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health management. Molecular medicine necessitates the
integration and analysis of genetic, molecular, cellular, and
clinical data, posing a unique set of problems to
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the field of fish health as it enables a deeper understanding
of the genetic, molecular, and environmental factors that
affect fish well-being. This review explores the application of
bioinformatics in understanding, monitoring, and managing
the health of aquatic organisms.

INTRODUCTION

In aquaculture, bioinformatics is being used to scrutinize genetic data from fish and their
microbial communities to better comprehend the fundamental mechanisms of fish health and
disease. In this article, we will reconnoit how cutting-edge bioinformatics strategies are
currently adopted for the advancement of fish health management system that can eventually
aid in revolutionizing aquaculture farming practices. Bioinformatics tools are essential for
managing the health of aquatic animals in aquaculture systems. They enable the analysis of
genetic, genomic, and environmental data to monitor and improve the health and well-being
of aquatic organisms.

Bioinformatics plays a crucial role in disease diagnosis in fish by leveraging
computational tools and techniques to analyze large volumes of biological data. Biological
information, which includes sequences, structures, functions, and phylogeny, is analyzed,
compared, integrated, visually displayed, modelled, stored, systematized, searched, and
eventually distributed using computer based bioinformatic tools (Singh et al., 2011; Janicki et
al., 2011). Bioinformatics make use of computational technology to comprehend and arrange
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data relating to biological macromolecules (Luscombe, 2001). Hence, the primary purpose of
bioinformatics tools is to organize, store, retrieve, and analyse enormous amounts of
multiomics (genomics, proteomics, transcriptomics, metabolomics, etc.) data generated by
high throughput technologies (Poetsch & Li, 2023). Bioinformatics tools are used to analyze
the genomes of various aquaculture species, such as fish, shrimp, and oysters. This enables
researchers to identify genes associated with desirable traits, understand genetic diversity,
and develop breeding programs for improved strains. By comparing the genomes of different
aquaculture species, researchers can gain insights into evolutionary relationships and identify
genes responsible for specific adaptations or traits. This information can inform breeding
strategies and conservation efforts.

Molecular medicine necessitates the integration and analysis of genetic, molecular,
cellular, and clinical data, posing a unique set of problems to bioinformatics. Bioinformatics is
now essential for comprehending genomic, transcriptomic, and proteomic data generated by
high-throughput experimental technologies, as well as arranging information gathered
through traditional biology and medicine (Molidor et al., 2003). Bioinformatics is a relatively
new field that connects the biology sciences and computer sciences. The enormous increase
of biological sequence information necessitates the integration of these two fields. Omics
technologies give researchers the tools they help to examine differences in DNA, RNA,
proteins, and other biological components within and between different species (Hasin et al.,
2017). High throughput assays used in omics experiments provide enormous volumes of data
on structural or functional changes to cells. Omics technologies include genomics, proteomics,
transcriptomics, epigenomics, reactomics, metabolomics etc (Shea & Misra, 2020). Genomics
involves analysis and comparison of entire genetic complement of a species by comparing
more or less representative subsets of genes. Metabolomics is an important and powerful
approach which reflects the underlying biochemical activity of cells/tissues, which is best
representing the molecular phenotype of an organism.

Bioinformatics is indispensable in the field of fish health as it enables a deeper
understanding of the genetic, molecular, and environmental factors that affect fish well-being.

METHODS

( )
Using a gene name or genelD, the search module allows the user to

Search # collect interesting information, such as sequences, from genomes,

transcriptomes, genes, ESTs, mitogenomes, and orthologos.
J

The blast module searches for sequence similarity using a web-based
BLAST server. Users can do nucleotide BLAST searches (BLASTN and
TBLASTN) against the 233 fish genomes, 201 fish transcriptomes, 136
fish ESTs, and 88 fish OGSs, as well as amino acid BLAST searches
(BLASTX and TBLASTX) against the 88 fish protein sequences.

U J

The JBrowse module, which is similar to the traditional CGl-based
IBrowse # genome browser (GBrowse), allows users to see the 88 fish genome. For

all fish genomes, three major tracks, including CDS, mRNA, and exon,
are integrated.

J
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The PrimerServer module assists users in creating primers for
polymerase chain reaction (PCR) experiments. It also includes Primer
Blaster, a tool for testing the specificity of each primer pair. The designed
primer sequences are available for download in fasta format.

PrimerServer

RESULTS AND DISCUSSION

1. Bioinformatics Tools and Databases

Bioinformatics tools and databases are invaluable resources for researchers,
aquaculturists, and fisheries managers working to improve the health, productivity, and
sustainability of fish populations. These tools and databases aid in data analysis, information
retrieval, and the development of predictive models. Bioinformatics tools are software
applications which are made to extract useful data from the vast amount of molecular biology
and biological databases and perform structural or sequence analysis (Raza, 2012). The tools
are broadly classified under four categories (Danish et al., 2017).

Homology and Similarity Tools

Homology and Similarity tools helps in comparing database sequences, making it
possible to determine the similarity of an undiscovered structure and function (Herrero et al.,
2016).

Protein Function Analysis

It compares protein sequences with secondary protein databases.
Structural Analysis

Structural analysis compares structures with known databases.
Sequence Analysis

Computational analysis of a DNA, RNA, or peptide sequence can reveal more about its
properties, biological function, structure, and evolution (Rehm, 2001). This process is known
as sequence analysis. Extensive analysis (such as evolutionary analysis, identification of
mutations, hydropath regions, CpG islands, compositional biases, and so on) should be
performed to discover the precise purpose of the query sequence (Rai et al., 2012).

