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Background: However, it can be challenging to assess the complicated interactions between genetics and disease. With a high global 

prevalence rate, high morbidity, high resource use, and high disability rates, mental disorders are significant diseases. Major depression, 

bipolar disorder, and schizophrenia are widespread, complicated disorders with high heritabilities that fall under the category of 

polygenic genetic diseases. High-throughput sequencing, recombinant DNA technologies, and multidimensional nuclear magnetic 

resonance have all contributed to the rapid advancement of molecular biology. The sequencing of many biological genomes, including 

the human genome, has produced a wealth of nucleic acid knowledge. These genes can be categorised or grouped depending on different 

phenotypes, such as disease types or cell types, and their relationships can then be determined through experimental research. 

 

Methodology: The ncbi geo database was used to gather published microarray data gene expression patterns of mental diseases such 

depression, bipolar disorder, and schizophrenia. The gene expression patterns were analysed and compared using integrated 

bioinformatics methods. R was used to process the data, Gene ontology (GO) and the KEGG database were used to analyse the function 

and pathway enrichment of differentially expressed genes (DEGs), and string database was used to study protein-protein interactions. 

 

Results: 12,626 differentially expressed genes (DEGs) in all were investigated. However, there was no statistically significant difference 

in any of the genes between the patients and controls. Further research was done on the genes that were enriched by greater than 1.5 

times. The genes with differential expression were compared using a volcano, mean difference plot, box plot, histogram, and Venn's 

diagram. In comparison to controls, none of the genes were significantly enriched, downregulated, or elevated in any of the three mental 

diseases. 

 

Conclusion: The study demonstrates the efficacy of bioinformatics analytic approaches in identifying probable pathogenic genes for 

mental diseases like schizophrenia, bipolar disorder, and depression as well as their underlying mechanisms. 
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BACKGROUND: 
One of the most common mental diseases, major depressive disorder (MDD), is characterised by sporadic suicidal 

thoughts and actions in addition to persistent depression [1]. The fatal brain disease known as bipolar disorder affects 

more than a million individuals globally. Epidemiological research indicates that both genetic and environmental factors 

have a role in the development of this condition. A mental illness known as schizophrenia is characterised by recurrent or 

ongoing psychotic episodes. Hallucinations (which generally involve hearing voices), delusions, and disordered thinking 

are among the main symptoms. Schizophrenia often has a long history, despite the chaotic patterns and cognitive 

dysfunction it exhibits. 

 

The defining characteristic of this condition is psychosis, which is characterised by positive symptoms like hallucinations 

and delusions and frequently accompanied by negative (deficit) symptoms like waning emotions, speech, and interest as 

well as disorganisation symptoms like disordered syntax and behaviour. Severe mood disorders, such as manic and 

profound depressive episodes, are usually present. 

 

In recent years, there has been a growing body of research that suggests depression is more complex genetic disorder with 

multiple etiologies than a single brain region or single gene issue. Numerous brain areas associated to the "emotional 

network" were shown to have abnormal anatomy, function, and coordinated activity in patients with MDD. 

 

Thus, another name for MDD is "disconnection syndrome." Brain activity abnormalities and poor mood regulation are 

regarded to be the main neuropathology underlying depression [2]. MDD is known to have abnormalities in the prefrontal 

cortex (PFC) and anterior cingulate cortex (ACC) in addition to the hippocampus [3]. In the ACC, pain, negative affect, 

and cognitive control are all regulated [4]. The PFC controls the hypothalamo-pituitary-adrenal (HPA) axis in both the 
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stress response and depression. Gene expression analysis in MDD has revealed many genes as well as details regarding 

the illness. However, due to heterogeneity and various sources of noise, aetiology is still difficult to identify[5-7]. 

 

Tissue-to-tissue network analysis, which is based on genome-wide association studies, provides a mechanism for the 

identification of disease-specific genes in response to tissue anomalies [8,9]. Converging evidence suggested that gene 

co-expression studies in the context of transcriptome investigations provide further information on gene changes [10]. 

