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ABSTRACT 

The bioinformatics presents both distinctive opportunities and difficulties for behavioural 

neuroscience research. Describing, defining, and differentiating between abstract behavioural 

processes has proven to be a significant issue, and this is partly due to the biological 

underpinnings underlying distinct but not completely discrete behavioural entities. Data from 

many biological systems, data kinds, and scales must be integrated to fully grasp the intricacy 

of neurobiology and behaviour. It is believed that "true" classifications can be discovered in 

the shared biology of related disorders and contrasted with the unique biology of separate 

disorders. This review focusses on the connections between these systems with psychiatric 

disorders and behavioral traits and the role of bioinformatics in comprehending psychiatric 

diseases.  
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INTRODUCTION 

Neuropsychological, neurobehavioral, and 

the reduced capacity to comprehend new or 

complex information are widely viewed as 

hallmarks of mental illnesses. According to 

the World Health Organization's 2010 

report, major depression will be the mental 

condition that will have the greatest impact 

on people's lives by 2030, affecting an 

estimated 450 million people globally [1, 2]. 

Whatever the original aetiology, it must now 

be seen as a sign of a behavioural, mental, or 

biological condition in the individual. Both 

deviant behaviour and conflicts that are 

primarily between an individual and society 

are not mental illnesses, even when they are 

signs of a person's dysfunction as described 

above [3]. But in addition to being polygenic 

by nature, psychiatric diseases are also 
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heavily influenced by the environment. The 

latter suggests that genomics alone won't be 

sufficient and that multi-omics data must be 

gathered, including data from 

transcriptomics, proteomics, and 

metabolomics, among others. These data 

capture various but complementary levels of 

information, which, when combined, can 

help identify pathways with deeper 

biological significance [4, 5, 6]. 

What is Bioinformatics? 

Bioinformatics is the study of biological 

data collection and understanding using 

computational and analytical methods. 

Biology, mathematics, computer science, 

and physics are all used in this 

multidisciplinary discipline. Bioinformatics 

is vital for the management of data in current 

biology and medicine [7]. It is the 

conceptualization of biology in terms of 

macromolecules, followed by the 

application of "informatics" techniques to 

understand & organise the large-scale 

knowledge about these compounds. The 

word "bioinformatics" was created to 

characterise the activity of research teams 

that collaborated to address novel problems 

in the field of biological research [8, 9]. 

Aim of Bioinformatics  

The three main objectives of bioinformatics 

are listed below. First, arranges data so that 

researchers can access existing information 

and submit new things as they are 

developed, such as the Protein Data Bank for 

3D macromolecular structures [9, 10, 11]. 

The creation of materials and tools to assist 

in data analysis is the second goal. A 

sequence comparison with other, already 

defined proteins, for example, might be 

intriguing. The ultimate goal is to employ 

these technologies to examine the data and 

to give physiologically relevant 

interpretations of the findings [9, 12]. 

Psychiatric disorder classification and 

challenges 

With accordance with DSM 4 (Diagnostic 

and Statistical Manual of Mental Disorders), 

An individual's clinically significant 

behavioural or psychological condition or 

pattern associated with current discomfort or 

disability or with a noticeably elevated 

probability of experiencing death, pain, 

disability, or a severe loss of freedom [3]. 

According to the DSM 5, it is a condition 

that is characterized by a clinically 

significant disturbance in a person's 

cognition, behavior, or emotion regulation 

as a result of a breakdown in the biological, 

psychological, or developmental processes 

that underpin mental functioning [13]. 

Frameworks for both conceptual and 

diagnostic thinking have been gradually 

improved with each DSM iteration [14, 15, 

16, 17]. According to significant research, it 

may be more useful to think of emotion, 

cognition, and behavior as dynamic 

continuums rather than as discrete 

categories and constructions of psychiatric 



Garg S And Chaturvedi S*                                                                                                                            Review Article 
 

 
676 

IJBPAS, February, 2024, 13(2) 

diseases [14, 18, 19]. Variable levels of 

"symptomology" are also produced during 

development by interactions between a wide 

range of environmental and biological 

elements. The best way to incorporate 

research on the roles of pathophysiological, 

genetic, and environmental elements into a 

clinically relevant framework is yet 

unknown, despite the fact that technology is 

developing alongside our understanding of 

complex psychiatric illnesses [14, 18, 20, 

21, 22]. 