According to Meena et al. (2020) the bioinformatics tools used in aquaculture are
broadly classified to:

a. BLAST (The Basic Local Alignment Search Tool)

BLAST is a widely used tool for comparing DNA, RNA, or protein sequences against
databases to identify homologous sequences. It helps in annotating and characterizing genetic
elements in fish genomes (Madden., 2003). PSI-BLAST, PHI-BLAST, BLAST 2 sequences, and
more variants are currently available (Korfet al., 2003). BLAST can be used in the field of
fisheries in several purposes, these include:

Identifying Various Fish Species

Using BLAST, we may be able to identify a species correctly or to compare different
species (Ross, 2008). When working with a DNA sequence from an unknown species, this can
come in helpful.

Fish DNA Mapping

When working with known species and trying to sequence a gene from an unknown
location, BLAST can compare the sequence of interest's chromosomal position to the relevant
sequence in the database (BlastN, 2019).

Phylogeny Discovery
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Using the BLAST results, we may generate a phylogenetic tree using the BLAST web page
(Dereeper et al., 2010).

Comparison of Various Fish Species

When working with genes, Blast can find common genes in two related species and map
annotations from one organism to another (BlastN, 2019).

b. FASTA (FAST-AII)

FASTA compares nucleotide or peptide query sequences to a sequence database using
the quick sequencing technique (Pearson, 2016). FASTA does a heuristic search using a protein
query. A DNA query is translated by FASTX and FASTY. SSEARCH (local), GGSEARCH (global),
and GLSEARCH (global query, local database) provide optimal results (Pearson, 2014).

c. EMBOSS (The European Molecular Biology Open Software Suite)

EMBOSS is a sophisticated, open-source software analysis package with over 100
programmes (applications) for sequence alignment and database searching using sequence
patterns (Rice et al., 2011). The software effortlessly handles data in a variety of forms and
even allows for the transparent retrieval of sequence data from the web. Furthermore,
because the package contains extensive libraries, it can be used by other scientists to develop
and deploy applications in the genuine open-source spirit. EMBOSS used in the field of
fisheries for following purposes (Rana, 2020).

e Sequence alignment.

e Rapid data base searching with sequence patterns.
e Protein identification including domain analysis.

e Nucleotide sequence pattern analysis.

e Codon usage analysis for small genomes.

d. Clustalw

Multiple sequence alignment tools used to align DNA or protein sequences, aiding in the
identification of conserved regions or genetic variations. Clustal omega is the latest version
which is fast and scalable but whereas clustalW is the classical version. Through sequence
weighting, position-specific gap penalties, and weight matrix selection, CLUSTALW improves
the sensitivity of progressive multiple sequence alignment (Albayraktaroglu, 2005).

e. RasMol and Protein Explorer (derivative RasMol)

RasMol is commonly used for displaying the structural properties of DNA, proteins, and
smaller molecules. Other tools utilised include Cn3D, Swiss PDB viewer, Hex, Vega, Bioeditor,
Bioviewer, Chime, and others (Laskowski, 2018).

Other bioinformatic stools include:
Artemis

Artemis is a genome browser and annotation tool that allows researchers to visualize

and annotate genes, regulatory elements, and other features in fish genomes.
MAFFT

Multiple Alignment using Fast Fourier Transform (MAFFT) is a tool for multiple sequence
alignment. It is used to align DNA or protein sequences from different fish species to identify
conserved regions and variations.
Bioconductor

Bioconductor is an open-source platform for the analysis and visualization of high-
throughput genomics data. R packages in Bioconductor can be used for various statistical
analyses on fish-related datasets.

Phylogenetic Software
Tools like RAXML, PhyML, and BEAST are used for phylogenetic analysis to study the

e-ISSN: 2798-2955 89



Journal of Fish Health, 5(2), 86-110 (2025)
Nambiar & Banuru (2025)
https://doi.org/10.29303/jfh.v5i2.6281

evolutionary relationships among different fish species and populations.
HMMER

Hidden Markov Model based on homology search is used to identify remote homologs
and conserved protein domains in fish genomes.
Genome Annotation Tools

AUGUSTUS, GeneMark, and Prokka: Tools for predicting gene structures and annotating
genomes. They help identify genes, coding regions, and functional elements in the genomes
of aquatic organisms.
Variant Calling and Genotyping Tools

GATK (Genome Analysis Toolkit): Used for calling variants (SNPs and INDELs) from next-
generation sequencing data to identify genetic variations relevant to health and disease
resistance.
PLINK: A tool for genotyping and quality control of genetic data, useful in genome-wide
association studies (GWAS) for identifying genetic markers associated with disease resistance.
Phylogenetic Analysis

PhyML, RAXML, and MrBayes: Phylogenetic tree construction tools used to infer
evolutionary relationships among aquatic pathogens or host species, aiding in understanding
disease transmission and relatedness.
Pathogen Identification and Characterization

NCBI BLAST and Virulence Factor Databases: Used to identify and characterize
pathogens by comparing their genetic sequences to known pathogens or virulence factors.
Structural Biology and Drug Discovery

Rosetta, AutoDock, and Schrodinger Suite: Tools for protein structure prediction and
molecular docking simulations, aiding in the design of drugs and vaccines against aquatic
pathogens.
Functional Analysis

Gene Ontology (GO) Enrichment Analysis: Identifies overrepresented gene functions or
pathways in high-throughput datasets, helping to understand the biological processes
involved in disease resistance or health.
Data Visualization

R, Python (Matplotlib, Seaborn): Programming languages and libraries for creating plots
and visualizing data, which is crucial for interpreting and presenting results from various
bioinformatics analyses.
Machine Learning and Predictive Modeling

Scikit-learn, TensorFlow, and Keras: Machine learning libraries used for building
predictive models to forecast disease outbreaks, identify risk factors, or predict treatment
outcomes based on genetic and environmental data.
Databases and Repositories

NCBI GenBank, Ensembl, and UniProt: Publicly available databases that house genetic
and genomic data for aquatic organisms and pathogens, facilitating data retrieval and analysis.
These bioinformatics tools, along with high-throughput sequencing technologies, enable
researchers and aquaculture practitioners to monitor the health of aquatic animals, identify
disease risks, and develop strategies for disease prevention and management in aquaculture
systems.
Sequence Annotation Tools

The identification and labelling of certain features within a DNA sequence, such as
coding regions, regulatory elements, and non-coding regions, is referred to as sequence
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annotation (Alexander, 2010). Bioinformatic tools are critical in automating the sequence

annotation process, making it more efficient and accurate.

