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Abstract

Objectives: Gene annotation helps us to deduce the structural and functional aspects of a gene that
encodes for a functional protein in our body. Thus, by determining the coding sequence and gene
location we can derive meaningful insights as to what these genes do in our body. In this study, an
unknown gene, cancer vaccine for Homo sapiens has been studied and annotated. Methods: This
study was based on a computational approach using various web interface tools to annotate an
unknown gene taken from the NCBI Database. The chosen gene was structurally annotated using a
GC% content calculator, visually represented using Microsoft Excel, Augustus for gene prediction,
and RNAfold to determine the mRNA structure of the same gene. Functional annotation was done
using BlastP, gene ontology was confirmed using the UniProt database, a phylogenetic tree was
analyzed using HOGENOM database and TMHMM to visualize the transmembrane domain of the
protein encoded by the gene, expression of the gene by Bgee, antibody analysis, subcellular
localization, and functional analysis was accomplished using Human Protein Atlas, wolF PSORT and
InterProScan respectively. Results: After completing the gene annotation, the cancer vaccine for
Homo sapiens query was found to be 99.9% similar to four-jointed box protein 1 precursor [Homo
sapiens] which exhibits low cancer tissue specificity and is mostly related to renal and urothelial
cancer. Conclusion: The Cancer vaccine for Homo sapiens entry present in the NCBI Database,
which had no annotation previously, was annotated structurally and functionally in this study. Now
we can say this entry belongs to the gene coding for a four-box jointed protein-1 precursor protein
which is useful for cancer diagnosis in the early stages and is related to poor prognosis of the disease.
Often specific peptides are designed for FJX-1 protein which are beneficial in the treatment of
cancers showing elevated expression of FIX1 proteins and are often used in the form of vaccines.

Keywords: Gene prediction, mRNA structure, cancer, vaccination, local sequence alignment, protein,
transmembrane domain

INTRODUCTION
Genes are the functional unit of DNA which get transcribed and hence translated to a functional
protein. Genes can also be defined as functional units of inheritance that are passed on from parents to
offspring generation after generation and contain the information that is required to specify various
physical and biological traits. Our entire genome is divided into exonic and intronic regions. Only 1%
of the DNA codes for functional proteins contributing to the phenotype. Humans are known to
possess approximately 20,000 genes that code for proteins [1]. Errors during DNA replication and cell
division lead to changes in the DNA sequence
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Medicine at the National Institute of Health, maintained by the government of the United States, is a
goldmine of information pertaining to the field of biotechnology and biomedical studies. Also, various
bioinformatics tools and services can be availed from this database. The eukaryotic genome is very
difficult to identify as it contains varied structures and possesses exons interspersed by the introns.
Exons or the expressed sequence contain the protein coding regions, whereas the introns or
interspersed sequences are removed after the process of transcription. Vertebrates mostly have 5% of
exonic sequences, with most genes having 7 to 8 exons whose length ranges between 145 and 146
base pairs. Whereas introns have an average length of approximately 3365 base pairs. The average
length of a coding sequence with introns removed is 1340 base pairs. The longest known coding
sequence encodes titin protein and contains 80,780 base pairs exons only. The longest known gene is
that which codes for the protein dystrophin which is about 2.4 mb and includes both introns and 97
exons. The complexity of eukaryotic gene identification is increased due to the presence of alternate
splicing which translates mMRNA from the same gene into different proteins. Thus, to identify genes
and annotate genes high-throughput next-generation sequencing and bioinformatics play a crucial role
[2, 3]. Thus, all the sequencing data obtained from high-throughput sequencing technologies like NGS
need to be annotated and identified for future reference. New sequencing technologies generate 100
times more data as compared to traditional Sanger sequencing techniques which remain unused due to
complicated annotating protocols [4]. In this project, various free web interface bioinformatics tools
have been used to annotate an unannotated gene, both structurally and functionally, taken from the
NCBI Database and using various free bioinformatics analysis tools. For this study, the gene
annotation protocol given by Galaxy is an open-source and web-based program that allows scientists
and researchers who are not adept in programming languages to use various bioinformatics tools.
Galaxy is an online analysis and workflow system tailored for biologists to examine and process their
data. Most of the well-known bioinformatics tools are already installed and prepared for use in the
provided package. Across the globe, numerous Galaxy servers exist, each uniquely equipped with
specialized toolsets and reference data to facilitate the examination of various fields like human
genomics, microbial genomics, proteomics, and more.

