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ABSTRACT: Gene revolution is very successful to meet the food
challenges resulting from climate change and global warming. Genomic
and gene database is ever growing owing to advancement and development
of modern biotechnological techniques and machinery. During 1970, 80s,
gene isolation was utilized to develop gene resources from original
biological systems which was inherently-embraced with challenges of
unoptimized protein coding DNA sequences as well as unpredicted
expression pattern and levels. Originally, DNA sequences are prone to low
and unstable expression in target organisms. So, codon optimization
process changed the scenario all the way and most of the problems
associated with unmodified sequence has been addressed. At present
plethora of softwares are available that fairly process the DNA sequence to
make it highly expressible and stable in heterologous systems. Different
softwares are being used effectively for synthetic gene design such as,
EuGene, COOL, D-Tailor, Costar. Bioinformatic tools have two main
functions to data gathering and optimization of gene sequence. DNA
sequences is retrieved and processed for Codon adaptation index, GC
content, relative synonymous codon usage (RSCU), Protein structure,
orthologs, codon pair bias (CPB) and kozak sequences. Codon optimization
holds a great potential to develop gene resources which are host friendly
and stable for desired traits. In future, gene resources and crop
improvement will go side by side for precise and accurate crop
improvement and in solving the plant improvement issues previously
unaddressed.

KEYWORDS: Gene isolation, codon optimization, gene synthesis, gene
designing tools, synthetic biology and biopharming.
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1. Introduction
The post genomic era has compelling

challenges of handling massive data of
biological systems and interpretation for
discovery and invention. Conventional
methods for data handling and processing
that involves computation approaches
requires more computing energy, posing time
constraints various fundamental and applied

research. After throughput experimentations
and projects, bulk of information are
available that requires proper categorization,
management and annotation for deep learning
and process driven application in the field of
biological sciences. With this, a beacon of
hope enlightened in the research areas of
global food security with the implementation
of computational acquired biological
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information and its interpretation. The usage
of this information may help in effective
utilization of genetic resources for screening
and mining the useful genes needed for plant
improvement in agricultural crops (Naveen &
Sontakke, 2024). Among all, the climate
change and global warming are the most
highlighted issues that are responsible for
developing a hostile and harsh environmental
conditions reducing the yield of crops by 50-
70% under field conditions, leading to
disturbed crop production (Kumar, 2020).

The progressive increase in overall
temperature is due to emission of greenhouse
gases (global warming) that causes
unpredictable drought stress and change in
precipitation pattern. Grain yield and quality
of crop during growth stages are negatively
affected by abiotic stresses as temperature,
drought and salinity varies (Kumar, 2020; A.
Sharma et al., 2020). To adjust according to
different environmental changes, breeding
practices have been successfully utilized in
many crops for stress resistance, but
generally it is not convenient to harness all
the stress resilience qualities in a single
genotype. Moreover, it is difficult to identify
the fundamental molecular and biochemical
networks and their features to understand
how different stresses impacts are being
regulated in the field conditions. Nowadays,
the tolerance feature in crops can be
improved by using genetically engineered
procedure (Hussain et al., 2022).

Crop enhancement has been done by using
selection and mutation breeding tools since
the domestication and civilization. However,
the advancement in biotechnological
approaches has revolutionized crop
improvement for last three decades. These

approaches have been very useful to
understand the genetic and molecular base of
plant traits and manipulation for crop
improvement by genetic transformation
(foreign genetic elements addition),
backcrossing (crossing of offspring lines with
parental lines), self and cross pollination
(among the flowers of same and adjacent
plants, respectively) and clonal propagation
(multiplication of same plant using its small
part under in vitro conditions) etc. (Begna,
2021). With advancements in modern
biotechnology, various methods have been
employed to enhance crop varieties, ranging
from marker-assisted selection (identification
of potential traits linked to a particular
phenotype or genetic element at genomic
level) to newly developed plant breeding
techniques. Genetic modifications have
greatly expanded the genetic pool (nucleic
acid information) available to plant breeders
since the mid-90s. As a result, the
development of new plants with a wide range
of agricultural traits has gained considerable
momentum (Ayan et al., 2022). Stable QTLs
(Quantitative trait loci) and molecular
markers (biological molecule that serves as
measurable indicator) are important for
molecular breeding and identifying candidate
genes, that can be used in transgenic methods
or molecular introgression (transfer of
genetic elements from one organism to
another within the same species to produce
hybrid) (Raj & Nadarajah, 2022).