A tool that aids in sequence annotation is the Genome Annotation Transfer Utility
(GATU). GATU is a programme that transfers functional annotations from well-annotated
reference genomes to newly sequenced genomes or sequences of interest. GATU can predict
gene architectures, identify regulatory elements, and mark functional areas in target
sequences using information from reference genomes (Ejigu Jung, 2020).

The GeneMark programme, which predicts gene locations and structures inside a DNA
sequence, is another extensively used tool. GeneMark identifies open reading frames (ORFs)
and infers gene functions based on sequence patterns and codon using a combination of
statistical models and algorithms (Haas et al., 2008).

Genome Assembly and Visualization Tools

The process of rebuilding whole genomes from broken DNA sequences is known as
genome assembly (Jiao & Schneeberger, 2017). This approach is aided by bioinformatics tools
that align and overlap sequence reads, locate overlaps, and generate consensus sequences.

e The Celera Assembler is a well-known tool for genome assembly. It accurately assembles
complicated genomes by combining sequence alignment, graph theory, and statistical
approaches. The Celera Assembler can handle huge datasets, delivering high-quality
genome assemblies to researchers for further investigation (Rizzi et al., 2019).

e Genome browsers are essential for visualising DNA sequences and associated annotations.
The Genome Browser at the University of California, Santa Cruz (UCSC) and the Genome
Data Viewer at the National Centre for Biotechnology Information (NCBI) are two popular
genome browsers (Haeussler et al., 2019). These browsers enable researchers to
interactively visualise DNA sequences, annotations, genetic variants, and other pertinent
genomic information.

Biological Databases

Biological databases are collections of information on life sciences gathered from
scientific investigations, published literature, high throughput technology, and computational
analysis (Kanehisa, 2019). Biological databases are useful in the following context
e It aids researchers in evaluating existing data and developing new ideas, anti-virus,

beneficial bacteria, and cures, among other things.

e [t aids scientists in their understanding of biological events.

e The database serves as a repository for information.

One can create database based on IMCA principle (Marquez et al., 2012) ie,

e Import - Collection of information from different resources

e Merging - Proper maintainance of database on a computer excel sheet or back end using
computer tools

e C(lassification - Creation criteria in order to search databases

e Annotation - Attaching a biological function to micro molecules

Biological Data Formats

e Text, sequence data, protein structure and links are different formats in which biological
data exists (Wilson et al., 2021). For example,

e Text formats - PubMed an OMIM

e Sequence data - GenBank, in terms of DNA, and Uniprot, in terms of protein

¢ Protein structures - PDB, SCOP, CATH

Major Classification of Biological Databases
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1) Primary sequence databases- The primary database contains experimentally produced
data such as genomic sequences, macromolecular structures, and so on. The data entered
here is left uncurated (no changes are made to the data). It gathers unique data from the
laboratory and makes these data available to typical users without modification (Sharma
& Yadhav, 2022). Examples are DNA databank of Japan (DDBJ), European Molecular Biology
Laboratory (EMBL), GenBank.

2) Meta Databases-Metadata is organised reference data that aids in the sorting and
identification of attributes of the information it describes. Metadata organises a data object
by utilising phrases that are associated with that thing. It also allows dissimilar things to be
detected and linked with comparable ones to assist optimise the usage of data assets
(Haynes, 2018).

3) Genome database - Collect organism genome sequence annotation, analyse them and
provide public access.

4) Protein sequence databases - Protein amino acid sequences and related information are
stored in the protein sequence database. A protein's amino acid sequence is crucial
because it dictates the protein's three-dimensional shape, function, and identity (Wu et al.,
2006). The following are some of the most popular protein sequence databases: UniProt,
Protein Information Resource (PIR), Swiss-Prot, TrEMBL.

5) Protein structure databases -Protein structure databases are compilations of data about
protein' three-dimensional structure and secondary structure. Protein structure databases
come in a variety of forms (Paysan-Lafosse et al., 2023). Some examples are: Protein Data
Bank (PDB), Class, Architecture, Topology, and Homologous Superfamily (CATH), Structural
Classification of Protiens (SCOP).

6) Protein-protein interaction - Protein-protein interaction databases are collections of
information on protein interactions. These databases contain useful information about the
interactions of various proteins and their roles in biological systems (Kuhlman & Brandley,
2019). Protein-protein interaction databases include the following: STRING, Database of
Interacting Protein (DIP), Biomolecular Interaction Network Database (BIND).

7) Protein pattern and profile databases: It contain information on sequence motifs.
Sequence motifs are protein structural or functional properties. As a result, the utilisation
of protein sequence patterns or profiles is a significant tool in determining protein function.
Some of the examples are InterPro, PROSITE (Blum et al., 2021; Sigrist et al., 2010).

For protein structure prediction, bioinformatics provides a number of computational
tools and algorithms. These methodologies can be broadly classified into two types:
comparative modelling (homology modelling) and ab initio (de novo) modelling.