The Galaxy interface is divided into three sections. The left side is a list of tools, whereas the
middle section consists of a viewing pane. By contrast, one can access the analysis performed by the
tool and data history [5].

To analyze large datasets, a galaxy provides three advantages to the users: (a) easy and accessible
data analysis by scientists without the requirement of any prior knowledge for informatics, (b)
reproducible and error-free data analysis, and (c) transparent communication of analysis. With
improved features, such as scalability, advancement of tools, easy interactive analysis and
visualization, easily comprehensible user interface, improved workflows, and infrastructure
enhancement, the Galaxy Project has four complementary components: (a) the main Galaxy public
server, which has been operational since 200, consists of a wide range of toolsets for large-scale
genomics analysis, terabytes of public data for usage, many shared analysis histories, workflows, and
many publication supplements. This server is said to have more than 124,000 registered users, who
run approximately 245,000 jobs per month. (b) Open-source software that can be operated by any user
on any operating system based on the UNIX operating system. The Galaxy ecosystem provides Kits
used for the development of Galaxy tool software, API language bindings for numerous programming
languages, various software for designing Galaxy interactions, and tools for automatizing the setup
and stationing of Galaxy and its plugins, such as tools and visualizations. (¢) Galaxy ToolShed is a
community-driven tool for sharing Galaxy tools, workflows, and visualizations. It can be found at.
Developers and Galaxy administrators can host, distribute, and install Galaxy tools, workflows, and
visualizations on this server, which serves as the 'AppStore’ for Galaxy servers (d) All facets of the
Project benefit greatly from the distinct and complementary subcommunities that make up the Galaxy
Community. Users, administrators, developers, resource providers, and educators are just a few
stakeholder groups that these subcommunities cater to [6].
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METHODOLOGY

First, we needed to identify the portions of the genome that code for functional proteins. Thus, this
part of the annotation is defined as structural annotation, where our main motive is to identify and
locate open reading frames, gene structures, coding regions, and various regulatory motifs. Galaxy
contains protocols and various tools for the structural annotation of a gene, some of which have been
used.

Structural Annotation

For preliminary identification of an unannotated gene from the NCBI Database, we mined
information from the GenBank file format, which is easily accessible from the NCBI Database. This
file format provides information about the gene, such as gene name, function, locus number, and the
exact position and sequence from the start and end of the gene, as well as sequence length.
Information regarding organisms, strains, data collection, country, and sequencing methodology can
be obtained from the GenBank and GFF file formats available in the NCBI Database. This
information forms the basis of structural gene annotation.

Sequence Length Count
The total number of base pairs can be counted, and sequence extraction was performed using the
FASTA file format available in the NCBI Database.

GC % Count

The greater the percentage of GC, the greater the stability of the gene we counted GC using the GC
content calculator tool developed by the Biologics Corp Organization. When feeding the input of our
FASTA sequence file, it determines the percentage content of all the nucleotides that make up the
gene as well as the GC content.

This tool can be freely accessed at https://www.biologicscorp.com/tools/gccontent/.

The nucleotide content of the chosen gene was visually represented using Excel, and the results
were as follows:

Thus, a bar chart (Figure 1) and pie chart (Figure 2) were prepared to visualize the nucleotide
content of our gene of interest.

Bar Chart Frequency of Nucleotide in our Query
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Figure 1. Bar chart of nucleotide frequency in our query using Excel (left).
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Figure 2. Pie chart representation of nucleotide frequency using Excel (Right).

Gene Prediction

The first step in gene annotation is to identify genes in each genomic sequence. Experimental
validation of gene structure is costly and various bioinformatics tools play crucial roles in biological
sequence analysis [7]. Based on a generalized hidden Markov model, which provides a probabilistic
prediction of a gene and its structure, Augustus provides a prediction of the query genome sequence
belonging to a eukaryote and provides an automatic genome annotation for users. The input of the
query permits users to specify the position of the splice sites and mentions the start and stop codons.
Using this tool, the user can mention the positions of exons and introns if required. This tool is
available  and  can be  downloaded at no cost from https://bioinf.uni-
greifswald.de/augustus/submission.php.

