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Abstract— The twenty-first century has transformed genetics into a highly programmable discipline, with CRISPR-Cas technology emerging as 
one of the most influential scientific breakthroughs of modern biotechnology. Originally identified as a bacterial defense mechanism, CRISPR has 

evolved into a precise genome-editing tool capable of modifying DNA with remarkable accuracy and efficiency. This advancement has significantly 
expanded opportunities in medicine, agriculture, diagnostics, and biotechnology policy development. Among the countries actively advancing this 
technology, India and China have emerged as major contributors, each following distinct yet interconnected developmental pathways shaped by 
scientific priorities, political systems, socio-cultural values, and ethical considerations. China has adopted a large-scale, state-supported strategy 

characterized by extensive funding, aggressive commercialization, and leadership in patents and clinical research. In contras t, India has 
emphasized affordable innovation, accessibility, and ethical regulation, promoting applications that align with public healthcare needs and 
inclusive biotechnology development. These contrasting approaches represent two influential models of scientific leadership in the CRISPR era. 
China’s progress is driven by significant governmental investment and institutional support, enabling rapid advancements in C RISPR-based 

therapeutics, agricultural biotechnology, and genomic research. The country has established leadership in patent genera tion and clinical 
experimentation, including pioneering work in cancer immunotherapy and genetically edited crops aimed at enhancing food secur ity. 
Nevertheless, China’s accelerated progress has also raised global ethical concerns, particularly following the controversial 2018 announcement 
of the first gene-edited babies by He Jiankui, which intensified international debate regarding scientific accountability and bioethical governance. 

India, on the other hand, demonstrates a comparatively cautious and socially oriented approach. Despite limitations in fundin g and biotechnology 
infrastructure, Indian researchers have produced impactful innovations such as the FELUDA CRISPR-based diagnostic platform for COVID-19, 
designed as a rapid and low-cost paper-strip assay. Furthermore, the Genome India Project, initiated in 2020, reflects the country’s long -term 
objective of developing an indigenous genomic database to strengthen personalized medicine and rare disease research. India’s  biotechnology 

framework emphasizes affordability, ethical oversight, and public accessibility, reflecting broader national priorities in healthcare and scientific 
policy. This review critically examines more than 120 peer-reviewed studies to comparatively evaluate the contributions of India and China in 
the CRISPR landscape. The review discusses scientific achievements, regulatory frameworks, ethical challenges, socio -economic impacts, and 
geopolitical implications associated with genome-editing technologies. By integrating case studies, comparative statistics on patents and clinical 

trials, and visual analytical models including charts, tables, and timelines, the article highlights how both nations are sha ping the future trajectory 
of global biotechnology and genomic innovate. this paper offers a holistic understanding of how these nations are shaping the global biotechnology 
landscape (11–14). Ultimately, the analysis suggests that while China symbolizes speed, ambition, and commercialization, India represents ethics, 
inclusivity, and social trust. A hybrid model that combines China’s scale with India’s ethics could provide the blueprint for sustainable, equitable, 

and globally responsible genome governance. 
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I. INTRODUCTION 

he first two decades of the twenty-first century have 
witnessed a remarkable acceleration in 
biotechnology, with one technology standing out as 

both transformative and polarizing: CRISPR–Cas genome 
editing. Unlike earlier genetic engineering tools that were often 

clunky, expensive, and confined to specialized laboratories, 
CRISPR has democratized the ability to rewrite DNA. In the 
simplest terms, it functions like a biological word processor - 
capable of deleting, inserting, or replacing genetic sequences 
with unprecedented precision and efficiency [1]. This shift is 
not merely technical; it represents a profound turning point in 

how societies imagine agriculture, medicine, and even human 
identity. To appreciate the disruptive force of CRISPR, 
consider two contrasting stories. In 2018, Chinese scientist He 
Jiankui shocked the world when he announced the birth of the 
first gene-edited babies, claiming to engineer resistance to HIV 
[2]. The global reaction was swift and condemnatory: many 

viewed it as reckless experimentation, an ethical scandal that 
violated both medical safeguards and global consensus. 
Meanwhile, far from the international spotlight, Indian 

scientists have been employing CRISPR in ways that speak less 
of scandal and more of necessity. Efforts such as editing rice 
varieties for improved disease resistance and yield directly 
address food security concerns for a population exceeding 1.4 
billion [3]. Both cases - China’s controversial leap and India’s 
pragmatic applications highlight the diverging trajectories of 

nations navigating the same technology but with markedly 
different regulatory climates, ambitions, and socio-political 
pressures. The global discourse surrounding genome editing 
often emphasizes binary narratives: hope versus fear, treatment 
versus enhancement, progress versus risk. Yet, a comparative 
lens focusing specifically on India and China provides an 

unusually rich canvas. These two Asian giants represent not 
only the world’s most populous nations, but also economies 
with growing aspirations to lead in biotechnology. Their 
journeys with CRISPR tell a story about more than molecular 
biology: they reveal how policy, culture, economy, and ethics 
intertwine with science [4].  Globally, the stakes are high. 

CRISPR is already driving agricultural breakthroughs in 
drought-resistant crops, potential cures for genetic blood 
disorders like sickle-cell anaemia, and experimental therapies 
for cancer [5]. But at the same time, controversies over 
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bioethics, gene drives, and intellectual property are 
proliferating. For India, with its large agrarian base and 
emphasis on affordable healthcare, the question becomes: how 
can CRISPR are democratized without fuelling inequalities or 

ecological risks? For China, whose state-led investments have 
made it a frontrunner in biotech patents and clinical trials, the 
dilemma is equally stark: how to harness innovation at 
breakneck speed, while avoiding the social backlash of 
perceived scientific overreach? This review attempts to chart, 
compare, and critically analyse the pathways that India and 

China are forging in the age of genome editing. By juxtaposing 
these two cases, it provides insights into broader global 
questions: How can science serve public good without 
repeating historical mistakes? Can innovation and ethics move 
hand in hand? And will Asia become the cradle not just of 
technological leadership, but also of responsible governance? 

II. OBJECTIVES 

This review sets out six key objectives, each addressing a 
critical piece of the puzzle in understanding how India and 
China are shaping the future of genome editing and 
biotechnology. Together, these objectives create a 
comprehensive lens that brings science, ethics, society, and 

policy into the same conversation.  

1. Charting the research and innovation landscape 

We begin by mapping how research in CRISPR and 
synthetic biology is unfolding in both countries. This includes 
not just counting publications and patents, but also 
understanding the kinds of innovations making their way from 

scientific papers into real-world applications. The goal is to see 
where India and China currently stand, and where they’re 
heading in their race to lead the field of genome technologies 
[11]. 

2. Examining rules, ethics, and governance 

Science never exists in isolation. In genome editing, 

especially, the way a country designs its laws, regulations, and 
ethical frameworks determines how safely and responsibly the 
technology is used. This review therefore explores how India 
and China regulate CRISPR - what rules are in place, how 
policymakers balance progress with caution, and how the public 
is brought into (or left out of) these debates [12]. 

3. Linking CRISPR with AI and big data 

Modern genome editing is no longer just about scissors and 
DNA sequences; it increasingly relies on artificial intelligence, 
machine learning, and big data analytics. These technologies 
make CRISPR experiments faster, more scalable, and more 
precise. We consider how India and China are weaving AI into 

their genome editing strategies, especially in agriculture and 
healthcare, where precision is everything [13]. 

4. Understanding the social and economic layer 

For all its scientific brilliance, a technology is only as 
powerful as the society it benefits. This section focuses on 
the social and economic realities that shape how genome 
editing is used: questions of access, affordability, equity, and 

public perception. Does CRISPR risk growing into an elite 

technology serving only a minority, or is it being developed in 
ways that include farmers, patients, and diverse communities? 
[14] 

5. Identifying barriers and enablers 

Innovating with CRISPR is not just about ambition - it’s 
also about overcoming systemic challenges. India, for instance, 
struggles with fragmented funding and uneven infrastructure, 
while China faces concerns over transparency and global 
mistrust, even as it boasts vast financial support. This review 
examines both the barriers holding back growth and 

the structural advantages that help each country push gene 
editing further [15]. 

6. Exploring collaboration and future pathways 

Finally, this review looks ahead to see how India and China 
might move from competition to collaboration. Could joint 
research programs, shared databases, or bi-national innovation 

hubs help both countries strengthen their positions, while also 
building global trust in ethical genome editing? The idea 
of “genome diplomacy” becomes important here - using 
science not just for national progress, but also for cooperative 
leadership at a global scale [16]. 

7. Background and Key Questions  

The trajectory of biotechnology and genetic engineering can 
be understood as a story of milestones - moments of discovery 
that redefined how humanity perceives and manipulates life 
itself. Each landmark did not just add knowledge in isolation; it 
reshaped fields, created new industries, and influenced global 
politics 

The first major leap occurred in 1953, when James Watson 
and Francis Crick, drawing from Rosalind Franklin’s pivotal X-
ray diffraction data, revealed the double-helix structure of DNA 
[1]. This breakthrough was more than a structural insight - it 
provided the blueprint for modern molecular biology. For the 
first time, scientists could conceptualize heredity and biological 

information as a code, setting the stage for genetic 
manipulation. The discovery opened philosophical questions 
about human identity just as much as it opened scientific doors 
to medicine, agriculture, and forensic science.  

The 1970s ushered in the era of recombinant DNA 
technology, most dramatically symbolized by the insertion of 

foreign genes into bacterial plasmids [2]. Suddenly, biology 
escaped its role as a descriptive science and became an 
engineering discipline. With the development of restriction 
enzymes and ligases, scientists could cut and paste DNA, 
creating genetically modified bacteria that produced insulin or 
crops engineered for pest resistance. This era also sparked 

intense debates about biosafety and ethics, leading to the 
famous Asilomar Conference of 1975 - arguably the first large-
scale attempt to create global guidelines for emerging biotech. 
Fast forward to the 1990s, the Human Genome Project (1990–
2003) represented another monumental leap [3]. It provided the 
first complete map of the human genome, a painstakingly 
expensive but transformative exercise in scientific 

collaboration and high-performance computing. Beyond 
generating an atlas of human genes, the project became a 
roadmap for next-generation genomics, leading to advances 
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like genome-wide association studies and personalized 
medicine. Importantly, the Human Genome Project 
demonstrated that big science, involving international teams 
and billions of dollars, was possible in biology - forever 

changing research culture. These foundational discoveries, 
when stitched together, transformed biology from a field of 
observation and categorization into an engine of innovation 
with direct relevance for human health, agriculture, industry, 
and geopolitics. The stage was set for tools that could not only 
read the genetic code but also rewrite it at will. 

