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Introduction 

Genetic manipulation through transgenic 

approaches has emerged as a powerful strategy 

to enhance plant resistance against various biotic 

stresses, including insects, viruses, fungi, and 

herbicides. By introducing specific genes into 

plant genomes, researchers have developed 

transgenic plants with enhanced resistance to 

pests and diseases, reduced reliance on 

chemical pesticides, and improved crop yields. 

This review discusses the key strategies and 

recent advancements in transgenic approaches 

for plant resistance. 

 

Genetic engineering has also enabled 

the development of crops resistant to non-

selective herbicides. This is achieved either by 

overexpressing target proteins to enhance 

tolerance or by modifying these targets to 

become insensitive to herbicides. Additionally, 

genes encoding herbicide-detoxifying enzymes 

have been introduced to achieve high resistance 

with minimal metabolic costs (Sun et al., 2025; 

Torra et al., 2024). Transgenic plants have been 

engineered for resistance against various 

pathogens, including bacteria, fungi, and 

nematodes. Strategies involve using genes that 

enhance the plant's own immune response or 

introduce resistance genes from other 

organisms. For example, the use of pathogen-

related proteins, resistance (R) genes, and genes 

involved in the plant's signalling pathways have 

demonstrated effectiveness in combating 

diseases (Kameswaran et al., 2025; Zhu et al., 

2024). Combining multiple resistance genes in a 

single transgenic plant can provide enhanced 

protection against a broader range of pests and 

pathogens. This multi-gene approach allows for 

the expression of different resistance 

mechanisms simultaneously, thereby increasing 

the plant's resilience and reducing the chances of 

resistance development in target pests (Majhi et 

al., 2025). 

WHY GENETIC MANIPULATION? 

Enhanced Resistance to Pests and Diseases 

 Transgenic plants engineered with genes 

from Bacillus thuringiensis (Bt) have 

shown significant resistance to insect 

pests, reducing the need for chemical 

pesticides. This approach has been 

widely adopted in crops like cotton and 

maize, leading to increased yields and 

reduced environmental impact (Noack et 

al., 2024). 

Reduced Dependency on Chemical Inputs 

 The development of herbicide-resistant 

transgenic crops, such as glyphosate-

resistant soybean, has allowed for more 

efficient weed control while reducing the 

overall use of herbicides (Pedroso et al., 

2025). 

Sustainability and Food Security 

 Transgenic approaches contribute to the 

sustainability of agriculture by enabling 

crops to withstand harsh environmental 
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conditions, thereby ensuring stable food 

production. (Ahmed, 2024). 

Innovation in Plant Breeding 

 Traditional breeding methods allows for 

the introduction of novel traits from 

different species, accelerating the 

development of new plant varieties with 

improved resistance to biotic and abiotic 

stresses (Sabar et al., 2024). 

 

Transgenic Approaches for Plant Resistance 

1. Agrobacterium-Mediated Transformation 

Integrates Foreign Genes 

Agrobacterium-mediated transformation 

is commonly used for dicotyledonous plants (like 

tomatoes and soybeans) and has been optimized 

for some monocot species, such as rice. This 

method is valued for its ability to produce 

transgenic plants with stable gene integration and 

relatively fewer copies of the inserted gene, 

reducing the likelihood of gene silencing or 

unpredictable gene expression (Rahman et al., 

2024). 

2. Biolistics (Gene Gun) Delivers DNA Directly 

into Plant Cells 

The biolistic method, also known as the 

"gene gun" technique, involves physically 

shooting microscopic particles coated with DNA 

into plant tissues. This technique is effective for a 

wide range of plant species, particularly those 

less susceptible to Agrobacterium 

transformation, such as cereals (e.g., wheat and 

maize) (Tripathi and Shukla, 2024). 

3. Marker-Assisted Selection Identifies 

Successful Gene Incorporation- 

Marker-assisted selection involves the 

use of selectable marker genes, such as those 

conferring antibiotic or herbicide resistance, to 

identify and isolate plant cells that have 

successfully incorporated the transgene, 

significantly improving the efficiency of 

developing transgenic plants (Abdul Aziz and 

Masmoudi, 2023). 

