM3 encodes for a subunit of a mGIluR,
and GRIN2A encodes for a NMDA receptor. While SRR, CLCN3, and SLC38A7 deal
with the activation of NMDA, ion channels for glutaminergic synapses, and the reuptake
of glutamate respectively. (Schizophrenia Working Group of the Psychiatric Genomics
Consortium)

The functioning of plasticity and synapses may also play a role in the etiology of
schizophrenia. A multitude of loci (16p11.2, Xp21.33-32, 11g25, 3p26.3, 5q14.3, 7q33,
Xp22.12, 15q14, 6q14.2) all correspond to genes that regulate the structure of synapses,
formation of synapses and presynapses, development of interneurons, network formation,
neurogenesis, and neurite and dendritic growth, among many other processes. Other loci

seem to similar genes that help regulate neurodevelopment such as FXR1, SATB2,
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PODXL, BCL11B, TLE1, TLE3, and FAMS5B. Previous research has already shown
functional differences in brain structure and activity in individuals with schizophrenia
compared with those who don’t. (Schizophrenia Working Group of the Psychiatric
Genomics Consortium)

Lastly, there was an abundance of loci (22q13.1, 6q12-13, 20q13.13, 5p21,
15925.1) that correspond to genes such as CACNAT1I, RIMS1, KCB1, HCNI1, and
CHRNA3 that relate to neuronal ion channels. In particular, there is a high relationship to
calcium (L and T type) ion channels, but there are also genes that encode for potassium.
Voltage-gated calcium ion channels have roles in exciting neurons and initiating synaptic
transmission (Catterall, Schizophrenia Working Group of the Psychiatric Genomics
Consortium).

After categorizing a multitude of schizophrenia-associated loci, the characteristics
of the disease become a little more comprehensive. The GWAS loci may imply a
convergence of abnormalities dealing with the neurotransmission of dopamine and
glutamate, the function and structure of synapses and plasticity, and calcium ion
channels.

All of the loci mentioned point to abnormalities within the brain, however, that is
also because that is where most of the current research being performed on schizophrenia
is being focused on. In one of the largest GWAS on schizophrenia to date, with 36,989
cases and 113,075 controls, the Schizophrenia Working Group of the Psychiatric
Genomics Consortium mapped their 108 significantly found schizophrenia-associated
loci to epigenetic markers that correspond to cell and tissue type specific active enhancers

from 56 cell line and tissue samples. Their data confirmed that the schizophrenia-
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associated loci were significantly abundant at enhancers in the brain and not so in other
places such as the liver, kidney, and bone. However, they also found that the loci were
significantly enriched in tissues related to immune functions. Specifically, enhancers
active in tissue lines associated with B-lymphocyte antigens such as CD19 and CD20.
Both of these proteins are expressed on B-cells and are responsible for gaining immunity
and activating B-cell immune response (Gaughran). There have been previous finding
that point to the dysregulation of the immune system being involved in the pathology of
schizophrenia, but these associations help us reaffirm this interest and guide us to other
areas of exploration in regards to schizophrenic etiology (Gaughran). (Schizophrenia
Working Group of the Psychiatric Genomics Consortium)

Another area in particular is the potential role that epigenetic changes affect the
pathology of schizophrenia. An epigenetic change is a heritable modification in the
expression of a gene that is not induced by a change in the DNA sequence. Epigenetic
changes regularly occur naturally throughout time, however, they can also be brought
about by outside effects such as the environment, disease, and age. The two main
mechanisms behind epigenetic changes are DNA methylation, histone modification, and
non-coding RNA-associated modification. As we have already begun to learn,
schizophrenia is a very complex polygenetic disease and it does not simply follow
Mendelian inheritance, suggesting that common genetic variations cannot fully explain
this multifaceted disease. Research into the epigenetic changes possibly involved in the
etiology of schizophrenia has begun to increase in the last few years.

