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magine being able to rewrite the instructions of life itself to alter the genetic code of a plant 

so that it produces more, survives drought, or resists pests. That is the promise and the 

reality of modern biotechnology. Over the last few decades, biotechnology has transformed 

from a niche scientific pursuit into one of the most powerful tools that humanity has ever 

developed. Biotechnology, at its core, involves using living organisms or their components to 

make products or solve problems. What once began with simple fermentation (like brewing 

beer or making bread) has evolved into a realm where DNA can be modified with precision, 

revolutionizing agriculture, medicine, and industry. In this article, we take readers on a 

journey from the early days of genetically modified (GM) crops to the cutting edge of gene-

editing technologies like CRISPR. We explore how scientific breakthroughs have shaped the 

field, why these innovations matter, how they are being applied today, and what challenges 

and opportunities lie ahead. 

A Brief History of Biotechnology 
From Ancient Practices to Modern Science 

Biotechnology’s roots stretch back thousands of years humanity harnessed microbes to 

ferment food and beverages long before we understood DNA. But biotechnology in the 

modern scientific sense began only in the 20th century, when scientists discovered that genes 

long invisible and mysterious were units of heredity contained in DNA molecules. In the 

1970s and 1980s, researchers developed tools to cut and splice DNA the chemical blueprint 

of life from one organism and insert it into another. This was the birth of genetic engineering, 

enabling radically new possibilities in agriculture and medicine.  

The First Wave: Genetically Modified (GM) Organisms 

GM organisms, like the first commercially successful Bt cotton and Roundup Ready 

soybeans, were among the earliest products of genetic engineering. Scientists inserted genes 

from one organism into another to confer desirable traits for example, insect resistance or 

tolerance to herbicides. These crops were called transgenic because they contained foreign 

DNA genetic material from a different species. The introduction of such crops sparked 

widespread debate: supporters hailed their potential to increase yields and reduce chemical 

use, while critics raised concerns about safety, environmental impact, and corporate control 

of seeds. In India, GM crops found commercial success largely with Bt cotton, introduced in 
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the early 2000s, which significantly improved yields and insect resistance in cotton fields. 

However, the adoption of other GM food crops has been slower due to regulatory and public 

acceptance challenges.  

Table 1. Evolution of Biotechnology: From Conventional GM Crops to Advanced Gene 

Editing 

Aspect 
Genetically Modified (GM) 

Crops 

Gene-Edited Crops (CRISPR, 

Base Editing, Prime Editing) 

Basic principle 
Introduction of foreign gene(s) 

from another species 

Precise modification of the 

organism’s own DNA 

Nature of genetic 

change 

Transgenic (contains external 

DNA) 

Often non-transgenic; mimics 

natural mutations 

Precision Moderate 
Very high (single-gene or single-

base level) 

Time required for 

development 
Long (10–15 years) Shorter (2–5 years) 

Cost of development Very high Relatively low 

Examples 
Bt cotton, Roundup Ready 

soybean 

CRISPR-edited rice, GABA-rich 

tomato 

Regulatory status 
Strict and lengthy in most 

countries 
Often relaxed or crop-specific 

Public acceptance Mixed, often controversial 
Generally higher due to absence of 

foreign DNA 

Key advantage Introduced novel traits 
Faster, targeted, and safer trait 

improvement 

Key limitation Public concern over transgenes 
Needs careful assessment of off-

target effects 

What Changed with Gene Editing 
From Transgenics to Precision Editing 

By the early 2010s, scientists had developed a suite of new tools that ushered in a second 

revolution gene editing. Unlike traditional GM techniques that insert foreign genes, gene 

editing alters an organism’s own DNA directly, changing specific genetic sequences without 

adding unrelated DNA. The most transformative of these tools is CRISPR-Cas9, a technology 

adapted from a bacterial immune system. In bacteria, CRISPR sequences record fragments of 

invading viral DNA, allowing the organism to recognize and defend against future attacks. 

Scientists realized they could harness this system as a targeted “molecular scissors” to cut 

DNA at precise locations. CRISPR-Cas9 made it possible to edit genes quickly, cheaply, and 

accurately a breakthrough that democratized genetic modification and expanded its reach 

from specialist labs to a wide array of research institutions and companies worldwide. 

Subsequent innovations like base editors and prime editing have further refined gene editing, 

allowing single-letter changes or precise DNA rewrites without making double-strand breaks 

in the genome.  

Why the Shift Matters  
Genetically Modified (GM) Crops 

 Involve insertion of foreign DNA from another species into a plant’s genome. 

 Produced traits like insect resistance (e.g., Bt toxin in cotton). 

 Faced regulatory hurdles and public skepticism due to concerns about transgenic DNA. 

Gene-Edited Crops 

 Modify the plant’s own DNA with surgical precision, often without foreign DNA. 