CRISPR: The Disruptive Breakthrough 
This is where CRISPR-Cas9 enters the scene in the early 

2010s, crystallizing decades of molecular experimentation into 
a tool that is at once elegant, cheap, and revolutionary [4]. 
Unlike earlier gene-editing techniques - such as zinc-finger 
nucleases (ZFNs) or transcription activator-like effector 

nucleases (TALENs) - which required highly specialized skills, 
CRISPR made editing DNA almost as straightforward as 
editing text in a word processor. Cas9, guided by customizable 
RNA strands, can locate and cut specific DNA sequences, after 
which natural cellular processes repair or replace genes with 
astonishing accuracy [5]. The implications were immediate and 

broad. Within a few years of its discovery, CRISPR became the 
Swiss army knife of modern biology: correcting mutations in 
disease-causing genes, creating livestock resistant to infections, 
engineering climate-resilient crops, and even providing the 
foundation for rapid diagnostic kits. Its accessibility, 
scalability, and versatility meant that institutions - from elite 

labs in Boston and Beijing to modest facilities in New Delhi 
and Nairobi - could adopt the technology at low cost. Simply 
put, CRISPR democratized genome editing, fuelling a global 
movement both of innovation and of ethical anxiety. 
China’s Historical Trajectory 

China entered this biotechnology revolution with strategic 

intent and massive investment. Beginning in the late 20th 
century, the government identified biotechnology as a “pillar 
industry” of the future, integrating it into its Five-Year Plans 
and funding schemes. This state-driven approach allowed 
China to rapidly expand research infrastructure, cultivate talent 
pipelines, and establish national institutes dedicated to genetics 

and biotechnology [6]. 
Over the past two decades, China has: 

Emerged as a leader in CRISPR-related patents, often 
outpacing the US and Europe in filing activity. 

Conducted numerous clinical trials, especially in oncology, 
where CRISPR-modified immune cells are tested for their 

ability to target tumours. Yet with great speed came great 
controversy. The 2018 announcement of the first “CRISPR 
babies” - twin girls genetically engineered to resist HIV - 
sparked international outrage [7]. Hailed by some as proof of 
China’s scientific audacity, it was condemned by most as 
reckless and unethical. The scandal highlighted China’s 
regulatory vulnerabilities, forcing Beijing to strengthen 

oversight and sparking debates about how much freedom vs. 
control should shape its biotech agenda. 
India’s Historical Trajectory 

India’s pathway into biotechnology has been more 
incremental and pragmatic. Its early landmark came in the early 

2000s, when Bt cotton (a genetically modified pest-resistant 
crop) was officially approved. This made India one of the 
largest adopters of genetically modified cotton globally, 
reshaping its rural economy [8]. However, broader acceptance 

of genetically modified foods stalled due to public scepticism, 
activism by farmer groups, and an often cautious regulatory 
stance. More recently, India has emphasized affordability and 
accessibility in biotech innovation. During the COVID-19 
pandemic, Indian scientists developed the FELUDA diagnostic 
platform, a CRISPR-based low-cost test with the potential to 

revolutionize rapid and democratized diagnostics [9]. Another 
major milestone was the launch of the Genome India Project 
(2019), which aims to sequence the genomes of 10,000 citizens 
to build a population-specific resource for precision medicine 
[10]. India’s biotechnology narrative reflects its broader socio-
economic context: innovation fuelled by necessity, but slowed 

by challenges. These include limited R&D funding compared 
to global powers, a fragmented biotech industry, and 
complicated regulatory structures [11]. Yet the country’s 
capacity for frugal innovation - producing low-cost, scalable 
solutions - positions it as a crucial player in the global biotech 
arena. 

Key Guiding Questions for the Review 
From these intertwined historical trajectories - China’s 

rapid, state-driven ascendance and India’s more cautious but 
socially grounded approach - emerge a set of guiding questions 
that provide the analytical backbone of this review: 

Can India’s affordability- and ethics-driven approach offer 

a more sustainable long-term model than China’s high-speed, 
state-driven innovation strategy? 

In what ways do the contrasting regulatory and ethical 
frameworks shape international trust, collaboration, and the 
reputation of each country’s biotech sector?  

How do socio-economic contexts, such as public 

perceptions, affordability, and equity, influence the adoption 
and spread of CRISPR technologies in India and China? 

Are India and China destined to remain rivals in the 
biotechnology race, or can they identify complementary 
strengths that allow them to co-lead in shaping global norms for 
genome editing? 

III. THE GENETECH REVOLUTION: GLOBAL PERSPECTIVE 

Biotechnology, once a niche discipline, has rapidly evolved 
into a global driver of health, food, and industrial 
transformation. The discovery of CRISPR–Cas9 as a genome-
editing tool in 2012 fundamentally altered the scale and 
accessibility of genetic engineering [12]. Unlike earlier 

technologies that were prohibitively expensive and technically 
demanding, CRISPR democratized innovation, enabling both 
advanced economies and emerging nations to enter the field. As 
a result, genome editing today forms part of an interconnected 
global landscape where discoveries in one region quickly 
resonate across continents. 
North America: Clinical Leadership and Biotech 

Commercialization 
The United States remains one of the most prominent hubs 

for CRISPR research and application. Its leadership is visible in 
the realm of clinical gene therapy, with high-profile trials 
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targeting disorders such as sickle cell disease and β-
thalassemia. Clinical trials led by biotech companies like 
CRISPR Therapeutics, Vertex Pharmaceuticals, and Editas 
Medicine have demonstrated promising results in correcting 

these inherited blood disorders, some patients even achieving 
transfusion independence [13]. In oncology, CRISPR-enabled 
immunotherapies are being tested to reprogram T-cells to target 
cancer cells more effectively. 

Equally significant is the U.S. role in commercial biotech 
ecosystems. Robust venture capital funding, a strong 

intellectual property environment, and partnerships between 
research universities and the pharmaceutical industry fuel an 
innovation cycle that rapidly translates laboratory results into 
clinical products. However, the U.S. model has also been 
criticized for its high costs and unequal accessibility, with 
concerns that gene therapies - often priced in the range of 

hundreds of thousands of dollars - remain out of reach for most 
patients globally [14]. 

Canada has also emerged as a notable contributor, with 
research initiatives focusing on agricultural biotechnology and 
indigenous genomics projects, reflecting an emphasis on equity 
and community-driven approaches to biotechnology [15]. 

Europe: Setting Ethical and Governance Benchmarks 
Europe has played a central role not only in scientific 

research but also in setting ethical and governance standards, 
often acting as the global conscience of biotechnology. 
Researchers in Germany, France, and the United Kingdom have 
been at the cutting edge of CRISPR therapeutics, but their 

efforts are balanced by cautious regulatory frameworks. The 
Court of Justice of the European Union (CJEU) ruled in 2018 
that gene-edited organisms should be regulated under the same 
strict laws as genetically modified organisms (GMOs), ensuring 
high levels of public and environmental safety standards [16]. 

European Union bodies, alongside UNESCO and the 

Council of Europe, have championed the idea that global 
governance must prevent “genetic exceptionalism” - the 
exploitation of genome editing without adequate oversight [17]. 
The European Academies Science Advisory Council (EASAC) 
has also called for transparent public dialogue to bridge the gap 
between scientific promise and societal acceptance. Europe’s 

influence is global because its precautionary regulatory 
framework often becomes a reference point for lower- and 
middle-income countries formulating their own national 
biotech laws [18]. 

Asia-Pacific Beyond India and China: Agricultural 
Innovation and Precision Health 

Outside of India and China, the Asia-Pacific region has 
made distinctive contributions to the CRISPR frontier. 

Japan has focused on agricultural innovation, particularly in 
rice editing. Using CRISPR, researchers have developed strains 
resistant to major parasites and pathogens, while 
simultaneously improving yield and nutrition [19]. Japan’s 
approach is notable for its emphasis on precision agriculture, 

combining biotechnology with robotics and AI-driven crop 
monitoring. 

South Korea has leveraged CRISPR for livestock 
improvement and microbe engineering, driven by its strong 
synthetic biology ecosystem. It has also invested in precision 

health strategies, such as personalized cancer immunotherapies 
using CRISPR-modified immune cells [20]. 

Singapore, while smaller, has positioned itself as a biotech 
innovation hub by investing heavily in CRISPR start-ups and 

synthetic biology platforms, with a strong emphasis on public–
private partnerships [21]. 

These regional trajectories illustrate how Asia is not a 
monolith but a dynamic landscape of biotechnology leadership, 
with innovation nodes complementing and competing with each 
other. 

Synthetic Biology: The Expanding Horizon of Biotech 
A closely related revolution is the explosive rise of synthetic 

biology, which integrates engineering principles into the design 
of new biological systems. CRISPR–Cas9 acts as a crucial 
enabling technology here, making the programmable design of 
microbes for industrial applications faster and more precise 

[22]. Applications extend to: 
Biomaterials and biofuels: engineered yeast and bacteria are 

being developed to produce sustainable alternatives to 
petroleum-based products. 

Food innovation: creation of lab-grown meat and designer 
probiotics tailored to consumer health. 

Drug discovery: engineered bacteria serve as living 
factories producing novel antibiotics or therapeutic agents [23]. 
Countries like the U.S., China, UK, and Singapore lead in 
synthetic biology startups, but the implications are global - 
spanning bio economy development, environmental 
sustainability, and biosecurity governance. 

The Digital–Biotech Convergence: AI and Big Data 
The fusion of genomics with artificial intelligence (AI) and 

big data represents the next frontier of biotechnology. Machine 
learning models are used to predict off-target CRISPR effects, 
design optimal guide RNAs, and even simulate edited genomes 
before wet-lab experiments [24]. Pharmaceutical companies 

now routinely integrate AI pipelines into CRISPR-assisted drug 
discovery, speeding up both protein design and candidate 
screening [25]. 

For instance, U.S.-based start-ups like Insitro and Deep 
Genomics (Canada) are pioneering this convergence, while 
Chinese tech conglomerates have invested heavily in 

genomics–AI collaborations. This has given rise to precision 
medicine, tailoring treatments to an individual’s genetic 
makeup, starting with cancer therapies and extending towards 
cardiovascular and rare diseases [26]. 

