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ABSTRACT

Rice, the staple food for half of the global population, is facing major production issues because of climate
change, pest outbreaks, high usage of chemicals, and resource scarcity. Traditional breeding has improved its
yield and resistance against stress, but slow pace and limited accuracy cannot keep up the demand of food.
Genome technologies, such as TALENs, CRISPR/Cas systems have emerged as high paced high precision tools
to accelerate rice productivity by enabling genome-specific edits to control the desired agronomic traits. Both
systems usage induced method of double-strand DNA breaks at the very specific genomic sites, which are then
restored by using specific. well grain quality. TALENSs with tailoring DNA-binding domain are being used to
improve rice’s herbicide tolerance as weel grain quality. Advances in high-accuracy of CRISPR/Cas (Cas9 and
Cas12) have enabled the targeted development of traits, such as high climate-stress resilience and superior grain
quality of rice. Foreign DNA-free systems, such as TALENs and CRISPR/Cas producing non-gmos outcomes
that align with sustainable future goals and green technology principles are more acceptable to regulators and
consumers. In agriculture, these advancements lessen reliance on chemicals, better water management, and
improve climate-resistance traits helping farmers with low-input high-output and locally adapted rice well grain
quality. TALENSs with tailoring DNA-binding domain are being used. With CRISPR and TALENS, the shift to
environmentally responsible and sustainable agriculture is happening faster than ever.
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INTRODUCTION Effector Nucleases in short TALENs and CRISPR/
Cas systems have arrived as precise and fast-paced
tools to enhance rice production and enhance
the quality of the rice.’! Those tools are allowing
accurate mutations of genomes which help to
desirable traits.[*!

Oryza sativa, known as rice, is the primary source
food of more than half of the earth’s citizens, but its
productionis constantly threatened by pest outbreaks,
climate changes, overuse of agrochemicals, and
resource shortages.!'! Conventional breeding has a
very significant contribution in output improvement,
but the very limited speed and low accuracy is not =~ METHODS

ma}tf:hing the required global foqd demapd.m Ge'ne TALENs-based Editing
editing tools, such as Transcription Activator-Like
It utilized customize DNA-binding domains fused
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CRISPR/Cas-based Editing

CRISPR/Cas systems, importantly Cas9 and
Casl2a, depend on guide RNAs that are directly
complementary genomic sequences; those do
require mutation in exact gene positions. By using
this exact gene mutation happens, which improves
both yield and quality.[5*!

In summary, both those tools use no foreign DNAs,
which helps with regulatory frameworks.

RESULTS
Precision Genome Editing

TALENs and CRISPR/Cas system successfully
enabled targeted genome modification in rice by
including site-specific double-strand DNA breaks,
followed by precise knockouts, insertions, and
sequence changes.!

Trait Improvement

Herbicide tolerance: Achieved using TALENs
through DNA-binding domain tailoring.

Grain quality improvement: CRISPR/Cas9 and
Casl12 improved upper grain traits.!'”)
Climate-stress elasticity: Targeted edits increased
tolerance to drought and other abiotic stresses."!

Sustainable Outcomes

Non-GMO approaches using those systems
are aligned with environmentally sustainable
practices.®!

Reduced depends on chemical inputs and improved
water-use efficiency.!'!!

Locally adapted rice varieties with high yield and
low input requirements were developed.

Overall Impact

The use of TALENs and CRISPR/Cas accelerates
the shift toward environmentally responsible,
sustainable, and climate-elastic rice production,
supporting both farmer livelihood and global food
security.!”]
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DISCUSSION

Utilizing genome editing technologies, such as
TALENs and CRISPR/Cas systems to improve
rice is a paradigm shift from traditional breeding
in agricultural biotechnology. Traditional breeding,
with its long-generation times and imprecise trait
targeting, limits the potential for genetic gain to
develop new varieties of rice, as this is widely
known.® On the other hand, TALENs and CRISPR/
Cas technologies allow for targeted, precise,
efficient, and rapid alteration of specific genomic
loci, allowing for the trait embedding of desirable
agronomic traits, such as yield, stress tolerance, and
grain quality.’

