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This review article explores the critical role of biotechnology in addressing the global food
security crisis aggravated by the COVID-19 pandemic and Eastern European conflict. It starts by
examining the profound impacts of these events on food supply chains and pricing, supported
by relevant statistical evidence. The study then discusses agricultural biotechnology,
comparing conventional and sustainable agriculture, with an emphasis on genome editing and
modification techniques such as Zinc Finger Nucleases (ZFNs), Oligonucleotide-directed
mutagenesis (ODM), and CRISPR. The application of RNA interference in agriculture and
microbial biotechnology in promoting soil health and sustainable food production is discussed.
Furthermore, the review shifts focus to the utilization of microbial biotechnology for soil health
enhancement and sustainable food production, encompassing the development of pest-
resistant and drought-tolerant crops and biotechnological methods for optimizing water use
efficiency. Additionally, it examines biotechnology's applications in food processing, including
enhancing nutritional content and improving shelf life and safety. The European Green Deal is
analyzed, particularly its influence on agriculture through strategies like Farm to Fork,
Biodiversity, and Circular Economy. Finally, the review concludes by addressing policy
considerations, ethical challenges, and the necessity of international cooperation in
biotechnology research, exemplified by projects like the Golden Rice and Heat-Tolerant Maize
for Asia (HTMA), highlighting the multidisciplinary nature and global significance of
biotechnologicalinnovationsin ensuring sustainable food production.

INTRODUCTION

Food security means the assurance of sufficient, safe, and
nutritious food for all citizens so they can maintain a
healthy, happy, and active lifestyle. Built on three pillars:
availability, access, and right food security is the use of
food. Today, it is not just an issue of a single nation or
individual country, it is a global issue affecting people
worldwide. The goal to achieve sustainable food
production comes with multiple challenges such as climate
change stands as a primary challenge that has threatened
crop yields and livestock health with the shifts in growing
seasons and increased prevalence of pests and diseases.
Environment degradation such as water scarcity,
biodiversity loss, and soil erosion further fuel the crisis.
Moreover, other challenges include geopolitical instability,
inequitable and inadequate food supply, and market

volatility, making it difficult to achieve sustainable food
production. The outbreak of the Covid-19 pandemic is the
perfect example of how these challenges can be escalated
and disrupt the whole food chain supply. However, in these
times of food security crisis biotechnology can prove to be
apotential player by deploying advanced molecular biology
techniques and genetic engineering that offer promising
solutions to enhance crop yield, crop resilience, and less
dependency on environmentally harmful agricultural
inputs. With the help of biotechnological innovations
scientists have developed crop varieties that are resistant
to diseases and pests, tolerant to environmental factors
such as drought, salinity, and more. These innovations in
agricultural biotechnology have not just increased the
quantity of food crops, but also their nutritional value.
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Thus, the food crops are in adequate quantity with good
quality.

