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Abstract:

A bioinformatics framework utilized to analyse the genetic architecture of schizophrenia, beginning with
the identification of 30 candidate genes that are known to be involved in the disease. A protein-protein
interaction network was generated to identify the functional relationships between the genes, which would
help in the identification of key hub genes and functional network modules that play a crucial role in the
progression of the disease. Further, functional and pathway enrichment analyses were carried out to
identify the biological processes that are affected in the disease, such as synaptic plasticity and
neurotransmission. The results from the various tools were interpreted to understand the key genes
involved and the effect it can have upon dysregulation.

Keywords: Schizophrenia, Hub Genes, Network Analysis, Bioinformatics Analysis, Pathway

Enrichment.

Introduction

Schizophrenia is a complex, chronic psychiatric disorder characterized by a significant disruption in thought
processes, perceptions, and emotional responsiveness. Individuals often experience "positive" symptoms, such as
hallucinations and delusions, alongside "negative" symptoms like social withdrawal and a lack of motivation [1].
This condition often leads to a changed and distorted sense of reality, making daily functioning a significantly big
challenge. Genetically speaking, schizophrenia does not result from a single faulty gene but is instead polygenic,
involving the cumulative effect of hundreds of small genetic variations [2].

These variations can often affect how the brain cells communicate, particularly influencing neurotransmitter
systems like dopamine and glutamate. While these changes are subtle at the molecular level but their combined
impact alters the brain's circuitry and overall development. Currently, pharmacological intervention relies heavily

on antipsychotic medications that primarily target dopamine D2 receptors to suppress positive symptoms like
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hallucinations [1]. However, these drugs have significant limitations, including severe metabolic side effects, a lack
of efficacy in treating cognitive deficits, and a high rate of treatment resistance in a third of patients [2].
Bioinformatics has become an essential tool in navigating this genetic complexity. By using computational
methods to analyse curated gene lists, it is possible to move beyond isolated data points to see the bigger picture.
Creating protein-protein interaction (PPI) networks allows us to identify hub genes, which are key players that
act as biological communication centres [3]. Pathway enrichment analysis further clarifies which specific
biological "departments,” such as synaptic plasticity, are most affected [4]. These outcomes are vital because they
transform raw genetic data into a visual map of disease mechanisms, pinpointing potential targets for future
personalized therapies and more accurate diagnoses [5]. In this study, I curated a list of schizophrenia-associated
genes, constructed a PPI network to identify critical hub genes, and performed functional enrichment analysis to
visualize and interpret the underlying biological mechanisms of the disorder of interest.

Methodology

Phase 1: Gene Discovery & Curation

DisGeNET Open Targets
(Literature (Therapeutic
Associations) Prioritization)

OMIM
(Seed Genes)

Curated Gene List

Phase 3: Functional Enrichment & Mapping

Enrichr Reactome
(Biological Process GSEA) (Pathway Visualization)

Phase 4: Validation & Documentation

GTEx Portal Zotero
(Brain-Specific (Literature & Citation
Expression Check) Management)

Phase 2: Network Construction & Expansion

STRING GeneMANIA
(Functional & Co-expression
(PPI Network & Hub Genes) Expansion)

Figure 1: Bioinformatics Analysis Workflow
OMIM (Online Mendelian Inheritance in Man)
OMIM is a comprehensive, expert-curated knowledgebase that catalogues human genes and genetic disorders by
synthesizing peer-reviewed biomedical literature to establish definitive genotype-phenotype relationships. It
provides a structured hierarchy for understanding the molecular basis of inherited traits, offering detailed
summaries of clinical features and allelic variants [6]. OMIM was utilized as the primary resource to identify a core
set of "seed genes" with established clinical evidence.
DisGeNET
DisGeNET is an integrative discovery platform that utilizes Natural Language Processing (NLP) to mine scientific
literature and databases, assigning a standardized "evidence score" to gene-disease associations. This score is
calculated based on the volume, quality, and consensus of supporting data from both human and animal model
studies [7].
Open Targets Platform
Open Target Platform employs an evidence-based framework to prioritize drug targets by integrating genetic

evidence, somatic mutations, and expression data into a weighted association score. It combines diverse data
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streams to assess the biological link between a target and a disease while evaluating the chemical tractability of
the protein [8]. Open Targets was used to refine the curated gene list specifically for therapeutic relevance.
STRING (Search Tool for the Retrieval of Interacting Genes)