4. Gene Cloning is Critical for Isolating and 

Amplifying Target Genes 

Gene cloning involves isolating the 

desired gene from its natural source and 

amplifying it to create multiple copies for use in 

transformation. It is essential for precise 

manipulation of the gene, such as adding 

regulatory elements that control its expression in 

the target plant (Gudeta & Foley, 2024). 

Key Genes for Insect Resistance 

Key genes involved in insect resistance 

include Bt toxins, protease inhibitors, lectins, 

chitinases, RNA interference (RNAi), and gene 

stacking techniques, each offering unique 

mechanisms to combat pests effectively. 

Bt Gene Selection  

Cry1Ac, Cry2Ab and Cry9C:  are 

commonly used Bt proteins known to be effective 

against Lepidopteran pests such as 

diamondback moth and cabbage white butterfly. 

However, these genes are widely patented, 

including by companies like Monsanto (now 

Bayer). A lesser-known Bt protein with efficacy 

against similar pests but with fewer IP 

restrictions. The Cry9C gene can serve as a good 

alternative for developing insect-resistant 

Brassicas (Guo et al., 2025).  

Vip3A: A vegetative insecticidal protein 

effective against a broad range of Lepidopteran 

pests, including diamondback moths. Vip3A has 

shown efficacy against insects resistant to Cry 

proteins and is a potential candidate to include in 

the construct. However, it is critical to ensure its 

use does not infringe on any specific patents in 

Australia (Wang et al., 2024). 

Chitinase or Protease Inhibitors: 

Consider incorporating genes encoding 

chitinases or protease inhibitors that disrupt 

insect digestion or exoskeleton formation 

(Unuofin et al., 2024). These genes are typically 

derived from plants or microbes and may have 
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fewer IP issues compared to Bt Cry proteins 

(Ayra-Pardo et al., 2025). 

RNA Interference (RNAi)  

• Uses dsRNA to trigger degradation of 

target mRNA in insects (Amiri, 2025).  

• Can target vital genes, leading to pest 

mortality or reduced fitness. 

• Highly specific, minimizing effects on non-

target organisms. 

• Applied in crops like corn to control 

rootworms. 

• Challenges include efficient delivery and 

stability of dsRNA. 

• Potential for broad application across 

different insect orders. 

Multi-Gene Stacking 

 

• Combines multiple resistance genes for 

broader protection (Rakesh and Ghosh, 

2024). 

• Delays resistance development in insect 

populations. 

• Enhances control of pests with varied 

feeding habits. 

• Examples include Bt and protease inhibitor 

combinations. 

• Increases crop durability against pest 

attacks. 

• Challenges involve stable expression and 

regulatory approval. 

CRISPR/Cas9 Enables Precise Genome 

Editing at Specific Locations: 

• Uses guide RNA (gRNA) to target specific 

DNA sequences (Zhu, 2022). 

• High efficiency and specificity with minimal 

off-target effects. 

• Enables gene knockouts and knock-ins for 

desired traits. 

• Can edit multiple genes simultaneously 

(multiplexing). 

• Applied in developing crops with enhanced 

resistance and yield. 

• Future advancements promise even 

greater precision and potential.  

Challenges in Transgenic Approaches  

• Insect resistance can develop through 

genetic mutations. 

• Resistance management requires 

strategies like gene pyramiding. 

• Environmental concerns include gene flow 

to wild relatives. 

• Non-target effects on beneficial insects 

needs careful study. 

• Public acceptance and regulatory barriers 

can limit adoption. 

• Continuous monitoring is essential for 

long-term sustainability. 

Future Prospects 

• CRISPR/Cas9 enables precise and 

targeted genome editing. 

• Potential to introduce or knock out genes 

with high accuracy. 

• Offers opportunities for multi-gene 

stacking and trait improvement. 

• Regulatory frameworks must evolve to 

accommodate new technologies. 

• Future crops may combine transgenic and 

non-transgenic approaches. 

• Continued innovation is key to addressing 

emerging pest challenges.  
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