Due to the complexity and variability of 

these conditions, classification of mental 

and behavioural disorders has proven 

difficult. As a result, it becomes difficult to 

name and distinguish distinct entities of 

behavioural function, which poses problems 

for diagnostics, research, and therapies [14]. 

Research, diagnosis, and treatment of 

mental disease are anticipated to be aided by 

shifting the focus of psychiatric 

classification from mostly social and 

subjective externalities to the biological 

foundation of disorders [23]. Behavioral 

change is achieved by psychotherapy, which 

is referred to as an "epigenetic medication" 

in a recent article [24]. Researchers are also 

learning more about the biological impacts 

of both conventional and newly designed 

cognitive behavioral therapies [25, 26, 27, 

28]. 

ROLE OF BIOINFORMATICS IN 

MENTAL HEALTH 

By deeply integrating biological 

information with psychiatric disorders and 

behavioral traits, bioinformatics tools have 

the potential to fundamentally alter how we 

currently comprehend psychiatric diseases. 

The National Institute of Mental Health is 

now conducting scientific and clinical 

research to help identify these traits, and one 

such attempt is the Research Domain 

Criteria [29]. Our understanding of the 

biology of complex diseases will be aided by 

the availability, diversity, and 

standardization of large-scale data resources 

together with high-throughput biological 

assays in basic and clinical research. 

Although it is a herculean undertaking, 

compiling neuroscience information is just 

the first stage in a lengthy process [30, 31]. 

Because psychiatric disorders are so 

complicated, both basic scientists and 

practitioners of clinical medicine employ a 

huge variety of biological research 

instruments. Modern bioinformatics has 

advanced far beyond its early roots in 

sequence analysis to take on the challenge of 

deep data integration from functional 

genomics to a variety of other fields, 

including network modelling, functional and 

predictive biology, and enabling 

representation and integration of biological 

knowledge. One day, thorough and in-depth 

systems biology studies of the mechanisms 

underlying mind, emotion, and behavior 

may be possible thanks to comprehensive 
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techniques integrating content-rich 

biological quantification and crucially, well-

founded and informative behavioral 

phenotypes [32, 33]. 

Methods for Mapping of Biological 

Substrate to behavioral Function  

For the worldwide mapping of biological 

substrates onto psychological functions and 

features, genomics and bioinformatics offer 

new technology and experimental 

approaches. 

1. Genome annotation  

Annotating genes involves synthesizing 

the intron-exon structure from a variety 

of sources, such as gene prediction, 

expression data, protein homology, and 

repetitive elements [34, 35]. 

There are two steps to it: 

 Generation of Evidence  

 Synthesis 

Evidence is any information that can be used 

to detect or understand a gene's exon/intron 

structure. Genome annotation frequently 

uses a combination of information from 

closely similar species' whole genome 

alignments, gene predictions, transcript and 

protein alignments and repeat masking. The 

ideal approach to low complexity repeats is 

soft masking. To do soft masking, lowercase 

letters are substituted for uppercase letters in 

the FASTA sequence, while for hard 

masking, Ns are used instead of letters [36]. 

 
Table 1: Evidence Aligners and Assemblers, Gene Predictors 

Category Software References 
Evidence Aligners and 

Assemblers 
BLAST [36] 
Tophat2 [37] 
GSNAP [38] 
STAR [39] 

Gene predictors Genemark [40] 
SNAP [35] 

Fgenesh [41] 
mGene [42] 

 

Due to the fact that many recently sequenced 

genomes are not from closely similar species 

having genomes that have been annotated, 

they are of significant evolutionary 

importance. However, several closely 

similar species are also being sequenced. 

Several of these are bacterial pathogens with 

small genomes that are only expected to 

vary modestly. Whole genome alignment 

techniques are time- and money-efficient, 

highly specific methods for these genomes. 

Examples of programmes that use whole 

genome multiple alignments to annotate 

orthologous genes include Mugsy-annotator 

[43] and CONTRAST [44]. 

Putting this information together to create 

gene annotations is the annotator's 

challenging task after evidence has been 

generated. Annotators would identify the 

genes based on aligned data and 
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computational predictions for the genes. In 

order to create gene models that most nearly 

matched the exon/intron structure that the 

data had indicated, the annotators would 

first identify the genes [34]. The small 

genomic communities of today just lack the 

significant time and resources needed for 

manual annotation operations. There are 

several automated annotation pipelines, and 

they all accomplish the following: Gene 

areas are first identified using evidence 

grouping, and then gene prediction accuracy 

is increased by using aligned evidence of 

RNA and Protein. The exon combination 

that best represents the evidence is 

subsequently selected by certain pipelines 

using a combiner or chooser algorithm. 