One of the most commonly hypothesized mechanisms for epigenetic changes

associated with schizophrenia is DNA methylation. This process is where
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methyltransferase (DNMT) enzymes covalently add a methyl group to the DNA
nucleotides, cytosine or adenine. This methylation is usually found in CpG sites —
locations in the DNA sequence where a cytosine nucleotide is placed right next to a
guanine nucleotide. The exception to this is CpG islands; these are clusters of CpG sites
that are usually located near promoters of a gene. When a CpG island is methylated, the
methyl group sticks into the major groove of DNA near the promoter and sterically
inhibits DNA transcription, thereby reducing gene expression. This change in expression
can be a permanent as cells divide and specify, which can cause genomic imprinting.
DNA methylation is important in neurobiological and cognitive functions such as
memory, learning and neural development. (Dempster)

The first form of a genome-wide epigenomic approach to major psychosis was
taken in 2008 by performing a microarray-based epigenomic scan using CpG island
microarrays. They found epigenetic dysregulation by way of DNA methylation near
multiple genes involved in neuronal development, GABA neurotransmission,
glutamitergic neurotransmission, and several other genes previously linked to major
psychosis. (Mill)

Since then, many genome-wide epigenomic studies have been aimed at
schizophrenia. Many of the results have linked very well with the findings previously
reported in the multiple GWAS on common genetic variations. A study examining the 5°-
regulatory region of the DRD2 gene in two pairs of monozygotic twins (one concordant
and one discordant for schizophrenia) found that the there was nonuniform methylation
patterns in the pair of discordant monozygotic twins, and that the afflicted twin in the

discordant pair was epigenetic more similar to the concordant pair of twin. This suggests
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that epigenetic variation may be a factor in regards to susceptibility to schizophrenia.
(Petronis)

Lastly, in 2014 a genome wide mapping study was performed to examine the
genomic distribution of abnormal DNA methylation in six subjects with schizophrenia
and three subjects with bipolar disorder and compare them to a normal positive control.
The study found specific DNA methylation patterns around transcriptional start sites in
“CpG island shores” (locations that are a couple of kilobases away from CpG islands)
and in promoters without CpG islands. The study also found hundreds of original
schizophrenia- and bipolar-associated genes that are involved in processes such as
signaling pathways, long-term potentiation and metabolism. (Yongsheng)

Specifically taking a look at the data involving the aberrant DNA methylation in
schizophrenia, the study sorted through individual variations and found “ultra DMRS,”
which are regions that are hyper- or hypo-methylated in over 50% of the samples. A total
of 5,338 hyper-methylated DMRs and 13,630 hypo-methylated DMRs were found in the
DNA of schizophrenic subjects. These methylation regions were in many “CpG shores”
that were associated with genes previously associated with schizophrenia. In fact, 23.8%
of the genes identified in the study were genes previously associated with schizophrenia.
These genes include important hotspot genes such as DNMT1, CACNA1S, PRAME,
SMAD3, ARHGAP26, and CREB. These results help suggest that the epigenetic
mechanism of DNA methylation may play an important role in the pathology of
schizophrenia as well as show that it may be possible to use specific methylation patterns

as biomarkers for characterizing schizophrenia. (Yongsheng)
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As we can see through a meta-analysis of multiple GWAS aimed at elucidating
specific common genetic variations and epigenetic patterns, the nature of schizophrenia is
a very polygenetic disease that is influenced by a plethora of factors that are situated in
casual and rare genetic variations associated with dopaminergic and glutamatergic
neurotransmission, neuronal ion channels, and the functioning of synapses and plasticity
as well as epigenetic changes brought about by the mechanism of DNA methylation,
particularly near “CpG shores”. Although a distinct pathophysiology has not been
elucidated, the advancement of genomic sequencing strategies has built a more
comprehensive characterization of the disease and the possibility of specific patterns

useful as biomarkers may slowly make this multifaceted disease easier to treat and detect.



Bautista - 11

Works Cited

Cao, Jia-Xue, Hong-Ping Zhang, and Li-Xin Du. "Influence of Environmental Factors on DNA
Methylation." Hereditas (Beijing) 35.7 (2013): 839-46. Web.

Catterall, W. A. "International Union of Pharmacology. XL.. Compendium of Voltage-Gated
Ion Channels: Calcium Channels." Pharmacological Reviews 55.4 (2003): 579-81. Web.

Dempster, E., J. Viana, R. Pidsley, and J. Mill. "Epigenetic Studies of Schizophrenia: Progress,
Predicaments, and Promises for the Future." Schizophrenia Bulletin 39.1 (2012): 11-16.
Web.

