
  Biologywala.com 

  Visit: Biologywala.com 
 

Production of transgenic plants: Biotic and abiotic stress 

 

Production of transgenic plants for biotic and abiotic stress marks a significant stride in 

agricultural innovation. As our world faces the challenges of changing climates and 

evolving pest pressures, the science of genetic engineering offers a promising avenue to 
equip plants with enhanced resilience. 

 

 This exploration into the Production of transgenic plants delves into the intricate 

mechanisms that empower plants to combat stressors, fostering a deeper understanding 

of how biotechnology can contribute to sustainable agriculture and food security. 
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Step-by-step process of Production of transgenic plant:  

 

Step 1: Gene Identification: In the first stage of Production of transgenic plant, scientists 

search for a specific gene that can help plants withstand challenges like pests or tough 

environmental conditions. For instance, they might hunt for a gene in a bacterium that 
has a natural ability to repel insects or a gene in a plant that survives well in dry areas. 

 

Step 2: Gene Cloning and Expression, Cassette Construction: After spotting the right 

gene, scientists create multiple copies of it through a process called cloning. They also 

craft a package, known as a cassette, which contains the gene alongside other necessary 

elements. Think of the cassette as a toolkit the plant will use to tackle its hurdles. 

 

Step 3: Transformation of Plant Cells: Now in Production of transgenic plant comes to 

the transformation phase. Scientists insert the selected gene into plant cells using tiny 

tools. This addition is like giving the plant a new tool to handle challenges, almost as if the 

plant is being equipped with armour. 

 

Step 4: Selection and Regeneration of Transgenic Plants: Among the transformed 

plant cells, not all will successfully accept the new gene. Scientists choose the ones that 

do and nurture them into new plants. This step ensures that the gene is not only present 

but also operational within the new plants. 

 

Step 5: Confirmation of Transgenic Integration: To ensure that the newly introduced 

gene becomes a permanent part of the plant's genetic makeup, scientists verify its stable 

integration. It's as if they're double-checking that the new tool is now firmly embedded in 

the plant's toolkit. 

 

Step 6: Bioassay: Before taking things outdoors, scientists conduct tests within 

controlled environments. This process, called bioassay, involves observing how the 

transgenic plants perform. Scientists want to ensure that the introduced gene is effective 

and doesn't have any unintended negative effects – like a practice match before the real 
game. 

 

Step 7: Field Trial and Approval (Regulatory): The Production of transgenic plant are 

then taken to real fields for further testing. Here, scientists observe how they grow, how 

they respond to pests, and if they indeed withstand challenging conditions. Regulatory 

bodies also get involved at this stage, making sure that the transgenic plants are safe for 
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the environment, humans, and animals. They evaluate the overall benefits and potential 

risks. 

 

Examples of Production of transgenic plant:  

 

1. BT cotton: 

BT Cotton serves as a compelling example of science's ability to derive solutions from 

natural systems to address agricultural challenges. The key to its efficacy lies in the 

utilization of a specific gene sourced from Bacillus thuringiensis (BT), a bacterium. 

The Potency of the BT Gene: Central to the success of BT cotton is a specific gene within 

BT bacteria. This gene encodes a protein with potent pesticidal properties, particularly 

effective against bollworms – a notorious pest capable of causing substantial damage to 
cotton crops. 

Integration of the BT Gene into Cotton: The pivotal step involves the Production of 

transgenic plant is to transfer the BT gene into cotton plants. This genetic modification 

essentially equips the cotton with a defense mechanism against bollworms. As the cotton 

grows, it synthesizes the BT protein. Upon ingestion by bollworms, the protein disrupts 

their digestive processes, rendering them incapable of further feeding. Consequently, the 
damage inflicted by bollworms is significantly curtailed. 

Targeted Precision in Pest Management: One of the remarkable aspects of the BT 

protein is its specificity. It selectively impacts bollworms and closely related pests, while 

non-target insects such as beneficial pollinators remain unaffected. This precision 

mitigates ecological imbalances and aligns with sustainable pest management practices. 

 

2. Production of Golden Rice:  

Introduction to Golden Rice: Golden Rice is a groundbreaking example of how science 

can be harnessed to address a vital issue – vitamin A deficiency. This rice variety is not 

only a staple food but also a potential solution to a global health challenge. 

The Vision: Combating Vitamin A Deficiency: Vitamin A deficiency is a serious concern, 

particularly in regions where rice is a major dietary staple. This deficiency can lead to 

severe health issues, including impaired vision and weakened immune systems, affecting 

millions of people, especially children. Golden Rice was designed with the aim of 

enriching rice with pro-vitamin A, specifically beta-carotene, which the body can convert 
into vitamin A. 