The Global Food Security Crisis

In 2021, about 193 million individuals in 53 countries faced
severe food shortages, marking a significant rise from past
years. The FAO's (Food and Agriculture Organization) Price
Index of Food noted a significant rise, averaging 157.4
pointsin May 2022, up from 98.1 before the pandemic. This
increaseindicatesthe broaderimpact onglobalfood prices
due to the pandemic. Recently covid-19 pandemic has
significantly disrupted the food chain supply all over the
globe. Foodinsecurity is exacerbated by the labor shortage
due to health-related restrictions and economic
shutdowns. The restrictions made it difficult for people to
access food markets, and some countries even imposed
export restrictions on certain food items to secure for the
locals that at a large scale impacted the global food
markets and contributed to food insecurity in countries
that are dependent on food imports [1]. Moreover, the
pandemic led to anincrease in food prices, because higher
demand for certain food items has severely impacted low-
income groups, who are more susceptible to food
insecurity and malnutrition. Ukraine and Russia are known
to be the major exporters of crops, especially wheat, and
corn. However, due to the recent military conflict between
the two countries, the global food supply chain has been
affected significantly. For instance, North African and
Middle Eastern countries import over 50% of their cereals
from these two nations. In 2023, it's estimated that
Ukraine's agricultural output could drop by 25-50%, adding
more pressure to the worldwide food supply[2].
Biotechnology in Agriculture and Sustainability
Sustainable food production needs sustainable agriculture
methods. The word sustainability is derived from the word
“sustain” which means endure, maintain, or uphold.
Sustainable food production and agricultural development
aim to produce food that should be enough to meet the
nutrient and fiber needs of the growing population and
long-termfood security for currentand future generations.
It also focuses on the aim that the technology or method
used for food production should not harm the living
organisms, environment, and overall ecosystem. The
methods should be cost-effective and eco-friendly. Hence,
biotechnology has emerged as a promising tool to address
all these concerns. It is an emerging field that helps in
sustainable food production besides its application in
health, plant and pharmaceutical sectors. It can increase
crop yield, more nutrient benefits, biotic and abiotic
resistance to plants, and enable modern techniques for
crop improvement [3]. The domain “agricultural
biotechnology” of this field is the solution to all food and
crop-related problems. Agricultural biotechnology is
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defined as; The use of biotechnological techniques to
improve plants, crops and animals, or modify
microorganisms for specificagricultural uses.
Conventional Versus Sustainable Agriculture and Food
Production

Tounderstand the importance of sustainable agriculture, it
is important to discuss the conventional agricultural
system for food production and compare it with advanced
sustainable methods. Conventional systems focus on
maximized production and yield with little regard to
environmental impacts. Whereas, sustainable systems
offer economically beneficial and environment-friendly
approaches, promoting stewardship and conservation of
resources. The two perspectives on the use of sustainable
methods are - modifying current methods with modern
technologies and advocating changes in agricultural
systems by incorporating societal values. While
conventional methods prioritize technologies for only
better yield and financial gains without considering
environmental and soil impacts [4]. It often causes
environmental repercussions such as soil contamination
and degradation. It affects the future of growing plants and
causes nutrient deficiency. Sustainable methods, on the
other hand, offer a balanced ecological and biodiversity-
beneficial approach and preserve water quality, and soil
healthwith optimizedyields. The difference betweenthese
two agricultural methods also lies in the economic
implications. Conventional farming uses mechanization
and requires immediate financial returns leading to
increased farmer indebtedness. Whereas, sustainable
agriculture has the potential to offer cost-friendly systems
by efficientuse of resources[5].
BIOTECHNOLOGICAL TOOLS FORCROPIMPROVEMENT
Conventional breeding forimproving genetic resourcesisa
difficultand slow process and has many drawbacks such as
alongjuvenile period, heterozygosity, auto-incompatibility
and a time-consuming process. New biotechnological
tools (NBTs) such as genetic engineering facilitate the
integration of genes into the plant genome, eradicating all
conventional drawbacks and giving stability to most of the
cloned traits. (5) Sustainable food production by using
biotechnology follows almost all the sustainable
development goals(SDGs)such as zero hunger, no poverty,
promoting healthy lives and well-being, water availability,
sustainable economic growth, sustainable consumption
and production patterns etc. Different techniques of
biotechnology are being used to improve yield and produce
sustainable food all over the world. Some of the techniques
arelisted below.

Genome Editingand Modification Techniques

In genetic engineering, scientists manipulate the DNA of
organisms by adding foreign genes of interest to make
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recombinant DNA. Integration of foreign genes allows for
the production of desired products and the expression of
specific qualities in the plant. For this purpose, the genes
of bacteria are most commonly used. First, the DNA of the
host and gene of interest is cut by the endonuclease
restriction enzyme that produces sticky ends in these
sequences. Then, these two fragments are joined by DNA
ligase. This ligation process proceeds by making the cell
compatible totake foreigngenes. Forthis purpose, calcium
chloride solution is used to bring a positive charge on the
cell. As DNA is negatively charged, the cell easily attracts
the DNA and heat is given for proper recombination. Now,
recombinant DNA is produced and the cell is grown in
culture for cloning (make several copies). An example of
genetic engineering in plants is the production of BT
cotton. These cottons are specialized as insect and pest-
resistant [6]. The cry gene is taken from the bacteria
Bacillus thuringiensis and incorporated into the plant,
serving as an insecticide. Similarly, maize, potato, alfalfa,
canola, papaya, tomato, and sugar beet are all genetically
engineered plants. The advantage of this technique is to
make biotic (insects, pests, herbs) and abiotic
(temperature, light, pH, gasses) stress-tolerant crops and

