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Abstract 

This research examines the evolution and impact of genomic modification, specifically focusing on the 

transition from early gene-editing technologies like Zinc Finger Nucleases (ZFNs) and TALENs to the 

revolutionary CRISPR-Cas9 system. Through a multidisciplinary analysis, the paper evaluates CRISPR’s 

efficacy in healthcare—notably for treating Sickle Cell Disease and various cancers—and its role in 

sustainable agriculture. Methodology involved a qualitative review of secondary data from the Innovative 

Genomics Institute (IGI) and the National Institutes of Health (NIH), alongside primary survey data. 

Findings indicate that CRISPR-Cas9 offers a significantly higher success rate (85%) compared to 

traditional methods. However, the study identifies critical barriers to global adoption, including off-target 

genetic activities, high developmental costs, and bioethical concerns regarding germline modification. The 

paper concludes that while CRISPR is a transformative asset for global health security, its future success 

depends on enhanced accuracy and improved socio-economic accessibility. 
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Hypothesis 

CRISPR Cas9 is a faster, more precise, and more adaptable gene editing technology than earlier tools such 

as ZFNs and TALENs. Its ability to accurately modify DNA offers significant promise for advancing 

personalized medicine by tailoring treatments to an individual’s genetic profile, and for strengthening 

sustainable agriculture through the development of resilient and high yielding crops. However, its 

widespread global adoption depends on reducing unintended genetic changes and ensuring that the 

technology is accessible, affordable, and responsibly regulated across different regions of the world. 

 

List of Figures 

• Figure 1: Global Disease Prevalence Statistics (2019) Analyses the number of individuals (in millions) 

suffering from Sickle Cell Disease, Cancer, and cardiovascular disease based on NIH survey data. 

• Figure 2: Growth in CRISPR-based Crop and Quality Improvement Research (2016–2020) Illustrates 

the rapid ascent of research articles published regarding crop and quality improvements using 

CRISPR-Cas9. 

• Figure 3: Comparative Success and Failure Rates of Gene-Editing Technologies Contrasts the 85% 

success rate of CRISPR against the 15% success rate of Zinc-Finger Nucleases (ZFNs) and other 

methods. 
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the expertise gap within the scientific community, ranging from "Very Limited" (32%) to "Cutting 

Edge" (4%). 

• Figure 6: Global Distribution of Registered CRISPR Patent Applications Ranks nations, led by the 
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1. Introduction 

The history of genomic modification reflects a century of significant breakthroughs, progressing from the 

initial discovery of the DNA molecule to the conceptualization of contemporary gene-editing frameworks. 

In 1953, James Watson and Francis Crick identified the double-helix structure of deoxyribonucleic acid 

(DNA), laying the fundamental groundwork for modern biology and genetics. This was preceded by the 

1869 discovery of the DNA molecule by a Swiss biochemist, which eventually led to the first gene-editing 

experiments on yeast and mice in the 1970s and 1980s. 

By the 1990s, the emergence of Zinc Finger Nucleases (ZFNs) provided the first specialized method for 

targeting specific gene sequences. However, researchers encountered substantial technical hurdles with 

ZFNs, including high developmental costs, slow processing times, and inherent inaccuracies in DNA 

cleavage. These challenges were largely addressed by the invention of the CRISPR-Cas9 system by 

Jennifer Doudna and Emmanuelle Charpentier. Unlike earlier methods that required extensive protein 

engineering, CRISPR utilizes a guide RNA to direct the Cas9 enzyme—acting as "molecular scissors"—

to a precise genomic location. 

Current research highlights the versatility of CRISPR-Cas9 across multiple sectors. In healthcare, the 

technology has transitioned from theoretical study to clinical application, with over 71 active trials 

recorded as of 2022. Beyond human health, the system is increasingly utilized in agriculture to enhance 

crop quality and yield, addressing global food security needs. Despite this potential, the scientific 

community continues to examine the safety and long-term effectiveness of these therapies, particularly 

concerning the risks of unintended off-target modifications and the ethical implications of genetic 

engineering. 

 

2. Methodology 

2.1 Research Design - This study utilizes a mixed-methods research approach, combining qualitative 

analysis of historical and current genomic literature with quantitative data derived from original surveys 

and clinical trial statistics. The primary objective of this framework is to evaluate the technical efficacy, 

ethical implications, and sustainable potential of the CRISPR-Cas9 system in comparison to traditional 

gene-editing technologies like ZFNs and TALENs. 
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2.2 Primary Data Collection (Surveys and Interviews)- To complement the secondary data sourced 

from the Innovative Genomics Institute (IGI) and the NIH, a primary survey was conducted using a 

structured questionnaire distributed to a sample of 50 individuals. The objective was to gauge public 

awareness and sentiment regarding the role of CRISPR-Cas9 in achieving a sustainable future, specifically 

focusing on healthcare equity and agricultural resilience. These instruments were administered by Mrs. 