 

Shared regulatory pathways are just one of the basic mechanisms by which co-expression genes can arise and play similar 

roles [5,8,10]. Signaling pathway disruption is thought to be a contributing factor in a number of illnesses [11]. Notably, 

by including multiple connections among a large number of genes, the analysis of gene co-expression networks provides 

a technique to deal with the complexity of biological alterations in polygenic disease [5,12]. 

  

The molecular pathogenesis of mental disease is still poorly understood at the molecular level. 

 

The study's goal was to use microarray data to analyse biological information and find the genes that are differentially 

expressed (DEG) in distinct brain tissues. In order to comprehend the molecular mechanisms behind mental diseases, the 

Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), pathway enrichment, and protein-protein 

interaction (PPI) network were examined. 

 

MATERIALS AND METHODS 
Microarray data 
High throughput gene expression data, chips, and microarrays can be found in the Gene Expression Omnibus, a freely 

accessible and useful genomics database. Microarray data for schizophrenia, bipolar disorder, and depression were 

downloaded for this study's analysis from https://www.ncbi.nlm.nih.gov/geo/. For analysis, the GSE12654 [13] 

microarray data were retrieved. Postmortem prefrontal cortices were used in the study's oligonucleotide microarray 

investigation of bipolar disorder, major depression, schizophrenia, and control patients. The study investigated the 

molecular differences between bipolar disorder and other mental diseases by comparing the gene expression profiles of 

related but distinct mental disorders. 

 

In the study, postmortem prefrontal cortex (Broadmann's Area 10) brain samples from healthy controls, patients with 

bipolar disorder, depression, and schizophrenia were analyzed. 15 subjects made comprised each group [13]. The 

Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition [14] had been used to make diagnoses. 

 

Bipolar disorder, major depression, schizophrenia, and control participants' oligonucleotide microarray analysis results 

using postmortem prefrontal cortices were compared to the gene expression profiles of healthy controls. 

 

Data processing 
To analyse the raw data and find differentially expressed genes, Bioconductor (http://bioconductor.org/biocLite.R) and R 

4.0.1 statistical tools (https://www.r-project.org/) were used. Using the limma package, the data was batch calibrated and 

normalised. The main functionality of the Limma programme is to fit a gene linear model to gene expression data in order 

to assess the potential for differential expression [15]. This package offers particularly potent capabilities for reading, 

standardising, and analysing such data. The limma software was then used to filter the differentially expressed genes. The 

screening cutoff was a fold-change of 1.5 and a p-value of 0.05. The DEGs were visualised as a volcano map using the 

ggplot2 software, and the important DEGs were clustered using the pheatmap package. 

 

Function and pathway enrichment analysis of DEGs 
A community-based bioinformatics tool is the Gene Ontology (GO; http://www.geneontology.org). It offers details on the 

roles of genes and gene products and applies ontology to advance biological understanding [16]. The KEGG 

(https://www.kegg.jp) is a database for the qualitative interpretation of genetic sequences and other biological data, which 

includes systematic, genomic, and chemical data as well as a separate category of health data that is specifically related 

to humans[17]. GO/KEGG enrichment and the cluster Profiler software package were used to analyse the linked biological 

processes and signal pathways, with a p-value of less than 0.05 being deemed statistically significant. 

 

Protein–protein interaction network construction and identification and validation of hub genes  
The function of interacting proteins is mostly predicted by protein-protein interaction (PPI) network analysis. It is a 

practical tool that can be utilised to comprehend disease mechanisms and cell function [18,19]. By combining numerous 

known and anticipated protein-protein association data, the STRING database (http://string-db.org) aims to provide a 

critical evaluation of protein-protein interactions [20,21]. The STRING database was used to create a PPI network that 

was displayed using the Cytoscape programme. The microarray data available at GEO2R was used to confirm the 

statistical significance of these genes. Users can compare two or more sets of data in a GEO sequence using the interactive 

network programme GEO2R to find genes that are differentially expressed [22]. Statistics were deemed significant at 

p<0.05. 
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RESULTS AND DISCUSSION 
12,626 differentially expressed genes (DEGs) in all were investigated. However, there was no statistically significant 

difference in any of the genes between the patients and controls. Further research was done on the genes that were enriched 

by greater than 1.5 times. 