STRING integrates both physical and functional protein associations derived from genomic context, high-
throughput experiments, co-expression, and literature mining to predict comprehensive interaction networks. It
assigns a confidence score to each interaction based on the strength of the supporting evidence across multiple
independent sources [9]. It was employed to construct the primary Protein-Protein Interaction (PPI) network.
This enabled the identification of high-connectivity hub genes that serve as central nodes in schizophrenia's
molecular architecture, helping to visualize how isolated genetic risk factors converge onto shared protein
complexes.

GeneMANIA

GeneMANIA utilizes an algorithm to predict gene function and expand networks by integrating diverse functional
association data, including co-expression and shared protein domains. It uses a linear regression-based approach
to weight different data types according to their relevance to the input gene set [10]. This tool was used to cross-
validate the STRING network and identify "hidden" interacting partners that share functional similarities with the
core gene set. It provided a better view of the genetic landscape by uncovering co-expressed genes.

Enrichr

Enrichr is a gene set enrichment analysis web server that compares input gene lists against hundreds of annotated
libraries using statistical methods like Fisher’s exact test to determine biological over-representation. It provides
several ways to rank significance, including P-values and Z-scores, to ensure robust findings [11]. Enrichr was
used in this study to translate the identified hub genes into specific biological themes, to observe which hub genes
play a crucial role in the key pathways of an individual.

Reactome Pathway Browser

Reactome is a manually curated, peer-reviewed database that visualizes biological processes as a hierarchy of
molecular reactions, providing a detailed map of signal transduction and metabolism. It allows for the precise
visualization of molecular events, from the binding of a ligand to the activation of downstream transcription
factors [12]. It was utilized to map the PPI network onto specific signalling pathways, such as neurotransmitter
receptor recycling. This allowed for an interpretation of the biological mechanisms through which these genes
influence disease pathology.

GTEX Portal (Genotype-Tissue Expression)

The GTEx Portal provides a resource to study tissue-specific gene expression and regulation based on high-
throughput RNA-sequencing data from thousands of samples. It helps researchers understand where a gene is
naturally active and how genetic variations influence its expression levels across different organs [13]. It was used
to validate that the identified hub genes were significantly expressed in brain tissues relevant to schizophrenia,
essential for ensuring the findings were physiologically grounded and relevant to the actual site of the disease
manifestation.

Zotero

Zotero is an open-source reference management tool that automatically extracts metadata from academic sources

to organize, store, and format citations according to specific bibliographic styles. It streamlines the research
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process by allowing users to manage large volumes of literature and generate bibliographies instantly [14]. Zotero
was utilized throughout the entire research process to manage the literature database and ensure that all in-text
citations and the final reference were proper.

Results

After the bioinformatical analysis using several analytical tools, several key findings emerged regarding the
molecular landscape of schizophrenia. The subsequent sections detail the curated gene list, the architectural
properties of the constructed protein-protein interaction network, and the significant biological pathways
identified through enrichment analysis, providing a comprehensive overview of the results.

OMIM

The initial data collection phase utilized OMIM as the foundational tool to identify high-confidence genes and loci
associated with schizophrenia. The analysis revealed a diverse genetic landscape, identifying specific
chromosomal locations linked to the disorder, such as the DISC2 locus at 1q42.2 and the DAOA gene at 13q33.2.
Prominent genes like MTHFR (1p36.22), DRD3 (3q13.31), and HTR2A (13q14.2) were identified as major
contributors to disease risk.