 
Table 2: Choosers and Combiners, Genome Annotation Pipelines 

Category Software References 
Choosers and Combiners EVidenceModeler  [45] 

GLEAN [46] 
JIGSAW [47] 

 Evigan [48] 
Genome Annotation pipelines MAKER [49] 

NCBI [50] 
PASA [45] 

Ensembl [51] 

 

2. Functional annotation in mutation 

screens 

Systematic perturbation and functional 

characterization are a different method 

to link genes to behavior. In many 

individual labs, gene manipulation 

techniques including as mutation, 

knockout, knockdown, and others have 

been used extensively. Findings from 

each of this research are painstakingly 

filtered to functionally annotate the 

genome [52, 53]. Using mutagenesis 

[54] and targeted deletion [55], several 

large-scale studies in mice have 

disrupted vast catalogues of genes. 

However, it has since been expanded to 

include mutagenesis of drosophila and 

various manipulations of the zebrafish. 

This type of work was initially 

pioneered in yeast [56, 57, 58]. To 

quickly annotate genes with behaviors, 

people with these alterations are then 

routinely examined for behavioral 

abnormalities. Rapid, large-scale 

annotation is undertaken, and 

"phenotypic alleles" are swiftly added to 

model organism databases using 

phenotypic screenings that are linked to 

specific concepts in behavioral 

ontologies. To uncover relationships 

among phenotypes, recent research has 

shown the value of integrating 

concentrated collections of well-

characterized mutants. Yet, collections 

of models are found for further 

functional analysis, and this leads to a 
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variety of different avenues to follow 

[59]. 

3. Gene Expression Analysis 

While hundreds of genes' expression 

levels are assessed simultaneously, 

microarray technology has become a 

popular technique for genome-wide 

gene expression profiling [60]. The use 

of microarray technology allows 

researchers to identify a small number of 

genes who may be "key players" in the 

biological phenomena that can be seen. 

Additionally, it enables researchers to 

understand changes at the level of 

molecular networks and pathways as 

well as the "big picture," find key multi-

gene interactions, and observe these 

changes in context. Because of gene 

expression profiling, the approach taken 

in clinical research to find biomarkers is 

evolving. Nonetheless, there is still work 

to be done in integrating this technique 

into genetic medicine. Currently, whole 

transcriptome profiling is a popular use 

of next-generation sequencing, but 

before the method can be extensively 

used, there are still a number of technical 

challenges in the processing and analysis 

of sequencing data [14]. Sequence and 

gene expression array analysis is used to 

estimate the abundance of a certain 

sequence in genomic DNA, allowing 

examination of the number of copies of 

a single transcript present in various 

individuals. This method has been used 

to identify copy number variations in 

mice and people who exhibit aggression, 

drunkenness, and anxiety [61, 62, 63]. 

These approaches use "guilt-by-

association" and cognate methodologies 

to locate genes that may share a function 

with already well-characterized genes 

known to be involved in disease, with 

the goal of identifying the cohesive set 

of genes underpinning shared processes 

in a strictly empirical manner. 

4. Finding the source of genetic 

variation in behaviour 

The mechanisms and makeup of specific 

comorbidities may be better understood 

by identifying genes that play a similar 

function in a number of connected yet 

seemingly unrelated processes. 

Overlapping loci can frequently be used 

to map related features, but since they 

are so big, it is difficult to refine them to 

find exact causal polymorphisms [64, 

65]. A small number of potential 

regulators are often identified through 

methods that link behaviour to a gene or 

region of the genome. Aggregation of 

functional data makes it easier to find 

them and rank them. While these genetic 

techniques help to uncover the 

biological underpinnings of spontaneous 

behavioural diversity, they are typically 

less helpful for understanding the 

relationships between various illnesses 
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[66]. The issue is made worse by the fact 

that the identification of a gene that 

predicts behavioural variation frequently 

prompts further, underpowered 

investigations into the function of the 

same gene or locus in a variety of other 

behaviours, leading to a confusing web 

of associations rather than a 

comprehensive understanding of the 

shared function of endophenotypic 

processes in various behaviours. 