 

Following the filtering processes, a scatterplot based on the genes revealed that most of the genes' expression levels, from 

highly expressed to barely expressed, were identical in all three groups and control groups. The volcano plot created using 

Lima helps to visualise differentially expressed genes by displaying statistical significance (-log10 P value) vs the size of 

the change (log2 fold change). At a default adjusted p-value cutoff of 0.05, genes are significantly differentially 

expressed.However none of the genes were significant (fig 1a,1b,1c). 

 

 
                  Fig 1a: Volcano plots of Depression        

                                                                                    

 
Fig 1b: Volcano plots of bipolar disorder 

 

 
Fig 1c: Volcano plots of schizophrenia 

 

To visualise differentially expressed genes, the mean difference (MD) plot created with limma compares log2 fold change 

to average log2 expression levels. 

 

The plot shows the test results for a single comparison between a group of controls and a group with depression, bipolar 
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disorder, or schizophrenia. (fig 2a, 2b,2c).None of the genes were significantly differently expressed in mental illness 

compared to controls. 

 
Fig 2a: Mean difference plots of depression 

 

 
Fig 2b: Mean difference plots of BPD 

 

-   

Fig 2c: Mean difference plots of schizophrenia 

 

To see how the values of the chosen samples were distributed, a box plot created from boxplot R was employed. Samples 

are coloured based on groupings. Determining if particular samples are appropriate for differential expression analysis 

can be done by looking at the distribution. Typically, the plot displays the data after normalisation and log transformation. 

The results showed that the data were normalised and cross-comparable since they were median-centered. (fig 3). 
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Fig 3: Boxplot for three psychiatric conditions 

 

It was possible to see how the values of the chosen samples were distributed using an expression density plot created 

using R limma. Samples were coloured based on groupings. When testing for data normalisation prior to differential 

expression analysis, this graphic complements the boxplot. In comparison to controls, there was no appreciable difference 

in the expression densities of the various conditions (fig 4a,4b, 4c). 

. 

 
Fig 4a: Expression density plots of Depression 

 

 
Fig 4b: Expression density plots of BPD 

                                         

 
Fig 4c: Expression density plots of schizophrenia 
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Histogram constructed by hist is for viewing the distribution of the P-values in the analysis results. The P-value here is 

the same as in the top differentially expressed genes table and computed using all selected contrasts. P values were not 

significant for any of the conditions (fig 5) 

 

 
Fig 5: Histogram comparing depression Vs bipolar disorder Vs schizophrenia 

 

Moderated t-statistic quantile quantile plot obtained by limma (qqt). Plots the quantiles of a data sample against the 

theoretical quantiles of a Student's t distribution. This plot helps to assess the quality of the limma test results (fig 6). 

 

 
Fig 6: q-q plot 

 

After fitting a linear model, a mean variance plot created using R limma (plotSA, vooma) is used to examine the mean-

variance connection of the expression data. It can assist in demonstrating whether the data are very variable. This graphic 

can be used to determine whether it is advised to use the precision weights option to take mean-variance trend into 

consideration. When a strong mean-variance trend is present, precision weights increase the accuracy of test results. 

 

A gene is represented by each point. When analysing differential gene expression, the red line is an approximation of the 

mean-variance trend. The blue line approximates constant variance. (fig 7). 

 

-  

Fig 7: Mean variance trend plot 



Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 5 ¦ 2022 2537  

Uniform Manifold Approximation and Projection (UMAP) derived by using umap, is a dimension reduction technique 

useful for visualizing how samples are related to each other. The number of nearest neighbors used in the calculation is 

indicated in the plot(fig 8a,8b,8c).  