Crop productivity has significantly
enhanced by using conventional breeding
over the past century. However, traditional
breeding methods have now hit their
maximum limits because of the complex,
multigenic nature of biotic/abiotic stress
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factors. Over the past decades, numerous
stress-related genes have been identified and
confined to produce stress-tolerant plants
(Esmaeili et al., 2022). Research has shown
that epigenetic changes, including DNA
methylation and histone acetylation can
influence the gene expression of stress-
related genes and improve plant stress
tolerance (Mishra et al., 2023).

In modern biotechnology, chemical
synthesis of DNA molecules is very trending
approach serving as highly effective and
resilient approach to enhance or down
regulation of target genes. Moreover,
heterologous expression of proteins is often
required for unraveling the underlying
mechanisms in fundamental and applied
research. To maximize the expression of
DNA sequence in the host, the only possible
way is DNA sequence optimization., This
will improve the translation efficiency of
target gene because raw DNA sequence of
one species is convertible to other species
synergistically (Gustafsson et al., 2004).

Most of the success stories of GM crops
are based on usage of processed DNA
sequences of genes because in vivo
approaches of gene isolation are inefficient
and possess limited gene expression. Initially,
target genes are expressed in heterologous
systems of model organisms and their
structure and function are characterized. All
the plant trait genes were manipulated by in-
silico analysis and optimized for different
parameters followed by transformation in
crop plants that are introgressed into other
cultivars (Jana & Deb, 2005; Lou et al., 2007;
Peng et al., 2007). About sixty years ago,
chemical synthesis of DNA was a dream. HG
Khorana, is the pioneer in devising a set of

techniques to synthesize oligo nucleotides in
1970s. Chemical synthesis of tRNA genes
proved very effective and successful (Gupta
et al., 1976). Other artificially synthesized
genes were lac operator and tyrosine
repressor, somatostatin and cloned in
different vectors successfully. During 1980s,
different research groups become interested
in the chemical synthesis of a large number
of genes and expression in E. coli (RIGGS et
al., 1980). Limited length of synthesized
nucleotides is a limiting factor and over time
it has been improved significantly. Nowadays,
chemical synthesis is a routine practice and
has become a powerful tool in creating
transgenic organisms. Most of the genetic
traits either of plant or animal origin are
being genes sequenced thoroughly using
computational techniques and chemically
synthesized followed by introduced into
heterologous systems.

DNA is highly resilient in nature and can
be optimized to a range of quantitative gene
and protein expression. Oftenly, it is advised
to optimize original codon sequence as per
natural distribution of host codons aiming to
preserve slow translation regions playing
critical role in protein folding. It is after
successful application of optimized DNA
sequences for industry, agriculture and
pharmaceutical purposes that different
biotech companies are providing custom gene
optimization services. Different empirical
indexes for optimizing gene resources have
been set as standards for key variables such
as codon adaptation index (CAI), the codon
bias index, frequency of relative codon usage,
optimal codon usage and effective codon
number as well as duplication of Kozak’s
sequence (Fu et al., 2020).
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Based on deep learning, a novel
optimization tools are available which were
devised to introduce the concept of codon
boxes. Codon boxes emphasize the recoding
of the sequences into codon box sequences
irrespective of order of the bases. The codon
optimization model for E. coli was trained for
bidirectional long-short term memory
conditional random field. Protein expression
experiments for Plasmodium falciparum
candidate vaccine and polymerase acidic
protein in comparison with original
sequences were performed which showed
that optimize sequences by Thermo Fischer
and Genewiz are highly efficient and
competitive in enhancing expression (Fu et
al., 2020). Modern approaches of crop
improvement will hinge on a suit of
innovative approaches to run crop
improvement programs on a fast track by
creating novel diversity and their efficient
and rapid incorporation into crop cultivars.
Deep learning by use of bioinformatics tools
for identification, processing and
manipulation is highly useful owing to
algorithms-based DNA sequence information
and performance with high precision.