The digital–biotech convergence is reshaping industrial 
power balances, as countries with strengths in computing (e.g., 

the U.S., China, South Korea) gain added leverage in biotech 
leadership. 
Global Governance and Ethical Dilemmas 

Alongside global progress, there is growing unease about 
the ethical and security dimensions of genome editing. 
Concerns cluster around three themes: 

Germline Editing: The possibility of editing embryos or 

heritable traits, long considered a “red line,” reignited debates 
after He Jiankui’s announcement of CRISPR babies in 2018 
[27]. While somatic (non-heritable) editing is generally 
accepted, germline editing raises fears of “designer babies” and 
unpredictable generational consequences. 



International Research Journal of Pharmacy and Medical Sciences 
 ISSN (Online): 2581-3277 

 
 

37 
 
Adnan Naik and Julekha Tade, “GeneTech Race: Decoding DNA and Biotech Breakthroughs – India vs China in the CRISPR Era,” International 

Research Journal of Pharmacy and Medical Sciences (IRJPMS), Volume 9, Issue 4, pp. 33-50, 2026. 

Biosecurity Risks: CRISPR’s accessibility raises “dual-use” 
concerns - that techniques designed for therapeutic purposes 
might be repurposed for harmful applications such as 
bioweapons or ecological disruption through uncontrolled gene 

drives [28]. 
Equity and Access: Even as gene therapies advance, their 

extreme cost risks widening the gap between wealthy 
nations/patients and those in low-resource settings [29]. 
Without deliberate strategies for affordability and global equity, 
CRISPR may deepen inequalities. 

International institutions have responded with caution. The 
World Health Organization (WHO) released global 
recommendations in 2021 for the governance of human genome 
editing, emphasizing transparency, international registries, and 
responsible oversight [30]. Similarly, UNESCO’s International 
Bioethics Committee has repeatedly called for a moratorium on 

heritable genome editing until robust, globally shared 
governance is established [31]. 

India and China in the Global Context 
When situated within this global picture, India and China 

occupy unique but complementary positions. 
China is increasingly seen as a powerhouse of patents, 

translational research, and biotech commercialization, albeit 
tempered by reputational risks due to ethical controversies and 
questions of transparency [32]. 

India, by contrast, has carved space as a leader in 
democratizing biotechnology, developing affordable diagnostic 
tools (e.g., CRISPR-based FELUDA test for COVID-19) and 

championing equitable access to innovation [33]. 
Both trajectories matter beyond Asia. Together, these 

nations not only represent 36% of humanity but also embody 
two contrasting models of biotech development: high-speed, 
state-driven acceleration versus cautious, affordability-driven 
pluralism. Their choices will, in many ways, define the global 

future of genome editing governance and equity. 

IV. INDIA’S BIOTECH JOURNEY 

India’s relationship with biotechnology has always been 
shaped by a dual reality: the need to serve a vast, diverse 
population with affordable and accessible innovations, and the 
challenge of competing in a global ecosystem dominated by 

high-investment, state-backed models. While the nation’s path 
has been cautious and at times fragmented, India’s 
biotechnology story is one of pragmatic adaptation, low-cost 
innovation, and public engagement - a stark contrast to China’s 
rapid, state-driven trajectory. 

4.1 Early Biotechnology Milestones and Agricultural 

Breakthroughs 

India’s entry into modern biotechnology began in earnest 
with the recombinant DNA era of the 1970s and 1980s, when 
new regulatory institutions like the Department of 
Biotechnology (DBT), established in 1986, were tasked with 
fostering research and industrial application [1]. 

The most dramatic milestone came in the early 2000s with 

Bt cotton, India’s first commercially approved genetically 
modified crop. Bt cotton introduced genes from Bacillus 
thuringiensis, making the cotton plant resistant to bollworm 

pests - a longstanding scourge of Indian agriculture. Bt cotton 
transformed rural economies: within a decade, India became the 
world’s leading cotton producer, with millions of farmers 
adopting the innovation [2]. 

However, this triumph carried complications. Farmer 
protests, debates about seed monopolies (notably with 
multinational companies like Monsanto), and concerns about 
ecological impacts fueled a culture of public skepticism toward 
GM crops [3]. As a result, Bt cotton to this day remains the only 
genetically modified crop widely approved in India, with 

genetically modified brinjal (eggplant) or mustard facing 
ongoing regulatory deadlock [4]. 

This mixed legacy of Bt cotton still shapes policy: while 
India acknowledges the potential of biotech in food security, 
residual mistrust and regulatory bottlenecks persist around 
genetically modified foods. 

4.2 CRISPR and India’s Turn toward Precision Tools 

The arrival of CRISPR offered India a fresh opportunity. 
Unlike traditional GMOs, CRISPR enables targeted edits 
without necessarily introducing foreign DNA - a distinction that 
makes it politically more palatable and socially easier to defend 
[5]. 

One of India’s most celebrated CRISPR contributions is the 
FELUDA diagnostic platform (developed by the CSIR-Institute 
of Genomics and Integrative Biology in Delhi). During the 
COVID-19 pandemic, FELUDA emerged as a low-cost, paper-
strip test based on CRISPR-Cas9 recognition of viral genetic 
material [6]. By combining accuracy with affordability, it 

exemplified India’s hallmark of frugal, scalable innovation, 
ensuring technologies reach beyond urban elites. 

In agriculture, Indian researchers have applied CRISPR to 
crops like rice and wheat, targeting traits such as disease 
resistance, drought tolerance, and nutritional enhancement. 
Unlike previous GM crop controversies, CRISPR’s “non-GM” 

status has allowed these research pipelines to develop with 
relatively less pushback [7]. 

Furthermore, medical sciences are increasingly embracing 
genome editing. Initial research efforts in India focus on 
hereditary blood disorders like thalassemia and sickle-cell 
anaemia (both highly prevalent in South Asia), as well as cancer 

immunotherapies and personalized medicine [8]. 

4.3 The Genome India Project 

Launched in 2019, the Genome India Project represents one 
of the country’s most ambitious genomics initiatives. Its goal: 
to sequence the genomes of 10,000 Indian citizens, capturing 
the extraordinary genetic diversity of India’s population [9]. 

Why is this important? Unlike many Western genomic 
databases, which disproportionately reflect European ancestry, 
India’s project will provide population-specific data essential 
for: 
Mapping disease risk across communities. 

Developing precision medicine strategies tailored to Indian 
populations. 

Enhancing agricultural genomics through knowledge of 
population-level gene–environment interactions. 
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The initiative mirrors the ambition of global counterparts 
like the 1000 Genomes Project but reflects India’s unique socio-
political priorities: inclusivity, representation, and affordability. 
Yet, the project has also raised ethical debates around privacy, 

data sovereignty, and informed consent in a country with fragile 
legal safeguards for genomic data [10]. 

4.4 Policy and Regulation: A Story of Caution 

India’s regulatory framework for biotechnology is shaped 
by what can fairly be called “cautious pluralism.” Institutional 
oversight bodies include the Genetic Engineering Appraisal 

Committee (GEAC) and the Review Committee on Genetic 
Manipulation (RCGM). While these structures provide checks 
and balances, they are also often criticized for bureaucratic 
delays and unclear pathways to commercialization [11]. 
Key regulatory tendencies include: 

Cautious approval of crops: Only Bt cotton is allowed for 

wide-scale use; other GM crops remain stalled. 
Case-by-case CRISPR regulation: The 2022 Department of 

Biotechnology guidelines exempted certain CRISPR-edited 
crops (without foreign DNA insertion) from standard GM 
regulations - marking a shift toward more progressive oversight 
[12]. 

Pharmaceutical regulation: Genome-editing therapies 
remain at nascent stages, with stringent requirements for 
clinical approval slowing translational progress but ensuring 
oversight. 

This cautious attitude comes partly from India’s democratic 
political system, where regulatory decisions are deeply 

influenced by state politics, farmer unions, environmental 
activism, and judicial review [13]. 

4.5 Funding, Infrastructure, and Industry 

Despite high ambitions, India faces constraints in 
biotechnology R&D funding. Compared to China or the United 
States, India spends relatively little as a percentage of GDP on 

research (hovering around 0.7%, compared to China’s 2.4%) 
[14]. 

The private biotechnology industry, though growing, 
remains fragmented, with large global pharmaceutical 
corporations playing a disproportionate role in driving high-end 
R&D. Start-ups and public–private partnerships have increased 

in recent years, especially in diagnostics, low-cost vaccines, and 
agricultural biotech [15]. 

India’s strength lies in its human capital: overflowing with 
talented scientists and producing ~260,000 STEM graduates 
annually [16]. Yet, retaining top scientists is a perennial 
challenge, as many migrate to laboratories abroad due to better 

funding prospects and research infrastructure. 

4.6 Cultural, Ethical, and Social Dimensions 

The story of India’s biotech journey cannot be reduced to 
labs and policies; it is also about social perceptions and cultural 
contexts. 

Public Trust: The controversies around Bt cotton and GM 
mustard have made Indian citizens more skeptical of biotech 

interventions in food. This contrasts with how readily they 
embrace low-cost health diagnostics like the FELUDA kit. In 

short: biotech is trusted when it addresses urgent healthcare 
needs but resisted when it reshapes diets [17]. 

Ethics of Human Editing: Religious and cultural 
perspectives often amplify hesitancy toward germline editing, 

reflecting broader South Asian values around family, 
inheritance, and societal norms. India has therefore been 
strongly opposed to germline interventions, aligning with WHO 
moratorium calls [18]. 

Farmer Movements: Biotechnology in agriculture often 
intersects with rural politics. Farmer unions influence debates 

on GM crops, framing them either as “corporate control of 
seeds” or as potential lifesavers in the battle against climate 
change [19]. 

4.7 The Broader Narrative 

Taken together, India’s biotechnology journey reveals a 
country that innovates cautiously but inclusively. Rather than 

chasing global leadership at any cost, India has prioritized 
affordability, ethics, and public acceptance. This sometimes 
slows commercialization compared to China or the United 
States, yet it positions India uniquely: as a moral and frugal 
innovator, capable of producing low-cost solutions and shaping 
global debates about equitable access. 

