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Engineered Rice using CRISPER
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J. P. Lal? A significant juncture in the trajectory of food production
LphD Scholar, 2 Professor, was the Green Revolution in the latter half of the 20th
Department of Genetics and century, which spared widespread starvation and
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substantially boosted agricultural yields. Nevertheless the
dilemma of feeding the world's expanding population still
exists, which is why scientists and researchers are looking
into new ways to increase crop quality and output. The
CRISPR/Cas system, which is made up of clustered regularly
interspaced short palindromic repeats and Cas protein, has
been effectively used to modify the genetic blueprints in
multiple plants. The potential to modify plant genomes has
been redefined by recent advancements in genome editing
and the diversity of CRISPR-associated proteins with
different protospacer neighboring motif areas. The type Il
CRISPR effector Cas9 is an RNA-guided endonuclease that
employs an engineered single-guide RNA (sgRNA) to
recognize the target DNA sequence by Watson—Crick base
pairing. The sgRNA/Cas9 complex demands an array of
protospacer adjacent motifs (PAMSs) subsequent to the
targets in to successfully recognize the target (Cong et al.,
2013). The CRISPR-Cas9, -Casl2a, and -Casl2b genome
editing systems' quick development has tremendously
boosted vital and translational plant research (Zhang et al.,
2019). The article will focus on how CRISPR-Cas9 can
transform rice breeding and contribute to addressing
concerns related to global hunger.
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Key steps in the CRISPR/Cas immune
process
1. Spacer Acquisition (Adaptation):
» Bacteria or archaea encounter a
foreign genetic element (e.g., a virus).
» Short fragments of the foreign DNA,
called protospacers, are incorporated
into the CRISPR array in the host
genome as new spacers.
« This integration occurs between the
repeats of the CRISPR array.

2. CRISPR RNA Biogenesis:

» The CRISPR array is transcribed into
a precursor CRISPR RNA (pre-
crRNA) by the host's RNA
polymerase.

 The pre-crRNA is processed into
mature CRISPR RNAs (crRNAs) by
specific nucleases, typically within the
host organism.

3. Interference (Targeting):

» The mature crRNAs associate with
Cas proteins to form a CRISPR-
associated ribonucleoprotein (crRNP)
complex.

» This complex scans the cell for genetic
material matching the sequences of the
CrRNAs.

« When the crRNA in the complex
recognizes a complementary sequence
in an invading genetic element (e.g.,
viral DNA or RNA), the Cas proteins
become activated.

4. Target Recognition and Cleavage:

» The crRNA guides the Cas proteins to
the specific site on the foreign genetic
element through base-pairing
interactions.

» Once the target site is recognized, the
Cas proteins induce a double-stranded
break in the foreign DNA or RNA,
leading to its destruction.

» This cleavage effectively neutralizes
the invading genetic material and
prevents its replication or expression.

5. Spacer Acquisition (Adaptation) Cycle
Continues:

» If the bacteria or archaea survive the
infection, the new spacer
corresponding to the viral or plasmid
DNA sequence is retained in the
CRISPR array.

* This allows the host organism to
remember and recognize the invader
upon subsequent encounters,
providing adaptive immunity.

CRISPR-Cas in Rice Crop
Crossbreeding and selection have been
employed in traditional rice breeding
techniques, which took time and frequently
produced unforeseen outcomes. With the
advent of CRISPR-Cas9, rice genetic
alteration has become more rapid, less
expensive, and more accurate. Important
agronomic features like stress tolerance and
disease resistance can now be targeted and
altered by scientists. The technology known as
CRISPR-Cas holds great promise for rice
breeding. The rice crop development field has
seen significant promise from CRISPR-Cas
technology, which offers benefits and uses that
may boost agricultural productivity. Scientists
have employed CRISPR-Cas9 to edit genes
involved in nutrient pathways. This includes
modifying genes responsible for the synthesis
of micronutrients like iron or provitamin A
(beta-carotene). Such modifications aim to
enhance the nutritional content of rice,
addressing  deficiencies in certain key
nutrients. CRISPR-Cas9 has been utilized by
researchers to specifically target rice genes
linked to disease susceptibility. For example,
rice plants that have had their bacterial blight
or blast resistance genes modified have shown
improved resistance to these diseases.
Advantages
a. Efficiency: Targeted genomic
alterations can be induced with great
efficiency using the CRISPR-Cas
system. It saves time and resources
needed for crop development by
allowing researchers to precisely and

Copyright © February, 2024; Current Agriculture Trends 2



Current
Agriculture
Trends:

e

Available online at

ISSN (E): 2583 — 1933

S http://currentagriculturetrends.vitalbiotech.org

swiftly add or modify characteristics
in rice plants.