 

 
Fig 8a: UMAP plots of depression 

 

 
Fig 8b: UMAP plots of BPD 

 

 
Fig 8c: UMAP plots of schizophrenia 

 

Venn diagram generated using limma (vennDiagram) is used to explore and download the overlap in significant genes 

between different groups. There was no gene that was common for all the three conditions (depression, bipolar disorder 

and schizophrenia) suggesting that genes involved in the pathogenesis of the three mental illnesses are different (fig 9). 

 

 
Fig 9: Venn diagram comparing the genes for three conditions 

https://www.rdocumentation.org/packages/limma/topics/venn
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ENRICHMENT PATHWAY ANALYSIS  
Differentially expressed genes were defined based on the fold change (1.5- fold or greater) and the P-value (P<0.05) of 

the mean expression values. The number of genes that met this criteria and the pathways involving these genes is as in 

fig 10. 

 
Fig 10: Enrichment pathways 

 

Despite the fact that bipolar disorder and major depression have hereditary roots and similar symptoms, their gene 

expression patterns were very different. The majority of the genes exhibiting altered expression in two or more illnesses 

turned out to code for the transcription- or translation-related proteins. This data would suggest that the many mental 

diseases share a common pathophysiological basis to some extent. 

 

STRING ANALYSIS  
On string analysis, 34 nodes, 8 edges were found. Average node degree was 0.471, average local cluster coefficient was 

0.191 and p value for PPI enrichment was 0.326(fig 11). 

 

 
Fig 11: Protein-protein interaction by String analysis 

 

Strength of gene association was 0.91 on the basis of GO enrichment, with a false discovery rate (FDR) of 0.0373. The 

MAPK signalling pathway, PI3K-Akt route, RAP 1 signalling pathway, CAMP signalling pathway, and several metabolic 

pathways were among the pathways in which the genes were enriched. Biological processes included the intrinsic 

apoptotic signalling pathway in response to DNA damage, signal transduction by p53, and FDR of 0.018-0.0259 with a 

strength of 1.58-2.0. Transcription regulator complex was revealed by cellular component enrichment with a strength of 

0.91 and FDR of 0.0373. 

 

One high-throughput technology that makes it possible to examine the genome's overall expression levels and spot 

changes in gene expression using a method without making any assumptions is the use of microarrays. Over the past ten 

years, these technologies have been used in several studies to identify abnormalities in gene expression linked to mental 

diseases. In addition to the hypothesis-driven approach, which is primarily based on the analysis of candidate genes 

expression levels, transcriptomics studies can enable the identification of new biomarkers associated with various mental 

illnesses that can aid in the development of novel intervention strategies and the introduction of personalised medicine. 

A study by Ryan et al compared the gene expression patterns of bipolar disorder patients' postmortem brain tissue to those 

of controls and found no statistically significant differences in gene expression in the dorsolateral prefrontal cortex [23]. 

According to Clifton et al., the expression of schizophrenia in the prefrontal cortex is positively connected with early 

midfetal development and early infancy, and negatively correlated with expression in late childhood and adolescence [24]. 

According to a study by Kumar et al., the expression of forty genes had dramatically changed throughout the brain's 
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regions. Genes involved in biological processes and events were uncovered through analyses [25]. 

 

There aren't many research that have examined the microarray data deposited by diverse studies using bioinformatics 

techniques. This is an attempt to investigate the variations in gene expression patterns between normal controls and mental 

diseases like depression, bipolar disorder, and schizophrenia. 

 

CONCLUSION 
The work demonstrates the efficiency of bioinformatics analysis methods in identifying probable mental illness-related 

pathogenic genes and their underlying mechanisms. Additionally, it may be possible to successfully anticipate potential 

biomarkers of mental disorders and the pathways in which those genes function, both of which could offer attractive 

targets for the treatment of mental illnesses to some extent. 
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