This tool provides outputs in three different files, one of which specifies coding regions. Another
method provides information regarding the translated product or protein sequence. The third output
specifies all information regarding the start and stop codons of the genes (ORF), their transcript 1D,
UTR in a detailed manner, and the first and last genes of the given genomic sequence, which can also
be marked in a GFF file format [8].

tmRNA tRNA Structure Prediction

Using the tRNA-SE scan tool, users can determine whether a query sequence codes for any tRNA.
This free web interface tool software maintained by the University of California, Santa Cruz follows
the concept of covariance models that can retrieve the primary and secondary tRNA structure data
from the query sequence [9]. This tool can be accessed at https://trna.ucsc.edu/tRNAscan-SE/.

Tool RNAfold is a free tool service provided by the Vienna RNA Web Services for mRNA
secondary structure prediction. These tools predict the secondary structures of single-stranded DNA
and RNA sequences. Currently, the input is limited to 7500 nucleotides for partition function
calculations and 10,000 nucleotides for minimum free energy calculations [10]. This tool is available
at http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi.

Functional Annotation
Blast

The BLAST tool, or basic local alignment search tool, is a program provided by the NCBI Database
that compares nucleotide or protein sequences and provides the statistical significance of matches.
BLAST also helps the user infer the evolutionary and functional relationships between sequences and
helps identify the members of gene families. BLAST is used for various purposes, such as
identification of species, locating domains, searching for phylogeny, mapping DNA to a known
chromosome, and annotations. The working algorithm of BLAST is based on the concept of a
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heuristic model that locates short regions of similarity between the input sequences or between the
input sequence and standard sequences in the NCBI Database. This method does not consider the
entire sequence space; after the initial match, the tool starts the local alignment from the initial
matches. However, BLAST is a local alignment tool that does not ensure optimal alignment;
therefore, some sequences may be missed. For a more specific alignment, a Smith-Waterman or
global sequence alignment algorithm should be used [11].

The BLAST tool can easily be accessed in the NCBI Database or at any other site.
(https://blast.ncbi.nlm.nih.gov/Blast.cgi)

This tool is useful in gene annotation as it helps to determine the sequence or protein that has the
highest matching score with our query gene of interest. Greater similarity scores indicate that the gene
of interest has a high degree of similarity and its characteristics can be compared with the output
protein or gene [12].

PDB Database

The Protein Data Bank is a structural database of proteins, which is the storehouse of the three-
dimensional structure of proteins, primarily nucleic acids, and other biological macromolecules. This
database, developed in 1971 by Water Hamilton at the Brookhaven National Laboratory, is now an
essential database to cater to the research demands of scientists and is a comprehensive resource for
accessing and analyzing protein-related data. Their structures, functions, and interactions play
important roles in various biological processes. The database is available at
https://www.rcsb.org/search.

This database was used to mine the structure of the protein that showed the highest degree of
similarity to our gene of interest [13].

UniProtKB Database

The UniProt Knowledge Database is an extremely useful database that contains integrated protein
information with cross-references to many sources. It is also a primary database for protein sequences
and functional annotation of proteins, based on experimental evidence. It combines a network of
databases, centralizing all levels of protein sequence annotation [14]. This can be accessed from
https://www.uniprot.org/.

In our experiment, we retrieved the following information from the UniProt database: (1)
interaction of our query gene with other genes; (2) compartmental localization of the protein; (3)
subcellular localization of the protein according to UniProt annotation; (4) Gene ontology annotation
with ancestral charts; (5) Taxonomy and organism lineage; (7) PTM of the protein; (8) protein
expression; and (9) family and domain analysis.

InterProScan

InterProScan, which is maintained by the European Bioinformatics Institute, is a functional
annotation tool. It is a software package that allows the user to scan a novel protein or nucleotide
against InterPro membrane database signatures. Thus, users can functionally characterize their novel
proteins or nucleotides using InterProScan, which runs on a scanning algorithm against the InterPro
database in an integrated manner. The InterPro member databases currently include Prosite, Prints,
Pfam, and ProDom.

InterProScan functionally characterizes proteins by classifying them into families and predicting
their domains and important sites [15]. InterProScan can be freely accessed at
https://www.ebi.ac.uk/interpro/search/sequence/.
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In our gene annotation, InterProScan was run with the FASTA file of the query protein obtained
from the NCBI Database, which provided output in the tsv file format of our functionally annotated
gene.

WoLF PSORT

This tool is a protein subcellular localization prediction tool. Based on the PSORT principle, WoLF
PSORT is an extended version of the PSORT ii program, which retrieves information on the
subcellular localization of the query protein. This tool uses the sequence of sorting signals, amino acid
makeup, and functional motifs present, and modifies the amino acid sequence of the protein into
numerical localization features. Following conversion, prediction is performed using a straightforward
k-nearest neighbor classifier [16].

