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ABSTRACT
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Introduction growth in the demand for computational methods to

Plants have always played an immensely important role
through the inception and development of humankind
being the producers. It provided food, medicine and
sometimes protection to the human population
(Vadakkan, 2019; Vadakkan et al., 2019a, 2019b).

Several activities medicinal and non-medicinal such as
anti-cancer (Suriyakala et al., 2021), anti-helminthic
(Vadakkan et al., 2021), anti-microbial (Vadakkan et al.,
2018) and larvicidal, are investigated to date. As the
importance of plants improved, so as plant studies which
created a vast amount of data.

As an unprecedented amount of digital data is being
produced because of recent hardware and technical
developments that enable both large- and nano-scale
investigation of biological samples. There is a high
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analyse and contextualise this ocean of data because the
human brain cannot handle it (Mu et al., 2022).

Bioinformatics is the analysis of biological data using

approaches and principles from computer science,
statistics, and engineering. It fits best within
computational biology and biological information

management (Bayat, 2002). However, in this modern era
of computational biology, In addition to genomic
sequence data analysis, bioinformatics is being used for a
number of significant activities., such as the investigation
of gene variation and expression, analysis and modelling
of the composition and function of genes and proteins,
identification and forecasting of gene regulatory
networks, and simulation settings (Keerthana and
Gochhait, 2022; Sahin et al., 2022).

Understanding of an organism or its analysis shall be
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done in various layers such as genomic, transcriptomic
proteomic and finally, it’s metabolomic profiling.
Genomics is the study of the entirety or a portion of the
genetic or epigenetic sequence information of organisms
to comprehend the structure and function of these
sequences and the biological products derived from them
(Li et al, 2020). It is widely assumed that
transcriptomics, the analysis of all RNA molecules in a
cell, is the continuation or updated version of genomic
studies. In a parallel scenario, it should be emphasised
that transcriptomics is the study of expressed genes,
therefore they are interrelated (Supplitt et al., 2021). This
gets us to the final member of the molecular central
dogma, proteins, and their study, proteomics, which is
the broad study of proteomes (Kwon et al., 2021). In this
article, we discuss various bioinformatics tools that
enable us to understand the molecular and genomic
integrity of a plant. We are categorized various tools
based on their influence in each “Omic” level.

Genomic studies- Understanding the
predetermined ‘fate’

Understanding the gene composition of an organism shall
be considered one of the major milestones in plant
biology. Since identifying the Arabidopsis thaliana
genome in the early 20th century, several plant genomes
have been identified and analysed (Boris et al., 2011).
The introduction of genomic analysis and bioinformatic
tools revolutionized the dimensions of plant biology as it
complimented the area by plant identification methods,
phenotypical mutation studies, analysis of epigenetic
variations and single nucleotide polymorphisms (Rhee et
al., 2006). Identifying plants 1is considered the
cornerstone of all plant-related studies wherein the
bioinformatic methods provide us with the upper hand
over conventional methods. Genomic methods were
introduced to a plant identification fraternity where plant
identification was entirely dependent upon observation
methods (Salazar Robles ef al., 2022). A study conducted
by Wittich et al., (2018), to identify plant taxa on-site
suggested that the utilization of bioinformatics tools
enhanced the resulting outcome by providing accuracy
and reliability (Wittich et al., 2018).

The process of genomics can be studied under various
stages such as gene sequencing, sequence alignment and
analysis of sequenced data (Cheng er al., 2021; Henry,
2022). Even after developing high standards of genomic
analysis generating and storing and characterizing the
genomic data is yet to be improvised and made more
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compatible (Kress et al., 2022). The biggest challenge
faced by genomic scientists are the under par knowledge
about transposons, ecological factors and lack of
genotype-phenotype correlations (Pemmasani et al.,
2020). Once after these challenges are addressed then
genomic data carries huge promise in developing
healthcare and agricultural industries. The bioinformatic
tools used in genomic analysis are illustrated in figure 1.