Modern research validates these findings, confirming that schizophrenia's polygenic nature involves a
convergence of these diverse pathways onto shared biological networks [15]. Recent large-scale genome-wide
association studies consistently replicate the DRD2 locus, reinforcing its role as a critical hub for therapeutic
intervention [16].

Table 1: Genes and Their Clinical Functions

Gene Gene Phenotype/ Key Clinical /Functional Insight from OMIM
Symbol MIM # Association
DRD2 126450 | Susceptibility Primary target for antipsychotics; linked to movement
disorders and dopamine "hyperfunction.”
HTR2A 182135 | Susceptibility Involved in the "Serotonin Hypothesis"; major site for atypical
antipsychotic action.
HTR2C 312861 | Susceptibility Linked to metabolic side effects (weight gain) and appetite
regulation in patients.
DRD3 126451 | Susceptibility Associated with cognitive symptoms and fine motor control
(extrapyramidal symptoms).
SLC6A4 182138 | Susceptibility The serotonin transporter; linked to mood regulation and
stress-induced relapse.
CYP2D6 124030 | Drug Metabolism Critical for "Pharmacogenomics"; determines how fast a
patient breaks down antipsychotics.
IL6 147620 | Neuroinflammation | Elevated in acute psychosis; marks the "Immune Hypothesis"
of schizophrenia.
HTR1A 182131 | Susceptibility Modulates glutamate and dopamine release; target for

improving cognitive deficits.
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Phenotype-Gene Relationships
Phenotype Phenotype Gene/Locus
Location Phenotype MIM number Inheritance mapping key Gene/Locus MIM number
1p36.2 {Schizophrenia 12} 181500 AD 2 SCZD12 608543
1p36.22 {Schizophrenia, susceptibility to} 181500 AD 3 MTHFR 607093
1g32.1 {Schizophrenia, susceptibility to} 181500 AD 3 CHI3L1 601525
1g42.2 Schizophrenia 181500 AR 2 DIsC2 606271
3p25.2 {Schizophrenia, susceptibility to} 181500 AD a SYN2 600755
3q13.31 {Schizophrenia, susceptibility to} 181500 AD 3 DRD3 126451
5q23-935 {Schizophrenia} 181500 AD 2 SCZD1 181510
6p23 {Schizophrenia} 181500 AR 2 SCZD3 600511
6q13-q26 {Schizophrenia} 181500 AD 2 SCZD5 603175
8p21 {Schizophrenia} 181500 AD 2 SCZD6 603013
109223 {Schizophrenia} 181500 AD 2 SCZD11 608078
11q14-921 {?Schizophrenia} o 181500 AR p3 SCZD2 603342
13q14.2 {Schizophrenia, susceptibility to} 181500 AD 3 HIR2A 182135
13g32 {Schizophrenia} 181500 AR 2 SCZD7 603176
13933.2 {Schizophrenia} 181500 AD 2 DAOCA 607408
18p {Schizophrenia} 181500 AR p3 SCZDs8 603206
22q11.21 {Schizophrenia, susceptibility to} 181500 AD 3 RTN4R 605566
22q12.3 {Schizophrenia} 181500 AR 1 APOL2 607252