Gaughran, Fiona. "Immunity and Schizophrenia: Autoimmunity, Cytokines, and Immune
Responses." International Review of Neurobiology 52 (2002): 275-302. Web.

"Genome-Wide Association Study Implicates HLA-C*01:02 as a Risk Factor at the Major
Histocompatibility Complex Locus in Schizophrenia." Biological Psychiatry 72.8 (2012):
620-28. Web.

Hamsphere, ML, JT Walters, R. Smith, and AL Richards. "Genome-wide Significant
Associations in Schizophrenia to ITIH3/4, CACNA1C and SDCCAGS, and Extensive
Replication of Associations Reported by the Schizophrenia PGC." Molecular
Psychiatry 18.6 (2012): 708-12. Web.

International Schizophrenia Consortium. "Common Polygenic Variation Contributes to Risk of
Schizophrenia That Overlaps with Bipolar Disorder." Nature 460 (2009): 748-52. Web.

Kuratomi, G., K. Iwamoto, M. Bundo, I. Kusumi, N. Kato, N. Iwata, N. Ozaki, and T. Kato.
"Aberrant DNA Methylation Associated with Bipolar Disorder Identified from
Discordant Monozygotic Twins." Molecular Psychiatry 13.4 (2007): 429-41. Web.

Lencz, Todd, Saurav Guha, Chunyu Liu, Jeffrey Rosenfeld, Semanti Mukherjee, Pamela
Derosse, Majnu John, Lijun Cheng, Chunling Zhang, Judith A. Badner, Masashi Ikeda,
Nakao Iwata, Sven Cichon, Marcella Rietschel, Markus M. Noéthen, A.t.a. Cheng, Colin
Hodgkinson, Qiaoping Yuan, John M. Kane, Annette T. Lee, Anne Pisanté, Peter K.

Gregersen, Itsik Pe’Er, Anil K. Malhotra, David Goldman, and Ariel Darvasi. "Genome-



Bautista - 12

wide Association Study Implicates NDST3 in Schizophrenia and Bipolar
Disorder." Nature Communications 4 (2013): n. pag. Web.

Li, Yongsheng, Cynthia Camarillo, Jaun Xu, and Tania Arana. "Genome-Wide Methylome
Analyses Reveal Novel Epigenetic Regulation Patterns in Schizophrenia and Bipolar
Disorder." Open Access Article (2014): n. pag. Web.

Mill, Jonathan, Thomas Tang, Zachary Kaminsky, Tarang Khare, Simin Yazdanpanah, Luigi
Bouchard, Peixin Jia, Abbas Assadzadeh, James Flanagan, Axel Schumacher, Sun-Chong
Wang, and Arturas Petronis. "Epigenomic Profiling Reveals DNA-Methylation Changes
Associated with Major Psychosis." The American Journal of Human Genetics 82.3
(2008): 696-711. Web.

O'donovan, Michael C., Nicholas Craddock, Nadine Norton, Hywel Williams, Timothy Peirce,
Valentina Moskvina, Ivan Nikolov, Marian Hamshere, Liam Carroll, Lyudmila
Georgieva, Sarah Dwyer, Peter Holmans, Jonathan L. Marchini, Chris C A Spencer,
Bryan Howie, Hin-Tak Leung, Annette M. Hartmann, Hans-Jiirgen Moéller, Derek W.
Morris, Yongyong Shi, Guoyin Feng, Per Hoffmann, Peter Propping, Catalina Vasilescu,
Wolfgang Maier, Marcella Rietschel, Stanley Zammit, Johannes Schumacher, Emma M.
Quinn, Thomas G. Schulze, Nigel M. Williams, Ina Giegling, Nakao Iwata, Masashi
Ikeda, Ariel Darvasi, Sagiv Shifman, Lin He, Jubao Duan, Alan R. Sanders, Douglas F.
Levinson, Pablo V. Gejman, Pablo V. Gejman, Alan R. Sanders, Jubao Duan, Douglas F.
Levinson, Nancy G. Buccola, Bryan J. Mowry, Robert Freedman, Farooq Amin, Donald
W. Black, Jeremy M. Silverman, William F. Byerley, C. Robert Cloninger, Sven Cichon,
Markus M. No6then, Michael Gill, Aiden Corvin, Dan Rujescu, George Kirov, and
Michael J. Owen. "Identification of Loci Associated with Schizophrenia by Genome-
wide Association and Follow-up." Nature Genetics 40.9 (2008): 1053-055. Web.