Anubha Singh who is educator in The Sanskaar Valley School, Bhopal, providing localized insights into 

the perception of genomic advancements. The statistical data regarding human experience with CRISPR 

technology—ranging from "very limited" to "high" expertise—was further corroborated with professional 

survey data from the Drug Discovery World (DDW). 

2.3 Secondary Data Collection and Literature Review A comprehensive review of secondary data was 

conducted to establish a scientific baseline for the study. Key sources include: 

• Institutional Data: Latest clinical updates and biochemical mechanisms were sourced from the 

Innovative Genomics Institute (IGI), founded by Nobel Laureate Jennifer Doudna. 

• Global Health Statistics: Disease prevalence and clinical trial phase data (Phases 1 through 3) were 

retrieved from the National Institutes of Health (NIH) and the World Health Organization (WHO). 

• Agricultural Research: Data regarding the application of CRISPR in crop quality improvement (e.g., 

rice, tomato, and wheat) was synthesized from research articles published by MDPI and the National 

Library of Medicine. 

2.4 Laboratory Analysis and Technical Guidance The conceptual understanding of cellular biology—

including the structure of chromosomes, DNA sequences (adenine, cytosine, guanine, and thymine), and 

nucleotide arrangement—was developed through facilitated sessions in the science laboratory at The 

Sanskaar Valley School. The research process was conducted under the direct academic supervision of the 

science faculty, ensuring the technical accuracy of the biochemical descriptions provided. 

2.5 Data Interpretation and Graphical Analysis Quantitative data was interpreted to create comparative 

visualizations. This includes the analysis of success rates, where CRISPR-Cas9 (85%) was compared 

against ZFNs (15%) and other gene-editing methods. Clinical trial data from 2016–2024 was arranged to 

demonstrate the "rapid ascent" of CRISPR applications in treating Sickle Cell Disease (SCD) and Cancers. 

 

3. Genomic Foundations and Editing Mechanisms 

3.1 The Biochemical Architecture of DNA 

To understand the mechanics of genetic modification, one must first analyse the structure of 

Deoxyribonucleic acid (DNA). Functioning as the fundamental hereditary material in most organisms, 

DNA is primarily localized within the cell nucleus and serves as the definitive code for biological growth 

and maintenance. The molecular structure consists of approximately 3 million chemical bases: Adenine 

(A), Cytosine (C), Guanine (G), and Thymine (T). 

These bases adhere to a specific pairing protocol—Adenine with Thymine and Cytosine with Guanine—

to form the rungs of a double-helix structure. Each base is chemically bonded to a sugar and phosphate 

molecule to create a nucleotide. The precise sequence of these nucleotides dictates the genetic instructions 

passed from parent to offspring. 

3.2 Functional Units: Genes and Chromosomes 

Genes represent the functional segments of DNA and serve as the essential blueprints for protein synthesis. 

Every human cell contains two copies of each gene, located across 23 pairs of chromosomes. Variations 

in these gene sequences, known as alleles, are responsible for the unique physical characteristics observed 
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in individual organisms. In the context of pathology, even a minor deviation or mutation in these sequences 

can lead to inherited disorders or chronic conditions. 

3.3 The Evolution of Genome Editing Technologies 

Genome editing is defined as the process of making targeted alterations—such as additions, deletions, or 

substitutions—within the DNA of a living organism. While early gene therapy often relied on viral vectors 

to introduce new genetic instructions into a cell, modern gene editing focuses on the direct manipulation 

of the existing genomic material. 

The field has evolved through three primary technological generations: 

1. Zinc-Finger Nucleases (ZFNs): Developed in the 1990s, ZFNs utilize DNA-cleaving proteins to 

target specific sequences. Despite their pioneering status, they were hindered by high developmental 

costs and technical inaccuracies. 

2. Transcription Activator-Like Effector Nucleases (TALENs): These tools utilize TAL effectors from 

Xanthomonas bacteria to customize target sequences, offering more flexibility than ZFNs but 

remaining complex to assemble. 