T-DNA Integration into Plant Cell
Chromosome
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Figure 1: Flowchart of steps of production of genetically
engineered plants by genetic engineeringtechnique[6]
Mechanism of Plant Genome Editing

Genome editingtools, also knownas GEEN(genome editing
with engineered nucleases), allow the cleavage and
rejoining of DNA material at target sites to change the
expression of genes. For this purpose, special enzymes are
being used such as restriction endonucleases for cleavage
and DNA ligase for joining of DNA segments after insertion
and deletion of nucleotide sequences. These enzymes
normally target short DNA segments, i.e., segments of
bacteriaand viruses etc., so it is challenging to manipulate
the DNA of higher organisms by using these enzymes. The
first effort to resolve this issue was associated with the
designing of artificial enzymes called oligonucleotides.
This is relatively a short nucleotide sequence capable of
binding with DNA sequence and can cleave it from specific
sites. Secondly, the target approach for this problemis the
chimeric nucleases which are protein structures
comprising one or two structural units. One unit is
catalyzed for the cleavage of specific DNA sequences and
the other is responsible for selectively binding to specific
sequences of nucleotides. These nucleases can either be
produced in the cell or can be inserted by different
techniques[7].

Zinc Finger Nucleases(ZFNs)

Zinc finger nucleases are the first generation of genome
editing tools. It is mainly an engineered nuclease based on
the functional domain of the Cys2-His2 zinc finger (ZF).
Each domain of ZF consists of three tandem nucleotides
and 30 amino acid residues which are arranged in Ba
configuration. It binds to DNA by incorporating the a-helix
in the major groove of the helix. This is revealed by
crystallographic structure analysis. Its structure consists
of two functional domains i.e., the ZF Cys2-His2 domain
and the Fokl DNA cleavage domain. The first domain is at
the N-terminal while the former is at C-terminal. These
domains are necessary for proper enzymatic activities. It
recognizes the target sequences of base pairs 18to 24[8].
It is a highly revolutionized genome editing technique,
having multiple advantages such as high efficiency,
specificity and minimum non-target effects. This
technique has been successfully employed since 1996 for
higher organisms including plants for gene modification,
inactivation and targeted edition [9]. Examples include
using this technique in tobacco, Arabidopsis and maize for
stackingtraits.

Oligonucleotide-directed mutagenesis(0DM)
Oligonucleotide -Directed Mutagenesis (ODM) is another
novelgene editingtechnology for plants after
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successful exploitation in animal cells (mammalian
system). Itisthe toolfor precise targeted editingin the DNA
of plant systems. It uses an oligonucleotide of 1-100 base
pairs, identical to the target sequence except there is a
change in one base pair (mutation is inserted). It detects
and targets mutagenesis. They bind to the target and
activate the cell machinery of the natural repairing
process. The machinery recognizes the mismatch and
makes copies of detected mismatches through the repair
process. This results in the production of the target
sequence in the plant required for novel traits or
functioning. The oligonucleotide sequence is then
degraded by the plant after the process. This technique is
now revolutionized by utilizing a fluorescent conversion
system. By editing a single nucleotide, BFP (Blue
fluorescent protein)is converted to GFG(Green fluorescent
protein)[10].

