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Abstract
Gene delivery into plant cells for recombinant protein production is a rapidly advancing field in biotechnology 

and pharmaceutical research. This article provides an overview of the methods used to introduce foreign genes 
into plants, including Agrobacterium-mediated transformation, biolistic particle delivery, and viral vectors. It explores 
the applications of this technology in producing pharmaceutical proteins, industrial enzymes, and agricultural 
improvements. The challenges associated with gene flow and the need for regulatory frameworks are also discussed. 
Furthermore, the article highlights future perspectives, including advancements in gene delivery technologies and the 
potential of gene editing tools for precise modifications in plant genomes.
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be established to ensure the safe and responsible use of genetically 
modi�ed plants.

Looking ahead, advancements in gene delivery technologies, such 
as improved transformation e�ciency and targeted gene integration, 
will further enhance the potential of plant-based recombinant protein 
production. �e development of gene editing tools, such as CRISPR-
Cas9 [6].

Gene delivery methods

Several techniques have been developed for the delivery of 
foreign genes into plant cells, including Agrobacterium-mediated 
transformation, biolistic particle delivery, and viral vectors.

Agrobacterium-mediated transformation: �is method employs 
a natural plant pathogen called Agrobacterium tumefaciens to transfer 
DNA into the host plant's genome. Agrobacterium carries a plasmid 
called Ti plasmid, which can transfer a part of its DNA into the plant 
cells, leading to the integration of the foreign gene. �is technique is 
widely used due to its high e�ciency and ability to integrate genes into 
a speci�c location in the plant genome [7].

Biolistic particle delivery: Also known as the "gene gun" method, 
this technique involves the bombardment of plant tissues with high-
velocity microscopic gold or tungsten particles coated with DNA. �e 
particles penetrate the cell walls and deliver the foreign DNA into the 
plant cells, leading to its integration into the genome. Biolistic particle 
delivery is suitable for transforming a wide range of plant species and is 
particularly useful for recalcitrant species that are di�cult to transform 
using other methods.

Viral vectors: Viruses can be engineered to carry foreign genes 
and infect plants, delivering the desired DNA into the host cells. Viral 
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research focuses on improving gene delivery methods, enhancing 
transformation e�ciency, and achieving targeted gene integration into 
plant genomes. �ese advancements will facilitate more precise and 
reliable gene delivery, leading to increased production e�ciency and 
reduced development time for new plant-based production systems.

Gene editing tools: �e emergence of gene editing technologies, 
such as CRISPR-Cas9, o�ers new possibilities for precise modi�cations 
in plant genomes. Gene editing allows for targeted gene insertion, 
deletion, or modi�cation, enabling the development of plants with 
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