The Genetic Makeover: The magic behind Golden Rice lies in its genes. Scientists 

introduced two key genes into the rice plant – one from maize and another from a 

bacterium. These genes work together to enable the rice plant to produce beta-carotene, 
which is responsible for the rice's characteristic golden hue. 
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The Beta-Carotene Pathway: How It Works: Beta-carotene, often found in colorful fruits 

and vegetables, is the precursor of vitamin A. The introduced genes in Golden Rice guide 
the plant to create beta-carotene from simple building blocks. Here's how it happens: 

Starting with Building Blocks: The rice plant takes two simple molecules – 

geranylgeranyl diphosphate (GGDP) and isopentenyl diphosphate (IDP) – and combines 

them through a series of chemical reactions. These building blocks serve as the raw 

materials for beta-carotene production. 

The Power of Enzymes: With the help of enzymes encoded by the introduced genes, 

these building blocks are transformed step by step into beta-carotene. Think of enzymes 

as workers in a factory, assembling parts to create a finished product. 

 

The Golden Result: As the process unfolds, the rice grains start accumulating beta-

carotene, which gives them a golden colour. More importantly, this beta-carotene is a 
precursor to vitamin A. 

 

Bioavailability and Human Health Impact: When people consume Golden Rice, their 

bodies can convert the beta-carotene into vitamin A. This conversion takes place in the 

intestines and liver. The newly formed vitamin A supports essential functions such as 

maintaining healthy vision, boosting the immune system, and promoting proper growth 

and development, especially in children. Hence golden Rice is one of the significant 
examples of Production of transgenic plant. 

If you want to know, more check out latest research in the field: Production of transgenic 
plant for biotic and abiotic stress 

 

Advantages of Transgenic Plants: 

1. Enhanced Pest Resistance: Transgenic plants can be equipped with genes that 

provide built-in defense mechanisms against pests. For instance, the BT gene 

introduced in BT cotton produces a protein toxic to specific pests, reducing the 

need for chemical pesticides. 

2. Improved Stress Tolerance: Transgenic plants can be engineered to withstand 

challenging environmental conditions such as drought, salinity, or extreme 

temperatures. This trait enhances crop stability and resilience, especially in 

regions prone to these stressors. 

3. Increased Yield Potential: Genetic modifications can lead to improved crop 

yields by enhancing traits related to growth, productivity, and quality. For example, 

transgenic rice varieties have shown increased grain yields compared to their non-

transgenic counterparts. 

4. Extended Shelf Life: Genetic modifications can help delay the onset of fruit 

ripening or enhance post-harvest storage qualities. This extends the shelf life of 

produce, reducing wastage and improving supply chain efficiency. 
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5. Nutritional Enrichment: Transgenic plants can be designed to have higher 

nutritional value by incorporating genes that increase the content of specific 

vitamins, minerals, or other essential nutrients. Golden Rice, for instance, has been 

engineered to contain higher levels of Vitamin A. 

6. Reduced Environmental Impact: By conferring resistance to pests and diseases, 

transgenic plants can reduce the need for chemical pesticides and fungicides. This 

results in fewer chemicals released into the environment, benefiting ecosystems 

and human health. 

7. Precision Agriculture: Transgenic plants can be tailored to thrive in specific 

conditions, allowing for more efficient use of resources like water and fertilizers. 

This aligns with the concept of precision agriculture, optimizing yields while 

minimizing waste. 

8. Economic Benefits for Farmers: Enhanced resistance to pests and diseases can 

lead to reduced crop losses, increasing farmers' income. Moreover, improved 

yields and quality can fetch better prices in the market. 

9. Potential for New Products: Transgenic plants can be designed to produce 

pharmaceuticals, biofuels, or other valuable compounds. This offers a new avenue 

for the production of important substances that were traditionally sourced from 

other organisms. 

10. Contributions to Food Security: By improving crop yields, nutritional content, 

and stress tolerance, transgenic plants can play a role in addressing global food 

security challenges, especially in the face of population growth and changing 
climatic conditions. 

In the effort to make plants tougher against pests and tough situations, creating 

transgenic plants stands out as a hopeful approach. By adding useful genes, these plants 

become sturdier, providing more food while using fewer resources. As we address the 

challenges of a changing world, these genetically improved plants offer a way to ensure a 

stronger and safer food supply. 
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