Figure 2: Combination of target duplex and TFO to detect
andremove mutagenesis

Clustered Regularly Interspaced Short Palindromic
Repeats(CRISPR)

Another novel technique of genome editing in crops is
clustered reqularly interspaced short palindromic repeats.
It emerged recently and became popular in recent years.
CRISPR-Cas 9 (CRISPR-associated protein) is significant
among all types. This method uses the immune system of
bacteria and archaea which relies on the presence of
CRISPR loci, a special site in the bacterial genome [7].
These sites consist of repeated spacer sequences and
operons containing Cas9 protein. The spacers are short
base pair sequences that are integrated into bacterial DNA
from foreign DNA following recombination. It differs from
TALENS as it targets the recognition site by
complementary-based interaction between the DNA of the
target site and guide RNA. This forms a complex with
nuclease activity, leading to precise cleavage of double-
stranded DNA via Cas endonuclease enzymes [11]. This
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system is presentin various types of bacteria but the most
popular type is the CRISPR/Cas type II-A system which is
present in the bacterium Streptococcus pyogenes. It
consists of three genes i.e., trans-activating crRNA
(tracrRNA), CRISPRRNA(crRNA)and Cas9 protein[12]. This
methodisusedto produce genetically modified cells grown
inthe culture medium.

Complex
Formation of Trans-activating Formation &

Identification of
— —_— RNA (t RNA —_—
Target DNA il i :l i ) Target DNA
{crRNA) d Binding
Growing GM cells
In 3 culture o Resultant Genetic DNA Repair and DNA Unwinding &
T Modification Editing Cleavage

Figure 3: Modification of plants by using CRISPR technique
RNA Interferencein Agriculture

RNA interference (RNAi) was discovered before gene
editing techniques and it is considered a natural process
for controlling gene expression in plants and animals
(higher organisms) at the post-transcriptional level. It was
observed after its discovery that the RNAi technique has
the potential to enhance crop improvement choices. It can
contribute greatly to the production of sustainable food
with little environmental impact on the crops [13]. The
manipulation of gene expression in plants can be exploited
by either spray-induced gene silencing or host-induced
gene silencing. It is one of the best methods to study gene
expression. It is used widely to promote quality traits,
modify the physical appearance of plants to attract more
insects for pollination or ornamental purposes, male
sterility control, make plants resistant to biotic and abiotic
stresses, delay ripening, nutritional improvements related
to bio-fortification and other changes depend upon the
requirements[14].

Usage of Microbial Biotechnology for Sustainable Food
Production

‘Soil is essential for the maintenance of biodiversity above
and below ground. The wealth of biodiversity below ground
is vast and unappreciated: millions of microorganisms live
and reproduce in a few grams of topsoil, an ecosystem
essential for life on earth [15]. The microorganisms which
help to maintain soil health for better food production
encompass bacteria, actinomycetes, fungi, algae,
protozoa, and viruses, each group possessing distinct
traits that characterize them and specific roles within their
soil environment. Crucially, these organisms don't operate
independently; their interactions with one another
significantlyinfluence soil fertility, oftento agreaterextent
than the individual activities of each organism. Biological
fertility pertains to the organisms inhabiting the soil,
engaging in interactions with other components. These
organisms, residing on soil, organic matter, or fellow soil

.
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inhabitants, play essential roles in various soil processes,
contributing significantly to nutrient and carbon cycles.
Importantly, very few of these soil organisms pose any
threat as pests. Soil microbial communities play a
fundamental role in supporting the productivity of
agricultural endeavors and drive ecological processes
such as nutrient and carbon cycling, contaminant
degradation, and the suppression of soil-borne diseases.
Moreover, they engage in essential and often mutually
beneficial relationships with plants. Once the
microorganisms have enhanced the fertility of the sail,
better food crops can be grown sustainably to ensure vast
food production [16]. Modern agriculture's heavy reliance
on synthetic chemical fertilizers has led to environmental
problems, necessitating sustainable practices for cost-
efficient and eco-friendly food production. Biofertilizers,
containing microorganisms like bacteria, fungi, and algae,
offeranaturaland economical solution. These alternatives
not only enrich soil nutrients but also promote plant
growth, suppress diseases, and maintain soil structure and
biodiversity. Nitrogen-fixing bacteria benefit various
crops, while blue-green algae and Azolla contribute to
nitrogen availability. Arbuscular mycorrhizal fungi aid in
phosphorus uptake, and phosphorus-solubilizing bacteria
enhance phosphorus availability, resulting in increased
crop yields. Azospirillum, a nitrogen-fixing bacterium,
provides additional benefits such as growth-promoting
substances and resistance to diseases and drought [17].
The application of microbial biofertilizers proves effective
in maintaining soil nutrient balance, reducing the need for
chemicalfertilizersand fostering sustainable agriculture.
Biotechnologyin Crop Protection