Desired traits can be created and
transferred to other plants possibly done by
genetic engineering techniques (as
transgenic). Improvement in crop potential
has been achieved using manipulated DNA
sequences for developing resilient plants
against abiotic and biotic stresses that
otherwise is impossible by conventional tools
of plant improvement (Passricha et al., 2020).
2. Gene Isolation

Availability of gene resources is
prerequisite of crop improvement program
and are accessed form breeding parents, gene

isolation and DNADNA synthesis. DNA
synthesis is an emerging field of genetic
resources and being benefitted from
advancements in molecular biology,
sequencing, bioinformatics tools and
engineering machines. Principally, DNA
synthesis commences from retrieving DNA
sequence information from data bases,
planning and designing depending upon
objectives followed by synthesis and
transformation in model plant systems. After
the launching of several sequencing projects,
the genomic and metagenomic data bases are
ever growing but lacks the tangible DNA
which are stressing the development of novel
DNA synthesis technologies (Sequeira et al.,
2016).

Numerous genes involved in abiotic stress
tolerance have been identified and
characterized using molecular techniques and
during plant transformation experiments
these genes have been individually
overexpressed. However, the phenotypes
related to stress tolerance are polygenic traits,
that are being dissected by using current
genomic tools. The genetic introgression is
accelerated by using these tools through
using molecular markers or site-directed
mutagenesis techniques like CRISPR-Cas9
(Villalobos-López et al., 2022).

Conventionally, gene isolation is a tedious
and error-prone method with the use of
restriction enzymes, purified from different
sources as gene does not exist as a separate
unit in cells, but present as a small part
within a DNA molecule. The enough yield of
specific gene would only be possible by
using vast amount of DNA. It can create even
more challenges in selecting unique cutters,
performing digestion and ligations, and
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ensuring that all assembled portions maintain
the correct open reading frame (Alberts et al.,
2002).
3. Computational Biology

Computational biology relies on the
application of computational algorithms and
mathematical models to understand the
biological systems from various perspectives
(Hattaf, 2024). Moreover, this innovative
approach has also facilitated to manipulate
genomic data, thereby opening new horizons
for innovative research work in different
domains of science like agriculture,
environmental and health sciences (Gayathiri
et al., 2023). Comparative genomics is also
one of those areas in which large biological
data sets are compared to identify distinct
genomic patterns (A. Sharma et al., 2020).
While, the specific techniques of this
particular domain are concerned with
molecular modelling, molecular dynamics
simulations (predictive models) and machine
learning. The later one has significantly
changed the landscape of computational
biology by integrating the high-throughput
data analysis, leading to the formation of
efficient predictive models (Chen et al.,
2024).

All of these innovative methods are
widely used in drug designing, agricultural
and environment sciences as well (V. Sharma,
2020; Zhang et al., 2022). In terms of drug
designing, virtual screening and molecular
dynamics simulations assisted novel drug
designing has enable to be optimistic and
precise while selecting a potent drug against
a particular disease. For example, in recent
times one of a published article has
elaborated the similar approaches to screen-
out phytocompounds against cancer which

would definitely be highly crucial for
pharmacologists, molecular biologists and
other health sciences researchers (Das &
Agarwal, 2024).

Whereas, in agricultural sector,
computational biology has provided the
tailored solution for improvement of crops,
yield enhancement and resistance against
various diseases and pests by decoding the
crop genomics data (Prajval et al., 2024).
Another related and crucial aspect is the
sustainable agriculture. One of the reported
studies has highlighted that there is a certain
cyber-agricultural system (CAS) which
focuses on the artificial intelligence and
scalable cyber-infrastructure in both of the
domains that are crop breeding and
production agriculture (Sarkar et al., 2024).
Similarly, environmental sciences also
employ different computational and in-silico
approaches which give insights regarding the
way different toxins interact with
environmental factors and cause pollution.
Arsenic (As) is one of the environmental
toxins which is highly important in terms of
public health. It has been studied by the
integration of molecular docking and
molecular dynamics simulations that how
arsenic interacts with different enzymes. The
objective of this work was to unveil the
binding patterns of As-enzyme complexes so
that it could be assessed, which enzyme
could be effective against such a hazardous
environmental pollutant (Ahmad et al., 2024).
4. DNA Synthesis