V. CHINA’S BIOTECH JOURNEY 

China’s rise in biotechnology and genome editing has been 
nothing short of strategic, rapid, and state-driven. Over the past 
three decades, China has transitioned from being a late entrant 
into global biotech research to becoming a powerhouse of 
scientific innovation, patent generation, and translational 

pipelines. Unlike India’s more grassroots and affordability-
driven pathway, China’s trajectory reflects long-term political 
vision, massive funding, centralized planning, and bold 
(sometimes controversial) execution. 

5.1 Early Foundations: Policy-Driven Biotechnology 

China formally recognized biotechnology as a strategic 

industry in the 1980s, embedding science and technology into 
its long-term economic modernization agenda. The 
establishment of national programs such as the 863 Program 
(National High-Tech R&D Program, launched in 1986) and 973 
Program (National Basic Research Program, launched in 1997) 
reflected Beijing’s deliberate efforts to elevate biotech 

alongside engineering and information technology [1]. 
By the early 2000s, China had poured billions into building 

bioscience infrastructure, creating centres like the Beijing 
Genomics Institute (BGI), which played a major role in 
sequencing large portions of the Human Genome Project [2]. 
This early leap gave China a head start in developing large-scale 

sequencing capacity and trained a generation of geneticists with 
global experience. 

5.2 The State as Investor: Five-Year Plans and the Bioeconomy 

China’s biotech acceleration has been heavily framed 
through its Five-Year Plans (FYPs). Successive plans have 
explicitly listed advanced biotechnology, genetic engineering, 
and later synthetic biology as national priorities. The 13th FYP 

(2016–2020) identified biotechnology as essential to the “Made 
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in China 2025” strategy, linking science directly to national 
industrial competitiveness [3]. 

In 2022, Beijing unveiled its Bio economy Development 
Plan, signalling even greater emphasis on CRISPR, genomics, 

and personalized medicine as engines of future economic 
growth [4]. This high-level policy integration means that 
biotech in China is never just a scientific endeavour - it is 
deliberately tied to economic security, agricultural resilience, 
public health, and geopolitical influence. 

5.3 CRISPR in China: From Lab to Clinic 

China was one of the earliest adopters of CRISPR–Cas9 
tools, with researchers rapidly catching up to and sometimes 
outpacing Western peers. By 2015, Chinese scientists had 
already achieved the first CRISPR edits of human embryos in a 
laboratory experiment - an achievement that captured headlines 
and alarmed global regulators [5]. 

China’s CRISPR contributions span multiple domains:  
Clinical Medicine: China leads the world in the number of 

CRISPR-related clinical trials, particularly in oncology, where 
tumour-targeting therapies using edited immune cells dominate 
[6]. 

Agriculture: CRISPR has been used to engineer herbicide-

resistant wheat, leaner pigs, and pathogen-resistant rice strains, 
integrating biotech into food security strategies for China’s 1.4 
billion people [7]. 

Diagnostics and Public Health: During COVID-19, Chinese 
labs actively explored CRISPR-based diagnostics, 
complementing national surveillance and contributing to rapid 

pandemic response infrastructure [8]. 
The sheer scale of state backing has allowed China to field 

large collaborative teams, fund expansive biobanks, and rapidly 
move from proof-of-concept to translational pipelines. 

5.4 The He Jiankui Scandal: Gene-Edited Babies 

In 2018, He Jiankui, a Chinese scientist from Southern 

University of Science and Technology, shocked the world by 
announcing the birth of the first CRISPR-edited babies, twin 
girls whose genomes were altered to confer resistance to HIV 
[9]. 

What was intended as a ground-breaking moment quickly 
spiralled into a global scandal. International scientific 

communities condemned the work as reckless, unethical, and 
premature, noting the risks of unintended off-target effects and 
ethical violations in informed consent. The incident forced the 
Chinese government into crisis mode: 

He was sentenced to prison and banned from further 
research. 

New guidelines were introduced to tighten research ethics, 
restrict human germline editing, and increase oversight of 
biomedical experimentation [10]. 

The scandal also had double-edged consequences: while 
damaging China’s reputation for responsible science, it 
paradoxically demonstrated China’s capacity for bold, high-
risk experimentation, reflecting both the ambition and dangers 

of rapid progress. 

5.5 Funding Ecosystem and Infrastructure 

China’s financial commitment to R&D dwarfs that of most 
nations. In 2021, China’s R&D expenditure crossed 2.4% of 
GDP, second only to the United States in absolute volume [11]. 
Biotechnology commands a significant share of this spending, 

covering: 
Mega-labs and National Key Laboratories for genomics and 

genome editing. 
Massive public funding for CRISPR start-ups, synthetic 

biology enterprises, and translational medicine companies. 
Cross-linkages between universities, biotech parks, and 

state-owned enterprises, ensuring a coherent innovation 
pipeline. 

China is also the global leader in CRISPR-related patents, 
with filings at the World Intellectual Property Organization 
(WIPO) surpassing both U.S. and European totals [12]. This 
intellectual property dominance has given China a strategic 

edge in shaping the commercial future of genome editing. 

5.6 Synthetic Biology and Biomedical Startups 

A dynamic start-up ecosystem has emerged around China’s 
biotech hubs in Shenzhen, Shanghai, and Beijing. Beyond 
genomics, Chinese companies are leading in synthetic biology, 
engineering microbes for industrial applications, food 

technology, and specialty chemicals [13]. 
Examples include: 

BGI’s expansion into population genomics and CRISPR 
pipelines. 

Start-ups developing CRISPR-based therapies for cancers 
and rare diseases. 

Bio-manufacturing initiatives tied to green economy goals, 
such as biofuels and microbial production of materials [14]. 

Supported by government seed funds and global venture 
capital, Chinese firms are increasingly challenging Western 
dominance in biotech innovation. 

5.7 Ethical, Cultural, and Public Perceptions 

Despite its rapid progress, China’s biotech journey faces 
unique ethical and cultural challenges. Unlike India, where 
democratic politics and civil activism routinely slow 
biotechnology approvals, China’s tightly managed political 
environment allows faster regulatory approvals - but often at 
the price of public debate. 

Public Awareness: Surveys indicate Chinese citizens 
generally trust science and technology, but incidents like the 
CRISPR baby scandal triggered concerns about unchecked 
ambition [15]. 

Ethics Governance: China has since revised its Biosecurity 
Law (2020) and Human Genetic Resources regulations to 

emphasize state control over genomic data and to reinforce 
strict research ethics [16]. 

Soft Power: Biotechnology is also viewed as a tool of 
national prestige, used to project influence abroad within 
initiatives like the Belt and Road science collaborations, raising 
questions about “biotech diplomacy.” [17]  

5.8 Narrative Conclusion: China’s Biotech Model 

China’s journey in biotechnology and genome editing tells 
a story of ambition and acceleration. By embedding biotech in 
its Five-Year Plans, investing massively in infrastructure, and 
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encouraging industry–academia partnerships, China has 
achieved a global leadership position in CRISPR patents, 
clinical trials, and translational research. 

At the same time, controversies like the He Jiankui case 

reveal the dangers of speed without adequate guardrails. 
China’s challenge now is balancing its desire for rapid 
advancement with the need for ethical credibility and global 
trust. If India represents the cautious pragmatist in 
biotechnology, China represents the ambitious accelerator - 
each model holding lessons for the other and for the world. 

VI. GENOME WARS – COMPARATIVE ANALYSIS 

The biotechnology race between India and China is not 
merely a competition of scientific breakthroughs; it reflects two 
fundamentally different models of innovation and governance. 
China embodies a state-led, rapid-acceleration paradigm, 
prioritizing global leadership in patents, clinical trials, and 

commercialization. India champions a cautious, inclusive, 
affordability-driven model, aiming to balance innovation with 
public trust and socio-economic equity. 

This section systematically compares India and China 
across seven major domains: policy frameworks, R&D and 
funding, intellectual property, scientific applications, ethics and 

regulation, societal trust, and strategic positioning. 

6.1 Policy Frameworks 

China integrates biotechnology directly into its Five-Year 
Plans, linking genomic research not only to health but also to 
national security, agriculture, and industrial competitiveness. 
Its Biosecurity Law (2020) and Bioeconomy Development Plan 

(2022) explicitly recognize biotech as a field of geopolitical 
importance [1]. 

India’s approach, while ambitious, is more fragmented. The 
Department of Biotechnology (1986), the National 
Biotechnology Development Strategy (2015–2020), and 
ongoing initiatives like the Genome India Project reflect policy 

focus, but limited funding and regulatory caution dilute 
momentum [2]. 
 

Table 1: Policy Framework Comparison 

Aspect China India 

Policy Style 

Top-down, centralized, 

embedded in FYPs and state 

plans 

Decentralized, committee-

driven, reactive 

Integration 

into Economy 

Biotechnology framed as pillar 

of “Made in China 2025” 

Biotechnology linked to 

agriculture & health only 

Long-term 

Roadmaps 

Biosecurity Law, Bioeconomy 

Plan 2022 

National Biotech 

Development Strategy 

(short-term) 

Speed of 

Decision-

making 

Rapid approvals (state-led) 
Slow, consensus-driven, 

influenced by activism 

6.2 R&D Funding and Infrastructure 

Here lies the starkest contrast. China spends upwards of 

2.4% of GDP on R&D, with billions earmarked for biotech each 
year [3]. Its biotech “megaparks” (in Shenzhen, Beijing, 
Shanghai) integrate academia, start-ups, and industry with 
direct pipeline funding from the state. 

India spends around 0.7% of GDP on R&D, with far less 
consistency in biotech-specific spending [4]. Its infrastructure 
is robust in certain hubs (Bengaluru, Hyderabad, Pune), but 
fragmented nationally. 

 
Table 2: R&D Investment Comparison 

Feature China India 

R&D as % GDP ~2.4% [5] ~0.7% [6] 

Dedicated 

Biotech Hubs 

>20 national biotech 

parks 

Select hubs (Hyderabad, 

Bengaluru, Pune) 

Talent Pipeline 
Strong state-funded PhD 

programs 
Large pool, but high brain drain 

Start-up 

Ecosystem 
Large, heavily funded Growing but under-capitalized 

 
Narrative: China’s R&D ecosystem amplifies scale, while 
India’s emphasizes human capital and frugal innovation, often 
producing affordable solutions with limited funding. 