Petronis, A., I. I. Gottesman, P. Kan, J. L. Kennedy, V. S. Basile, A. D. Paterson, and V.
Popendikyte. "Monozygotic Twins Exhibit Numerous Epigenetic Differences: Clues to

Twin Discordance?" Schizophrenia Bulletin29.1 (2003): 169-78. Web.



Bautista - 13

Phillips, Theresa. "The Role of Methylation in Gene Expression." Nature.com. Nature
Publishing Group, n.d. Web. 08 Dec. 2014.
<http://www.nature.com/scitable/topicpage/the-role-of-methylation-in-gene-expression-
1070>.

Pidsley, Ruth, and Jonathan Mill. "Epigenetic Studies of Psychosis: Current Findings,
Methodological Approaches, and Implications for Postmortem Research." Biological
Psychiatry 69.2 (2011): 146-56. Web.

Rietschel, M., M. Mattheisen, F. Degenhardt, René S. Kahn, Don H. Linszen, Jim Van Os,
Durk Wiersma, Richard Bruggeman, Wiepke Cahn, Lieuwe De Haan, Lydia
Krabbendam, Inez Myin-Germeys, T. W. Miihleisen, P. Kirsch, C. Esslinger, S. Herms,
D. Demontis, M. Steffens, J. Strohmaier, B. Haenisch, R. Breuer, P. M. Czerski, 1.
Giegling, E. Strengman, C. Schmael, O. Mors, P. B. Mortensen, D. M. Hougaard, T.
Ormtoft, P. Kapelski, L. Priebe, F. B. Basmanav, A. J. Forstner, P. Hoffmann, S. Meier, J.
Nikitopoulos, S. Moebus, M. Alexander, R. Mossner, H-E Wichmann, S. Schreiber, F.
Rivandeneira, A. Hofman, A. G. Uitterlinden, T. F. Wienker, J. Schumacher, J. Hauser,
W. Maier, R. M. Cantor, S. Erk, T. G. Schulze, Hreinn Stefansson, Stacy Steinberg,
Omar Gustafsson, Engilbert Sigurdsson, Hannes Petursson, Augustine Kong, Kari
Stefansson, Olli P H Pietildinen, Annamari Tuulio-Henriksson, Tiina Paunio, Jouko
Lonnqvist, Jaana Suvisaari, Leena Peltonen, Mirella Ruggeri, Sarah Tosato, Muriel
Walshe, Robin Murray, David A. Collier, David St Clair, Thomas Hansen, Andres
Ingason, Klaus D. Jakobsen, Linh Duong, Thomas Werge, Ingrid Melle, Ole A.
Andreassen, Srdjan Djurovic, Istvan Bitter, Janos M. Réthelyi, Lilia Abramova, Vasily
Kaleda, Vera Golimbet, Erik G. Jonsson, Lars Terenius, Ingrid Agartz, Ruud Van
Winkel, Gunter Kenis, Marc De Hert, Jan Veldink, Carsten Wiuf, Michael Didriksen, N.
Craddock, M. J. Owen, M. C. O'donovan, A. D. Berglum, D. Rujescu, H. Walter, A.
Meyer-Lindenberg, M. M. Nothen, R. A. Ophoff, and S. Cichon. "Association between



Bautista - 14

Genetic Variation in a Region on Chromosome 11 and Schizophrenia in Large Samples
from Europe." Molecular Psychiatry (2011): n. pag. Web.