Precision and Specificity: The rice
genome can be precisely modified
with  CRISPR-Cas, reducing the
likelihood of unintended
consequences. For the purpose of
modifying particular genes without
harming unrelated regions, this
precision is essential.

Versatility: Numerous characteristics
in rice, including as resistance to
disease, tolerance to  drought,
increased yield, and improved
nutritional content, can be targeted
with CRISPR-Cas. Because of its
adaptability, it may be used for many
different elements of crop
improvement.

Customization of Traits: By modifying

particular genes, researchers can
modify rice to have desired
characteristics.  This allows rice

varieties to be customized to fulfill
specific demands. It contains features
relating to agronomic performance,
disease resistance, and nutritional
content.

Accelerated  Breeding  Programs:
Conventional breeding techniques can
take a lot of time. The rice variety
development process is accelerated by
CRISPR-Cas because it allows for
precise alterations to be made without
requiring several generations of
breeding.

Reduced Dependency on Transgenics:
In contrast to conventional genetic
editing techniques, CRISPR-Cas does
not always require the insertion of
foreign genes. This may result in
fewer regulatory oversight and public
worries about transgenic crops.

Applications

Nutritional Enhancement: CRISPR-
Cas makes it easier to improve rice's
nutritional  value by  resolving

problems with vitamin and mineral
shortages. This could raise the
nutritious content of rice, a staple
grain.

Yield Improvement: Through the
targeted manipulation of genes linked
to plant growth and development, rice
crop productivity can be enhanced
through CRISPR-Cas, thereby
augmenting food production and
promoting global food security.
Quality Improvement: By altering
properties linked to aroma, texture,
and cooking methods, CRISPR-Cas
can be utilized to improve rice quality
and satisfy consumer and commercial
demands.

Disease Resistance: Rice plants can be
genetically modified using CRISPR-
Cas to increase their resistance to
bacterial blight, blast, and sheath
blight, among other diseases, resulting
in more resilient and disease-resistant
crops.

Abiotic Stress Tolerance: By using
CRISPR-Cas, scientists may generate
rice cultivars that are more resilient to
abiotic stresses such as salinity,
drought, and high temperatures,
meaning they will perform better in
harsh environments.

Weed Control: By using CRISPR-Cas
to create herbicide-resistant rice
cultivars, weed control can be
achieved more sustainably and with
less reliance on chemical pesticides.

Ethical Considerations

a.
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Cultural and Religious Perspectives:
Diverse cultural and religious
traditions may hold differing views
regarding the acceptability of genetic
engineering. Responsible use
necessitates  respecting  differing
opinions and having moral
conversations.

Equitable Access: There are issues
with fair access to treatments based on
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CRISPR. An ethical concern is
making sure that the advantages of
gene editing technologies are shared
equally and do not worsen already-
existing societal inequities.

c. Germline Editing in  Humans:
Concerns regarding eugenics, designer
babies, and the social ramifications of
tampering with the human DNA arise
when editing the germline.

d. Transparency and Regulation: It is
imperative to have robust and
transparent  regulatory  systems.
Ensuring that gene editing research
and applications follow regulatory
requirements, prioritizing safety, and
eliminating unethical uses are some
ethical considerations.

e. Environmental Impact: Concerns
regarding possible ethical
ramifications for the environment arise
when genetically modified organisms
are released into the ecosystem. It is
crucial to evaluate and lessen the
effects of gene-edited organisms on
the environment.

f. Informed Consent: It is imperative to
obtain  informed consent from
participants in clinical studies or
therapies employing CRISPR-Cas
systems. Because of the intricacies of
the technology, it can be necessary to
communicate potential risks and
uncertainties effectively.

g. Dual-Use Concerns: There are both
possible  positive and  negative
purposes for CRISPR technology.
Dual-use issues pertain to the
possibility of technology being
employed for malevolent intent, such
as the development of bioengineered
weapons or bioterrorism.