Figure 2: Schizophrenia Phenotype-Gene Relationships
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Figure 3: Schizophrenia Gene-Disease Association Scores
The DisGeNET analysis identified a comprehensive set of genes associated with schizophrenia based on curated
gene-disease associations. DRD2, HTR2C, CACNA1C, ERBB4, BDNF, MTHFR, COMT, RTN4R, CHRNA7, ZNF804A,
DISC1, HTR2A, TNF, DRD3, CNTNAP2, CHI3L1, NRXN1, GAD1, 1L10, RELN, MAGI2, GRM5, OPRM1, S100B, CYP2D6,
HTR1A, IL6, DTNBP1, SLC6A4, and AVP were among the significant genes found. These genes are involved in
critical biological processes including neurotransmitter signalling, synaptic plasticity, and neuroinflammation.
The identification of these genes confirms that schizophrenia pathogenesis is driven by complex genetic
alterations affecting neural connectivity and immune responses [17]. Furthermore, these high-confidence
associations provide a robust framework for identifying novel therapeutic targets [18].
Open targets platforms
High-confidence targets such as DRD2 (score 0.73) and HTR2A (score 0.63) were identified with significant clinical
value, reinforcing their role as pillars for future drug discovery and personalized treatment strategies in
schizophrenia [19]. Furthermore, multi-omics data integration underscores the convergence of these genetic risk

factors onto shared synaptic and immune networks, providing a robust framework for prioritizing targets with
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the highest potential for clinical impact [20]. It was identified which schizophrenia associated genes possess the
highest potential as tractable drug targets.
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Figure 4: Dense Protein-Protein Interaction Network Between the Related Genes in STRING

The Protein-Protein Interaction (PPI) network generated via STRING for the 30 candidate genes revealed a highly
interconnected cluster, with DRD2, HTR2A, and BDNF emerging as central hub proteins. Functional enrichment
analysis of this network identified significant biological themes, most notably in dopamine signalling, synaptic
function, and neurotransmitter receptor activity, which align with the core molecular disruptions observed in
schizophrenia. These findings are supported by recent research highlighting how the convergence of multiple
geneticrisk factors onto synaptic and signalling modules drives the complex clinical manifestations of the disorder
[21]. Furthermore, the identification of hubs like DRD2 underscores the systemic nature of the disease, where
central nodes in the molecular network serve as critical drivers of both pathology and therapeutic response [22].
GeneMANIA

Functional gene association analysis using GeneMANIA revealed a highly interconnected schizophrenia network
dominated by co-expression (57.25%), indicating that these genes work in synchronized functional modules
rather than through physical contact alone. This network was further validated by physical interactions (18.24%)
and co-localization (14.10%), with core genes like DRD2 and HTR2A maintaining functional coordination. The
integration of "extra" genes, such as NLGN1 and GABBRZ2, reinforced critical roles in synaptic structure and

GABAergic signalling.
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Figure 5: PPI Network of Existing and Additional Genes Involved in Schizophrenia
Table 2: Extra Genes Added and Their Roles

Category "Extra" Genes Added Role in Schizophrenia Core

Synaptic & | NLGN1, DAG1, FEZ1, TRIM32 These genes help "glue" neurons together and manage synaptic

Structural scaffold proteins like NRXN1.

Signalling & | GABBR2, PDE4B, NGFR, HTR1B, | These expand your neurotransmitter network into GABA and

Receptors HTR1D neurotrophic signalling, which were themes identified in your
STRING analysis.

Metabolic & | PRODH, HDAC3, RHOT1, GPR26 | PRODH is a major metabolic risk gene for Schizophrenia often

Regulatory found in the "core" of pathway networks.

Immune & | IL10RA, S1PR3, OXT These connect your core immune genes (IL6, TNF) to specific

Response cellular receptors and signalling molecules.

Structural DBNDD1, DBNDD2, ZNF365, | These are structural "bridge" genes that link several of your

Hubs AC007325.2 input genes together in the central "hairball".