TALENs have modifiable DNA-binding domains
with demonstrated potential to enhance herbicide
resistance and grain quality development. CRISPR/
Cas systems offer a potential increase in versatility
and may be more accurate than TALENs and to
develop rice varieties that are resilient to climate
stressors, pests, or resource constraints and putting
more desirable agronomic traits into rice, it should
be noted that there are both alternatives to develop
molecularly edited rice varieties using an RNA
interference strategy. Moreover, both are interesting
because they both can be widely applied in DNA-
free versions, where both systems work without
DNA, giving non-GMO outcomes. I think this is
less objectionable from a regulatory and consumer
lens with biosafety and sustainability.['"!
Ultimately, these genome-changing technologies in
rice can also function as stewards for environmental
sustainability, for they can reduce reliance on
chemical inputs, increase water usage efficiency, and
climate adaptability will provide great contributions
toward reducing greenhouse gas emissions.

CONCLUSION

Genome editing tools, such as TALENS and
CRISPR/Cas system, are high-paced high-accuracy
tools that are helping to improve output and
quality of rice, which is a staple food for most of
the countries. With TALENS CRISPR, the shift
to environmentally responsible and sustainable
agriculture is happening faster than ever.



Rajak, et al.: Genome editing

REFERENCES

1.

Niraula S, Khanal R, Ghimire N. CRISPR-Cas based
precision genome editing: Current advances and
associated challenges in crop improvement and trait
enhancement. Gen Application 2024;8.

Kafle S. CRISPR/CAS9: Anew paradigm for crop
improvement revolutionizing agriculture. J Agric Food
Res 2023;11:100484.

Bi H, Yang B. Gene editing with TALEN and CRISPR/
Cas in rice. Prog Mol Biol Transl Sci 2017;149:81-98.
Ulimaz A, Yardani J, Widiyastuti DA. Innovations
in agricultural biotechnology for sustainable crop
production. Res Sci Nat 2024;1:154-66.

Riaz A, Uzair M, Raza A, Inam S, Igbal R, Jameel S, et al.
Enhancing the productivity and resilience of rice (Oryza
sativa) under environmental stress conditions using
clustered regularly interspaced short palindromic repeats
(CRISPR) technology. Funct Plant Biol 2025;52:FP24101.
Adeyinka OS, Tabassum B, Koloko BL, Ogungbe IV.
Enhancing the quality of staple food crops through
CRISPR/Cas-mediated site-directed mutagenesis. Planta

AEXTJ/Jul-Sep-2025/Vol 9/Issue 3

10.

11.

2023;257:78.

Ahmad S, Tang L, Shahzad R, Mawia AM, Rao GS,
Jamil S, et al. CRISPR-based crop improvements: A way
forward to achieve zero hunger. J Agric Food Chem
2021;69:8307-23.

Ali Q, Yu C, Hussain A, Ali M, Ahmar S, Sohail MA,
et al. Genome engineering technology for durable disease
resistance: Recent progress and future outlooks for
sustainable agriculture. Front Plant Sci 2022;13:860281.
Ali A, Zafar MM, Farooq Z, Ahmed SR, [jaz A, Anwar Z,
et al. Breakthrough in CRISPR/Cas system: Current
and future directions and challenges. Biotechnol J
2023;18:2200642.

Khatodia S, Bhatotia K, Passricha N, Khurana SM,
Tuteja N. The CRISPR/Cas genome-editing tool:
Application in improvement of crops. Front Plant Sci
2016;7:506.

Basu U, Riaz Ahmed S, Bhat BA, Anwar Z, Ali A,
Ljaz A, et al. A CRISPR way for accelerating cereal crop
improvement: Progress and challenges. Front Genet
2023;13:866976.