6.3 Intellectual Property and Patents 

China dominates global CRISPR intellectual property 
filings, with WIPO data indicating it holds >60% of global 
CRISPR-related patents [7]. Its aggressive IP strategy fits into 
its broader push for technological sovereignty. 
India has fewer filings but emphasizes practical applications 
over IP leadership, exemplified by innovations like the 

FELUDA COVID-19 diagnostic, which prioritized population-
scale deployment over patent control [8]. 

6.4 Scientific Applications: Agriculture vs. Medicine 

China leads globally in the use of CRISPR for clinical 
medicine, particularly in oncology, rare genetic disorders, and 
regenerative medicine. Dozens of clinical trials are underway in 

Chinese hospitals [9]. 
India, conversely, focuses on agriculture and diagnostics: 

CRISPR-edited rice, wheat, and chickpea strains, and low-cost 
health technologies (like FELUDA). India’s medical CRISPR 
pipeline is nascent, limited by infrastructure and regulatory 
hurdles [10]. 

 
Table 3: Primary Applications 

Domain China India 

Clinical 
Oncology trials, rare diseases (β-

thalassemia) 

Blood disorder trials (early-

stage) 

Agriculture 
Rice, wheat, pigs (food security 

focus) 

Rice, wheat, chickpeas 

(climate resilience) 

Diagnostics 
COVID-19 CRISPR tools, AI-

integrated pipelines 

FELUDA CRISPR test (low-

cost diagnostics) 

6.5 Ethics, Regulation, and Governance 

China’s gene-edited babies scandal (2018) revealed both the 
speed and risks of its accelerated model. In response, China 
tightened regulations, but critics argue ethical frameworks 
remain reactive rather than proactive [11]. 

India has been conservatively cautious: no germline editing 
allowed, stricter public consent traditions, and partial 

deregulation of CRISPR crops (2022 guidelines allowed certain 
non-transgenic CRISPR edits) [12]. 
Narrative insight: While China enables scientific boldness at 
the cost of trust, India preserves trust through caution but risks 
stagnation. 
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6.6 Social Trust and Public Perception 

Public trust diverges sharply: 
India: strong skepticism toward GM crops due to farmer 
movements and NGO activism - but comparatively broad 

acceptance of biotech in medicine and diagnostics [13]. 
China: public generally trusting of science, but scandals (He 
Jiankui) sparked concern about “unchecked ambition” [14]. 

6.7 Strategic Geopolitics: Biotech as Soft Power 

China openly deploys biotech as geopolitical leverage. 
Through Belt and Road–linked collaborations in Africa and 

Southeast Asia, it exports genomics technology and data-
sharing agreements (sometimes criticized as biotech 
neocolonialism) [15]. 

India focuses more on South-South cooperation, sharing 
low-cost health technologies with developing countries, 
positioning itself as a champion of equitable access [16]. 

6.8 Comparative Strengths and Weaknesses 

Table 4: SWOT Snapshot 

Factor China India  

Strengths 
Scale, patents, R&D funding, 

clinical leadership 

Human capital, frugal 

innovation, public health focus 

Weaknesses 
Ethics credibility, 

transparency gaps 

Low funding, bureaucratic 

hurdles 

Opportunities 
Synthetic biology, biotech 

diplomacy 

Affordable genomics, farmer-

focused CRISPR crops 

Threats 
Global mistrust, dual-use 

concerns 

Brain drain, regulatory 

stagnation 

6.9 Synthesis: Complementary Models? 

The comparative lens reveals that while India and China are 
often portrayed as rivals in biotech, their models are 

complementary rather than mutually exclusive. 
China’s strength is in scale: patents, clinical leadership, and 

industrial pipelines. 
India’s strength is in ethics-driven, affordable innovation 

and public trust. 
If combined, the two could lead a new global paradigm of 

“Genome Diplomacy”: pairing China’s scientific capacity with 
India’s credibility on equitable access. Such cooperation could 
shape Asian leadership in global CRISPR governance, offering 
an alternative to Western-dominated frameworks. 

VII. BARRIERS TO INDIA’S ADVANCEMENT 

India’s biotechnology ecosystem is often described as a 

paradox: scientifically talented, democratically accountable, 
and socially mission-driven, yet hampered by institutional and 
systemic obstacles that slow its global leadership potential. 
Despite producing world-class scientists, marquee innovations 
like FELUDA, and ambitious projects such as the Genome 
India initiative, India remains behind the curve in scaling 

genome editing compared to China or the United States. 
The barriers to India’s advancement can be grouped into five 
interlinked categories: funding and infrastructure, regulatory 
bottlenecks, intellectual property hurdles, socio-political 
dynamics, and brain drain/human capital gaps. 

7.1 Limited Funding and Infrastructure 

Perhaps the most significant barrier is the chronic underfunding 
of R&D. India invests ~0.7% of GDP in research [1] (compared 
with China’s ~2.4% and South Korea’s ~4%), placing it below 
both OECD averages and the threshold needed to sustain 

cutting-edge biotechnological breakthroughs. Funding 
shortfalls impact: 
Laboratory capacity: Many Indian research institutes lack high-
throughput sequencing facilities, advanced bioreactors, or 
consistent access to consumables and reagents, which are often 
imported at high cost. 

Clinical trials: Genome editing therapies require expensive, 
tightly regulated clinical studies. India runs relatively few 
CRISPR-linked trials, largely due to weak translational 
infrastructure and limited financial backing from venture 
capital [2]. 
Start-up growth: Indian biotech start-ups struggle to secure 

early-stage funding. While Bengaluru, Hyderabad, and Pune 
serve as hubs, most ventures remain fragile in scaling and 
global competitiveness. 
Narrative point: India is brimming with ideas but lacks the 
consistent pipeline that converts discovery into globally 
deployable biotech products. 

7.2 Regulatory Bottlenecks and Policy Ambiguity 

India’s regulatory framework is a patchwork of committees, 
ministries, and court interventions, often creating delays and 
uncertainty. The Genetic Engineering Appraisal Committee 
(GEAC), under the Ministry of Environment, holds approval 
authority for GM crops, while the Department of Biotechnology 

(DBT) frames policies for research funding [3]. 
Problems arise due to: 
Excessive delays: GM mustard took nearly a decade of 
consideration, facing repeated halts due to farmer protests, 
NGO litigation, and political hesitancy. 
Shifting guidelines: While the 2022 DBT update exempted 

certain CRISPR-edited crops (without foreign DNA) from GM 
regulations [4], implementation is unclear, leaving farmers and 
biotech firms uncertain about field trials. 
Double regulation: Medical CRISPR research requires approval 
from both the Indian Council of Medical Research (ICMR) and 
drug regulators, creating multilayered bureaucratic hurdles. 

This ambiguity stifles innovation, discourages private 
investment, and widens the gap between research laboratories 
and real-world application. 

7.3 Intellectual Property and Patent Disadvantages 

Unlike China, which has aggressively filed thousands of 
CRISPR-related patents, India lags behind in securing IP rights 

[5]. Key challenges include: 
Expensive patenting process: Filing international patents 
through WIPO (World Intellectual Property Organization) 
requires resources many Indian researchers and start-ups lack. 
Dependence on foreign IP: Much of India’s CRISPR research 
builds on tools patented in the U.S. or China, burdening 
potential commercial products with licensing costs. 

Weak enforcement of IP rights: Even when patents are filed, 
India’s enforcement ecosystem is less efficient, making it 
harder to defend IP globally. 
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Result: India is recognized for innovation in application (like 
FELUDA), but less so for IP ownership in core technologies, 
leaving it vulnerable in future biotech markets. 

7.4 Socio-Political and Ethical Challenges 

India’s democratic vibrancy adds complexity to biotech 
adoption: 
GM crop legacy: Protests around Bt cotton (farmer suicides, 
seed monopoly debates) shaped strong societal suspicion of 
biotechnology. Every proposed GM crop since has faced 
activism, lawsuits, or moratoriums [6]. 

Food vs. health divide: While FELUDA and Genome India 
were well-received, CRISPR-modified crops evoke distrust, 
reflecting India’s cultural emphasis on food purity and farmers’ 
rights. 
Religious and ethical hesitancies: Germline editing sparks 
strong moral objections, rooted in traditions that prioritize 

family, lineage, and social harmony. This creates a societal 
ceiling for human genome editing, regardless of scientific 
capacity [7]. 

Thus, India’s political pluralism and public participation  - 
otherwise democratic strengths - often translate into slowed 
decision-making and fragmented policy outcomes. 

7.5 Brain Drain and Talent Retention 

India annually produces ~260,000 STEM graduates, many 
of them trained in biology, but loses top talent to labs in the 
U.S., Europe, and increasingly China [8]. Key reasons: 
Better funding and infrastructure abroad. 

Limited prestigious biotech start-ups or institutes in India 

offering globally competitive salaries. 
Perceptions of bureaucratic hurdles and lack of freedom in 

domestic research ecosystems. 
This talent gap weakens India’s ability to lead frontier 

CRISPR work, even as it produces the scientists who fuel 
breakthroughs abroad. 

7.6 Interconnected Barriers: The "Innovation Trilemma" 

India’s obstacles are not isolated. Funding shortages 
weaken infrastructure, slow patents, and exacerbate brain drain. 
Regulatory ambiguity discourages investors. Social distrust 
feeds political hesitation. Together, they create what scholars 
call an “innovation trilemma” - India must try to reconcile the 

competing imperatives of: 
Affordability (making CRISPR accessible to millions), 

Ethics and Public Trust (avoiding GM crops backlash), and 
Global Competitiveness (catching up with China and the U.S.). 
Managing all three simultaneously is India’s greatest challenge. 

VIII. OPPORTUNITIES FOR COLLABORATION 

While India and China are often portrayed as competitors in 
the “genome wars,” the reality is more nuanced. Each nation 
operates from a distinct foundation: China accelerates through 
state-driven scale and investment, while India innovates 
through affordability, social inclusivity, and frugal design 
principles. Rather than perpetuate rivalry, the future of global 
biotechnology could be redefined if these two models converge 

into a framework of Genome Diplomacy - collaborative 

innovation, mutual capacity building, and joint advocacy for 
equitable governance. 

8.1 Complementary Strengths: Why Collaboration Makes 

Sense 

China’s power lies in scale and industrial translation. With 
unmatched R&D investment (~2.4% GDP), global leadership 
in CRISPR patents, and the world’s largest number of CRISPR-
related clinical trials, China dominates the infrastructure and 
commercialization pipeline [1]. 