5. Trait Correlation, Gene 

Expression Correlation and 

System Genetics  

Systems genetics is a newly emerging 

field that combines population genetics 

of behaviour with systems biology. 

Systems genetics is based on the genetic 

correlation of transcripts from one 

transcript to another, from behaviour to 

transcript, and among behavioural 

processes. Biology is genetically altered 

by naturally occurring genetic 

polymorphisms. A set of potential 

network nodes can be found while also 

identifying causal nodes, which are 

represented at quantitative trait loci, by 

building networks solely out of trait 

correlations. Analysis of expression 

quantitative trait loci is a novel method 

that concurrently genotypes individuals 

using a panel of genetic markers and 

phenotypes them using DNA 

microarrays. Because of the spacing 

between the markers and linkage 

disequilibrium, it can be difficult to 

pinpoint the causal factors generating 

the observed changes in the downstream 

expression. Each marker could be close 

to several genes [67, 68]. The genomic 

architecture of gene regulation can be 

clarified by the use of eQTL mapping. 

Due to the high degree of dimension in 

both the data on gene expression and the 

genomic markers, it is challenging to 

identify genomic variation in order to 

understand the variation in expression 

features. Microarrays and a previously 

generated linkage map were used to 

clarify the chromosomal distribution and 

sex specificity of brain expression QTL 

in the recently created dwarf (limnetic) 

and normal (benthic) whitefish [69]. 

Along with being used to restructure 

regulatory networks, systems genetics 

was primarily used to refine the 

identified QTL, discover candidate 

genes and SNPs, understand gene-

environment and gene-gene interactions, 

find potential regulator genes, separate 

different QTL, find pleiotropic QTL, 

and refine the QTL found [70]. 

CHALLENGES 

Recombinant inbred strain utilization is 

not "fast and easy," but rather takes a 

considerable lot of planning, 

infrastructure, and understanding of 

genetics. The main obstacle was the 
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ability of mapping resolution because 

there weren't enough recombinant 

inbred strains accessible for eQTL 

testing [71, 72]. Although population 

divergence ultimately results in 

speciation events, eQTL mapping hasn't 

been applied to look at the regulatory 

structure of the genes connected to this 

process. It can be challenging to identify 

the causal causes causing the as a result 

of linkage disequilibrium and marker 

spacing, variations in the downstream 

expression have been noted. Many genes 

may reside nearby each marker. 

According to the eQTL measurements 

alone, every gene at a locus is similar, 

identifying the true causal gene 

necessitates additional information. 

Absence of mechanistic explanation: An 

relationship between a gene and 

phenotype often provides little 

information about the underlying 

molecular basis of the association 

[73,74]. 

Current initiatives show promise for 

accurately characterising and connecting 

behavioural traits to different anatomical 

granularity levels [75]. Briefly said, the 

technology we use to monitor collective 

biological activity are fast increasing, as 

are the processing techniques needed to 

follow numerous measurements over 

time and place. The information from 

these integrative investigations is being 

represented, stored, and shared using 

bioinformatics tools, enabling a more 

thorough integration of the central 

nervous system's activity and how 

certain parts of that function connect to 

psychiatric disorders. 

CONCLUSION 

Technologies for swiftly detecting and 

defining the function of biological 

systems in behavioural processes have 

been made possible by breakthroughs in 

bioinformatics and complementary 

high-throughput assessments of brain 

and behaviour. As a result, fresh 

molecular targets for research, 

diagnosis, and treatment have been 

found. Although a lot of this research is 

still in its early stages, exciting 

developments are being made, and 

practical translation is already taking 

place. In order to quickly identify 

relationships like the pleiotropy of gene 

action, high-throughput biology creates 

data that can be quickly annotated to 

these ontologies. The inputs and 

validating data are derived from actual 

experimental data, which is frequently 

gathered utilising high-throughput 

measurement devices. It is believed that 

"true" classifications can be discovered 

in the shared biology of related disorders 

and contrasted with the unique biology 

of separate disorders. 
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Understanding mental illnesses and its 

underlying processes and characteristics 

can be defined, categorised, and 

organised using bioinformatics. 

Additionally, and this is crucial to any 

scientific activity, it offers a framework 

and technology that can be used to test 

these structures, allowing the 

categorization system to be falsifiable. 
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