It can be accessed at https://wolfpsort.hgc.jp/.

In our experiment, we inputted the FASTA file of our protein sequence to reconfirm and compare
the results with the subcellular localization results obtained from the UniProt database.

TMHMM

TMHMM is a prominent bioinformatics tool maintained by the Department of Health Technology
(DTU) and is useful for projecting and visualizing the transmembrane helices of integral membrane
proteins. This tool, in conformity with the hidden Markov model, helps users visualize portions of the
query protein on the outside, inside, or within the folds of the membrane [17]. TMHMM2. Zero was
used to analyze the protein of interest and can be used and freely accessed at
https://services.healthtech.dtu.dk/servicess TMHMM-2.0/.

Bgee
Bgee is a database that searches and compares the patterns of gene expression in various animal
species.

It offers a logical response to the query, "Where is a gene expressed?" It has advanced evolutionary
biology, cancer research, and agricultural research.

Upon entering the accession ID of the protein, its expression pattern can be easily analyzed [18].
The tool is available at https://www.bgee.org/.

HOGENOM Database

A large collection of homologous gene families, corresponding phylogenetic trees, and sequence
alignments are available for a variety of organisms through the phylogenomic database HOGENOM
[19]. This information is available at http://hogenom.univ-lyonl.fr/.

This was used in our gene annotation to crosscheck the phylogenetic results obtained from the
UniProt database.

The Human Protein Atlas

Initiated in 2003, the Human Protein Atlas is a Swedish program whose goal is to map every
human protein in cells, tissues, and organs by combining multiple omics technologies, such as
transcriptomics, mass spectrometry-based proteomics, antibody-based imaging, and systems biology.
The Human Protein Atlas tissue section is dedicated to mMRNA and protein expression profiles of
genes in human tissues. Protein expression data from 44 normal human tissue types were obtained via
immunohistochemistry-based protein profiling using antibodies [20]. This information is available at
https://www.proteinatlas.org/.
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In our gene annotation, this database was used to derive the following information (1) General
protein information, (2) Protein expression and localization, (3) Immune cell-type expression, (4)
Immunohistochemistry data reliability, (5) Phylogenetic summary, and (6) disease relationships.

RESULTS

The sequence, a cancer vaccine for Homo sapiens obtained from the NCBI Database, showed 100
percent sequence similarity with the four-box jointed protein 1 precursor Homo sapiens (FJX 1). After
running the BLAST, a 100% percent identity was shown with fjx1 protein. This query sequence was
structurally noted to have a length of 1314 nucleotides, that is, 657 base pairs). Also, the GC content
was found to be 73%. From tool AUGUSTUS (a web server for gene finding in eukaryotes), deduce
the start and stop codon of the gene which are ‘ATG’ and ‘TAA’ respectively. Also, the translated
amino acid sequence was determined which is
‘MRGAAATAGLWLLALGSLLALWGGLLPPRTELPASRPPEDRLPRRPARSGGPAPAPRFPLPP
PLAWDARGGSLKTFRALLTLAAGADGPPRQSRSEPRWHVSARQPRPEESAAVHGGVFWSRG
LEEQVPPGFSEAQAAAWLEAARGARMVALERGGCGRSSNRLARFADGTRACVRYGINPEQI
QGEALSYYLARLLGLQRHVPPLALARVEARGAQWAQVQEELRAAHWTEGSVVSLTRWLPN
LTDVVVPAPWRSEDGRLRPLRDAGGELANLSQAELVDLVQWTDLILFDYLTANFDRLVSNL
FSLQWDPRVMQRATSNLHRGPGGALVFLDNEAGLVHGYRVAGMWDKYNEPLLQPPRSAAT
APPRLPRQAHFAL.’

From the tRNA-SE scan, we found that our query sequence contained no tRNA genes.

Using the RNATfold Tool, the minimum free energy of the primary structure of the mRNA was
found to be -715.10 kcal/mol.

The centroid secondary structure of the same tool was determined to be -575.60 kcal/mol.

In addition, the primary and secondary RNA structures are represented visually, as shown in
Figures 3 and 4.

Figure 3. MFE secondary structure represented encoding base pair probabilities of the input
nucleotide sequence as obtained from RNAfold Tool (top).

'm o

© STM Journals 2024. All Rights Reserved 7



Gene Annotation of Cancer Vaccine for Homo sapiens Nimilita Chakraborty

- -

Figure 4. Centroid structure represented encoding base pair probabilities (down).