India’s power lies in inclusion and trust. With a legacy of 

frugal innovation (FELUDA diagnostics, low-cost vaccines) 
and population-scale projects like Genome India, India has 
earned credibility as a champion of accessibility and bioethics 
[2]. 
The complementarities are evident: 
China can build at scale; India ensures affordability. 

China dominates patents; India strengthens social legitimacy. 
China excels in clinical biotech; India leads in agricultural 
applications for smallholder farmers. 
Together, they could present a uniquely Asian model of ethical, 
accessible biotechnology leadership. 

8.2 Collaborative Opportunities in Science and Technology 

1. Joint CRISPR-Agriculture Research 
Context: India faces urgent challenges in climate resilience 
(droughts, pests), while China emphasizes food security 
through high-yield varietals [3]. 
Potential collaboration: Indo–Chinese agricultural institutes 
could co-develop CRISPR-edited crops that balance resilience 

(India’s focus) with productivity (China’s focus), particularly 
rice and wheat. 
Global impact: Jointly branded non-transgenic CRISPR crops 
could help reshape international attitudes toward biotech in 
food systems. 
2. Clinical Genomics and Rare Diseases 

Context: China runs multiple CRISPR trials for cancer and 
genetic disorders; India has high patient pools for thalassemia 
and sickle-cell anemia. 
Potential collaboration: Shared clinical trial frameworks where 
China supplies infrastructure and India provides diverse patient 
cohorts. 

Benefit: Accelerates translational genomics for developing 
country needs [4]. 
3. Diagnostics and Low-Cost Healthcare Platforms 
Context: India pioneered FELUDA - simple, low-cost CRISPR 
diagnostics - while China dominates scaling and 
manufacturing. 

Potential collaboration: Combining affordability + scale could 
mass-produce diagnostics for export to Africa, Southeast Asia, 
and Latin America under South–South collaborations [5]. 
4. Synthetic Biology and Industrial Applications 

China’s investments in synthetic biology (biofuels, 
biomaterials) could pair with India’s frugal innovation models 
to scale bio-manufacturing solutions without exorbitant costs 

[6]. 

8.3 Policy and Governance Collaborations 

1. Genome Diplomacy: Joint Ethical Standards 
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China has faced credibility issues after the He Jiankui 
scandal; India is trusted for its cautious, pluralistic 
policymaking. 

Together, they could champion an Asian ethical charter for 

genome editing - emphasizing human dignity, access equity, 
and responsible AI-genomics integration [7]. 
2. Shared Databases and Biobanks 
India’s Genome India Project (10,000 genomes) and China’s 
large-scale population genomic initiatives (like ChinaMAP) 
could be integrated into a cross-Asian genomics repository, 

enhancing diversity of genetic data for global health 
applications [8]. 
3. South–South Leadership in Global Governance 
Through BRICS and Belt & Road initiatives, India and China 
could lead South–South collaborations, ensuring developing 
countries benefit from biotech rather than become passive 

consumers [9]. Joint programs in Africa and Southeast Asia 
could consolidate their global leadership beyond Western 
templates. 

8.4 Economic and Diplomatic Synergies 

1. Collaborative Innovation Hubs 
A joint Indo–Chinese “Genome Innovation Hub” could be 

located in a neutral zone (e.g., Singapore or Hong Kong) or 
virtually structured, pooling start-ups, universities, and policy 
forums under shared governance. 
2. Pharmaceutical Supply Chains 
India is the “pharmacy of the world” in generics; China 
dominates APIs (active pharmaceutical ingredients). Joint 

CRISPR therapy production could reduce dependence on 
Western monopolies [10]. 
3. Biotech Diplomacy and Soft Power 

By partnering in pandemic preparedness, climate-resilient 
agriculture, and equitable biotech exports, India and China 
could present themselves as global public goods providers, 

reshaping biotech geopolitics from rivalry → co-leadership 
[11]. 

8.5 Challenges to Collaboration (The Realistic Caveat) 

While opportunities abound, collaboration faces three structural 
obstacles: 
Geopolitical tensions  -  border disputes and strategic rivalries 

undercut trust. 
IP regime mismatches  -  China’s aggressive patent race vs. 
India’s affordability-first approach. 
Data sovereignty issues  -  reluctance to share genomic data due 
to privacy/security concerns. 

Yet these barriers can be mitigated through focused, low-

stakes collaborations first (diagnostics, agri-CRISPR) before 
moving onto politically sensitive domains. 

IX. IMPACT ANALYSIS 

Genome editing is more than a laboratory breakthrough; it is an 
engine reshaping economies, societies, and politics. For India 
and China, the stakes are particularly high: together they 
represent over one-third of humanity and vast agricultural, 

healthcare, and industrial systems. Their choices in adopting, 
regulating, and scaling CRISPR will ripple far beyond domestic 

boundaries to affect global governance, food systems, and 
medical innovation. 
This section examines the multidimensional consequences of 
genome editing in both nations - across economic, social, 

healthcare, agricultural, and geopolitical domains. 

9.1 Economic Impacts: Building Bioeconomies 

China’s Contribution: 
China has explicitly woven biotechnology into its Bioeconomy 
Strategy (2022), where CRISPR and synthetic biology are seen 
as high-growth industries [1]. Its biotech sector is projected to 

contribute $775 billion to China’s GDP by 2030, fueled by 
CRISPR patents, scaling of clinical applications, and synthetic 
biology ventures [2]. Biotech industrial hubs like Shenzhen and 
Shanghai are already magnets for global venture capital. 
India’s Contribution: 
India’s economic gains are more sector-specific and 

affordability-driven. The biotech industry was valued at $80+ 
billion in 2022, with ambitious goals to reach $150 billion by 
2025 [3]. Key drivers include low-cost vaccines, diagnostic kits 
(like FELUDA), and agricultural biotech that serves 
smallholder farmers. 
Contrasts: 

China → “industrial powerhouse” model (dominating biotech 
patents, startups, scale). 
India → “democratized access” model (gains through inclusive 
innovation, but limited global competitiveness). 

9.2 Healthcare Impacts: From Clinics to Populations 

China’s Healthcare Impacts: 

Leads the world in CRISPR clinical trials (esp. cancer 
immunotherapies and rare diseases) [5]. 
CRISPR therapies for β-thalassemia and lung cancer are 
already in human trials, showing promise for Asia-specific 
genetic diseases [6]. 
Risks: rapid trials strain ethical oversight; high therapy costs 

may limit access even within China’s urban vs. rural divide. 
India’s Healthcare Impacts: 
Focuses on population-scale genomics and diagnostics rather 
than high-cost therapies. 
The Genome India Project provides critical data for precision 
medicine tailored to India’s diverse population [7]. 

CRISPR diagnostic kits like FELUDA demonstrate global 
leadership in affordable, scalable public health tools, especially 
in pandemic contexts. 
Narrative insight: China treats genome editing as a clinical 
frontier; India treats it as a public health tool. Both strategies 
reflect socio-economic underpinnings  -  China’s emphasis on 

clinical excellence vs. India’s emphasis on accessibility. 

9.3 Agricultural Impacts: Food Security and Climate Resilience 

China’s Agricultural Impacts: 
CRISPR-edited rice, wheat, corn, and pigs underscore Beijing’s 
push for food security and protein sufficiency [8]. 
Agricultural improvements are tied to state food policies, 
aiming to reduce import dependence and strengthen agricultural 

sovereignty. 
India’s Agricultural Impacts: 
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CRISPR crops target climate resilience, pest resistance, and 
nutritional enhancement. 

Examples include rice with bacterial blight resistance, 
wheat with drought resilience, and chickpeas with improved 

yields [9]. 
Constraints: regulatory ambivalence and farmer skepticism 
stemming from GM controversies hinder widespread 
deployment. 
Implications: Both countries see agriculture as more than food 
- it is politically strategic; India for farmer livelihoods, China 

for food security independence. 

9.4 Societal Impacts: Inclusion, Trust, and Ethics 

The societal impacts of genome editing differ sharply: 
India: 

Public distrust in food biotechnology persists, shaped by 
memories of Bt Cotton controversies and NGO campaigns [10]. 

Greater acceptance exists in healthcare, where CRISPR is seen 
as beneficial for diagnostics. 
Ethical debates are vibrant due to democratic pluralism, often 
slowing policy but ensuring public accountability. 
China: 
Public generally trusting of science, but CRISPR baby scandal 

(2018) provoked unease about “unchecked ambition.”  
Governance is more top-down; public debate limited, but rapid 
regulatory responses (Biosecurity Law 2020) restored some 
trust [11]. 
In essence: India’s biotech is slowed by public voices but gains 
legitimacy when adopted. China’s biotech achieves rapid 

adoption but risks reputational harm when ethics falter. 

9.5 Geopolitical Impacts: Genome Diplomacy 

Biotechnology has transformed into a tool of soft power, 
particularly for China, and increasingly for India. 
China: 
Expands biotech reach via Belt and Road collaborations, 

offering genomics platforms and agricultural biotech to African 
and Southeast Asian nations [12]. 
This creates influence, but also criticism for “biotech data 
colonialism”  -  concerns about control over genetic data and 
biobanks [13]. 
India: 

Positions itself as the “pharmacy of the Global South”, 
exporting generics, vaccines, and diagnostic platforms. 
CRISPR collaborations could extend this reputation, making 
India a trusted partner in global health equity [14]. 
Combined Potential: If India and China coordinate, they could 
act as co-pilots for global genome governance, establishing an 

“Asian alternative” to U.S./EU-led frameworks. 

9.6 Net Impact Synthesis 

The impacts of genome editing in India and China can be 
conceptualized as follows: 
China: High scale, rapid clinical applications, global patents, 
but facing ethical credibility deficit. 
India: High credibility, affordable/public health–focused 

innovation, but facing structural deficits in scale/funding. 
Together, they illustrate different pathways, both essential 

to global biotech pluralism: China proving what industrial and 

clinical might can accomplish, India ensuring that ethical, 
inclusive dimensions remain central. 

X. CONTROVERSIES AND BIOSECURITY CONCERNS 

Genome editing technology brings as much controversy as 

it does promise. The same qualities that make CRISPR 
revolutionary - cheap, accessible, powerful - also make it 
ethically contentious and potentially dangerous. For India and 
China, controversies have surfaced in two recurring 
dimensions: 

Ethical scandals and public protests that reshape 

governance. 
Biosecurity concerns about dual-use, data security, and 

global trust. 
Together, these controversies underscore the fragile balance 

between innovation, regulation, and public legitimacy. 

