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Abstract

Next-generation agriculture involves the integration of cutting-edge technologies and progressive

methods to enhance crop improvement, ensuring sustainable and resilient food production in the
face of evolving challenges. This abstract provides a concise overview of some key aspects of
next-gen agriculture. Precision farming plays a pivotal role in next-gen agriculture, leveraging
advancements in sensors, drones, and satellite technology to optimize resource utilization. By
collecting and analyzing real-time data on soil health, moisture levels, and crop performance,
farmers can make informed decisions, leading to more efficient use of water, fertilizers, and
pesticides. This not only boosts crop yields but also minimizes environmental impact. Genetic
engineering and CRISPR-Cas9 technology are revolutionizing crop improvement by allowing
scientists to precisely modify plant genomes. This enables the development of crops with
enhanced resistance to pests, diseases, and environmental stressors. Tailoring crops to specific
environmental conditions ensures better adaptability and resilience in the face of climate change.
Vertical farming and hydroponics are transforming traditional agriculture paradigms by enabling
year-round crop production in controlled indoor environments. These methods reduce the
reliance on arable land, minimize water usage, and optimize resource efficiency. Additionally,
the integration of artificial intelligence (Al) in farming operations enhances automation and
decision-making processes, further streamlining agricultural practices. Next-gen agriculture also
emphasizes the importance of sustainable farming practices, such as agroecology and

regenerative agriculture. These approaches focus on enhancing soil health, biodiversity, and
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ecosystem services, promoting long-term agricultural sustainability.
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Introduction

Plant breeding plays a crucial role in ensuring global food security as the human population is
projected to reach 10 billion by 2050 (FAO, 2017). Addressing the challenge of feeding this
growing population is a paramount task of our time. The success of the Green Revolution and
advancements in plant breeding techniques has been instrumental in achieving current crop
yields capable of sustaining the majority of the world's population. However, the convergence of
climate change and the limited availability of arable land has led to a plateau and, in some cases,
a decline in food output. To adequately feed a world population of 10 billion, production yields
must be increased by 60%. Among various plant breeding techniques, mutation breeding stands
out for its remarkable efficacy in accelerating crop development compared to traditional breeding
methods. While plant mutation breeding is not a novel concept, precision breeding techniques
are emerging as the next generation of plant breeding. Genome editing technologies have been
developed to introduce precise and predictable modifications into plant genomes, leading to the
desired phenotypes (Fig.1). CRISPR-Cas (clustered regularly interspaced short palindromic
repeats) stands out as one of the most advanced technologies for editing crop genomes. The
primary goal of plant breeding is to identify and leverage these genetic differences to enhance

crop characteristics.
Plant genome editing technologies

Utilizing programmable sequence specific nucleases for plant genome editing (SSNs). SSNs
include the CRISPR-Cas system, transcription activator-like effector nucleases (TALENS), zinc-
finger nucleases (ZFNs), and engineered homing endonucleases or meganucleases. These
nucleases cause DNA double-strand breaks (DSBs) at their intended targets, and DNA repair

mechanisms allow for precise genome changes (Singh et al. 2015).
General procedure for plant genome editing
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The general procedure for genome editing in plants can be divided into six steps:
a) Select the appropriate nuclease based on the target sequence.
b) Construct genome editing vectors.

c) Validate the activity of these vectors using protoplasts (wall-free plant cells released from

enzyme-digested tissues; optional step).
d) Deliver genome editing reagents into plant cells.
e) Regenerate genome-edited cells into plantlets via tissue culture.

) Screen and genotype the resulting Genome-edited plants.
Genetic modifications generated by genome editing in plants

The emergence of the CRISPRCas system has sped up the development of plant genome editing
in addition to ZFNs and TALENs. The Cas9 and Casl2a complexes, which are both single
effector proteins that carry out nucleic acid cleavage, are the most used CRISPR-Cas systems
(Moose and Mumm, 2008).

Crop improvement strategies based on genome editing

a) Genome editing directed mutagenesis to break genetic linkages and share traits across species.
b) Homeoalleles and gene family multiplex genome editing.

¢) Modifying quantitative trait loci to generate novel alleles and characteristics.

d) Diagrammatic representation of the rapid domestication of wild rice.

e) Endogenous gene genome alteration for the purpose of inducing haploidy and creating

artificial apomixis.
f) The use of CRISPR for large-scale screening and directed evolution for trait discovery.

g) Plant synthetic biology using CRISPR, in which plant cell behaviour is changed to promote
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plant growth and product production.
h) Changing the microbiome of plants to increase crop growth and pest resistance.

Challenges and future perspectives increasing precise genome editing
efficiency

It is still not possible to produce all required modifications in a genome, despite the most recent
technical developments in plant genome editing. Crop trait enhancement urgently requires
precise genome editing, such as the creation of targeted nucleotide substitutions, gene
insertions/deletions, and gene replacements. In theory, any genome could be accurately rewritten

using HDR mediated genome editing, and a specific edit might be achieved (Bradshaw, 2017).

Conclusion

Genome editing allows for the intelligent development of crops by combining specific genetic
features. This approach facilitates the creation of crops with desired traits, and when applied to
expedite plant breeding, these accurate and efficient methods yield results comparable to those
achieved through traditional breeding practices. The integration of genome editing techniques in

plant breeding promises to play a pivotal role in shaping the future of agriculture.

“ugatlon breeding

Random mutagenesis
Backcrossing is reguired
Transgene-free

tdeal plant

.. architecture Introducing

traits from

High yield other organisms
h ity

Blah gusiity Foreign DNA

Biotic and abiotic is integrated

stress resistance

Subject to

regulation

c,oss-brooding

Efficient

nutrient B-12 years
uptake

BU.’Deg 1q 9!“““811

Targeted mutagenesis
il is not

Transgene-free

2-5 years

'eedi"g by genome 9‘“‘“‘9

13 Volume-1, Issue-3, December, 2023



ﬁ Scientific Innovation Magazine

/}‘ ISSN : 2584-1157

€2

ientific Innovation

Figure 1: Plant breeding techniques commonly used to introduce new traits into an elite crop
variety
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