STRING and GeneMANIA provided complementary insights into the disorder. While STRING pinpointed the
structural backbone and physical complexes of the disease, GeneMANIA confirmed that these components are
strategically co-regulated and functionally integrated across shared biological pathways. These findings align with
recent research highlighting how convergent genetic risk factors disrupt shared synaptic modules [21][22].
Enrichr

Cross-referencing these genes across multiple databases, including KEGG, WikiPathways, Reactome, and
DisGeNET, identified HTR1A, HTR2A, HTR2C, DRD2, DRD3, SLC6A4, CYP2D6, and IL6 as the most robust hub
genes, each appearing in all four repositories. Recent literature validates these findings, noting that high-
confidence risk genes are significantly enriched in pathways governing neurodevelopmental processes and
synaptic organization [23]. Furthermore, the identification of immune-related hubs like IL6 and TNF underscores
the significant neuroinflammatory component of the disorder, pointing toward systemic biological disruptions

that extend beyond simple neurotransmitter imbalances [24].
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Figure 6: KEGG 2021 Human Pathway Figure 7: Reactome Pathways 2024
Table 3: Gene Count in Pathways Using Enrichr
Gene KEGG WikiPathways | Reactome DisGeNET Count
HTR1A v v v v 4
HTR2A v v v v 4
HTR2C v v v v 4
DRD2 v v v v 4
DRD3 v v v v 4
SLC6A4 v v v v 4
CYP2D6 v v v v 4
IL6 v v v v 4
TNF v v v — 3
IL10 v v v — 3

Ultimately, this enrichment profile demonstrates that the genetic architecture of schizophrenia converges on a
discrete set of functional modules, suggesting that multi-target therapeutic strategies may be more effective than
single-receptor interventions.

Reactome pathway browser

The Reactome pathway analysis revealed highly significant enrichment in the Amine ligand-binding receptors (p
=1.25E-08, FDR = 3.42E-06) and the Neuronal System (p = 1.10E-06, FDR = 1.20E-04) pathways. Out of the 30
input genes, 10 mapped to the Neuronal System, encompassing 33% of the total list, including critical markers like
DISC1, RELN, and NRXN1. The Amine ligand-binding receptors pathway captured 6 genes (DRD2, DRD3, HTR1A4,
HTR2A, HTR2C, and SLC6A4). These outcomes confirm that the gene list is statistically centred on GPCR signalling

and functional frameworks, with the hub genes acting as the primary anchors.
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Figure 8: Map of Pathways involved in Upregulation of Hub Genes in Schizophrenia
Table 4: Statistical Values of Pathways Using Reactome Pathway Browser
Pathway Name ID Entities Found | p-value FDR

Amine ligand-binding receptors R-HSA-373076 6/110 1.25E-08 | 3.42E-06
Neuronal System R-HSA-112316 10/450 1.10E-06 1.20E-04

The convergence of the gene list onto these two pathways provides a comprehensive molecular view of
schizophrenia, integrating both the Dopamine/Serotonin hypotheses and the Neurodevelopmental hypothesis.
The enrichment of Amine ligand-binding receptors validates the pharmacological relevance of the study, as this
pathway contains the DRD2 and HTR2A hub genes, which are the primary targets for modern antipsychotic
treatments. This suggests that the signalling dysregulation represented by these hubs is a central driver of the
disease's clinical symptoms [12].
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Figure 9: Heatmap Showing Where Genes are Active Using GTEx portal
While the Reactome analysis identified the specific biological pathways disrupted in schizophrenia, the GTEx

Portal heatmap confirms that these genetic drivers are primarily active in the Frontal Cortex (BA9), Anterior
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Cingulate Cortex (BA24), and Basal Ganglia. This tissue-specific data provides physiological validation for the
identified hub genes, such as DRD2, HTR2A, and SLC6A4, which exhibit significantly higher expression levels in
brain tissues compared to non-neurological organs like the heart or lungs. The high concentration of these genes
in the basal ganglia, a region critical for reward and motor signalling, directly supports the dopamine hypothesis.
Furthermore, the hierarchical clustering within the GTEx data shows that these schizophrenia-associated genes
form distinct expression modules, suggesting they are co-regulated to maintain complex neural functions. This
spatial mapping bridges the gap between genomic susceptibility and phenotypic expression, demonstrating that
the pathology is not just a result of general genetic risk but a targeted disruption of the brain's executive and
regulatory centres. Ultimately, this alignment between pathway enrichment and tissue expression proves that the
identified molecular network is a central driver of the structural and chemical pathology seen in schizophrenia
[12].