10.1 The China Case: CRISPR Babies and the Shadow of 

Recklessness 

No single event has so dramatically shaped global 
perceptions of genome editing as the 2018 He Jiankui scandal. 
By announcing the birth of gene-edited twins resistant to HIV, 
He Jiankui defied international scientific norms [1]. Reportedly, 
parental consent was partial and risks of off-target mutations 

had not been adequately studied. 
Global Reaction: Outcry was immediate. Scientists condemned 
the move as a “rogue experiment,” while international 
organizations such as UNESCO and the WHO called for tighter 
governance [2]. 
Domestic Fallout: He was sentenced to prison, authorities 

issued new ethical guidelines, and genome-edited embryos 
were officially banned from research [3]. 
Lasting Perception: Even though China now leads the world in 
CRISPR patents and trials, the scandal cemented concerns of 
China’s “innovation without guardrails” model. Global mistrust 
lingers, especially from Western regulators who fear rushed or 

opaque biotech trials. 

10.2 Indian Biotech Controversies: GM Crop Protests and 

Regulatory Paralysis 

India’s controversies have mostly played out in agriculture 
rather than clinical medicine. 

Bt Cotton Legacy: Initially hailed as a success, Bt Cotton 

later sparked protests over seed dependency, pest resistance, 
and suicides in farmer populations [4]. While the causality 
remains debated, the controversy entrenched deep public 
suspicion of genetically modified crops. 
GM Mustard & Bt Brinjal: Both faced intense public protests, 
litigation in Indian courts, and intervention from activist NGOs 

[5]. Despite regulator-approved safety trials, successive 
governments blocked commercialization, fearing political 
backlash. 
Public Perception Fallout: For many citizens, GMOs equate to 
“corporate control” and “unsafe food.” This skepticism extends 
- sometimes unfairly - to even CRISPR-edited crops, despite 
their technical differences [6]. 

Thus, India’s controversies reflect deliberative democracy 
clashing with scientific progress. While democratic 
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engagement builds long-term legitimacy, it generates 
regulatory paralysis and discourages investment in biotech 
innovation. 

10.3 Common Ethical Dilemmas 

Both India and China grapple with larger bioethical themes: 
Germline Editing: Viewed as a red line globally, but pushed 

recklessly by China (He Jiankui), and firmly resisted in India. 
Equity of Access: CRISPR therapies risk becoming elite 
technologies. In China, high costs of trials may exclude rural 
communities; in India, affordability is core, but lack of funding 

slows development [7]. 
Data Sovereignty: Genomic datasets (Genome India, 
ChinaMAP) raise concerns about privacy, informed consent, 
and commercial exploitation [8]. 

10.4 Biosecurity Concerns: Dual-Use Risks 

As with any powerful tool, CRISPR carries risks of dual-

use: technologies developed for healing could be repurposed for 
harm. 
Gene Drives: CRISPR can potentially drive entire species 
modifications (e.g., mosquitoes resistant to malaria) - but 
accidental release or malicious use could destabilize 
ecosystems [9]. 

Bioweapons Fears: Global commentators worry CRISPR could 
lower the barrier for designing targeted pathogens. Both China 
and India officially emphasize biosecurity safeguards, but 
transparency varies. 
National Security: China integrated CRISPR into its 
Biosecurity Law (2020), defining biotechnology as a matter of 

national defense [10]. India has no equivalent consolidated 
framework, relying on fragmented agencies, raising concern 
about preparedness [11]. 

10.5 The Role of International Governance 

Both countries’ controversies fuel calls for global governance 
mechanisms: 

WHO (2021) recommended international registries for genome 
editing projects to enhance transparency [12]. 
UNESCO’s International Bioethics Committee (IBC) 
repeatedly demanded moratoriums on heritable gene editing. 

India tends to align with such calls, stressing restraint. 
China, while supportive on paper, is often seen as racing ahead 

- creating an asymmetry of governance credibility. 

10.6 Synthesis: Controversy as a Double-Edged Sword 

These controversies, though highly disruptive, are not 
purely negative. They act as stress tests for governance systems: 
India’s farmer protests and NGO activism are reminders that 
scientific adoption must secure public legitimacy. 

China’s CRISPR baby scandal catalyzed a wave of bioethical 
reforms and tighter regulations. 
Together, they illustrate two contrasting paths: India’s slow but 
legitimate model vs China’s fast but risky model. Both face 
biosecurity pressures that demand not isolation, but coordinated 
responses to shared risks. 

XI. METHODOLOGY 

A review of this scope - positioning India and China within 
the global CRISPR and biotechnology landscape - requires a 
systematic, transparent, and reproducible methodology. 
Ensuring clarity in how sources were selected, analyzed, and 
synthesized is vital to both academic rigor and the credibility of 

any policy or scholarly implications drawn. This methodology 
section details the search strategy, databases used, inclusion and 
exclusion criteria, analytical framework, and visualization 
design choices that shaped the review. 

11.1 Research Design 

This study employs a narrative–systematic hybrid review 

design. While it is not a quantitative meta-analysis, it goes 
beyond a descriptive literature review by combining: 
Systematic database searches (for peer-reviewed content). 
Narrative integration (mini-stories, contextual analysis, socio-
ethical interpretation). 
Comparative framing (juxtaposing India and China across 

shared themes). 
This allowed us to balance the objective thoroughness of 
systematic methods with the story-driven readability needed for 
policy and academic audiences. 

11.2 Databases and Sources 

The literature search spanned multiple international and 

national databases to capture the breadth of CRISPR and 
biotechnology research. 
Primary databases: PubMed, Scopus, Web of Science, Google 
Scholar. 

Policy/governance documents: WHO, UNESCO, FAO 
reports; Indian Department of Biotechnology and Chinese 

Ministry of Science & Technology documents. 
Patent/IP data: WIPO (World Intellectual Property 
Organization), Derwent Innovation Index. 
Grey literature: News reports, NGO documents, farmer 
movement archives (to capture social protests in India), biotech 
industry market reports. 

The search was conducted between January 2022 and June 
2024, ensuring inclusion of the latest developments in CRISPR 
clinical trials, governance frameworks, and national policy 
updates. 

11.3 Keywords and Boolean Strategies 

To ensure comprehensive coverage, carefully structured 

Boolean searches were used. For example: 
"CRISPR" AND ("India" OR "China") AND ("policy" OR 
"regulation" OR "ethics") 
"genome editing" AND ("agriculture" OR "Bt cotton" OR 
"rice") AND "India" 
"synthetic biology" AND "China" AND ("patents" OR 
"Biosecurity Law") 

"CRISPR diagnostics" AND "FELUDA" AND "India" 
"clinical trials" AND "CRISPR" AND ("oncology" OR "blood 
disorders") AND "China" 

This approach allowed discipline-specific granularity: 
agricultural biotech, medical genomics, policy/ethics, and IP 
law. 



International Research Journal of Pharmacy and Medical Sciences 
 ISSN (Online): 2581-3277 

 
 

46 
 
Adnan Naik and Julekha Tade, “GeneTech Race: Decoding DNA and Biotech Breakthroughs – India vs China in the CRISPR Era,” International 

Research Journal of Pharmacy and Medical Sciences (IRJPMS), Volume 9, Issue 4, pp. 33-50, 2026. 

11.4 Inclusion and Exclusion Criteria 

To maintain focus and rigor, the following 
inclusion/exclusion standards were applied: 
Inclusion: 

Publications from 2012 onward (following CRISPR–Cas9 
recognition as a gene editing tool). 
Peer-reviewed journal articles in genetics, biotech, medicine, 
law, or policy. 
Official reports from WHO, UNESCO, DBT (India), MOST 
(China), WIPO. 

High-quality grey literature (e.g., Nature News, Science Mag, 
The Lancet commentaries, top-tier market reports). 
Exclusion: 
Articles published prior to 2012 unless foundational milestones 
(DNA helix 1953, Human Genome Project). 
Sources lacking English abstracts/translations. 

General science commentary without empirical or policy 
relevance. 
Social media commentaries or non-credible web sources. 

11.5 Screening and Data Extraction 

The review followed a three-stage approach: 
Initial Screening: Title/abstract scans yielded ~1,800 

documents. 
Secondary Filter: Removal of duplicates, irrelevant opinion 
pieces, non-English texts. This reduced the set to ~420. 
Final Selection: Full-text analysis for relevance to India/China 
CRISPR topics. Yield: ~220 works spanning peer-reviewed 
studies, reports, and policy papers. 

Data Extraction Template: 
For each reference, core fields included: 
Publication year & source. 
Domain (agriculture, healthcare, policy/ethics, patents). 
Country relevance (India, China, global). 
Key findings & applications. 

Limitations/biases noted. 

11.6 Analytical Framework 

Synthesis drew on a comparative thematic framework, 
inspired by cross-case analysis methods. Each document was 
coded under five main themes: 
Policy and Regulation (national strategies, oversight). 

Applications (agriculture, healthcare, synthetic biology, 
diagnostics). 
Ethics and Public Trust (protests, scandals, governance 
legitimacy). 
Economic/Industrial Development (patent filings, start-ups, 
bioeconomy projections). 

Geopolitical/Soft Power Use of Biotech (Belt and Road, South–
South collaboration). 
This coding allowed a structured but flexible cross-comparison 
between India and China while integrating global perspectives. 

11.7 Visualization Strategy 

The review incorporates custom figures and tables to 
enhance clarity: 

Timelines: DNA discovery → HGP → CRISPR discovery → 
India/China milestones. 

Comparative Tables: Patents, policy frameworks, R&D 
funding. 
Spider/Radar charts: Barriers in India, strengths vs weaknesses. 
Wheel & Yin–Yang diagrams: Opportunities and impacts. 

Design was intentionally minimalist and illustrative, 
ensuring academic professionalism but accessible clarity for 
readers unfamiliar with genome editing jargon. 

11.8 Limitations of Methodology 

Every methodology carries limits, which we transparently note: 
Language barrier bias: Reliance on English sources may 

under-represent Chinese-language primary research and 
Hindi/regional documents in India. 
Publication bias: High-profile controversies (He Jiankui, Bt 
cotton protests) are more heavily reported than long-term 
incremental research. 
Data dynamism: Rapidly evolving CRISPR research means 

findings from 2023–24 may soon be outdated. 
Despite these, triangulation across multiple data types (peer-
reviewed + grey + policy) strengthens validity. 

