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DESCRIPTION
Genome editing is a powerful technology that enables precise
and targeted modification of DNA sequences in living
organisms. In plants, genome editing can be used to create novel
traits for crop improvement, such as enhanced yield, quality,
resistance to biotic and abiotic stresses, and herbicide tolerance.
However, most genome editing methods rely on the integration
of transgenic DNA constructs that encode the editing
components, such as nucleases and guide RNAs, into the plant
genome. This raises regulatory and public concerns regarding
the safety and environmental impact of Genetically Modified
Organisms (GMO’s). Therefore, there is a growing demand for
developing transgene-free genome editing strategies that can
avoid or eliminate the integration of foreign DNA in plant
genomes.

• Transgene-free genome editing can be achieved by three main
approaches.

• Elimination of transgenic sequences via genetic segregation.
• Transient expression of editing components from DNA

vectors.
• Direct delivery of editing components without DNA vectors.

Each approach has its own advantages and disadvantages in
terms of efficiency, specificity, versatility, and applicability.

The first approach is based on the use of conventional
transgenic plants that carry the editing components integrated
into their genomes. These plants are then crossed with wild-type
plants or self-pollinated to generate progeny that inherit the
desired mutations but not the transgenes. The main advantage
of this approach is that, it can use any existing genome editing
tools and achieve high mutation efficiency. However, the
disadvantages are that it requires long breeding cycles, large
population sizes, and molecular screening to obtain transgene-
free plants. Moreover, it may not be suitable for some plant
species that are recalcitrant to transformation or have long
generation times.

The second approach is based on the use of DNA vectors that
can transiently express the editing components in plant cells
without integrating into their genomes. These vectors can be
delivered by various methods, such as Agrobacterium-mediated
transformation, biolistic, electroporation, or viral infection. The
main advantage of this approach is that, it can avoid stable
integration of foreign DNA and reduce the risk of off-target
effects. However, the disadvantages are that it may have low
efficiency and specificity due to the variable expression levels
and durations of the editing components. Moreover, it may still
require for molecular screening to confirm the absence of vector
DNA in the edited plants.

The third approach is based on the use of DNA-free editing
components that can directly induce mutations in plant
genomes without any vector delivery. These components can be
either RNA molecules (such as mRNA or gRNA) or Ribo-
Nucleo Protein complexes (RNPs) composed of nuclease and
gRNA. These components can be delivered by various methods,
such as biolistic, electroporation, microinjection, or
nanoparticle-mediated delivery. The main advantage of this
approach is that, it can achieve high efficiency and specificity of
genome editing without any foreign DNA integration. Moreover,
it can be applied to any plant species regardless of their
transformation ability or generation time. However, the
disadvantages are that, it may require sophisticated delivery
systems and optimization of delivery conditions. Moreover, it
may have limited versatility due to the instability and
degradation of RNA molecules or RNPs.

In conclusion, transgene-free genome editing in plants is a
promising strategy for crop improvement that can overcome the
regulatory and public barriers associated with GMO’s. However,
each strategy has its own strengths and limitations that need to
be considered for different applications and plant species.
Further research and development are needed to improve the
efficiency, specificity, versatility, and applicability of transgene-
free genome editing methods in plants.
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