Discussion

Initial data collection from OMIM and DisGeNET established a high-confidence genetic foundation, identifying 30
key drivers that span dopamine and serotonin receptors, synaptic scaffolds, and inflammatory mediators. The
Open Targets Platform further prioritized these genes, identifying DRD2 and HTR2A as primary therapeutic
anchors with high clinical tractability scores, reinforcing their status as pillars for both disease manifestation and
pharmacological intervention, for developing next-generation treatments that can simultaneously address the
signalling software and the structural hardware of the human brain [25]. The construction of the protein-protein
interaction (PPI) network through STRING and GeneMANIA revealed that these genes do not operate in isolation
but are organized into a highly interconnected network [26]. A critical finding was the dominance of co-expression
(57.25%) over physical interactions, suggesting that the pathology is driven by synchronized functional modules
that are "turned on" or "off" together within the brain. This network was significantly enriched in "extra" genes
like NLGN1 and GABBR2, which expand the disease core into essential synaptic and GABAergic signalling
pathways. Statistically, Reactome pathway analysis centred this genetic risk on the Neuronal System and Amine
ligand-binding receptors, providing a molecular bridge between the classic Dopamine Hypothesis and the
Neurodevelopmental Hypothesis. This finding was physiologically validated by the GTEx Portal heatmap, which
localized the highest expression of these hub genes to the Frontal Cortex and Basal Ganglia, the primary
neuroanatomical regions responsible for executive dysfunction and reward signalling deficits in schizophrenia.
Ultimately, the cross-database validation of 10 primary hub genes, including DRD2, HTR2A, and IL6, confirms that
schizophrenia is a systemic disorder where chemical signalling imbalances and structural miswiring intersect to
drive clinical symptoms. The high connectivity and tissue-specific expression of these hub genes highlight them as
the most viable targets for future drug discovery and personalized medicine [27]. This outcome underscores the
necessity for multi-target therapeutic approaches that can address both the synaptic hardware and the
neurotransmitter software of the brain [28].

Conclusion

The bioinformatics analysis conducted in this study provides a comprehensive molecular map of schizophrenia,
demonstrating that its pathogenesis is rooted in a highly coordinated network of genetic disruptions. By
integrating data from OMIM, DisGeNET, and Open Targets, we identified a core set of 30 genes that serve as the

fundamental drivers of the disorder's complex phenotype. The discovery that 57.25% of this network's
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connectivity is defined by co-expression suggests that schizophrenia is not merely a collection of isolated

mutations, but a systemic failure of synchronized functional modules across the brain. The convergence of these

genetic risk factors onto the Neuronal System and Amine ligand-binding receptors, statistically validated via

Reactome, bridges the gap between the Dopamine/Serotonin signalling hypotheses and the Neurodevelopmental

hypothesis. This molecular miswiring was physiologically localized through the GTEx Portal to the Frontal Cortex

and Basal Ganglia, ensuring that the theoretical models align with the clinical reality of localized brain dysfunction.

The cross-validation of 10 primary hub genes, including DRD2, HTR2A, and IL6, confirms that the disorder

involves a critical interplay between chemical signalling and neuroinflammation. Ultimately, this study

underscores that schizophrenia is a multifaceted condition requiring an integrated therapeutic perspective. By

shifting the focus from individual receptors to integrated synaptic modules, this research provides a robust

framework for developing next-generation treatments. This research provides a foundational blueprint that

extends beyond theoretical mapping, offering a scalable framework for investigating other polygenic

neuropsychiatric conditions through a similar integrative lens. Practically, these findings can be used to accelerate

the development of accurate pharmacotherapies that target the specific co-expression modules and hub genes

most relevant to an individual’s localized brain pathology.
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