These bioinformatics tools and databases facilitate a wide range of research activities in
fisheries, including genetic analysis, phylogenetics, functional genomics, and disease
management. Researchers and practitioners can leverage these resources to make informed
decisions and drive advancements in fish health and sustainability.

Computational Methods for Protein Structure Prediction

Comparative Modeling (Homology Modeling)

The idea behind comparative modelling is that proteins with comparable amino acid
sequences have similar shapes and activities. This method employs already determined
experimentally determined protein structures (templates) that have significant sequence
similarity to the target protein (Xu et al., 2020). Comparative modelling entails aligning the
target sequence with the template structure, transferring structural information from the
template to the target, and optimising the anticipated model's accuracy. Comparative
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modelling methods like as MODELLER, SWISSMODEL, and Phyre2 are commonly utilised
(Webb & Sali, 2016).
Ab Initio (De Novo) Modeling

The goal of ab initio modelling is to predict protein structures based simply on the amino
acid sequence, without the use of known template structures. This method predicts the most
energetically favourable protein structure using physical and statistical concepts (Hardin et al.,
2002). Ab initio approaches sometimes utilise fragment assembly, which involves
reassembling tiny segments of known protein structures to construct the full-length protein
model (Lee et al., 2017). To refine the predicted structures, physics-based force fields and
optimisation methods are used. Rosetta and I-TASSER are two examples of ab initio modelling
approaches (Yang & Zhang, 2015; Lee et al., 2017).

2. Gene Expression Profiling

Gene expression profiling is critical for assessing gene transcriptional activity under
various situations, providing vital insights into cellular processes and disease mechanisms.
Bioinformatics is important in analysing and interpreting gene expression data, allowing
researchers to decipher complicated biological events and uncover prospective treatment
targets (Cho &Cheng., 2007). Gene expression profiling dealts with data preprocessing,
normalisation, and differential gene expression analysis.

Data Preprocessing

To assure data quality and reproducibility, gene expression data generated using
techniques such as microarrays or RNA sequencing frequently require preprocessing
processes. Data cleansing, background correction, and normalisation are all tasks performed
by bioinformatic systems (Johnson & Krishnan, 2022).

Data cleaning is the process of removing noise, artefacts, and technological biases from
raw gene expression data. The 'affy’ package in Bioconductor for microarray data and the
'edgeR' or 'DESeq?2' packages for RNA sequencing data are popular bioinformatic tools for data
preparation (Li et al., 2022). These programmes include a variety of algorithms and statistical
methods for preprocessing gene expression data and ensuring data quality for further studies.
Normalisation

Normalisation is an important step in gene expression profiling because it removes
undesired technical variations that might mask important biological signals. To normalise gene
expression data across samples, bioinformatic methods and approaches are used (Vallejos et
al., 2017; Zhao et al., 2020). Normalisation approaches seek to compensate for discrepancies
in sequencing depth, gene length, and other technical biases in order to allow for accurate
comparison of gene expression levels across samples (Risso et al., 2011; Wolf, 2013).

Total counts normalisation, quantile normalisation, and normalisation utilising
reference genes or spike-in controls are all common normalisation procedures (Pereira et al.,
2018).

Bioinformatic tools in Bioconductor, such as 'RUVSeq' and 'DESeq2', provide
functionality for implementing these normalisation approaches and resolving any batch
effects or other confounding variables (Federico et al., 2020; Bittner et al., 2019; Cole et al.,
2019).

Differential Gene Expression Analysis

Differential gene expression analysis seeks to find genes with significant differences in
expression levels across biological circumstances or experimental groups. This analysis sheds
light on the genes and pathways that are linked to various phenotypes or biological processes.
To conduct differential gene expression analysis, bioinformatic tools and statistical methods
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are used (Rapaport et al., 2013; Trapnell et al., 2012).

'limma' and 'edgeR' in Bioconductor are two popular bioinformatic tools for analysing
differential gene expression. These tools use statistical models such as the moderated t-test
and negative binomial models to discover statistically significant differentially expressed
genes. The results are frequently corrected for multiple testing using methods such as the
false discovery rate (FDR) or family-wise error rate (FWER) (Dong et al., 2021; Su et al., 2017).
Pathway Analysis

Pathway analysis is facilitated by bioinformatic tools and databases, which enable the
identification of biological pathways, networks, and functional annotations associated with
gene expression data (Chong et al., 2018).

Pathway analysis tools such as DAVID, Gene Set Enrichment Analysis (GSEA), and Enrichr
are routinely employed. These tools examine the enrichment of differentially expressed genes
in certain pathways or functional categories by using curated pathway databases such as
Kyoto Encyclopaedia of Genes and Genomes (KEGG) and the Gene Ontology (GO). This study
aids in understanding the underlying biological processes as well as identifying prospective
areas for future research (Geistlinger et al., 2021; Jia et al., 2016; Evangelista et al., 2023).
Integration of Multi-omics Data

Researchers are progressively integrating gene expression data with other omics data,
such as DNA methylation, histone modification, and protein-protein interaction data, to
achieve a comprehensive knowledge of gene expression regulation (Aging Atlas, 2021; Hawe
et al., 2019). Bioinformatics is critical in integrating and analysing multi-omics data, allowing
for a comprehensive understanding of complicated molecular interactions and regulatory
systems.

Integrative bioinformatic tools and techniques, like as network-based analyses, machine
learning algorithms, and data integration platforms like Galaxy and Cytoscape, make multi-
omics data integration and analysis easier (Tolani et al.,, 2021; Zeng et al.,, 2018). These
methods allow for the investigation of relationships between molecular layers, the
identification of regulatory networks, and the prediction of novel gene regulation
mechanisms.