Biotechnology plays a crucial role in crop protection by
leveraging scientific advancements to develop innovative
and effective strategies for managing pests, diseases, and
environmental stressors in agriculture. Through genetic
engineering, molecular biology, and other biotechnological
tools, researchers and scientists have been able to
enhance crop resistance, develop biopesticides, and
create genetically modified organisms (GMOs) with
improved traits. Pest infestations pose a widespread
challenge for various crops globally, encompassing fodder
crops and those cultivated for food. One illustrative case is
BT-Cotton, where genes from Bacillus thuringiensis(BT), a
commonly found bacterium, are integrated into the cotton
crop to induce the production of a specific protein. This
protein exhibits toxicity towards numerous insects. The
resulting BT-Cotton experiences reduced susceptibility to
pests, resulting in a notable increase in overall crop yield
[18]. Additionally, the application of naturally occurring
pathogens, such as bacteria, fungi, or viruses, serves as a
biopesticide to target specific pests. Botanicals, derived

Sustainable Food Production
DOI: https://doi.org/10.54393/df.v5i01.1072

from plant extracts with pesticidal properties, contribute
to pest deterrence. Microbial inoculants enhance soil
health, suppress diseases, and indirectly aid in pest
resistance. Genetic control involves the use of genetically
modified organisms (GMQOs) with traits that enhance pest
resistance. Biotechnology plays a crucial role in fortifying
crops against the adversities of drought and salinity.
Through genetic engineering, crops can be tailored to
express genes that amplify their resilience to water
scarcity and soil salinity. Biotechnological advancements
alsofacilitate the creation of crops with superior water use
efficiency, the synthesis of Osmo protectants for cellular
safeguarding, and the activation of stress-responsive gene
pathways [17]. Furthermore, biotechnology contributes to
the development of crops capable of thriving in nutrient-
poor soils by enhancing biological nitrogen fixation and
utilizing marker-assisted breeding programs.
Biotechnological approaches to enhance water use
efficiency include introducing genes that regulate water
uptake, reduce transpiration, and improve overall water
utilization for essential physiological processes [19]. By
leveraging biotechnology, researchers seek to develop
crops that can thrive with reduced water inputs,
addressing challenges associated with water scarcity and
promoting sustainable agriculture.

Biotechnologyin Food Processing

Applications of biotechnology in enhancing nutritional
content involve genetic modifications to improve the
nutritional profile of crops. This includes biofortification,
where essential nutrients such as vitamins and minerals
are increased in staple crops through genetic engineering.
Biofortified crops are plants that have been genetically
modified to contain higher levels of essential nutrients,
such as vitamins and minerals. The goal of biofortification
is to enhance the nutritional content of staple crops,
addressing micronutrient deficiencies in human diets.
Through biotechnological approaches, specific genes
related to nutrient accumulation are introduced or
modified in the crops. For example, biofortified rice may
contain increased levels of vitamin A, while biofortified
wheat may have elevated zinc content. These crops aim to
provide a sustainable solution to global malnutrition by
delivering crucial nutrients through commonly consumed
foods. Genetic modifications can reduce anti-nutritional
factors in crops, making them more nutritious and
healthier for consumption. Biotechnology is being
employed by scientists to produce fruits with improved
taste. Genetically modified (GM) foods with enhanced taste
include eggplant, cherries, peppers, seedless watermelon,
and tomatoes. In these fruits, the seeds are eliminated,
resulting in favorable outcomes such as higher sugar
content in a soluble form, thereby enhancing sweetness.
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Biotechnology is also utilized to modify fermentation
pathways, contributing to the infusion of flavor and aroma
in wines. To extend the shelf life and improve the
transportation of tomatoes, the California-based company
Calgene developed the Flavr Savr variety through genetic
engineering. Traditional harvestingandripening processes
were addressed by modifying the enzyme
polygalacturonase, responsible for pectin breakdown
during ripening. Using antisense RNA, scientists reduced
the quantity of this enzyme, resulting in tomatoes with a
firmer texture, enhanced shelf life, and improved transport
qualities[20].