Ripke, Stephan, Colm O'dushlaine, Kimberly Chambert, Jennifer L. Moran, Anna K. Kéhler,
Susanne Akterin, Sarah E. Bergen, Ann L. Collins, James J. Crowley, Menachem
Fromer, Yunjung Kim, Sang Hong Lee, Patrik K E Magnusson, Nick Sanchez, Eli A.
Stahl, Stephanie Williams, Naomi R. Wray, Kai Xia, Francesco Bettella, Anders D.
Borglum, Brendan K. Bulik-Sullivan, Paul Cormican, Nick Craddock, Christiaan De
Leeuw, Naser Durmishi, Michael Gill, Vera Golimbet, Marian L. Hamshere, Peter
Holmans, David M. Hougaard, Kenneth S. Kendler, Kuang Lin, Derek W. Morris, Ole
Mors, Preben B. Mortensen, Benjamin M. Neale, Francis A. O'neill, Michael J. Owen,
Milica Pejovic Milovancevic, Danielle Posthuma, John Powell, Alexander L. Richards,
Brien P. Riley, Douglas Ruderfer, Dan Rujescu, Engilbert Sigurdsson, Teimuraz
Silagadze, August B. Smit, Hreinn Stefansson, Stacy Steinberg, Jaana Suvisaari, Sarah
Tosato, Matthijs Verhage, James T. Walters, Douglas F. Levinson, Pablo V. Gejman,
Kenneth S. Kendler, Claudine Laurent, Bryan J. Mowry, Michael C. O'donovan, Michael
J. Owen, Ann E. Pulver, Brien P. Riley, Sibylle G. Schwab, Dieter B. Wildenauer, Frank
Dudbridge, Peter Holmans, Jianxin Shi, Margot Albus, Madeline Alexander, Dominique
Campion, David Cohen, Dimitris Dikeos, Jubao Duan, Peter Eichhammer, Stephanie
Godard, Mark Hansen, F. Bernard Lerer, Kung-Yee Liang, Wolfgang Maier, Jacques
Mallet, Deborah A. Nertney, Gerald Nestadt, Nadine Norton, Francis A. O'neill, George
N. Papadimitriou, Robert Ribble, Alan R. Sanders, Jeremy M. Silverman, Dermot Walsh,
Nigel M. Williams, Brandon Wormley, Maria J. Arranz, Steven Bakker, Stephan Bender,
Elvira Bramon, David Collier, Benedicto Crespo-Facorro, Jeremy Hall, Conrad Iyegbe,
Assen Jablensky, Rene S. Kahn, Luba Kalaydjieva, Stephen Lawrie, Cathryn M. Lewis,
Kuang Lin, Don H. Linszen, Ignacio Mata, Andrew Mcintosh, Robin M. Murray, Roel A.
Ophoft, John Powell, Dan Rujescu, Jim Van Os, Muriel Walshe, Matthias Weisbrod,

Durk Wiersma, Peter Donnelly, Ines Barroso, Jenefer M. Blackwell, Elvira Bramon,



Bautista - 15

Matthew A. Brown, Juan P. Casas, Aiden P. Corvin, Panos Deloukas, Audrey
Duncanson, Janusz Jankowski, Hugh S. Markus, Christopher G. Mathew, Colin N A
Palmer, Robert Plomin, Anna Rautanen, Stephen J. Sawcer, Richard C. Trembath,
Ananth C. Viswanathan, Nicholas W. Wood, Chris C A Spencer, Gavin Band, Céline
Bellenguez, Colin Freeman, Garrett Hellenthal, Eleni Giannoulatou, Matti Pirinen,
Richard D. Pearson, Amy Strange, Zhan Su, Damjan Vukcevic, Peter Donnelly, Cordelia
Langford, Sarah E. Hunt, Sarah Edkins, Rhian Gwilliam, Hannah Blackburn, Suzannah J.
Bumpstead, Serge Dronov, Matthew Gillman, Emma Gray, Naomi Hammond,
Alagurevathi Jayakumar, Owen T. Mccann, Jennifer Liddle, Simon C. Potter, Radhi
Ravindrarajah, Michelle Ricketts, Avazeh Tashakkori-Ghanbaria, Matthew J. Waller,
Paul Weston, Sara Widaa, Pamela Whittaker, Ines Barroso, Panos Deloukas, Christopher
G. Mathew, Jenefer M. Blackwell, Matthew A. Brown, Aiden P. Corvin, Mark I.
Mccarthy, Chris C A Spencer, Elvira Bramon, Aiden P. Corvin, Michael C. O'donovan,
Kari Stefansson, Edward Scolnick, Shaun Purcell, Steven A. Mccarroll, Pamela Sklar,
Christina M. Hultman, and Patrick F. Sullivan. "Genome-wide Association Analysis
Identifies 13 New Risk Loci for Schizophrenia." Nature Genetics 45.10 (2013): 1150-
159. Web.