Synthetic biology is an interdisciplinary
domain dedicated to designing and creating
new biological components and systems,
along with modifying and constructing
existing biological systems (Sharkey et al.,
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2024). The emergence of synthetic biology
represents a cultural shift having extensive
implications for the biotechnology sector.
Today the efforts of synthetic biologists
anticipate the emergence of a novel era of
cyber-biological system that could pave the
way for the 5th industrial revolution. Through
addressing the scientific publishing
requirements of a board and varied
community, synthetic biology aims to
contribute to the advancement of this new
emerging engineering discipline, initiate the
necessary cultural shifts and nurture the
growth of a new industry well into twenty-
first century (Peccoud, 2016).

Nowadays, DNA synthesis is among the
most vital biological technologies, playing a
significant role in genome studies, research
related to gene expression and studies related

to gene network, etc. (Fang & Liang, 2022).
The ability to read and write DNA is open
secret by computational and engineering
tools making DNA synthesis a reliable and
economic industry (Hoose et al., 2023). The
demand for synthetic DNA is increasing day
by day beyond many areas of research and
economic, marketing and trading activities.
The advancements in engineering
biotechnology, storage of data and
Nanotechnology are set to provide rapid
growth of DNA at reduced cost and large
quantity (Figure 1). The achievements in
gene editing, next generation sequencing
(NGS) and gene isolation, DNA synthesis are
already emerging as a thriving industry with
enormous scope and applications (Hoose et
al., 2023).

Figure 1. Steps involve in gene synthesis.
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DNA synthesis involves the synthesizing a
gene in laboratory without relying on an
initial template. In contrast to traditional gene
cloning methods, which require a template
DNA sequence to be amplified (Javed, 2013).
Despite the beliefs of many researchers,
commercially synthesizing gene service
going to progress rapidly to offer a cost-
effective alternative to conventional cloning
and other methods in molecular biology.
The primary reasons for this include time
efficiency, enhanced DNA performance, cost
effectiveness and convenience. The multi-
step traditional cloning process includes
designing a strategy, synthesis of primers,
PCR, gel extraction, bacterial transformation
and additional intricate procedures. The
process demands significant time and human
resources, unlike DNA synthesis, which not
required these requirements. DNA synthesis
does not require a physical template and
restriction enzymes to separate gene from
source as required in traditional gene cloning;
by providing the nucleotide sequence or
amino acid sequences, a researcher can obtain
a gene of their choosing. In many instances,
the cost of ordering a synthetic gene is lower
than that ordering oligos, cloning kits and
sequencing services. DNA synthesis enables
codon optimization, a process demonstrated
to enhance DNA performance and protein
expression efficiency (Schwartz et al., 2011).
5. Codon Optimization

Codon optimization relies on the concept
that replacing codons with synonymous
codons present in a gene originating from a
donor organism that are more commonly
used in the host organism can result in higher
levels of recombinant protein expression
(Jenkins et al., 2023). Protein synthesis in

heterologous hosts is an essential tool in
biotechnology. Nevertheless, degeneracy
exhibited by genetic code, leading to biased
codon biased in a lot of organisms. The level
of protein expression significantly affected
by changes in synonymous codon, tailored
specifically for individuals host organisms.
This phenomenon can be quantified using
metrics like codon pair bias, relative codon
pair bias, codon adaptation index and relative
codon bias. The designing of codons that
boost multiple objectives is done by codon
optimization. Presently, existing software and
algorithm solutions either depend on
heuristics without optimality assurances or
exhibit inflexibility in modelling various
objective functions and constraints (Şen et al.,
2020).