Figure 5. Alpha-fold structure of FIX1 protein(left) obtained from NCBI Database.

The gene was functionally annotated using BLAST, as previously described, and showed 100
percent identity with the fjx1 protein. An alpha-fold structure was obtained from the blast itself as
well as its graphical representation. The FJX 1 protein sequence was obtained from the NCBI
Database. The alpha-fold structure of the FJX1 protein(left) obtained from the NCBI Database is
shown in Figure 5.

The query sequence also showed a 99.72% percent identity with the protein name a putative
secreted ligand (Homo sapiens). However, no information is available regarding the alpha secondary
structure of this protein in the blasts. Hence, the protein was searched in the NCBI Database to obtain
GenBank ID Cab53246.1. This ID was used to search for structures in the PDB database, but no

© STM Journals 2024. All Rights Reserved 8



International Journal of Molecular Biotechnological Research
Volume 2, Issue 1

information regarding the structure of this protein could be retrieved. When searched in the UniProt
database, this same protein was found to be an isoform of the four-box joined protein 1 Homo sapiens.

Using the InterProScan functional prediction tool, we derived a graphical representation of the
functional domains of the FJX 1 protein. Other information like FJX 1 is a 437 amino acid protein
belonging to the species Homo sapiens, proteome ID: Up500005640, and acts as an inhibitor of
dendrite extension and branching.

The Woftsport tool was used to obtain the subcellular localization of the fjx1 protein, which gave
the results for 32 nearest neighbors, given in tabular format.

When the FJX 1 protein Homo sapiens was searched in the UniProt database, the following
information was obtained:

The function of the protein is found to inhibit dendritic extension and branching.

As depicted in Figure 6, fjx1 interacts with several other genes, such as DKKL1 and PIGN, where it
interferes with the expression of these two genes, whereas interactions with other genes, such as
NOG, LEF1, and INS, are found to interact with each other.

The compartmental localization of the protein was found to be in the extracellular space and it was
secreted.

The post-translational modification was observed to have a signal sequence from 1-24th nucleotide
position with the sequence of the signal peptide being MGRRMRGAAATAGLWLLALGSLLA.

Glycosylation was observed at the 248th n position and was reported to undergo proteolytic
cleavage according to the UniProtKB database.

As reported by the UniProtKB database in reference to the Bgee or expression analysis database,
this protein is expressed in the ventricular region and 141 other tissues and has low tissue specificity
according to the organism-specific database.

® ;T
& ©

Binding

Expressian

Figure 6. Representing the interaction of FJX1 gene interaction with other genes.
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Figure 7. Phylogenetic tree of FIX1 Homo sapiens.

Table 1. Information for gene annotation as obtained from Ensembl Database.
Attributes Information obtained

Gene synonyms FLJ22416, FLJ25593

Location Chromosome 11: 35,618,460-35,620,865 forward strands.

About this transcript | 1 exon, annotated with 18 domains and features, associated 1109 variant alleles and maps
to 290 oligo probes.

Gene This transcript is a product of gene ENSG 00000179431.7
Statistics Exons: 1, Coding exons: 1, Transcript length: 2,406 bps, Translation length: 437 residues
Type Protein coding

The alpha-fold structure was confirmed to be the same as that depicted in the BLAST, as shown in
the UniProt database.

Phylogenetic analysis and tree construction were performed as reported by UniProtKB in reference
to the HOGENOM database, as reported by UniProtKB. from the tree in Figure 7, FIX1 Homo
sapiens shares the closest homology to the FIX1 protein expressed in Mus musculus.

UniProtKB, in reference to the sequence Database Ensemble, provides the following information
about the protein FIX1 Homo sapiens.

Gene ontology refers to the knowledge of the biological domain with respect to three aspects:
molecular function, biological process, and cellular component. GO terms have been used by many
groups, such as UniProtKB curators, to annotate gene products in a computationally tractable manner.

The GO annotations for FIX1 Homo sapiens according to the UniProtKB database are presented in
Table 1.

Using the Human Protein Atlas Database, we deduced that this protein has low tissue specificity,
has only a single transcript, has no protein interaction, subcellular localization is localized to the
vesicles’ only, predicted location is intracellular, mainly shows Neuronal Transcription, and has low
Human Brain specificity. In the brain, this protein is primarily expressed in the astrocytes. This
protein, as previously reported, was not detected in the immune cells. It is a prognostic marker for
renal cancer (unfavorable) and urothelial cancer (unfavorable). Cancer specificity was enhanced in
glioma, and cancer cell line specificity was also found to be low, as shown in Figure 8.
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p<0.001

1 1
Urothelial cancer Renal cancer

Figure 8. Representing expression of FJ5(1 marker in renal (left) and urothelial cancer (right).