Gene Editing

Gene editing is a highly effective method in which DNA or nucleotide sequences are
inserted, removed, or modified at a specific spot in the genome of living creatures or cells
using a specific set of engineered nucleases that serve as molecular scissors (Khalil, 2020;
Gupta & Shukla, 2017). Approaches such as gene editing and gene silencing have the potential
to transform our understanding of fish biology and disease. Using such treatments to treat
organ abnormalities and dysfunctions, it is feasible to change the phenotypic and remodel
cells, tissues, and organs of animals (Gutasi et al., 2023; Bayarsaikhan et al., 2021). Sequence-
specific programmable nucleases are the most commonly used and widely successful
approaches in gene editing. These molecular scissors cut the DNA precisely at a specific
location.

Meganuclease

Endonuclease enzymes are distinguished by their ability to recognise and cleave long
DNA sequences (Sternberg et al., 2014). The proteins in the LAGLIDADG family, which get their
name from a conserved amino acid sequence, are the most common and well-known
meganucleases. This is commonly found in microbial organisms (Grishin et al., 2010; Fajardo-
Sanchez et al., 2008).

Zinc Finger Nuclease (ZFN)
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Zinc finger nucleases are genetically modified hybrid proteins that are commonly used
as a potential gene editing tool. The presence of zinc ions coordinated by cysteine and
histidine amino acids forms a "finger-like" structure in these domains (Bora et al., 2023;
Miglani, 2017). This hybrid protein is composed of specific DNA-binding domains that bind to
the endonuclease Fok I, which was engineered to target specific genomic regions. According
to the concept, various zinc fingers detect distinct sets of nucleotide triplets. ZFPs can
recognise and bind to certain DNA sequences, and ZFN enzymes can cut the DNA in the
targeted sequences (Gonzalez Castro et al., 2021).

Fok-1: Fok -1 is a bacterial Il restriction endonuclease found in Flavobacterium
okeanokoites containing DNA binding domain in N terminal and non sequence-specific DNA
cleavage domain in C terminal.

The main advantage of this method is to preserve temporal and tissue specific gene
expression over the traditional gene therapy methods.

Transcription Activator-Like Effector Nucleases (TALENS)

TALENSs are made up of particular effector proteins that contain the DNA-binding domain
as well as the Fok 1 nuclease domain. These domains work as dimers in pairs, binding to
opposite strand DNA and creating DSB. These distinct nucleases are released by the
pathogenic bacteria Xanthomonas, which invade plant cells' cytoplasm (Mahfouz et al., 2014;
Sprink et al., 2015). Each of these nuclease platforms has its own design for localization and
activation, as well as a core domain for specialised DNA binding. The DNA-binding domain
contains 10 to 30 repetitions of monomers in which each of them binds to one specific
nucleotide of the target DNA sequence. TALENs attach to target sites in the nucleus as dimers,
with the Fokl domains at the c-termini and cleavage happening in the "spacer" sequence
(Igbal et al., 2023). Following that, the error-prone NHEJ technique is used to repair DNA
breaks, which occurs essentially in the same way as ZFNs.

CRISPER-Cas9

One of the most recent developments in the genome editing toolbox is the clustered
regularly interspaced short palindromic repeats (CRISPR) gene engineering approach. This
most recent method of gene editing was discovered in 2012. The CRISPR/Cas9 system consists
of a Cas9 endonuclease and a modified single guide RNA (sgRNA/gRNA) that contains a
targeting crRNA (crRNA) and a transactivating crRNA (tracrRNA) (Gutasi et al., 2023).
Therefore, the Cas9 protein and sgRNA are the two important components. A 20-base pair
guide RNA leads the Cas9 nuclease to its target sequence. As a result, one of the major
advantages of this method is that it requires only a simple change of 20 nucleotide sgRNA
"spacer" sequences, which are easier to modify, rather than the massive repetitive complex
construction of DNA-binding arrays for each new genomic target site, as in the ZFN and TALEN
systems. The target sequence's protospacer-adjacent motif (PAM), which binds Cas9, is also
important (Uusi-Makeld, 2022). PAM is a short, specific sequence (NGG trinucleotide
sequence) that appears after the target DNA sequence downstream of the crRNA binding site.
It is needed for a Cas nuclease-mediated break (Rees et al., 2018).

Different CRISPER systems

Class 1 (CRISPR-Cas3) and Class Ill (CRISPR-Cas10): Makes use of various Cas proteins as
well as the crRNA.

CRISPR-Cas9 (class 2) and CRISPR-Cpf1 (class 5): Combine a big single-component Cas-9
protein with crRNA and tracerRNA (Wada et al., 2022).

The Cas9 endonuclease accurately cuts the target DNA sequence and creates a DSB
when directed by sgRNA. To make modifications, researchers can add or delete genetic
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material sequences or replace an existing segment with a changed DNA sequence (Desai et
al., 2022; Pickar-Oliver & Gersbach, 2019). A DBS can be corrected using either NHEJ or HDR.