"Schizophrenia." WHO.int. World Health Organization, n.d. Web. 06 Dec. 2014.
<http://www.who.int/mental health/management/schizophrenia/en/>.

Schizophrenia Working Group of the Psychiatric Genomics Consortium. "Biological Insights
from 108 Schizophrenia-associated Genetic Loci." Nature 511 (2014): 421-27. Web.

Shi, Jianxin, Douglas F. Levinson, Jubao Duan, Alan R. Sanders, Yonglan Zheng, Itsik Pe’Er,
Frank Dudbridge, Peter A. Holmans, Alice S. Whittemore, Bryan J. Mowry, Ann Olincy,
Farooq Amin, C. Robert Cloninger, Jeremy M. Silverman, Nancy G. Buccola, William F.
Byerley, Donald W. Black, Raymond R. Crowe, Jorge R. Oksenberg, Daniel B. Mirel,
Kenneth S. Kendler, Robert Freedman, and Pablo V. Gejman. "Common Variants on

Chromosome 6p22.1 Are Associated with Schizophrenia." Nature (2009): n. pag. Web.



Bautista - 16

Shi, Yongyong, Zhiqiang Li, Qi Xu, Ti Wang, Tao Li, Jiawei Shen, Fengyu Zhang, Jianhua
Chen, Guoquan Zhou, Weidong Ji, Baojie Li, Yifeng Xu, Dengtang Liu, Peng Wang,
Ping Yang, Benxiu Liu, Wensheng Sun, Chunling Wan, Shengying Qin, Guang He, Stacy
Steinberg, Sven Cichon, Thomas Werge, Engilbert Sigurdsson, Sarah Tosato, Aarno
Palotie, Markus M. No6then, Marcella Rietschel, Roel A. Ophoff, David A. Collier, Dan
Rujescu, David St Clair, Hreinn Stefansson, Kari Stefansson, Jue Ji, Qingzhong Wang,
Wenjin Li, Linqing Zheng, Hairong Zhang, Guoyin Feng, and Lin He. "Common
Variants on 8p12 and 1q24.2 Confer Risk of Schizophrenia." Nature Genetics 43.12
(2011): 1224-227. Web.

Stefansson, Hreinn, Roel A. Ophoff, Stacy Steinberg, Ole A. Andreassen, Sven Cichon, Dan
Rujescu, Thomas Werge, Olli P. H. Pietildinen, Ole Mors, Preben B. Mortensen,
Engilbert Sigurdsson, Omar Gustafsson, Mette Nyegaard, Annamari Tuulio-Henriksson,
Andres Ingason, Thomas Hansen, Jaana Suvisaari, Jouko Lonnqvist, Tiina Paunio,
Anders D. Borglum, Annette Hartmann, Anders Fink-Jensen, Merete Nordentoft, David
Hougaard, Bent Norgaard-Pedersen, Yvonne Bottcher, Jes Olesen, René Breuer, Hans-
Jiirgen Moller, Ina Giegling, Henrik B. Rasmussen, Sally Timm, Manuel Mattheisen,
Istvan Bitter, Janos M. Réthelyi, Brynja B. Magnusdottir, Thordur Sigmundsson, Pall
Olason, Gisli Masson, Jeffrey R. Gulcher, Magnus Haraldsson, Ragnheidur Fossdal,
Thorgeir E. Thorgeirsson, Unnur Thorsteinsdottir, Mirella Ruggeri, Sarah Tosato,
Barbara Franke, Eric Strengman, Lambertus A. Kiemeney, GroupT, Ingrid Melle, Srdjan
Djurovic, Lilia Abramova, Vasily Kaleda, Julio Sanjuan, Rosa De Frutos, Elvira Bramon,
Evangelos Vassos, Gillian Fraser, Ulrich Ettinger, Marco Picchioni, Nicholas Walker,
Timi Toulopoulou, Anna C. Need, Dongliang Ge, Joeng Lim Yoon, Kevin V. Shianna,
Nelson B. Freimer, Rita M. Cantor, Robin Murray, Augustine Kong, Vera Golimbet,
Angel Carracedo, Celso Arango, Javier Costas, Erik G. Jonsson, Lars Terenius, Ingrid
Agartz, Hannes Petursson, Markus M. N6then, Marcella Rietschel, Paul M. Matthews,

