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Commentary

ABOUT THE STUDY

The growing global demand for food, coupled with the challenges posed by
climate change, necessitates innovative approaches to crop improvement.
Traditional breeding methods, while effective over centuries, are often time-
consuming and limited by the genetic diversity within crop species. The advent
of genome editing technologies, particularly the CRISPR-Cas9 (Clustered
Regularly Interspaced Short Palindromic Repeats-associated protein 9) system,
has revolutionized the field of plant breeding. Among its many applications,
CRISPR-mediated multiplex editing emerges as a game-changing strategy for
accelerating crop trait stacking the integration of multiple desirable traits into

a single crop variety.

Understanding CRISPR and multiplex editing

The CRISPR-Cas9 system, derived from bacterial adaptive immune
mechanisms, enables precise and efficient modification of DNA sequences. It
comprises two key components: the Cas9 nuclease, which introduces site-
specific double-strand breaks and a Guide RNA (gRNA) that directs Cas9 to the
target DNA sequence. This precision has made CRISPR a basis of modern

plant biotechnology.

The need for trait stacking in crops

Trait stacking involves combining multiple beneficial traits, such as drought
tolerance, pest resistance and enhanced nutritional value, into a single crop
variety. Achieving this through traditional breeding can be labour-intensive,
requiring multiple generations of crossbreeding and extensive phenotypic
screening. CRISPR-mediated multiplex editing addresses these challenges by
enabling the direct and simultaneous modification of multiple genes
associated with target traits. This approach not only saves time but also
expands the possibilities for trait improvement by allowing the incorporation of

new traits from wild relatives or even unrelated species.

IBS| Volume 13 | Issue 4 | December, 2024 1


mailto:eleanor.simon@greenfieldu.ca

Research & Reviews: Journal of Botanical Sciences ISSN: 2320-0189

Applications of CRISPR-mediated multiplex editing in trait stacking

e Enhancing yield potential: Yield improvement involves optimizing a range of genetic and physiological
factors, such as photosynthetic efficiency, plant architecture and grain size. By simultaneously targeting
genes associated with these traits, researchers can create high yielding crop varieties in a single breeding
cycle.

e Improving stress tolerance: Climate change has intensified the occurrence of abiotic stresses such as
drought, salinity and extreme temperatures. Multiplex editing can target multiple stress-response genes,
enhancing a crop’s ability to withstand environmental challenges. In wheat, researchers have used CRISPR
to edit genes associated with drought tolerance and salinity resistance, resulting in a variety with improved
resilience to water scarcity and soil salinity.

o Developing pest and disease resistance: Pathogens and pests significantly impact crop productivity.
Multiplex editing enables the simultaneous modification of genes conferring resistance to various biotic
stresses.

e Enhancing nutritional quality: Biofortification, or the enhancement of nutritional content in crops, is a key
goal in addressing malnutrition. CRISPR allows the editing of genes involved in the biosynthesis of

essential nutrients such as vitamins, minerals and amino acids.

CRISPR-mediated multiplex editing is transforming plant breeding by enabling the precise stacking of multiple traits,
addressing agricultural challenges with speed and accuracy. This technology reduces the development of resilient,
high-yielding, and nutritionally enhanced crops, advancing sustainable agriculture and global food security. As
CRISPR technology evolves, overcoming challenges like off-target effects, delivery mechanisms, and regulatory

obstacles will be key to unlocking its full potential, shaping the future of plant breeding.

IBS| Volume 13 | Issue 4 | December, 2024 2