Codon optimization may be necessary to
ensure efficient expression when transferring
a natural DNA sequence to a different
organism, as the original sequence may not
be optimally expressed in the new host
(Young & Dong, 2004). Codon optimization,
which involves modifying codons within a
gene sequence to enhance the expression of
recombinant proteins, has become a common
practice (Webster et al., 2017). For
heterologous gene expression, codon
optimization has been a longstanding
technique to improve protein expression.
Optimizing gene codons leads to significant
increases in protein and RNA levels,
indicating that codon usage plays a crucial
role in governing gene expression (Zhou et
al., 2016). A specific amino acid involves in
the synthesis of a protein encoded by a
sequence of three nucleotides called codon.
The genetic code degeneracy refers to that
multiple codons specify a single amino acid.
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64 distinct codons are present naturally, they
only encode for 20 amino acids, arises to the
genetic code’s degeneracy. As, UGU and
UGC two codons that encodes cysteine.
Whereas six synonymous codons CUG, UUA,
CUC, CUA, UUG and CUU (Figure 2). The
degeneracy of codon results in many
probable ways of encoding a protein. Codon
usage bias suggested that some synonymous
codons are more preferred over others when
encodes a specific amino acid in a specific
organism (Şen et al., 2020).

Codon usage bias refers to the preferred
use of specific synonymous codons, naturally
occur with different frequencies in different
species. The substitutions of synonymous
codon regarded as “silent” because they
didn’t affect the primary structure of a
protein but now it is considered that
synonymous codons as substitution had
critical impact on heterologous protein
expression (Diez et al., 2022; Webster et al.,
2017).

6. Protein Expression and Codon
Optimization

Producing industrial and therapeutic
recombinant proteins in plants provides
numerous benefits as compared to traditional
bacterial or mammalian systems, offering
reduced cost, enhanced scalability, simpler
growth conditions and improved product
safety (Feng et al., 2022). For the
enhancement of protein expression
recombinant gene technologies utilize codon
optimization, which involves replacing
codons with synonymous ones. One should
have accurate knowledge of codon usage
frequencies to understand the chemistry
behind its implementation. Assessing codon
usage bias accurately across various
organisms serves multiple purposes beyond
codon optimization. It also aids to explore
various studies through codon usage
similarities as phylogenetic relations of
organisms, host-pathogen relationships,
evolutionary and translation research.

Figure 2. Degeneracy impact, mRNA with different Synonymous codons can code for the same
polypeptide.
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The co-translational protein folding and
translation kinetics also influenced by
affecting protein structure and function
(Athey et al., 2017). DNA synthesis has
become an important tool across many
domains, diagnosis of diseases, gene therapy,
production of biopharmaceuticals and
vaccine development. Synthetic gene are
integrated into the genetic material of
different host organisms, as yeast and
bacteria, facilitating the expression and
production of proteins (Şen et al., 2020).

It has been identified that codon biased
usage is strongly linked to protein expression
and as the most conserved property (Lithwick
& Margalit, 2003). The unequal usage of
synonymous codons is a widely recognised
phenomenon in living organisms. This can
significantly contribute to improve the
efficiency and accuracy of translation
processes (Majeed et al., 2020). The
production of functional proteins in different
hosts is key to futuristic biotechnology.
Unfortunately, achieving successful
expression outside their native environment
is often challenging. Proteins may include
codons infrequently utilized in the desired
host, originate from organisms that use non-
standard genetic codes, or contain regulatory
elements within their coding sequence that
restrict expression. Advancements in DNA
synthesis, lower cost and high speed have
enabled to completely re-design a gene
sequences and optimize its protein expression
probabilities. There are various re-design
strategies, such as adjusting translation
initiation regions, modifying mRNA
structural elements, and employing
alternative codon biases (Gustafsson et al.,
2004).