 Can produce changes indistinguishable from conventional plant breeding but much faster. 

 Often subject to less stringent regulation in many countries, fostering wider research and 

commercialization.  
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This difference has practical importance gene editing sidesteps some of the controversies 

around transgenic DNA and focuses on tailoring what’s already inside the organism’s own 

genetic code. It makes possible custom-designed traits with minimal unintended changes. 

Real-World Applications in Agriculture 
Global Impact 

Gene editing is already being used to improve crop resilience, nutrition, and performance. For 

example, crops have been edited to: 

 Resist diseases 

 Tolerate drought and heat stress 

 Improve nutritional quality 

These advances could be crucial in feeding a growing world population under changing 

climate conditions.  

In one striking early success, a CRISPR-edited tomato with elevated levels of gamma-

aminobutyric acid (GABA), a nutrient linked to lower blood pressure, was commercialized in 

Japan in 2021.  

Table 2. Major Applications of Modern Biotechnology Across Sectors 

Sector 
Biotechnological 

Tool 
Application Impact on Society 

Agriculture GM technology 
Insect-resistant and 

herbicide-tolerant crops 

Higher yields, reduced 

pesticide use 

Agriculture 
Gene editing 

(CRISPR) 

Drought-tolerant, nutrient-

rich crops 

Climate-smart and 

sustainable farming 

Agriculture 

(India) 
Genome editing 

High-yield, water-efficient 

rice 

Food security and 

resilience 

Medicine 
CRISPR gene 

therapy 

Treatment of genetic 

disorders 

Personalized and 

curative healthcare 

Medicine 
Genetic 

engineering 

Insulin, vaccines, 

biologics 

Affordable life-saving 

drugs 

Industry 
Engineered 

microbes 

Biofuels and industrial 

enzymes 

Reduced fossil-fuel 

dependence 

Environment Synthetic biology Bioremediation 
Pollution control and 

ecosystem protection 

Food & 

Nutrition 
Gene editing Biofortified crops Improved public health 

India’s Progress 
India has recently taken bold steps in the gene-editing domain. Scientists in national research 

institutes have developed genome-edited rice varieties offering higher yields, improved 

tolerance to drought, salinity, and climate stresses, and efficient water use all without 

introducing foreign DNA into the plants. This marks a significant milestone: India is among 

the first countries in the world to approve such gene-edited crops for cultivation. These 

developments position gene editing as a key tool for climate-smart agriculture in the 

subcontinent. 

Beyond Crops: Medicine and Industry 
Biotechnology’s impact isn’t limited to agriculture. Gene editing tools like CRISPR have 

revolutionized medicine by enabling: 

 Treatments for genetic diseases 

 Cancer immunotherapies 

 Precision diagnostics 

CRISPR-based gene therapies, for example, have shown success in treating conditions like 

sickle-cell anemia by editing patients’ own cells to restore healthy function. 
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Meanwhile, in industry, engineered microbes produce biofuels, enzymes, and 

pharmaceuticals more efficiently than ever before. These innovations highlight how gene 

editing intersects both life and livelihood. 

Ethics, Regulations, and Public Perception 
With great power comes great responsibility. Gene editing raises important questions: 

 What are the long-term ecological impacts of edited organisms? 

 How should we regulate gene editing differently from traditional GM technologies? 

 Who decides which traits are engineered and why? 

While gene editing can address food security and sustainability, it also forces societies to 

reflect on ethical boundaries especially when the same tools could theoretically be applied to 

humans and animals. 

Regulatory approaches vary worldwide. Some countries treat gene-edited crops similar to 

conventionally bred ones, while others apply stricter oversight depending on how genetic 

changes were made. 

Challenges and Future Directions 
Technology is advancing rapidly, but obstacles remain: 

 Off-target effects: Even precise tools like CRISPR can sometimes alter unintended parts 

of the genome. 

 Regulatory frameworks: Uniform global standards are lacking, creating uncertainty for 

developers and farmers. 

 Public trust: Misunderstandings about biotechnology still fuel resistance and fear. 

Nonetheless, the horizon is bright. New editing methods like prime editing and RNA-

targeting systems offer even greater precision and scope. Researchers are exploring editing 

photosynthesis genes, improving nutritional profiles, and engineering crops for future 

climates. 

Conclusion  
From humble beginnings in fermentation to today’s breathtaking ability to edit genomes, 

biotechnology has evolved into a field that touches every aspect of our lives. The transition 

from early GM crops to modern gene editing represents more than a technical leap it marks a 

transformation in how we approach biological challenges. Gene editing is not just a tool for 

scientists; it’s a lever for sustainable agriculture, resilient food systems, and novel medical 

therapies. As we navigate ethical and regulatory questions, one thing is clear: we are living 

through a revolution in how we shape life itself. And the journey has only just begun. 