Table 2. Representing GO annotation of FIX1 Homo sapiens is reported by the UniProtKB database.
Gene ontology Characteristics
Cellular component | Extracellular space
Biological process Cell—Cell signaling
Biological process Retinal layer formation

Table 3. The information is derived from the TMHMM tool.

No. of predicted TMH 1
Expected no. of AA in TMH 20.99596
Total probability of N-in 0.99725

Using the TMHMM tool, we inferred that FJX1 Homo sapiens has a single transmembrane domain,
and there are approximately 20 amino acids in the transmembrane domain, as shown in Table 2,
Table 3.

DISCUSSION

From the above interpretation, we can conclude that the human vaccine for Homo sapiens entry into
the NCBI Database is a four-box jointed protein belonging to the Homo sapiens species, the features
of which were annotated using various bioinformatics tools. The results were cross-checked and
compared among various databases that were found to match. Furthermore, as indicated in the
structural annotation, this gene has high GC content, which makes it highly stable, and the marker
expression in renal, urothelial, and gliomas makes it an ideal candidate for cancer vaccines, although
this protein vaccine is reported to have low tissue specificity. This mMRNA coding sequence, when
translated into a four-box jointed protein, functions as an inhibitor of dendrite extension and
branching through FJX1. Homo sapiens has not been characterized properly. Various studies have
shown that nasopharyngeal cancer, a highly metastatic cancer, is widely prevalent in southeast China.
Our current understanding of the molecular pathophysiology of nasopharyngeal carcinoma (NPC)
remains insufficient to manage the disease better. The expression of the four-jointed box 1 (fjx1) gene
was often found to be enhanced in malignant tissues of patients with nasopharyngeal carcinoma
compared to healthy cells using experiments based on microarray analysis. The human gene FJX1,
also known as the four-joint (fj) gene found in Drosophila and fjx1 in mice, has been linked to
pathways involved in cancer progression. However, the precise role of FIX1 in humans is not fully
understood. Primary NPC tissue samples were used to confirm overexpression of FIX1 mRNA.
Contrary to this, a subset of NPC tissues was experimentally determined to be around (42%) and
exhibited significantly elevated levels of FJX1 protein than the normal epithelial cells and tissues,
which showed no FIX1 expression. Moreover, fjx1 was discovered to be overexpressed in TCGA and
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microarray datasets of various cancers, such as ovarian, colorectal, and head and neck cancers. SiRNA
knockdown and several studies on NPC cell lines of NPC revealed that FIX1 is related to increased
cellular invasion, growth of cells requiring anchorage, and cellular proliferation. As the levels of FIX1
expression increased, cyclin d1 and el mRNA levels also increased in these cell lines, demonstrating
that FJX1 is responsible for orchestrating proteins involved in the cell cycle. Since FJX1
overexpression contributes to the aggressive phenotype of NPC cells, further research is necessary to
determine whether FJX1 can be used as a therapeutic target for NPC [21]. FIX1 is currently being
investigated as a potential target for immunotherapy in NPC and other cancers.

This gene was structurally and functionally annotated according to the Galaxy protocol for genome
annotation, using similar bioinformatics tools.

CONCLUSION

In conclusion, most tools available for genome or gene annotation are command-line tools that
require a good grasp of the Linux operating system and commands to run them. Gene annotation plays
an important role in various applications. First, when scientists discover a novel or putative genome or
gene, they need to annotate it using various bioinformatics tools, including functional and gene
finding annotation. Over the past three decades, computational tools for sequence annotation have
been developed; however, for easy and quick annotation of entire genomes, better tools are needed.
Annotation is key to improving comprehension and retention of information. Thus, each annotation
detail of a gene has been added. Thousands of new genomes have been sequenced and assembled as a
result of the genome sequencing revolution. However, genome annotation still makes use of
technology that has essentially not changed in the last 20 years. The sheer volume of genomes makes
fully automated annotation procedures necessary, but annotation errors are common, if not more so,
than in the past. Thus, new technologies or tools are urgently needed, where scientists can easily
annotate a gene or genome irrespective of its size in a hassle-free and integrative manner [22].
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