Translation efficiency and expression
levels can be enhanced by substituting
frequently observed codons instead of rarely
observed ones in host organism.
Enhancements in expression levels up to 105-
fold can be possible when optimal codons are
utilized during gene design (Gustafsson et al.,
2004). Over time, different computer
programs have been created to assist in the
process of optimizing gene sequences
(Angov, 2011; Gustafsson et al., 2004).
7. Gene Design Tools

Artificial synthesis of DNA fragments is
drastically determining the efforts for
improvement of biological systems. Use of
AI for refining DNA sequences, editing and
artificial synthesis are undeniable
developments whose applications are
penetrating in fundamental and applied
research of living organisms (Dixit et al.,
2024; Villalobos et al., 2006). Designing
tools of DNA are widely used in fundamental
and applied biotechnological research. The
popularity is reflective of the simplicity,
convenience, efficacy and efficiency that it is
being utilized in manipulation of biological
system and processes. At present, most of the
biotech traits either biotic or non-biotic and
even biopharming really thanks to
availability of user-friendly gene design tools
(Table 1).

In comparison to other tools, JCat (Java
Codon Adaptation Tool) offers an approach
that eliminate the manual designation of
highly expressed genes, making it a swift and
straightforward method. It offers additional-
options for codon adaptation such as Rho-
independent transcription terminators and
preventing undesired restriction enzymes
cleavage sites.
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Table 1. Comprehensive review of gene design characteristics involve multi-objective optimization tools.
Synthetic
gene design

tools

GC/AT
Content

Codon usage
Optimi-zation*

Codon context
bias optimi-

zation

Restr iction
site

modification

Repetitive
base

excision

mRNA
secondary
structure

Oligo
generation

Hidden stop
codon Merits Demer its Reference

EuGene ✔ ✔ ✔ ✔ ✔ ✔ ❌ ✔ Data gathering and
optimization are main

functions

Difficult to understand
output due to scarce
documentation

Harder to understand
results because uses of

percentages

(Gaspar et al., 2012)

JCat ✔ ✔ ❌ ✔ ❌ ❌ ❌ ❌

Web- based tool
Rapid analysis
Remove the rho-
independent
transcription
terminator

bounded to certain
expression systems
limited optimization

parameters

(Gould et al., 2014)

COOL ✔ ✔ ✔ ✔ ✔ ✔ ❌ ✔ Efficient algorithms
for gene design

Limited scalability
Limited output
interpretation

(Chin et al., 2014)

D-Tailor ✔ ✔ ❌ ✔ ❌ ✔ ❌ ❌

Hydropathy index
optimization

Multi-objective
optimization

Lack of comprehensive
documentation

(Webster et al.,
2017)

OPTIMIZE
R ❌ ✔ ❌ ✔ ❌ ❌ ✔ ❌

Focus on optimizing
rare codons
User friendly
interface

Limited to specific
organisms

May not consider all
factors

(Gould et al., 2014)

Gene
Designer ✔ ✔ ❌ ❌ ❌ ❌ ❌ ❌

Allows manual
adjustment of codons

Flexible
customization options

Limited optimization
algorithms, not support
all expression systems

(Gould et al., 2014)

COStar ✔ ❌ ❌ ✔ ✔ ✔ ❌ ❌

Optimizes both the
local and global
properties of DNA
simultaneously

Requires expertise in
molecular biology

(Webster et al.,
2017)

Note: ✔ represents yes and❌ represents no.*JCat, D-Tailor and Gene Designer optimizes the codon usage of the target gene by increasing its CAI score, codon

usage optimization by EuGene based upon RSCU and CAI values, COOL optimizes codon usage by utilizing both the ICU and CAI scores, the adjustment of
codon usage in OPTIMIZER can be achieved by three different ways: CAI Optimal, Guided random and Selective optimization.
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The results of JCat are provided both
graphically and in terms of Codon Adaptation
Index (CAI) values for both the adapted
sequence and input sequence. Moreover, CAI
values calculation can be taken by the list of
genes uploaded in FASTA format (Grote et
al., 2005).

Gene Designer stands as a standalone
software for swift and straightforward design
of synthetic DNA segments. Users can
effortlessly incorporate, modify, and combine
genetic elements like promoters, open
reading frames (ORF), and tags using an
intuitive drag-and-drop hierarchical
DNA/Protein object map coupled with
graphic interface. Leveraging advanced
optimization algorithms, open reading frames
within the DNA construct can be swiftly
codon-optimized for enhanced protein
expression across diverse host organisms.
Gene Designer also encompasses features
including an oligonucleotide annealing
temperatures calculator as real-time sliding
calculator, a sequencing primer generator,
tools for selective inversion or insertion of
restriction sites, and options for maximizing
or minimizing sequence identity to a
reference (Villalobos et al., 2006).