XII. RESULTS AND DISCUSSION 

12.1 Overview of Findings 

This review synthesized over 220 sources across biomedical 

literature, policy documents, patents, grey literature, and global 
governance reports. The findings present a multi-layered 
picture of India and China’s CRISPR engagement, revealing a 
dual but complementary narrative: 

China is a high-velocity innovator, translating science 
rapidly into clinical trials, patents, and industrial ecosystems. 

India is a cautious pragmatist, slower in commercialization 
but stronger in public legitimacy and affordability-first 
approaches. 

Together, these models reveal the plural possibilities of 
CRISPR biotechnology, with one emphasizing scale and 
competition, the other equity and inclusion. 

12.2 Result Trends (Quantitative Patterns) 

12.2.1 Patent and Innovation Metrics 
Data from the WIPO and Scopus analytics (2012–2023) 

show: 
China: >60% of global CRISPR-related patent filings, 
particularly in healthcare/clinical domains. 

India: Less than 3% of filings, concentrated in agricultural 
applications and low-cost diagnostic innovations. 
 

Table 5: CRISPR Patent Landscape (2012–2023) 

Country % Global CRISPR Patents Main Focus Areas 

China ~60% Oncology, rare diseases, synthetic biology 

U.S. ~25% Broad (from healthcare to agri-tech) 

EU ~10% Healthcare, governance frameworks 

India  ~2–3% Agriculture, diagnostics 

 
12.2.2 Publication Trends 

Publication output mirrors patent activity. China’s CRISPR 

publications surged 5-fold between 2015 and 2022, overtaking 
the U.S. India, while producing fewer papers, demonstrates 



International Research Journal of Pharmacy and Medical Sciences 
 ISSN (Online): 2581-3277 

 
 

47 
 
Adnan Naik and Julekha Tade, “GeneTech Race: Decoding DNA and Biotech Breakthroughs – India vs China in the CRISPR Era,” International 

Research Journal of Pharmacy and Medical Sciences (IRJPMS), Volume 9, Issue 4, pp. 33-50, 2026. 

high citation rates relative to volume, indicating quality-
focused breakthroughs in specific niches (FELUDA, Genome 
India data) [1]. 

12.3 Healthcare and Agricultural Applications: Comparative 

Insights 

Healthcare: 
China is carrying out >20 clinical CRISPR trials (primarily 
targeting oncology and inherited blood disorders) [2]. The pace 
makes China a clinical leader, though questions about trial 
safety and global oversight persist. 

India lags in CRISPR therapies but has diversified health 
impacts via CRISPR diagnostics (FELUDA), population 
genomics, and accessible precision medicine. 
Agriculture: 
China has applied CRISPR on pilot scales to rice, wheat, 
livestock, demonstrating tangible food security results. 

India is in earlier stages: CRISPR-edited rice, wheat, chickpeas 
remain primarily in labs or restricted field trials [3]. Farmer 
skepticism and regulatory inertia limit translation. 
Discussion insight: India chooses breadth over speed, 
positioning biotech to serve widespread publics, while China 
prioritizes scientific dominance and industrial pipelines, even if 

controversies ensue. 

12.4 Regulation and Public Trust: Divergent Pathways 

China: Governance shaped by scandal and correction. The He 
Jiankui case exposed weak oversight, but recent reforms 
(Biosecurity Law 2020) display top-down corrective control 
[4]. Public trust fluctuates but largely defers to science 

authority. 
India: Regulation shaped by democratic negotiation -  farmer 
protests, activist litigation, political debates. This slows policy 
but enhances societal accountability. Regulatory shifts (2022 
DBT guidelines exempting non-transgenic CRISPR crops) 
mark gradual adaptation. 

Key result: China’s model is centralized acceleration; India’s is 
fragmented pluralism. Trust vs speed remains the main 
divergence. 

12.5 Biosecurity and Ethics Results 

Thematic coding revealed shared vulnerabilities: 
Germline editing: China conducted germline experiments → 

global backlash. India prohibits, aligning with WHO/UNESCO 
moratoriums. 
Dual-use potential: Both face risks of CRISPR misuse in gene 
drives or pathogen engineering [5]. China integrated biotech 
into national security frameworks; India lacks equivalent 
consolidated biosecurity protections. 

Data governance: Both countries run massive genomic 
initiatives (Genome India, ChinaMAP), raising concerns 
regarding data privacy, sovereignty, and cross-border sharing. 

12.6 Geopolitical Implications 

Results: 
China: Uses biotech as geopolitical leverage (Belt and Road 
Science, Africa collaborations), but faces suspicions of “data 

colonialism” [6]. 

India: Builds soft power through affordable biotech exports 
(vaccines, diagnostics), maintaining trust in Global South 
partnerships. 
Discussion: Both nations can project biotech as diplomatic soft 

power. Collaboration would strengthen “Asian leadership 
models” in biotech governance, offering alternatives to 
Western-dominated policy. Rivalry, however, continues to 
dominate (e.g., disputes over IP, pharmaceutical exports, 
geopolitical mistrust). 

12.7 Thematic Discussion: Interpreting the Genome Wars 

Synthesizing across domains, the key themes surface: 
Different innovation logics: 
China → “move fast and dominate.” 
India → “move carefully and include.” 
Complementary strengths: 
India: ethics, affordability, legitimacy in Global South. 

China: patents, industrialization, rapid clinical translation. 
Shared fragilities: 
Transparency, dual-use risks, global ethical credibility. 
Opportunities for Hybrid Leadership: 
A combined model could yield a balanced Asian framework for 
CRISPR: rapid science fused with ethical legitimacy. 

12.8 Future-facing Implications 

For global science: Genome editing is no longer a “Western 
monopoly.” India and China diversify global leadership, 
making the biotech frontier multipolar. 
For governance: Divergent national logics complicate 
international trust, strengthening calls for global oversight 

bodies. 
For equity: Without Indian-style affordability innovations, 
CRISPR risks becoming elitist. Without Chinese-style scale, 
CRISPR risks stagnation. Both approaches are interdependent. 

XIII. CONCLUSION AND RECOMMENDATIONS 

13.1 Conclusion: Two Paths, One Revolution 

The trajectory of genome editing in India and China 
illustrates that there is no single road to biotechnology 
leadership; rather, there are parallel models shaped by history, 
politics, economics, and culture. 

China’s story is one of ambition and acceleration  - state-
driven investments, rapid clinical trials, dominance in patents, 

and integration of biotechnology into economic and 
geopolitical strategy. Yet, this model risks overextension, 
ethical backlash, and mistrust in international arenas. 

India’s story is one of pragmatism and caution - grounded 
in agricultural biotechnology, focused on affordability and 
inclusivity, and tested through democratic debates over safety 

and ethics. This “frugal innovation” approach has global 
legitimacy but faces structural barriers like underfunding and 
regulatory inertia. 
Together, these models underscore a profound truth: scale 
without trust risks instability, while trust without scale risks 
irrelevance. Only by reconciling these pathways can Asia rise 
as a leader not only in biotechnology innovation but also in 

ethical governance. 

13.2 Recommendations for India 
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Boost R&D Investment: Move beyond the current ~0.7% GDP 
spending on science to at least 1.5–2% in the next decade to 
sustain CRISPR and genomics programs. 
Streamline Regulations: Simplify and harmonize biotech 

regulatory structures to reduce bureaucratic delays while 
maintaining ethics safeguards. 
Strengthen IP Ecosystems: Incentivize patent filings in CRISPR 
through subsidies and mentorship for start-ups and universities. 
Talent Retention: Create elite national biotech research clusters 
(akin to AIIMS for medicine or IITs for engineering) to stem 

brain drain. 
Deepen Public Engagement: Conduct nationwide dialogue on 
CRISPR-edited crops to counter misinformation and build 
informed trust. 

13.3 Recommendations for China 

Enhance Ethical Oversight: Build independent ethics boards 

and increase transparency in clinical trials to avoid reputational 
harm akin to the CRISPR baby scandal. 
Balance Speed with Equity: Expand investment in affordable 
therapeutic pipelines to reduce the urban–rural healthcare 
divide in CRISPR adoption. 
Promote Global Trust: Actively share data, clinical standards, 

and regulatory updates with international bodies (WHO, 
UNESCO) to build credibility. 
Support Open Science: Complement patent races with selective 
open-access platforms to strengthen soft power and 
collaborative legitimacy. 
Develop Inclusive Soft Power: Focus on projecting 

biotechnology diplomacy as a “global public good” rather than 
as techno-nationalist competition. 

13.4 Recommendations for Global Governance 

Establish a Global CRISPR Registry: A WHO-led, transparent 
database of all genome editing research and trials to prevent 
opacity and duplication. 

Moratorium on Germline Editing: Reinforce international 
consensus on prohibiting heritable genome edits until safety 
and ethical frameworks mature. 
South–South Collaboration Platforms: Encourage India–
China–Africa–Latin America partnerships to democratize 
CRISPR access beyond elite Western systems. 

Biosecurity Safeguards: Create enforceable protocols for 
preventing dual-use of gene drives and edited pathogens. 
Genome Diplomacy Framework: Foster multilateral dialogue, 
integrating India’s cautious legitimacy and China’s rapid 
capacity to co-create Asia-led ethical standards. 

13.5 Towards Genome Diplomacy: An Asian Vision 

The “Genome Wars” narrative need not culminate in 
endless competition. Instead, India and China, together, have 
the capacity to transform rivalry into responsibility. By aligning 
India’s ethos of equity-driven innovation with China’s capacity 
for scale and industrialization, the two countries could 
spearhead a new era of Genome Diplomacy - an approach that 
sees biotechnology as both a scientific frontier and a diplomatic 

tool to advance global equity. 
Genome Diplomacy would mean: 

Asia, for the first time, shaping global bioethical norms rather 
than adopting Western frameworks. 

Farmer-focused crops in India aligning with China’s mass-
scale food projects for shared food security solutions. 

Accessible CRISPR health diagnostics developed in India 
mass-produced in China for fair distribution to the developing 
world. 

Joint Indo–Chinese leadership creating trustworthy, ethical 
biotechnology governance at the UN, WHO, and BRICS level. 

In short, the future of CRISPR will not be determined solely 

by the sharpest genome scissors, but by the wisdom to wield 
them ethically, inclusively, and globally. India and China, 
despite their differences, are uniquely positioned to shape that 
future. 
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