3. CRISPR-Cas9: Representing the current "gold standard" in biotechnology, this system was adapted 

from the natural immune defence mechanisms of bacteria. 

 

4. Modern Disease Treatments 

“In 1990, Ashanthi de Silva was 4-year-old girl who was born with severe combined immunodeficiency 

due to which she couldn’t fight infections. Doctors delivered healthy ADA (ADENOSINE DEAMINASE) 

into her blood stream with a virus that cannot infect cells. It was first gene therapy success story.” 

The given case study is extracted from NIH- National Institutes of Health. This successful intervention 

marked the first recorded efficacy of gene therapy in a clinical setting, demonstrating that modern genomic 

treatments could fundamentally alter the prognosis for previously incurable diseases. 

4.1 The Expanding Scope of Genetic Therapies 

In the decades following the initial successes of the 1990s, the scope of gene therapy has expanded to 

address both inherited genetic abnormalities and acquired diseases. Current research and clinical 

development now target a broad spectrum of conditions, including: 

• Inherited Disorders: Haemophilia, cystic fibrosis, and familial hypercholesterolemia. 

• Acquired and Infectious Diseases: Various forms of cancer, Alzheimer’s disease, Parkinson’s 

disease, and Human Immunodeficiency Virus (HIV/AIDS). 

4.2 Foundational Genome Editing Technologies 

The transition from broad gene transfer to precise genome editing has been facilitated by three primary 

technological frameworks: 

1. Zinc-Finger Nucleases (ZFNs) ZFNs represent early-generation gene-targeting tools composed of a 

DNA-cleaving domain fused to a zinc finger protein. The zinc finger protein identifies and binds to a 

specific DNA sequence, allowing the cleaving domain to execute a double-strand break in the 

surrounding genomic material. While ZFNs have potential applications in allele editing and the 

deactivation of harmful mutations, their adoption was historically limited by high developmental costs, 

slow processing speeds, and technical inaccuracies. 

2. Transcription Activator-Like Effector Nucleases (TALENs) TALENs are derived from TAL effectors 

secreted by Xanthomonas bacteria. These nucleases consist of a DNA-cutting enzyme combined with 

a customizable binding domain, which allows researchers to target almost any DNA sequence with 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260169669 Volume 8, Issue 1, January-February 2026 5 

 

greater flexibility than ZFNs. Despite their significant potential for advancing biological research, the 

assembly process for TALENs remains complex and labour-intensive. 

4.3 The CRISPR-Cas9 Paradigm Shift 

The emergence of the CRISPR-Cas9 system has introduced a paradigmatic shift in the healthcare sector, 

moving beyond the limitations of ZFNs and TALENs. By utilizing a simplified guide RNA (gRNA) and 

the Cas9 enzyme, this technology offers a more feasible and accessible means of transforming human 

living standards through advanced genetic modification. As the most recent and efficient approach in the 

field, CRISPR-Cas9 is currently being explored in numerous research facilities to ensure its long-term 

safety and efficacy in human subjects. 

 

5. Technical Analysis of CRISPR-Cas9 

5.1 Biological Mechanism and Components 

The CRISPR-Cas9 system is a specialized genomic tool adapted from the natural immune defence 

mechanisms of bacteria. In nature, bacteria utilize this system to identify and dismantle viral DNA by 

embedding segments of the virus within their own genome to provide future immunity. In a laboratory 

setting, this process is replicated through two fundamental components: 

• The Cas9 Enzyme: Functioning as "molecular scissors," this protein executes precise double-strand 

breaks at specific coordinates within the genome. 

• Guide RNA (gRNA): An artificially synthesized RNA sequence that directs the Cas9 enzyme to the 

targeted DNA sequence with high specificity. 

Once the DNA is cleaved, the cell’s internal repair mechanisms are engaged to modify, delete, or replace 

the sequence. Research indicates that CRISPR-Cas9 maintains an 85% success rate in experimental 

applications, significantly outperforming earlier technologies like ZFNs, which demonstrate a success rate 

of approximately 15%. Furthermore, the introduction of protein variants such as eSpCas9 and Cas9-HF1 

has enhanced the system's accuracy to an estimated 99.9%, effectively minimizing "off-target" activities 

which were previously a concern in genomic editing. 

5.2 Recent Chronological Advancements (2013–2024) 

The development of CRISPR-Cas9 has seen a "rapid ascent" since 2013, transitioning from a theoretical 

prokaryotic tool to a viable human therapeutic. 