Pierandrea Muglia, Leena Peltonen, David St Clair, David B. Goldstein, Kari Stefansson,



Bautista - 17

David A. Collier, René S. Kahn, Don H. Linszen, Jim Van Os, Durk Wiersma, Richard
Bruggeman, Wiepke Cahn, Lieuwe De Haan, Lydia Krabbendam, and Inez Myin-
Germeys. "Common Variants Conferring Risk of Schizophrenia." Nature (2009): n. pag.
Web.

Steinberg, S., S. De Jong, O. A. Andreassen, T. Werge, A. D. Borglum, O. Mors, P. B.
Mortensen, O. Gustafsson, J. Costas, O. P. H. Pietilainen, D. Demontis, S. Papiol, J.
Huttenlocher, M. Mattheisen, R. Breuer, E. Vassos, 1. Giegling, G. Fraser, N. Walker, A.
Tuulio-Henriksson, J. Suvisaari, J. Lonnqvist, T. Paunio, 1. Agartz, 1. Melle, S. Djurovic,
E. Strengman, G. Jurgens, B. Glenthoj, L. Terenius, D. M. Hougaard, T. Orntoft, C.
Wiuf, M. Didriksen, M. V. Hollegaard, M. Nordentoft, R. Van Winkel, G. Kenis, L.
Abramova, V. Kaleda, M. Arrojo, J. Sanjuan, C. Arango, S. Sperling, M. Rossner, M.
Ribolsi, V. Magni, A. Siracusano, C. Christiansen, L. A. Kiemeney, J. Veldink, L. Van
Den Berg, A. Ingason, P. Muglia, R. Murray, M. M. Nothen, E. Sigurdsson, H. Petursson,
U. Thorsteinsdottir, A. Kong, I. A. Rubino, M. De Hert, J. M. Rethelyi, 1. Bitter, E. G.
Jonsson, V. Golimbet, A. Carracedo, H. Ehrenreich, N. Craddock, M. J. Owen, M. C.
O'donovan, M. Ruggeri, S. Tosato, L. Peltonen, R. A. Ophoff, D. A. Collier, D. St Clair,
M. Rietschel, S. Cichon, H. Stefansson, D. Rujescu, and K. Stefansson. "Common
Variants at VRK2 and TCF4 Conferring Risk of Schizophrenia." Human Molecular
Genetics 20.20 (2011): 4076-081. Web.

Stone, Jennifer L., Michael C. O’Donovan, Hugh Gurling, George K. Kirov, Douglas H. R.
Blackwood, Aiden Corvin, Nick J. Craddock, Michael Gill, Christina M. Hultman, Paul
Lichtenstein, Andrew Mcquillin, Carlos N. Pato, Douglas M. Ruderfer, Michael J. Owen,
David St Clair, Patrick F. Sullivan, Pamela Sklar, Shaun M. Purcell (Leader), Jennifer L.
Stone, Douglas M. Ruderfer, Joshua Korn, George K. Kirov, Stuart Macgregor, Andrew
Mcquillin, Derek W. Mortris, Colm T. O’Dushlaine, Mark J. Daly, Peter M. Visscher,
Peter A. Holmans, Michael C. O’Donovan, Patrick F. Sullivan, Pamela Sklar, Shaun M.
Purcell (Leader), Hugh Gurling, Aiden Corvin, Douglas H. R. Blackwood, Nick J.