Gene sequencing — something to start with

Genomic sequencing consists of the procedures involved
in identifying nucleotide composition of a genome
(Posey, 2019). Initially, genomic studies were conducted
by the employment of the Sangers sequencing method
developed in 1977, it was widely considered to be among
the first-generation sequencing technology (Heather and
Chain, 2016). The technology functions with the
principle of chain termination and each step involved in
this methodology were revised and improvised in the
course of time. One of the major improvements in this
technology was the substitution of radio labelling with
fluorometric-based detection and the introduction of
capillary electrophoresis, both these changes facilitated
the transformation of first-generation sequencing towards
automation (Slatko et al., 2018). The first-generation
sequencing technology was successfully utilized for the
identification of plants in the initial era and mainly
consisted three steps thermal cycling, sample
purification, and capillary electrophoresis (Blazej et al.,
2006). Arabidopsis (Initiative, 2000) and rice (Goff et al.,
2002) were among the first to be sequenced by standard
Sanger sequencing of lined genomic fragments preserved
in BAC vectors. The generalized plant genome sequence
workflow consists of the extraction of DNA, sequencing,
assembly of sequenced reads and chromosome assembly.

The second-generation sequencing techniques embarked
themselves by generating large genomes at lower cost
and are divided into two classes: sequencing by
hybridization and synthesis. Some well-known examples
of second-generation sequencing methods are 454
pyrosequencing, Ion Torrent, Illumina sequencing etc.
(Edwards and Batley, 2010). The third-generation
sequence mainly focuses on identifying the long
nucleotide chains whereas the second-generation
sequencing methods prefer short-chain sequencing and
its assembly (Xiao and Zhou, 2020). The widely used
third-generation sequencing platform is PacBio which is
also sometimes mentioned as SMRT (Single Molecule
Real Time). This strategy empowers the identification of
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larger sequences that ranges from 30-50 kb, or longer
(Roberts et al., 2013) and also makes the hierarchical
genome-assembly process (HGAP) possible (Chin et al.,
2013). Even though, all these mentioned sequencing
methods have their own merits and shortcoming
currently we have emerged the fourth generation
sequencing technology that mainly comprises of
nanopore technology which gives the scientific
community the power to sequence hundreds of kb long
chains (Mignardi and Nilsson, 2014). So far there are two
different technologies are available in this category
biological membrane systems and solid-state sensor
technology. The commercialization of nanopore
technology was catalysed by Oxford Nanopore
Technologies (ONT) (Ying et al., 2022) with a MinION,
benchtop GridION, and a high throughput PromethION
(He et al., 2021; Jain et al., 2016; Wang et al., 2021).

To encapsulate the bioinformatics workflow of next-
generation sequencing can be divided into primary
secondary and tertiary levels whereas the primary level
consists the recognition and evaluation of crude data, the
secondary analysis composed of assembly of reads and
the final stage comprises the annotation, prioritization
and visualization (Pandey et al, 2016; Pereira et al.,
2020).

Sequence alignment and analysis of sequenced
genomic data

Once the row sequence data are generated the most
popular and extensively used format to store nucleic acid
sequences FASTA format, that generally comes with
a“fasta” or “.fa” extensions (Pearson, 2016). One
FASTA file will be composed of the name of sequence
and the base pairs itself it could also contain various
annotations such as sequence length (Eric et al., 2014).
Comparing and detecting correlations among biological
sequences is the process of sequence alignment. The
"similarities" discovered rely on the objectives of the
alignment procedure. Counting the number of
nucleotides that are identical in each of the sequences
been evaluated is an easy option to reduce the complexity
of analysing the sequences (Wang et al., 2018). The
score that displays how exactly two sequences matched
to one another is alluded to as the alignment score of the
sequences. This score reflects the degree to which two
sequences are identical to one another. Distance between
sequences is typically described to as the value that is the
opposite of similarity among sequences and corresponds
to the level of dissimilarity between sequences (Chao et
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al., 2022). In other words, distance between sequences
measures how dissimilar one sequence is to another. The
total number of characters for which there is no match is
referred to as the "Hamming distance" (Thompson et al.,
2011).

The Basic Local Alignment Search Tool, or BLAST, is
with no doubt the most utilised sequence alignment tool
in bioinformatics as this tool have been designed to
overcome the constraints of the existing alignment
algorithms, which are often employed for quite short
sequences (Dash et al, 2021; McGinnis and Madden,
2004; Pertsemlidis and Fondon, 2001). The tool do also
have its variants such as BLASTN and Mega BLAST,
which makes it possible to align both nucleic acid and
amino acid sequences and this tool is available in NCBI
website (Chen er al., 2015). Despite what sequencing
methodology, technique, or specimen was used to
generate sequencing data, quality control is a vital
component of every experiment. FastQC, which can be
used to check the quality of diverse sequence data, is a
highly crucial tool for ensuring the quality of a project. It
has the benefit that it doesn't rely on any extra
information, like a reference genome, and that it does
quality control primarily using a FastQC file containing
sequences and the quality values that correspond to them
(Al Yami and Huang, 2019; Wingett and Andrews,
2018).