Table 1. CRISPR Technology Used in Aquaculture

Fish Target Gene Result Reference
Zebrafish (D. rerio) Ovarian aromatase Phenotype - all Nakamura et al.
Nile tilapia (O. (cyp19aia) male phenotype (2003); Li et al. (2013)
niloticus)

Atlantic salmon (S. yr and slc45a2 Pigment - loss of  Edvardsen et al.
salar) pigment (2014)
Red sea bream (P. Myostain or GDF 8 skeletal mass Kato et al. (2016)
major) increment
Zebrafish (D. rerio) Mesp genes (mespaa, Immune and Xiong et al. (2017)
mespab, mespba and  growth function
mespbb)

Environmental DNA (eDNA)

Environmental DNA (eDNA) is nuclear or mitochondrial DNA that has been discharged
into the environment by an organism. eDNA can be found in released faeces, mucus, and
gametes, shed skin and hair, and carcasses. eDNA can be found in both cellular and
extracellular (dissolved DNA) forms. eDNA analysis has emerged as a potentially significant
method for gaining access to the architecture of aquatic communities (Antony et al., 2022; Jo
et al., 2022; Moushomi et al., 2019). Through two methodologies, eDNA barcoding and eDNA
metabarcoding, we may learn about organisms, their abundance, and biomass. Specific
species are targeted in samples using conventional or quantitative PCR and the traditional
Sanger sequencing method in the eDNA barcoding (LeBlanc et al., 2020; Gargan et al., 2017).
The eDNA metabarcoding involves screening the entire community with several conserved
primers and doing Next Gen Sequencing (NGS) (Ruppert et al., 2019). According to studies,
eDNA metabarcoding beats standard survey approaches in terms of non-invasive sampling,
sensitivity, and affordability.

eDNA may enable the collection of data on species distribution and relative abundance
in a timely, cost-effective, and standardised manner, therefore it is an appealing option for
aquatic inventory and monitoring programmes (Ramirez-Amaro et al., 2022; Hobbs & Bright,
2016). Thus, employing eDNA to detect species may improve biodiversity assessments and
offer information about the status, distribution, and habitat requirements of less-known
species (Ficetola et al., 2019).

3. Next Generation Sequencing (NGS)

NGS is a sophisticated platform that has enabled simultaneous sequencing of thousands
to millions of DNA molecules. It is also known as high-throughput sequencing and is a catch-
all term used to describe a type of sequencing a variety of contemporary sequencing
technologies (Costa et al., 2016).

The enormous need for low-cost sequencing has fueled the development of high-
throughput sequencing, which may generate dozens or millions of sequences all at once (Jing
& Zu, 2021). They are intended to lower the cost of DNA sequencing beyond what
conventional dye-terminator technology can achieve. Thereby, modern technologies enable
us to sequence DNA and RNA considerably more swiftly and cheaply than previously employed
Sanger sequencing, and have thereby revolutionised genomics and molecular biology research
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(Kumar & Kocour, 2017).

Table 2. NGS Technology

Feature Genome Sequencing Exome Sequencing Targeted Gene Panel
Coverage All genes and non Entire exome (20-25k 10-500 genes
coding DNA genes)
Accuracy Low Good High
Time Longest turnaround Long turnaround time Rapid turnaround time
time (few days)
Cost Most expensive Cost effective Most cost effective
Depth >30x >50-100x >500x

Table 3. Generation Classification of Sequencing

1t Generation 2" Generation 37 Generation 4th Generation
Sanger e Pyrosequencing e Single Molecule Aims at
sequencing e Sequencing by Fluorescent Sequencing  conducting
Reversible e Single molecule real time genomic analysis
terminator sequencing directly in the cell
chemistry e Semiconductor
e Sequencing by Sequencing
ligation e Nanopore Sequencing
Types of NGS

Lynx Therapeutics’ Massively Parallel Signature Sequencing (MPSS)

MPSS is regarded as the first "next-generation" sequencing technology. MPSS is an ultra-
high throughput sequencing technology (Zhou et al., 2006). When applied to an expression
profile, it reveals nearly every transcript in the sample and provides an accurate expression
level for each. MPSS is a bead-based approach that employs a sophisticated strategy of
adapter ligation followed by adapter decoding, reading the sequence in four nucleotide
increments; nonetheless, this method is susceptible to sequence-specific bias or loss of
specific sequences (Neelapu & Surekha, 2016).

Polony Sequencing

Polony sequencing is a low-cost, high-accuracy multiplex sequencing technology that
can read millions of immobilised DNA sequences in simultaneously. It uses an in vitro paired-
tag library, emulsion PCR, an automated microscope, and ligation-based sequencing chemistry
to sequence an E. coli genome with greater than 99.9999% accuracy and at a fraction of the
cost of Sanger sequencing (Shendure et al., 2011).

Pyrosequencing

Pyrosequencing method uses water droplets in an oil solution to amplify DNA (emulsion
PCR), with each droplet carrying a single DNA template coupled to a single primer-coated
bead, which eventually forms a clonal colony (Pettersson et al., 2009). Pyrosequencing uses
luciferase to generate light for detection of individual nucleotides added to the nascent DNA,
and the combined data is used to generate sequence read-outs (Sharma et al., 2021; Yi et al.,
2015).
lllumina (Solexa) Sequencing

In this process, DNA molecules are linked to primers on a slide before being amplified.
This is referred to as bridge amplification. Solexa is a dye terminator-based sequencing
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method. After photographing the fluorescently labelled nucleotides, the dye and the terminal
3’ blocker are chemically removed from the DNA, allowing the next cycle to begin. In contrast
to pyrosequencing, DNA can only be stretched one nucleotide at a time (Kumar et al., 2022;
Wang et al., 2022).
SOLiD Sequencing

In this procedure, a pool of all possible oligonucleotides of fixed length is marked
according to the sequenced position. This sequencing produces sequences of comparable
lengths and quantities to illumination sequencing (Lindsay, 2016).
Helioscope Single Molecule Sequencing

Helioscope sequencing makes use of DNA fragments with polyA tail adapters that are
attached to the flow cell surface. The following steps use extension-based sequencing with
cyclic washes of fluorescently labelled nucleotides in the flow cell (Javed et al.,, 2021;
MacCannell, 2019). The readings are brief, up to 55 bases per run, but recent advancements
in the technology allow for more accurate homopolymer and RNA sequencing reads. The
Helioscope sequencer performs the reads.
DNA Nanoball Sequencing