CHALLENGES ANDLIMITATIONS

One of the foremost challenges revolves around ethical
considerations tied to genetic modification and other
biotechnological interventions [21]. Striking a balance
between technological advancement and ethical
boundaries, particularly in areas like genetic engineering,
poses a substantial challenge for policymakers. Despite
the potential benefits, the environmental impact of
biotechnological applications, such as the release of
genetically modified organisms (GMOs), raises concerns.
Unintended consequences, such as gene flow and
potential disruptions to ecosystems, underscore the need
for thorough risk assessments. Biotechnological
approaches often focus on a limited number of traits, such
as resistance to specific pests or tolerance to certain
environmental conditions. This narrow scope may resultin
an overreliance on a few genetic characteristics,
increasing the vulnerability of crops to unforeseen
challenges [22]. The intricate nature of biotechnological
processes and their reliance on sophisticated techniques
can present limitations, particularly for smaller-scale
farmers or regions with limited technical infrastructure.
Implementation may require substantial investment in
trainingandinfrastructure development.

GLOBAL COLLABORATION IN BIOTECHNOLOGY FOR
SUSTAINABLE FOOD PRODUCTION

Global collaboration in biotechnology is indispensable for
advancing sustainable food production on a global scale.
The complexities of modernagriculture and the challenges
posed by climate change, population growth, and resource
limitations require a collective effort from countries
around the world. By pooling resources, expertise, and
research findings, nations can leverage the power of
biotechnology to develop innovative solutions that
enhance crop yields, improve nutritional content, and
mitigate environmental impacts [23]. Let's discuss a few
projects; The Golden Rice project, pioneered by the
International Rice Research Institute (IRRI), illustrates a
remarkable instance of international collaboration in
harnessing biotechnology for sustainable food production.

Sustainable Food Production
DOI: https://doi.org/10.54393/df.v5i01.1072

The primary objective of this initiative was to tackle the
prevalent issue of vitamin A deficiency in numerous
developing countries, where it contributes to intense
health problems [24]. The Heat-Tolerant Maize for Asia
(HTMA) project, led by the International Rice Research
Institute (IRRI), illustrates the power of global collaboration
in harnessing biotechnology for sustainable food
production. The initiative focuses on developing heat-
tolerant maize varieties to counter rising temperatures
that threaten crop cultivation. The project employs a
collaborative approach, merging traditional breeding
methods with advanced biotechnological tools. Field trials
acrossdiverse agroecological zonesin Asia evaluate maize
varieties under elevated temperatures, using genomic
insights to identify key genes associated with heat
tolerance. Beyond developing heat-tolerant maize, the
project aims for sustainable agricultural practices for food
sovereignty and improved livelihoods [25]. Vertical
farming, coupled with advanced biotechnology, is
revolutionizing agriculture by offering a more economical
and sustainable approach to food production. This
approach, stacking crops indoors, makes the most of
space in controlled environments, which is crucial in
crowded cities. Genetic modifications optimize crop
growth in confined spaces, minimizing environmental
impact [26]. Innovative methods like hydroponics and
aeroponics further enhance sustainability, allowing
precise nutrient control and efficient space utilization.
Vertical farming, integrating these technologies, ensures
year-round production in controlled environments,
providingastable supply of fresh produce.

CONCLUSIONS

Biotechnology can enhance the production of sustainable
food by improving crop features, tacklingissues with global
food security, and reducing reliance on destructive
agricultural methods. But it'simportant to take a balanced
approach that incorporates ethical and environmental
concerns with technological advancement. Transparency,
social and economic repercussions, and responsible
behaviors are crucial. Ensuring congruence with
sustainable agricultural principles is crucial for optimizing
the potential of biotechnological breakthroughs.