Challenges

The possibility of unintended consequences is
one of the difficulties. Unintentional editing of
genomic areas comparable to the target
sequence by CRISPR-Cas9 may result in

unwanted genetic alterations. Reducing side
effects is essential to the accuracy of gene
editing. There are ethical questions with the
use of CRISPR-Cas9 in human germline
editing. Modifying the human germline may
have long-term, heritable impacts as well as
unexpected repercussions for subsequent
generations. Edited genes may not be changed
consistently in every cell in multicellular
animals, a condition known as mosaicism.
This may impact the intended phenotype and
make it more difficult to evaluate the data. It
can be difficult to distribute CRISPR-Cas
components precisely and efficiently into
target cells or animals. It may be necessary to
use particular delivery techniques for different
organisms or cell types, and improving these
techniques is a continuous task. It is unclear
what the long-term consequences of genomic
alterations mediated by CRISPR will be. It is
important to carefully assess any potential
unintended consequences, such as genomic
instability or unanticipated interactions with
other genes.
CONCLUSION

The secret to establishing resilient and
sustainable rice cultivation lies in the
integration of cutting-edge technologies like
CRISPR-Cas with conventional breeding
techniques. Finding the target gene that
controls the desired phenotype and creating the
guide RNA are essential steps in the
CRISPR/Cas  gene-editing  process. As
scientists continue to understand the intricacies
of the rice genome and its interactions with the
environment, precision gene editing will
become more and more significant in
determining the future of rice crop
improvement. It's undeniable that rice crops
have entered a new era of precise gene editing
thanks to CRISPR-Cas9 technology, which has
great promise for enhancing stress tolerance,
disease resistance, and production. In order to
ethically use this innovative tool, scientists
must strike a balance between the
advancement of science, ethical issues, and the
necessity for sustainable food supply around
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the world. With greater study, sensible
regulation, and public acceptance, CRISPR-
Cas will surely help ensure a more food-secure
future for the world's expanding population.

REFERENCES

Al-Shayeb, B., Skopintsev, P., Soczek, K.M.,
Stahl, E.C., Li, Z., Groover, E.
Smock, D., Eggers, A.R., Pausch, P.,
Cress, B.F. and Huang, C.J., (2022).
Diverse virus-encoded CRISPR-Cas
systems include streamlined genome
editors. Cell, 185(24), pp.4574-4586.

Banakar and Raviraj (2020). “Comparison of
CRISPR-Cas9/Casl2a
Ribonucleoprotein  Complexes  for
Genome Editing Efficiency in the Rice
PhytoeneDesaturase (OsPDS) Gene.”
Rice,Springer Science and Business
Media LLC, 13 (1)

Cong, L., Ran, F.A., Cox, D., Lin, S., Barretto,
R., Habib, N., Hsu, P.D., Wu, X,
Jiang, W., Marraffini, L.A. and Zhang,
F.,  (2013). Multiplex genome
engineering  using  CRISPR/Cas
systems. Science, 339(6121), pp.819-
823.

Hatem(2023). “Recent Progress in
CRISPR/Cas9-based Genome Editing
for  Enhancing  Plant  Disease

Resistance.” Gene,Elsevier BV. 866
(0): 147334.

Leena, and Narula.A (2017). “Gene Editing
and Crop Improvement Using
CRISPR-Cas9 System.” Frontiers in
Plant Science, Frontiers Media SA. 8

Manoj (2023).“Application of CRISPR/Cas9-
mediated Gene Editing for Abiotic
Stress Management  in Crop
Plants.”Frontiers Media SA,Frontiers
in Plant Science.14

Miaoxian (2022).“CRISPR-Cas Gene Editing
Technology and Its Application
Prospect in Medicinal Plants.”Chinese
Medicine,Springer ~ Science  and
Business Media LLC.17 (1).

Mohammad (2020). “CRISPR-based
Metabolic Editing: Next-generation
Metabolic Engineering in Plants.”
Gene, Elsevier BV. 759 (0): 144993.

Yingxin (2023). “CRISPR/Cas9 Gene Editing
Technology: A Precise and Efficient
Tool for Crop Quality Improvement.”
Planta.Springer Science and Business
Media LLC. 258 (2)

Zhang, Y., Malzahn, A. A., Sretenovic, S., &
Qi, Y. (2019). The emerging and
uncultivated potential of CRISPR
technology in plant science. Nature
Plants, 5(8), 778-794.

Copyright © February, 2024; Current Agriculture Trends 5



