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ABSTRACT

Nanoparticle-mediated gene delivery offers a groundbreaking approach to enhancing plant resistance against diseases, 
addressing the limitations of traditional agricultural practices. This article explores the mechanisms and benefits of using 
nanoparticles as carriers for DNA and RNA, facilitating genetic modifications that confer resistance to various pathogens. Key 
synthesis components include metallic nanoparticles (e.g., gold, silver), polymeric nanoparticles (e.g., chitosan), and lipid-based 
nanoparticles (e.g., liposomes), each providing unique advantages in protecting and delivering genetic material. The process 
involves nanoparticle synthesis, genetic material loading, targeted delivery, and subsequent gene expression. Benefits include 
targeted delivery, protection of genetic material, reduced dosages, and enhanced uptake by plant cells. Despite challenges 
related to biosafety, delivery efficiency, regulatory approval, and cost-effectiveness, nanoparticle-mediated gene delivery holds 
significant promise for revolutionizing modern agriculture. This technology aims to develop resilient crop varieties, ensuring 
food security and sustainability amid global challenges.
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Case Report

Introduction 

The increasing global demand for food, coupled with the challenges 
posed by plant diseases, necessitates the development of innovative 
and efficient agricultural practices. Traditional methods of plant 
disease management, including the use of chemical pesticides and 
breeding for resistance, have limitations such as environmental 
pollution, development of resistance in pathogens, and time-
consuming processes [1,2]. In this context, nanobiotechnology, 
specifically the use of nanoparticles for gene delivery, presents a 
promising alternative for enhancing plant resistance to diseases.

The promise of nanoparticles in agriculture

Nanoparticles are materials with dimensions on the nanoscale, 
typically ranging from 1 to 100 nanometers. Due to their small 
size, large surface area, and unique physicochemical properties, 
nanoparticles can interact with biological systems in novel ways 
[3,4]. In agriculture, nanoparticles have been explored for a variety 
of applications, including targeted delivery of agrochemicals, soil 
health improvement, and plant disease management.

Mechanism of gene delivery using nanoparticles

The gene delivery process involves the introduction of foreign 
genetic material (DNA or RNA) into plant cells to induce genetic 
changes that confer resistance to diseases [5]. Nanoparticles serve 
as carriers for these genetic materials, facilitating their entry into 
plant cells and protecting them from degradation. The main steps 
in the nanoparticle-mediated gene delivery process are:

Synthesis of nanoparticles: Nanoparticles can be synthesized using 
various methods, including chemical, physical, and biological 
approaches. Commonly used nanoparticles for gene delivery 
include metallic nanoparticles (e.g., gold, silver), polymeric 
nanoparticles (e.g., chitosan), and lipid-based nanoparticles [6,7].

Loading genetic material: The genetic material, either DNA or 
RNA, is loaded onto or encapsulated within the nanoparticles. 
This can be achieved through electrostatic interactions, covalent 
bonding, or physical entrapment.

Targeting and Delivery: The nanoparticle-gene complex is 
applied to the plant, where it is taken up by plant cells through 
mechanisms such as endocytosis, direct penetration, or adhesion 
to cell walls [8]. Targeting can be enhanced by modifying the 
surface of nanoparticles with ligands that recognize specific plant 
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cell receptors.

Release and expression: Once inside the plant cell, the genetic 
material is released from the nanoparticles and incorporated into 
the plant's genome or expressed transiently. This leads to the 
production of proteins or RNA molecules that enhance the plant's 
resistance to pathogens [9,10].

Types of nanoparticles used in gene delivery

Metallic nanoparticles

Gold nanoparticles (AuNPs): Gold nanoparticles are widely used 
in gene delivery due to their biocompatibility, ease of synthesis, 
and ability to be functionalized with various biomolecules. AuNPs 
can efficiently deliver DNA or RNA into plant cells, facilitating 
gene expression and inducing resistance to diseases.

Silver nanoparticles (AgNPs): Silver nanoparticles possess 
antimicrobial properties in addition to their gene delivery 
capabilities. AgNPs can be used to deliver genetic material while 
simultaneously providing a direct defense against bacterial and 
fungal pathogens.

Polymeric nanoparticles

Chitosan nanoparticles: Chitosan, a natural polymer derived from 
chitin, is biodegradable and non-toxic. Chitosan nanoparticles can 
effectively bind to DNA or RNA and facilitate their delivery into 
plant cells. They also possess inherent antimicrobial properties, 
adding an extra layer of protection against pathogens.

Poly(lactic-co-glycolic acid) (PLGA) 

Nanoparticles: PLGA nanoparticles are synthetic polymers known 
for their biodegradability and controlled release properties. They 
can encapsulate genetic material and provide sustained release, 
ensuring prolonged gene expression in plants.

Lipid-based nanoparticles

Liposomes: Liposomes are spherical vesicles composed of lipid 
bilayers. They can encapsulate DNA or RNA and fuse with plant 
cell membranes, delivering the genetic material directly into the 
cytoplasm. Liposomes can be modified with targeting ligands to 
enhance specificity.

Approaches to gene delivery

Transient gene expression: Transient gene expression involves 
the temporary introduction and expression of genetic material 
in plant cells. This approach is useful for short-term studies and 
applications where permanent genetic modification is not required. 
Nanoparticles can deliver DNA plasmids or RNA molecules (such 
as small interfering RNA, siRNA) to achieve transient expression 
of genes that confer resistance to specific pathogens.

Stable transformation: Stable transformation results in the 
permanent integration of foreign DNA into the plant's genome. 
This approach is essential for creating genetically modified crops 
with long-lasting resistance to diseases. Nanoparticles can deliver 
DNA constructs containing the desired genes along with selectable 
marker genes to facilitate the selection of transformed plants.

Benefits of nanoparticle-mediated gene delivery

Targeted delivery: Nanoparticles can be engineered to target 
specific plant tissues or cells, enhancing the efficiency and 

effectiveness of gene delivery.

Protection of genetic material: Nanoparticles protect DNA or 
RNA from degradation by nucleases, ensuring that the genetic 
material reaches its target intact.

Reduced dosage: The high surface area-to-volume ratio of 
nanoparticles allows for the use of lower dosages of genetic material, 
reducing potential toxicity and environmental impact.

Versatility: Nanoparticles can be used to deliver a wide range 
of genetic materials, including plasmid DNA, RNA interference 
molecules, and gene-editing components (CRISPR/Cas9).

Enhanced uptake: The small size of nanoparticles facilitates their 
uptake by plant cells, overcoming the barriers posed by the plant 
cell wall and membrane.

Conclusion

Nanoparticle-mediated gene delivery represents a revolutionary 
approach to enhancing plant resistance to diseases. By leveraging 
the unique properties of nanoparticles, researchers can achieve 
targeted, efficient, and safe delivery of genetic material, paving the 
way for the development of resilient crop varieties. As research 
progresses and challenges are addressed, this technology has the 
potential to transform modern agriculture, ensuring food security 
and sustainability in the face of growing global challenges.
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