Bautista - 18

Craddock, Michael Gill, Christina M. Hultman, George K. Kirov, Paul Lichtenstein,
Andrew Mcquillin, Michael C. O’Donovan, Michael J. Owen, Carlos N. Pato, Shaun M.
Purcell, Edward M. Scolnick, David St Clair, Jennifer L. Stone, Patrick F. Sullivan,
Pamela Sklar (Leader), Michael C. O’Donovan, George K. Kirov, Nick J. Craddock,
Peter A. Holmans, Nigel M. Williams, Lucy Georgieva, Ivan Nikolov, N. Norton, H.
Williams, Draga Toncheva, Vihra Milanova, Michael J. Owen, Christina M. Hultman,
Paul Lichtenstein, Emma F. Thelander, Patrick Sullivan, Derek W. Morris, Colm T.
O’Dushlaine, Elaine Kenny, John L. Waddington, Michael Gill, Aiden Corvin, Andrew
Mcquillin, Khalid Choudhury, Susmita Datta, Jonathan Pimm, Srinivasa Thirumalai,
Vinay Puri, Robert Krasucki, Jacob Lawrence, Digby Quested, Nicholas Bass, David
Curtis, Hugh Gurling, Caroline Crombie, Gillian Fraser, Soh Leh Kwan, Nicholas
Walker, David St Clair, Douglas H. R. Blackwood, Walter J. Muir, Kevin A. Mcghee,
Ben Pickard, Pat Malloy, Alan W. Maclean, Margaret Van Beck, Peter M. Visscher,
Stuart Macgregor, Michele T. Pato, Helena Medeiros, Frank Middleton, Celia Carvalho,
Christopher Morley, Ayman Fanous, David Conti, James A. Knowles, Carlos Paz
Ferreira, Antonio Macedo, M. Helena Azevedo, Carlos N. Pato, Jennifer L. Stone,
Douglas M. Ruderfer, Joshua Korn, Steve A. Mccarroll, Mark Daly, Shaun M. Purcell,
Pamela Sklar, Shaun M. Purcell, Jennifer L. Stone, Kimberly Chambert, Douglas M.
Ruderfer, Joshua Korn, Steve A. Mccarroll, Casey Gates, Stacey B. Gabriel, Scott
Mahon, Kristen Ardlie, Mark J. Daly, Edward M. Scolnick, and Pamela Sklar. "Rare
Chromosomal Deletions and Duplications Increase Risk of
Schizophrenia." Nature 455.7210 (2008): 237-41. Web.

Sullivan, P. F. "Schizophrenia as a Complex Trait: Evidence From a Meta-analysis of Twin
Studies." Archives of General Psychiatry 60.12 (2003): 1187-192. Web.

Swami, Meera. "New from NPG: Genome-wide Association Study Identifies Five New

Schizophrenia Loci." Nature Medicine 17.10 (2011): 1199. Web.



Bautista - 19

Yamada, Kazuo, Yoshimi Iwayama, Eiji Hattori, Kazuya Iwamoto, Tomoko Toyota, Tetsuo
Ohnishi, Hisako Ohba, Motoko Maekawa, Tadafumi Kato, and Takeo Yoshikawa.
"Genome-Wide Association Study of Schizophrenia in Japanese Population." Ed. Kenji
Hashimoto. PLoS ONE 6.6 (2011): E20468. Web.

Yue, Wei-Hua, Hai-Feng Wang, Liang-Dan Sun, Fu-Lei Tang, Zhong-Hua Liu, Hong-Xing
Zhang, Wen-Qiang Li, Yan-Ling Zhang, Yang Zhang, Cui-Cui Ma, Bo Du, Li-Fang
Wang, Yun-Qing Ren, Yong-Feng Yang, Xiao-Feng Hu, Yi Wang, Wei Deng, Li-Wen
Tan, Yun-Long Tan, Qi Chen, Guang-Ming Xu, Gui-Gang Yang, Xian-Bo Zuo, Hao
Yan, Yan-Yan Ruan, Tian-Lan Lu, Xue Han, Xiao-Hong Ma, Yan Wang, Li-Wei Cai,
Chao Jin, Hong-Yan Zhang, Jun Yan, Wei-Feng Mi, Xian-Yong Yin, Wen-Bin Ma, Qi
Liu, Lan Kang, Wei Sun, Cheng-Ying Pan, Mei Shuang, Fu-De Yang, Chuan-Yue Wang,
Jian-Li Yang, Ke-Qing Li, Xin Ma, Ling-Jiang Li, Xin Yu, Qi-Zhai Li, Xun Huang, Lu-
Xian Lv, Tao Li, Guo-Ping Zhao, Wei Huang, Xue-Jun Zhang, and Dai Zhang.
"Genome-wide Association Study Identifies a Susceptibility Locus for Schizophrenia in

Han Chinese at 11p11.2." Nature Genetics 43.12 (2011): 1228-231. Web.