Authors Contribution
Conceptualization: MW, Ml

Writing-review and editing: MA, WR, MI, MF, FT
Allauthorshavereadandagreed to the published version of
the manuscript.

Conflicts of Interest
Theauthorsdeclare no conflict ofinterest.

Copyright ® 2024. Diet Factor, Published by Crosslinks International Publishers
[ This work is licensed under a Creative Commons Attribution 4.0 International License 07



Source of Funding

The authors received no financial support for the research,
authorshipand/or publication of thisarticle.

REFERENCES

(1]

(1]

Vagsholm |, Arzoomand NS, Boqvist S. Food Security,
Safety, and Sustainability—Getting the Trade-Offs
Right. Frontiers in Sustainable Food Systems. 2020
Feb; 4:16.doi: 10.3389/fsufs.2020.00016.

Das S, Ray MK, Panday D, Mishra PK. Role of
biotechnology in creating sustainable agriculture.
PLOS Sustainability and Transformation. 2023 Jul;
2(7): e0000069. doi: 10.1371/journal.pstr.0000069.
Ranjha MMAN, Shafique B, Khalid W, Nadeem HR,
Mueen-Ud-Din G, Khalid MZ. Applications of
Biotechnology in Food and Agriculture: a Mini-
Review. Proceedings of the National Academy of
Sciences, India Section B: Biological Sciences. 2022;
92(1):11-15.doi: 10.1007/s40011-021-01320-4.

Abah J, IshagMN, Wada AC. Therole of biotechnology
inensuring food security and sustainable agriculture.
African Journal of Biotechnology. 2010; 9(52): 8896-
900.

Limera C, Sabbadini S, Sweet JB, Mezzetti B. New
Biotechnological Tools for the Genetic Improvement
of Major Woody Fruit Species. Frontiers in Plant
Science. 2017 Aug; 8: 1418. doi: 10.3389/fpls.2017.014
18.

Phillips T. Genetically Modified Organisms (GMOs):
Transgenic Cropsand Recombinant DNA Technology.
Nature Education. 2008; 1: 213. doi: 10.1155/2017/7315
351.

Kamburova VS, Nikitina EV, Shermatov SE, Buriev ZT,
Kumpatla SP, Emani C et al. Genome editingin plants:
an overview of tools and applications. International
Journal of Agronomy. 2017 Oct; 2017. doi: 10.1155/2017
/7315351.

Davies JP, Kumar S, Sastry-Dent L. Use of Zinc-
Finger Nucleases for Crop Improvement. Progress in
Molecular Biology and Translational Science. 2017;
149: 47-63. doi: 10.1016/bs.pmbts.2017.03.006.

Sun N and Zhao H. Transcription activator-like
effector nucleases (TALENS): a highly efficient and
versatile tool for genome editing. Biotechnology and
Bioengineering. 2013 Jul; 110(7): 1811-21. doi: 10.1002/
bit.24890.

Sauer NJ, Mozoruk J, Miller RB, Warburg ZJ, Walker
KA, Beetham PR et al. Oligonucleotide-directed
mutagenesis for precision gene editing. Plant
Biotechnology Journal. 2016 Feb; 14(2): 496-502. doi:
10.1111/pbi.12496.

LiuQ, YangF, Zhang J, Liu H, Rahman S, Islam S et al.

[13]

[22]

Sustainable Food Production
DOI: https://doi.org/10.54393/df.v5i01.1072

Application of CRISPR/Cas9 in crop quality
improvement. International Journal of Molecular
Sciences.2021Apr; 22(8): 4206. doi: 10.3390/ijms220
84206.

Rodriguez-Leal D, Lemmon ZH, Man J, Bartlett ME,
Lippman ZB. Engineering quantitative trait variation
for crop improvement by genome editing. Cell. 2017
Oct; 171(2): 470-80. doi: 10.1016/j.cell.2017.08.030.
Mahmood A, Ajaz M, Rasool W, Manzoor M, Naeem N.
Current Applications and Future Perspective of
CRISPR/Cas9 in the Diagnosis and Treatment of
COVID 19: A Review: CRISPR/Cas9 in the Diagnosis
and Treatment of COVID 19. Pakistan BioMedical
Journal. 2023 Mar: 02-6. doi: 10.54393/pbmj.v6i3.85
5.