DNA nanoball sequencing technology is a high throughput sequencing technology used
to ascertain an organism's full genetic sequence. Rolling circle replication is used to amplify
fragments of genomic DNA molecules (Reuter et al., 2015). When compared to existing next
generation sequencing platforms, this DNA sequencing platform can sequence a large number
of DNA nanoballs per run at a low reagent cost (Kalendar et al., 2022).
Single Molecule SMRT Sequencing

The sequencing is carried out using unmodified polymerase and fluorescently labelled
nucleotides that are freely flowing in the solution (Ardui et al., 2018). The DNA is synthesised
in so-called zero-mode wave-guides (ZMWs), which are small well-like containers with capture
instruments at the bottom. Nucleotide changes can be detected using SMTR technology
(Zhang et al., 2022). This is accomplished by observing polymerase kinetics. This method
allows for 1000 nucleotide readings (Zhang et al., 2022).
Microarray

DNA microarray is a molecular detection technology that consists of a collection of
microscopic features (often DNA) bonded to a solid surface. DNA microarrays are solid
substrates, typically composed of glass or silicon, on which DNA is affixed in a pre-arranged
grid pattern (Taguchi et al., 2022; Carter., 2007). The term microarray contains DNA chips,
gene chips, DNA arrays, gene arrays and biochips. DNA microarray technique is based on
hybridisation technique and is originated form Southern blotting (Southern, 2001).

Complementary nucleic acid sequences are distinguished from one another by the
creation of hydrogen bonds between complementary nucleotide base pairs (Dadkhah et al.,
2015). Labelling the samples with fluorescent dyes is done, and at least two samples are
hybridised to the chip. DNA microarrays use relative quantization, which compares the same
character under two different environments and identifies that character based on its
position. Using DNA microarrays, the presence of one genomic or cDNA sequence in 100,000
or more can be tested in a single hybridization (Rawat, 2017).
Types of Microarrays
cDNA Based Microarrays

In this technique cDNA is used for the chip preparation. The cDNAs are amplified using
PCR. This is a parallel RNA expression analysis that permits quantitative study of RNAs
transcribed from both known and unknown genes (Xiang & Chen, 2000).
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Oligonucleotide Based Microarrays

Spotted probes of this sort are composed of short, chemically synthesised sequences of
20- 25 mers per gene. Shorter probe lengths result in fewer errors during probe synthesis and
allow for the interrogation of small genomic areas as well as polymorphisms (Shi et al., 2003).
Despite being easier to make than dsDNA probes, oligonucleotide probes must be carefully
constructed so that all probes have similar melting temperatures (within 50°C) and no
palindromic sequences exist (Von et al., 2015).
4. Biotechnological Tools in Fish Health Management
FishDB: An Integrated Functional Genomics for Fish

FishDB is a database designed to satisfy the demands of the fish scholarship community.
It's ideal for taxonomy, phylogeny, evolution, development, and agriculture research. FishDB,
as far as we know, obtains practically all of its fish genomes and the majority of its fish
transcriptomes from public databases. FishDB not only includes commonly used web-services
as a search tool, BLAST, JBrowse, and PrimerServer, but also a platform for comparative
genomics analysis on orthologs. When new genome, transcriptome, and genetic datasets of
fish become available, FishDB will be continuously updated, and more enhanced functionality
will be possible in the future to create a more valuable resource for promoting comparative
genomics, transcriptomes, and evolutionary biology studies (Pathak et al., 2019). The
database contains 233 fish genomes, 201 fish transcriptomes, 5841 fish mitochondrial
genomes, 88 fish gene sets, 16,239 miRNAs of 65 fishes, 1,330,692 piRNAs and 4852 IncRNAs
of Danio rerio, 59,040 Mbuntranslated regions (UTR) of 230 fishes, and 31,918 Mb coding
sequences (CDS) of 230 fishes. Among these a total of newely generated 11 fish genomes and
53 fish transcriptomes are also being included (Yang et al., 2020). FishDB is organised as
follows:
FishDB provides web services such as a search engine, BLAST, JBrowse, and PrimerServer.
Noncoding RNA (ncRNA), microRNA (miRNA), UTRs, and CDS gene information was collected
and saved in the FishDB database. FishDB contains over 410,721.67 Mb sequences.
FisOmics

FisOmics is an online platform that features genomic databases and promotes
information retrieval by querying these databases, analysing sequences, and sharing ASHAA
for sequence/data analysis work(s). It contains:
HRGFish: A Database of Hypoxia-Responsive Genes in Fishes

HRGFish is a hypoxia-responsive gene database in fishes that includes a platform for
assessing the functional annotation of gene, protein, mRNA, upstream sequences, and
building primers for selected gene fragments by accumulating and curating information on the
reported genes (Rashid et al., 2017).
Fish Karyome: A Chromosome Database of Fishes and Other Aquatic Organisms

‘Fish Karyome' is a database that organises dispersed karyological knowledge about
fishes. This database was created by gathering and organising existing chromosomal
information from public repositories. It is a one-of-a-kind and useful online resource for
cytogenetic characterisation, sex determination, chromosomal mapping, cytotaxonomy,
karyoevolution, and fish systematics (Nagpure et al., 2016).
FMiR: Fish Mitogenome Resource

The FMIR database stores mitogenome sequences and characteristics for the purpose
of examining mitogenome information of fishes reported worldwide. The system categorises
and classifies the species based on general, biological, taxonomy, and conservation
information, making it easier to browse mitogenome information according to the given
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category (Nagpure et al., 2015).
FishMicrosat: Fish and Shellfish Microsatellite Database

The FishMicrosat database contains information on simple and compound
microsatellites, as well as their clusters and locus orientation within sequences. This database
is a valuable resource for fish and shellfish microsatellite sequence analysis and locus
identification across species, with applications in population genetics, evolutionary studies,

and species genetic relatedness (Nagpure et al., 2013).

