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SUMMARY  
Molecular farming is a cutting-edge biotechnological method that utilizes genetically modified plants 

to produce high-value recombinant proteins such as vaccines, monoclonal antibodies, and industrial enzymes. 

These plants function as cost-effective, safe, and scalable bioreactors, offering advantages like low 

contamination risk, environmental sustainability, and simple storage. Common transformation techniques 

include Agrobacterium-mediated transfer, gene gun, and PEG-mediated methods. Various crops like tobacco, 

maize, and potato are used as hosts. Despite its promise, molecular farming faces several challenges complex 

global regulations, public perception about GMOs, difficulties in protein purification, dosage consistency, and 

the need for thorough clinical trials. However, with advancements in gene editing, glycoengineering, and 

improved production systems, molecular farming holds great potential for the future of affordable 

biopharmaceuticals and industrial proteins. With proper regulation and public engagement, it could 

revolutionize sustainable healthcare and industrial biotechnology. 

 

INTRODUCTION 

Molecular farming, also known as pharming, is an innovative biotechnological approach that utilizes 

genetically modified plants as production platforms for valuable recombinant proteins. These proteins include a 

wide range of high-value biomolecules such as therapeutic drugs, vaccines, monoclonal antibodies, diagnostic 

enzymes, and industrially important proteins. In this process, specific genes encoding the desired proteins are 

introduced into the plant genome using various transformation techniques. Once integrated, the plant’s cellular 

machinery expresses the foreign gene, resulting in the accumulation of the target protein within plant tissues. 

These plants essentially function as living bioreactors or biological factories, offering a sustainable and scalable 

alternative to traditional cell-based or microbial production systems 

 

Molecular Farming – Harnessing Plants as Bioreactors 
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Why Plants? – Advantages of Molecular Farming 

1.Cost-Effective  

Production Plant systems require lower infrastructure and maintenance costs than traditional cell culture, enabling 

affordable, large-scale manufacturing. 

2. High Safety Profile  

Plants are free from human and animal pathogens, eliminating risks of zoonotic contamination—a critical factor 

for vaccine and therapeutic safety. 

3. Scalability with Ease  

Production can be scaled quickly by increasing cultivation area, whether in greenhouses or fields no need for 

expensive bioreactors. 

4. Simple Storage & Transport  

Many plant-derived products are stable in dry forms like seeds or leaves, allowing room temperature storage and 

reducing cold chain logistics. 

5. Fast Production & Delivery 

Transient expression systems like agroinfiltration allow protein production within weeks, enabling rapid response 

to emerging health threats (e.g., pandemic vaccines). 

6. Environmentally Friendly 

Uses less energy, water, and resources compared to mammalian cell culture; also avoids animal-based production 

systems, making it sustainable and ethical. 

 

Steps in the Process: - 

 

 

 

1)Gene Selection– Identification of the target gene encoding 
the desired protein. 

1)Vector Construction– Insertion of the gene into a plasmid 
vector under a suitable promoter 

1)Plant Transformation– Delivery of the vector into plant cells 
using: 1. Agrobacterium tumefaciens 2. Biolistic method (gene 
gun) 

1)Regeneration of Transgenic Plants– Transformed cells are 
regenerated into whole plants via tissue culture. 

1)Protein Expression– The plant synthesizes the recombinant 
protein in targeted tissues. 



   AgriCos e-Newsletter (ISSN: 2582-7049)                                         06 (07) July 2025

                                                                                                  16 www.agricosemagazine.com
 

Table 1. Comparison of different Pharming production system 

 

 

Plant Transformation Strategies: - 

1. Agrobacterium-Mediated Transformation - Uses Agrobacterium tumefaciens, a natural plant pathogen.   

-Transfers T-DNA (with target gene) into plant genome. 

-Commonly used in dicots like tobacco, tomato, soybean. -Advantages: Precise integration, fewer gene copies. 

2. Biolistic or Gene Gun Method 
-DNA-coated gold/tungsten particles are shot into plant cells. 

-Used for monocots like rice, maize, wheat. 

-Advantages: Not host-specific; can transform plastids. -Disadvantages: May cause random integration, cell 

damage 

3. Microinjection 
-DNA is directly injected into plant cells or protoplasts using a fine needle. 

-Highly labor-intensive and offers low throughput. 

4. Silicon Carbide Whiskers 
-Plant cells are mixed with DNA and silicon carbide whiskers, then vortexed. 

-The needle-like whiskers puncture cell walls to deliver DNA. 

Rarely used today due to tissue damage and low efficiency. 

5. Polyethylene Glycol (PEG)-Mediated Transformation 
-Involves the use of protoplasts (plant cells without cell walls). 

-DNA uptake is facilitated by PEG-induced fusion with the plasma membrane. 

Primarily used in laboratory settings due to technical complexity. 

 

Industrial enzymes & proteins produced in different plants host system 

Industrial Enzymes Potential Use Host 

α-amylase Industry Tobacco 

Phytase Industry Alfalfa, Tobacco 

Cellulase Industry Alfalfa, Tobacco, Potato 

Manganese peroxidase Industry Alfalfa, Tobacco 

β-(1,4) xylanase Industry Tobacco, Canola 

Avidin Research reagent Maize 

Glucuronidase Research reagent Maize 

 