Gene expression levels can be enhanced
by optimizing codon usage through an online
tool known as OPTIMIZER. It provides three
optimization methods: a guided random
method employing a Monte Carlo algorithm,
‘one amino acid-one codon’ approach and a
new method aimed at maximizing
optimization with minimal alterations to the
original sequence. A key feature of
OPTIMIZER is its capability to optimize
sequences of DNA using pre-computed
codon usage tables derived from a wide array

of prokaryotic species, encircled 150 species
characterized by strong translational selection
(Puigbo et al., 2007).
There are many codons optimization tools
focus on a single design criterion and offer
less flexibility, resulting in only one optimal
sequence being generated, that may be not the
ideal solution. To address this problem,
we’ve introduced COOL (Codon
Optimization Online), the initial web tool to
providing multi-objectives codon
optimization capabilities, thereby enhancing
synthetic gene design systematically. COOL
is a user-friendly allowing customization of
various codon optimization parameters as
individual codon usage, codon pairing and
codon adaptation index (CAI). Furthermore,
COOL enables comparison between user-
defined DNA sequence and COOL-optimized
sequences, to understand for further
improvement in the user’s design (Chin et al.,
2014).

A software program provides a powerful
and convenient tool for custom-made codon
optimization: The user-friendly graphical
interface allows even untrained scientists to
easily create, test, adjust and save intricate
codon optimization strategies. It also makes
possible the sharing of successful
optimization strategies within scientific
community. Codon Wizard offers versatile
functionalities for customizable modification,
optimization of codon usage and sequence
analysis for any provide input data sequence
(RNA/DNA/Protein) by using a range of
algorithms (Rehbein et al., 2019).

D-star Lite is a dynamic search algorithm
based on codon optimization. Firstly, the
algorithm transforms the codon optimization
into acyclic graph, incorporates weights on



Journal of soil, plant and Environment Riasat et al.

www.jspae.com 97

its edges using a sliding window technique.
Afterwards, by utilizing the D-star Lite
algorithm to calculate the shortest path from
the starting point to the target site within the
generated graph. Therefore, the way of
optimizing a gene is transformed into a real
time search for the shortest path within an
obtained graph (Liu et al., 2014).

COStar is powerful tool and have potential
to optimize multiple objectives all together,
resulting in improved results such as lower
variance of GC content, fewer repetitive
sequences and reduced hairpin formation
during codon optimization (Webster et al.,
2017).

A Multitask software tool, enables the
design of sequences of synthetic DNA based
on properties. It facilitates the integration of
various sequence analysis within a universal
Monte Carlo stimulation framework, thereby
facilitating the progressive evolution of
sequences towards predetermined, delineated
properties (Guimaraes et al., 2014).

D-Tailor incorporates codon usage
optimization depends on refinement of
mRNA secondary structure, optimization of
GC content, Codon Adaptation index (CAI)
and elimination of repetitive Pattern as
restriction sites (Webster et al., 2017).

EuGene Provides two main functionalities:
gathering data and gene optimization. In the
process of data gathering phase, the
information about a gene is collected from
various online sources, genome statistical
analyses and different offline tools. During
codon optimization phase, EuGene modifies
the gene considering various factors that
affect mRNA decoding, by utilizing the
previous data gathered in prior step. The
primary function of EuGene is to optimize

gene codon sequences based on specific
criteria. Six redesign approaches are offered
by this tool for customizing genes: hidden
stop codon control, codon usage (RSCU and
CAI), removal of deleterious sites like Shine-
Dalgarno sequences, codon context (CPB),
elimination of repetitions and G+C content.
These modifications are made while
preserving the native amino acid sequence
(Gaspar et al., 2012).
8. Synthetic Biology and Biopharming

Over the past decades, progresses in plant
molecular farming techniques have
transformed plants into as promising
manufacturing system, capable of achieving
commercial-scale production level quickly
(Shanmugaraj et al., 2020). The initial
production of first recombinant
pharmaceutical protein derived from plants
(PDP) was human serum albumin (HAS) that
was produced in transgenic tobacco and
potato plant in 1990 (Sijmons et al., 1990).