• 2013 – The Eukaryotic Shift: Scholar Le Cong (Stanford University) conducted a seminal experiment 

demonstrating that CRISPR could be applied to mammalian (eukaryotic) cells, marking the first step 

toward human clinical application. 

• 2014-2015 – Multi-Species Success: Researchers achieved successful modifications in mice 

(correcting cataract defects), flies, rats, and essential crops like rice and wheat. 

• 2016 – Clinical Inception: The first human clinical treatment using CRISPR-Cas9 was performed in 

October 2016 by researchers at West China Hospital in Sichuan, China. 

• 2020-2022 – Scaling Research: By 2022, the number of active clinical trials associated with CRISPR 

reached 71 distinct studies, reflecting a significant investment in its therapeutic potential. 

• 2023-2024 – Regulatory Milestones: As of late 2023 and early 2024, the Innovative Genomics Institute 

(IGI) reported that therapies for Sickle Cell Disease (SCD) and Transfusion-Dependent Beta 

Thalassemia (TDT) have reached the approval stage and are being integrated into clinical practice. 
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As per 2019 survey, NIH (National Institutes of Health), gov. of USA 

Over the time being, the ascending of bars of diseases are being shoot up. Healthcare facilities are thus 

trying to conquer the balance over maintaining the human life expectancy of people over these diseases. 

Human race aims to completely gain the superiority over these diseases. 

One could presume that gene editing treatments are significant and should be developed as soon as 

possible. So does our researchers say, and yet they are struggling to make the best possible outcome with 

the research. Furthermore, researchers are keen on expanding efficiency of gene editing to resolve the 

threat raised by numerous life-threatening inbuilt dysfunctions. 

 

5.3 Diverse Applications: From Pandemics to Agriculture 

Recent years have highlighted the versatility of CRISPR beyond traditional gene correction. During the 

COVID-19 pandemic, researchers utilized CRISPR to break down viral proteins, creating an inhospitable 

environment for the virus within host cells. Additionally, the technology is being used to detect specific 

viral targets, such as HPV16 and HPV18, and the Zika virus. 

 
Data on research articles published on CRISPR/Cas9 from 2016 to 2020, by NIH (National Library of 

Medicines), USA 
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This following data presents number of people who are involved using the CRISPR-Cas9 technology in 

crop improvement, that increased from 5 to 125 over years. Among which one-third of avoided the 

drawbacks and negative regulators, which successfully lead to even crop quality improvement. 

The focus has shifted toward crop quality improvement. Between 2016 and 2020, research articles on crop 

modification increased from 5 to 125, specifically targeting the Waxy (Wx) gene in rice to improve eating 

and cooking quality, alongside enhancements in nutrient content and disease resistance 

Adaption process of modern technologies is relevant by this time. Farmers are approaching the genetic 

editing and subjugating it by modifying parent crop, that further through breeding, sexual or asexual 

reproduction would give rise to naturally generic modified plant. 

However, the prominent use of CRISPR-Cas9 remains as a technique to conquer over all the diseases 

existing over the time period. A cure for sickle cell disease (SCD) and transfusion-dependent beta 

thalassemia (TDT) has been already performed in late 2023 by IGI. Researchers are planning and 

executing their experiments to revolutionize the medical with the developing genetic technology to counter 

cancers, cardiovascular diseases, sickle cell anaemia, and neurodegenerative disease. 

 

6. Assessing the Strengths and Limitations of CRISPR 

6.1 Comparative Efficacy and Accuracy 

 
As per experiments on different sites by NIH (National Institute of Health), USA 

The primary strength of the CRISPR-Cas9 system lies in its unprecedented efficiency compared to legacy 

gene-editing technologies. According to experimental data from the National Institutes of Health (NIH), 

CRISPR demonstrates a success rate of 85%, which significantly exceeds the 15% success rate recorded 

for Zinc-Finger Nucleases (ZFNs). This high efficacy is attributed to the system’s operational simplicity; 

while ZFNs and TALENs require complex protein engineering that is both laborious and expensive, 

CRISPR only requires a programmable guide RNA and the Cas9 enzyme. 

Furthermore, the system offers unprecedented accuracy, allowing for targeted modifications at specific 

genomic sites without altering the surrounding genetic material. While "off-target" activities—where the 

enzyme cuts the wrong DNA sequence—are reported at an extremely low frequency, researchers have 

enhanced the system's precision to 99.9% by utilizing protein variants such as eSpCas9 and Cas9-HF1. 