Vaccines produced in different plant host systems 

Antigen Casual Organism / Disease Host System 

Rabies virus glycoprotein Rabies Tomato, Tobacco, Spinach 

Capsid protein epitope Mink enteritis virus Cowpea 

System Productio

n Cost 

Time 

Effort 

Scale-up 

Capacity 

Produc

t 

Quality 

Glycosylat

ion 

Contaminati

on Risk 

Storage Ethnic 

Concerns 

Bacteria Low Low High Low None Endotoxins Medium 

/ -20°C 

Low 

Yeast Medium Medium High Medium Incorrect Low Medium 

/ -20°C 

Low 

Mammalian 

cell cultures 

High High Very low Very 

high 

Correct Viruses, 

oncogenes 

Difficul

t / N₂ 
Existing 

Transgenic 

animals 

High High Low Very 

high 

Correct Viruses, 

oncogenes 

Difficul

t 

High 

Plant cell 

cultures 

Medium Medium High High Minor 

differences 

Low Medium 

/ -20°C 

Low 

Transgenic 

plants 

Low High Very 

high 

High Minor 

differences 

Low Easy / 

RT 

Existing 
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Spike protein Piglet diarrhea Tobacco 

LT-B toxin Traveler’s diarrhea Potato 

Hepatitis B surface antigen Hepatitis B Tobacco, Potato 

Human cytomegalovirus 

glycoprotein B 

Human cytomegalovirus Tobacco 

Norwalk virus antigen Gastrointestinal distress Tobacco, Potato 

 

Therapeutic proteins produced in different plant hosts system 

Therapeutic Protein Potential Use Host 

α- and β-haemoglobin Blood substitute Tobacco 

Human serum albumin (HAS) Blood substitute Potato 

α-tricosanthin HIV Therapy Tobacco 

α-interferon Viral protection, anticancer Rice 

Epidermal growth factor, 

Erythropoietin, Tuber growth factor 

Mitogen Tobacco 

Hirudin Anticoagulant Canola 

Protein C Anticoagulant Tobacco 

Glutamate decarboxylase Diabetes Tobacco 

Human somatotropin Hypopituitary dwarfism Tobacco 

 

Challenges in Molecular Farming  

Regulatory Challenges 
Molecular farming often involves genetically modified (GM) plants, which are subject to strict regulatory scrutiny. 

However, there is no unified global regulatory framework. Different countries have varying standards and 

approval processes for GM crops and plant-derived biopharmaceuticals. This fragmentation creates difficulties for 

international research collaboration, product approval, and commercialization. Additionally, the stigma associated 

with GMOs further complicates regulatory acceptance. 

Public Perception 
A major barrier to the adoption of molecular farming is public skepticism about GMOs. Many people harbor 

concerns about the safety, ethics, and environmental impact of genetically modified crops. This hesitancy 

affects consumer acceptance of plant-derived vaccines and drugs, especially when edible vaccines are proposed. 

Overcoming these perceptions requires effective science communication and public engagement. 

 

Processing and Purification 
The downstream processing of proteins from plant tissues is more complex than from microbial or mammalian 

systems. Plants contain many secondary metabolites and proteases that can interfere with protein recovery. 

Standardizing the purification process to achieve pharmaceutical-grade purity is technically demanding and 

expensive. Also, achieving uniform protein expression across different plants or even parts of the same plant 

adds to the complexity. 

Dosage Control 
One of the unique challenges in molecular farming, especially for edible vaccines, is precise dosage control. The 

expression levels of the target protein may vary depending on the plant species, growing conditions, and 

developmental stage. Ensuring that each dose contains a consistent and effective amount of the active ingredient is 

difficult, particularly when consumed directly (e.g., as a fruit or leaf). 

Clinical Validation and Commercialization 
Like conventional drugs, plant-derived pharmaceuticals must undergo rigorous preclinical and clinical trials to 

prove safety and efficacy. This process is time-consuming, costly, and resource-intensive, often taking several 

years and significant financial investment. Moreover, molecular farming products may face additional hurdles 

due to their novelty and lack of precedence in regulatory systems, further delaying approval and market entry. 

 

Regulatory And Monitoring Aspects of Molecular Farming 

1. Monitoring 

Effective environmental assessment and emission monitoring are essential during all stages of molecular farming 

to prevent unintended GMO release and ensure biosafety compliance. 
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2. International Protocols 

Cartagena Protocol on Biosafety: -Governs the handling and transboundary movement of living modified 

organisms (LMOs) that may pose risks to biodiversity and human health. Emphasizes precautionary measures and 

informed consent among nations. 

3. US Guidelines 

NIH Guidelines: -Outline safe practices for recombinant DNA research, including federal approval for human-

related experiments. Includes biosafety levels and Institutional Biosafety Committee (IBC) oversight. 

4. Indian Regulations 

MOEF Rules (1989): -Under the Environment Protection Act (1986), regulate the manufacture, import, use, and 

release of GMOs. 

DBT Recombinant DNA Safety Guidelines (1990, revised 1994): -Provide protocols for containment, risk 

assessment, and field trials in GMO research and development. 

 

CONCLUSION 

Molecular farming represents a transformative approach in biotechnology, leveraging plants as sustainable, 

cost-effective bioreactors to produce high-value pharmaceuticals, vaccines, and industrial enzymes. Its 

advantages—including scalability, safety, and environmental sustainability—position it as a compelling alternative 

to traditional production systems. However, challenges such as regulatory complexities, public skepticism, protein 

purification hurdles, and dosage control must be addressed to fully realize its potential. Future advancements in 

precision glycoengineering, CRISPR-based optimization, and scalable production platforms promise to expand the 

applications of molecular farming, particularly in pandemic response and rare disease therapies. Collaborative 

efforts among researchers, regulators, and industry stakeholders will be critical to overcoming barriers and 

fostering commercial adoption. As the field evolves, molecular farming could revolutionize biopharmaceutical 

manufacturing, offering equitable access to cutting-edge therapies while aligning with global sustainability goals. 

By embracing innovation and addressing existing limitations, molecular farming stands poised to bridge the gap 

between biotechnology and global health, ushering in a new era of plant-derived solutions for medicine and 

industry. 
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