Bharathi JK, Anandan R, Benjamin LK, Muneer S,
Prakash MA. Recent trends and advances of RNA
interference (RNAi)to improve agricultural crops and
enhance their resilience to biotic and abiotic
stresses. Plant Physiology and Biochemistry. 2023
Jan;194:600-18.doi: 10.1016/j.plaphy.2022.11.035.
Bekele Mand Getaneh S. Function of Microorganisms
on Soil Health Maintenance: A Review Article.
International Journal of Advanced Research in
Biological Sciences. 2022; 9(4): 82-93. doi: 10.22192/I
jarbs.2022.09.04.009.

Sun Y, Zhang X, Wu C, He Y, Ma Y, Hou H et al.
Engineering herbicide-resistant rice plants through
CRISPR/Cas9-mediated homologous recombination
of acetolactate synthase. Molecular Plant. 2016 Apr;
9(4): 628-31.doi: 10.1016/j.molp.2016.01.001.

Thomas L and Singh I. Microbial Biofertilizers: Types
and Applications. In: Giri, B, Prasad, R, Wu, 0S, Varma,
A, editors. Biofertilizers for Sustainable Agriculture
and Environment. Springer Nature Switzerland; 2019.
p.1-30.doi:10.1007/978-3-030-18933-4_1.

Frary A, Nesbitt TC, Frary A, Grandillo S, Knaap EV,
Cong B et al. fw2. 2: a quantitative trait locus key to
the evolution of tomato fruit size. Science. 2000 Jul;
289(5476): 85-8.

Pardo JM. Biotechnology of water and salinity stress
tolerance. Current Opinion in Biotechnology. 2010
Apr; 21(2): 185-96. doi: 10.1016/j.copbio.2010.02.005.
Barbosa J and Teixeira P. Biotechnology Approaches
in Food Preservation and Food Safety. Foods. 2022;
11(10): 1391. doi: 10.3390/foods11101391.

Almeida DV, Kolinjivadi V, Ferrando T, Roy B, Herrera
H, Gongalves MV et al. The “Greening” of Empire: The
European Green Deal as the EU first agenda. Political
Geography. 2023 Aug; 105: 102925. doi: 10.1016/j.polg
€0.2023.102925.

Ozor N and Igbokwe EM. Roles of agricultural

Copyright ® 2024. Diet Factor, Published by Crosslinks International Publishers
[ This work is licensed under a Creative Commons Attribution 4.0 International License 08



biotechnology in ensuring adequate food security in
developing societies. African Journal of
Biotechnology.2007; 6(14).

Zaidi PH, Thaitad S, Nguyen T, Ahmed S, Arshad M,
Koirala KB et al. Stress-resilient maize for climate-
vulnerable ecologies in the Asian tropics. Australian
Journal of Crop Science. 2020 Aug; 14(08): 1264-1274.
doi:10.21475/ajcs.20.14.08. p2405.

Dubock A. Golden Rice: instructions for use
Agriculture & food security. 2017 Oct; 6: 60. doi: 10.118
6/s40066-017-0136-2.

Tesfaye K, Kruseman G, Cairns JE, Zaman-Allah M,
Wegary D, Zaidi PH et al. Potential benefits of drought
and heat tolerance for adapting maize to climate
change in tropical environments. Climate Risk
Management. 2018 Jan; 19: 106-19. doi: 10.1016/j.crm.
2017.10.001.

Nagvi SM, Saleem SR, Tahir MN, Hussain S, Ul Haqg S,
Awais M et al. Vertical Farming—Current Practices
and Its Future. Environmental Sciences Proceedings.
2022 Nov; 23(1): 4. doi: 10.3390/environsciproc20220
23004.

Copyright ® 2024. Diet Factor, Published by Crosslinks International Publishers
[ This work is licensed under a Creative Commons Attribution 4.0 International License

Sustainable Food Production
DOI: https://doi.org/10.54393/df.v5i01.1072

09



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