The rising demand for recombinant
proteins has garnered global attention,
spurring the development of recombinant
protein production technologies and
engineering of expression systems based on
mammalian or bacteria cell cultures. Plants
have emerged as valuable hosts for producing
economically significant, non-native protein
that are biologically active or
biopharmaceuticals, known as plant
molecular farming (PMF). PMF emerged as a
cost-effective technology that experienced
substantial growth and advancement over the
last two decades. The enhancement and
refinement of transient expression systems
have led to immense reduction in protein
production timelines and improvements in
yield within plant-based systems as protein
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yield in plants. The key factors making plant-
based platforms potential competitors as
conventional expression systems includes
their flexibility, versatility, cost-effectiveness,
robustness and scalability. Plants are now
used to produce numerous
biopharmaceuticals, as monoclonal
antibodies, recombinant vaccine antigen and
many other commercially viable proteins,
which are progressing through pre-clinical
and clinical development stages
(Shanmugaraj et al., 2020).

In plant molecular pharming, multiple
factors play important role as plant hosts,
target gene, vector expression cassette and
last one extraction and purification methods.
These steps play crucial role in biopharming
(Makhzoum et al., 2014). Molecular farming
is reaching a point where it could challenge
established manufacturing techniques that
utilizes yeast, bacteria and cultured
mammalian cells (Ma et al., 2005).
Molecular manipulation of the plant secretory
pathway is now facilitating the production of
progressively intricate biomolecules through
tailored protein-specific approaches. These
methods ensure proper maturation by
eliminating unwanted processing events and
the incorporation of heterologous
biosynthetic machinery to facilitate the
production of specific target proteins
(Margolin et al., 2020).
9. Future Challenges

Judicial and rational expression would be
the aim in efficient management of multigene
expression to address simultaneously
different traits of plant improvement. Gene
optimization will face different challenges
depending upon gene type, mode of action
and spatial/temporal variations during plant

growth and development. Moreover, role of
regulatory sequences and transcription
factors will require another layer of sequence
optimization for sustainable gene level and
drive without detrimental consequences on
growth and yield. It means different
parameters will need to consider while
optimizing sequence depending up gene
nature, its role and impact on other genes of
the genome.

In future, every gene optimization will
require rigorous testing in some system that
is most convenient to study the gene
expression and function in relation with other
genes of the host genes without any negative
impacts on organism life. As an example,
various genes will be modulated for
improved and rapid growth of plants and
animal for better nutrition management.
Various plants can be altered to provide
special food requirement in unsubstantial
conditions. Moreover, sequencing will also
play a crucial role to allow maximum and
safe level of expression by optimized
sequence for fundamental research and
commercial purposes.
10. Conclusion

Crop resilience is priority area of different
breeding programs and can be accomplished
by rationalizing gene choices, expression
levels and fidelity in subsequent generations
for the regulation of various genetic elements
that targets biotic and abiotic factor.
Moreover, conventional crop improvement
tools are insufficient to ensure food security
and climate challenges threatening
sustainability in food crop production. To
address major agricultural challenges, gene
isolation and DNA synthesis offer powerful
tools for crop improvements. As codon
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optimized genes expressed at higher rate,
they may cope up the relevant stress in
various agronomical crops (self-sufficiency
for fertilizer utilization, insect and disease
resistance, mineral accumulation), as well as
animal sector (better inbred populations,
more milking potential, edible vaccine
development, reduced and improved health
risks and statues). Their successful
implementation requires careful
consideration of the related challenges. The
pathway from isolating genes to DNA
synthesis offers transformative possibilities
for crop enhancement, promising increased
yields, improved nutritional content, and
greater resilience to environmental variables.
However, achieving these benefits
necessitates addressing important scientific,
regulatory and ethical challenges. The
sustainability for future of agriculture, a
collaborative effort involving policy-makers,
scientists and public is essential to harness
these technologies for developing resilient
food crops.
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