Assembly and annotation of sequenced genome

Sequence assembly is the process of aligning and
merging fragments of a longer DNA sequence to
reconstruct the sequence in its original form (Nagarajan
and Pop, 2013). By aligning and combining fragments,
DNA sequence assembly recreates the original DNA
structure. Due to the inability of current sequencing
technology to interpret the entire genome in a single step,
this step is essential to genome analysis. Due to the
presence of genomic repeats and numerous sequencing
inaccuracies, none of the tools discovered during the
sequencing period can be considered the optimal genome
assembler in every circumstance (Prjibelski ez al., 2018).
Currently, a sequenced genome is assembled using either
long or short reads, although hybrid assembly is
occasionally employed. Long read assembly employs the
Overlap-Layout-Consensus  (OLP) principle, which
involves joining overlapping reads one by one (Marx,
2021). This method is divided into three stages: first, find
all possible overlaps; second, create a layout for the
overlaps; and third, use the overlaps to reconstruct the
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sequence. Each stage builds on the one before it. Celera
is a well-known long read assembly tool for genome
reconstruction which is a first generation of assembler
capable of assembling the genomes of multicellular
organisms (Miller et al., 2017).

However, given the abundance of short reads in NGS
data, the OLC method seemed inconvenient. De Bruijn
graph, which was proposed in 2001, effectively
addressed the issue by making it possible to assemble a
genome from scratch using short reads. The reads are
broken up into a collection of sequences called k-mers,
each of which has a defined length of k. These sequences
serve as replacements for the vertices of the de Bruijn
graph. Contrary to the construction of an overlap graph,
the construction of a de Bruijn graph does not require a
read alignment stage, which results in a considerable
reduction in the amount of time required for the
execution. Because each k-mer is only saved once, the de
Bruijn graph approach appears to be more memory-
efficient than the OLC technique. As a result, it is
suitable for high-coverage datasets that contain millions
of reads. (Chaisson and Pevzner, 2008). In addition, the
introduction of new sequencing methods made hybrid
assembly possible. Hybrid assembly is a way of
assembling genomes that uses readings from different
sequencing technologies all at once. (Brown et al., 2021).

The prediction of protein-coding genes and other
functional genomic units, such as structural RNAs,
tRNAs, short RNAs, pseudogenes, regulatory regions,
direct and inverted repeats, insertion sequences,
transposons, and other mobile elements, are all part of
the multi-level process known as genomic annotation.
(Stein, 2001). It is necessary to employ a variety of
methods in order to make predictions on the activities of
genes; statistical gene prediction and the search of
general-purpose databases for sequence similarity are
essential components of every genome project. The
utilisation of genomic context analysis, in addition to
domain databases like Pfam, SMART, and CDD, and
genome-oriented databases like COGs, KEGG, and WIT,
varies greatly from one study to the next. Other genomic
databases like WIT, KEGG, and COGs are also used
(Salzberg, 2019).

Comparative genomics and Phylogenomics
The objective of comparative genomics is to compare

two or more genomes to find their similarities and
differences and to learn more about the biology of each
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genome, which can be accomplished at various levels of
the genomes to acquire multiple viewpoints about the
organisms (Wei et al., 2002). The significance of genetic
analysis increased with the advent of comparative
genomics, which enables us to comprehend and predict
the functions of multiple unknown genes when an
organism is allowed to survive in various environments
(Genereux et al., 2020). To obtain this data, a number of
bioinformatic tools, including GolmTranscriptome DB
and ATTED-II, are being used.

Although there are some effective tools in the field,
storing and making the data accessible to aspiring
scientists was the main issue. The majority of the time,
this problem is being solved by using online data
platforms like Phytosome, PLAZA, Greenphyll DB, and
Plants DB (Ong et al., 2016).

Understanding phylogenomics, also known as Molecular
Phylogenetic Analysis, which is frequently used to
discover evolutionary relationships and Phylogenetic
position of a plant species, is another crucial component
of plant studies (Delsuc et al., 2005). The primary goal of
plant phylogenomics is to find evolutionary patterns and
the secondary goal is to develop new hypotheses on
unknown plant genes. To obtain phylogenomic data, a
variety of bioinformatical methods are applied. Hyb-Seq
is a potent method used to enrich organelle genome high
copy repeats and their flanking regions as well as nuclear
exons. ExaML is another such technology that can be
productively utilised in plant phylogenetics (Theys et al.,
2019).
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