FBIS: Fish Barcode Information System

FBIS was created to serve as a repository for fish species' DNA barcodes. Using the
barcode sequence(s), FBIS provides a platform for identifying species and assessing genetic
relatedness, taxonomic confirmation, and divergence within and between species (Nagpure

et al.,, 2012).

5. Artificial Intelligence and Bioinformatics

Artificial Intelligence has been used to handle some of the most difficult bioinformatics
tasks, including as protein structure prediction, homology search, multiple alignment and
phylogeny construction, genomic sequence analysis, gene discovery, and more (Gasteiger,

2020).

Artificial Intelligence in Feeding Systems

The automated feeding system was the first application of artificial intelligence in
fisheries (Barbedo, 2022). Even while freshwater aquaculture allows the farmer to stay close
to the growing site, feeding the fish can be a time-consuming task. Farmers, too, can
sometimes forget or become unavailable for various reasons. This is where Al can be
immensely useful, stepping into the shoes of the cultivators via robotic feeding systems. Al
can provide automatic feeds for the fish by utilising the technology of an automated feeding

system (Wang et al.,, 2020). This is possible with Al-powered gadgets that release a

predetermined amount of feed for fish to consume and sustain. This is also a great strategy to

reduce food waste and optimise animal food intake (Vo et al., 2021).

a. An Indonesian aquaculture intelligence called 'eFishery' recently developed an Al feed
dispenser that distributes the appropriate amount of feed at the appropriate moment. It
detects the animal's appetite using a variety of sensors. The device can save roughly 21%
on feed costs (Gladju et al., 2022).

b. 'Observe technologies' is a firm that develops artificial intelligence and data processing
systems for measuring and tracking cattle feeding patterns (Neethirajan, 2020).

c. An aquaculture technology known as 'umitron cell' in Singapore and Japan manufactures a
smart fish feeder that can be controlled by a remote (Rahimi-Midani., 2023; Das et al.,
2022; Gladju et al., 2022).

Artificial Intelligence Drones Used in Aquaculture

Water quality parameters such as turbidity, temperature, dissolved oxygen, etc. and
even heart rates of fishes can be monitored using drones (Choudhury et al., 2023; Wang et al.,

2021). These data are easily accessible via a Smartphone linked to the drone. Shoal is a robotic

fish drone which helps in analysing the water quality using low frequency sound waves

(Setiyowati et al., 2022).

Prevention of Diseases

Diseases are the major thread to aquaculture.Al programmes can predict disease
epidemics before they occur by comparing programmed data with site-collected data. They
can even implement preventative measures. Norway's seafood innovation centre introduced

'Aguacloud' in April 2017, a cloud-based programme that assisted farmers in limiting the
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development of sea lice in cages (lden et al., 2021; Mustapha et al., 2021; Haukas, 2020;
O'Donncha & Grant, 2019).
Screening of Fish Seeds

Identification of healthy fish seed is very important while starting aquaculture. Screening
of pathogens, fish seed size etc has to be monitored properly before stocking (Rashid &
Mithun, 2020). The Kindai University’s Aquaculture Research Institute, Japan is using
Microsoft Azure machine learning studio to identify and remove odd — shaped fish seed from
the rearing cage (Lim, 2022).

Routine Check of Stocks

Vision based sensors are used for routine check of fish behaviour, swig patterns, size
variation, any injuries etc. Xpertsea is an aquaculture innovation firm that provides an Al
gadget called 'Xpercount' that uses machine learning and a camera to weigh, count, picture,
and size prawns in seconds. These collected data are examined to determine the stock's
periodic health (Das et al., 2022; Gladju et al., 2022; Mustapha et al., 2021; Antonucci & Costa,
2020).

Shrimp Culture Monitoring

Eruvaka, an Indian startup, offers shrimp farmers Al-based solutions such as real-time
monitoring of water quality and voice call alert, appetite-based intelligent feeder, and
autonomous control of aerators. Eruvaka's products have already been placed on around
1,000 hectares of shrimp farms scattered over Surat, Goa, Andhra Pradesh, and Pondicherry,
and farmers are benefiting from Al-based shrimp farming solutions (Das et al., 2022).

Even though artificial intelligence provides many applications in the field of aquaculture
but the investments are substantially costlier, and many people cannot afford them (Das et
al.,, 2022; Mustapha et al.,, 2021; Duckett et al.,, 2018). Al system maintenance is also
expensive. Another significant downside of Al is that it produces unemployment for workers.
This may benefit farmers, but those who rely on fishing for a living will suffer.

CONCLUSION

In conclusion, the integration of bioinformatics into fisheries science offers
unprecedented opportunities to advance our understanding and management of aquatic
ecosystems. Through the use of genomic and computational tools, we can gain deeper insights
into the genetic diversity, population dynamics, and evolutionary patterns of fish species. This
knowledge is crucial for developing effective conservation strategies, sustainable fisheries
management practices, and for addressing the challenges posed by climate change, habitat
loss, and overfishing.

As bioinformatics continues to evolve, its application in fisheries is likely to expand,
enabling more precise and data-driven decision-making. However, the success of these efforts
will depend on continued interdisciplinary collaboration, investment in bioinformatics
infrastructure, and the development of standardized methods for data analysis. By embracing
these advancements, the fisheries sector can enhance its capacity to protect marine
biodiversity and ensure the long-term viability of fishery resources for future generations.
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