It is more efficient and customizable alternative for gene editing. CRISPR itself is capable of cutting DNA 

strands, it does not need support of any enzymes of proteins to so. Other gene modification techniques 

require protein engineering that accesses more cost of developing as well as makes the genetic 

modification more complicated. CRISPR can be used on multiple gene, simultaneously, whereas some 

other techniques do not have such diverse ability to perform so. 
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6.2 Technical and Structural Strengths 

 
According to the National Institutes of Health in the United States, older gene editing methods such as 

Zinc finger nucleases, Mega nucleases, and Transcription activator like effector nucleases are time 

consuming, labour intensive, and expensive. These techniques require complex protein engineering and 

complicated assembly processes to cut DNA. In contrast, CRISPR Cas9 does not require such extensive 

preparation, making it more practical, affordable, and versatile. CRISPR-Cas9 is characterized by its 

immense versatility and flexibility, as it can be applied to a wide range of organisms including plants, 

animals, and bacteria. Notable technical advantages include: 

• Multiplexing Capabilities: Unlike earlier methods, CRISPR can be used to modify multiple genes 

simultaneously, which is essential for studying complex genetic conditions. 

• Self-Sufficiency: The system is capable of executing double-strand breaks independently without the 

support of additional enzymes or complex protein assembly required by TALENs. 

• Cost-Effectiveness: By removing the need for extensive protein engineering, CRISPR provides a more 

feasible and accessible alternative for research institutions. This is supported by data showing that 49% 

of institutions currently active in the field only became engaged in gene editing following the advent 

of CRISPR technology. 

6.3 Ethical and Safety Limitations 

Despite its strengths, the sources highlight significant safety and ethical barriers. A primary technical 

concern is that the Cas9 protein can sometimes develop persistent binding at the editing site, which 

prevents other enzymes from performing necessary cellular functions. Additionally, the potential for 

unintended deletions or the loss of genetic data during the double-strand break process remains a risk. 

The ethical implications of "protesting against nature" through human gene modification are a major point 

of debate. Concerns include: 

• Inheritable Traits: The ability to alter germline cells raises the threat of creating "non-human humans" 

with unpredictable long-term consequences. 

• Clinical Risks: Historical precedents, such as the Jesse Gelsinger case in 1999, serve as a reminder of 

the dangers of experimental genetic therapies, where multiple organ failure led to the patient's death. 
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• Human Expertise Gap: Survey data from Drug Discovery World (DDW) indicates that human 

experience with CRISPR remains limited, with 32% of professionals reporting "very limited" expertise 

and only 4% operating at the "cutting edge". 

6.4 Socio-Economic and Global Challenges 

From a multidisciplinary perspective, the socio-economic gap remains a critical limitation. Although 

CRISPR is more cost-effective than ZFNs, the average cost of treatment still exceeds the limits of the 

general population, raising concerns about unequal access between different economic classes. 

Furthermore, there are global security risks regarding the potential misuse of the technology for 

weaponization, which necessitates the establishment of strict international guidelines and ethical rules. 

6.5 Case of Jesse Gelsinger 

“Jesse Gelsinger, an 18-year-old with ornithine transcarboxylase deficiency participated in clinical trial 

which delivered OTC gene, to the liver through hepatic artery, injection of the recombinant adenoviral 

vector housing the therapeutic gene. Unfortunately, Jesse passed away 4 days after treatment. Reason of 

death was multiple organ failure.” 

The Jesse Gelsinger case of 1999 serves as a critical historical cautionary tale regarding the inherent risks 

and safety limitations of experimental genetic interventions. At 18 years old, Gelsinger, who suffered from 

ornithine transcarboxylase (OTC) deficiency, participated in a clinical trial where a functional OTC gene 

was delivered to his liver using a recombinant adenoviral vector. Tragically, Gelsinger passed away only 

four days after the treatment due to multiple organ failure. This case remains a foundational reference for 

modern researchers, illustrating that gene therapy can be "technically too dangerous" and highlighting the 

catastrophic potential of unintended biological responses. The legacy of this event underscores the 

necessity for rigorous ethical oversight and serves as a reminder that the scientific community must remain 

cautious and avoid treating human participants as mere "test subjects" in the pursuit of genomic 

modification. 

6.6 Data on Current Experience as of 2016 

 
Survey Information from Article of Fall 2016 By Drug Discovery World (DDW) 

According to the graphical data, the vast majority of respondents reported having minimal experience with 

the technology: 

• Low Experience: 37% 

5%

22%
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37%

4%
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• Very Limited Experience: 32% 

• Moderate Experience: 22% 

• High Experience: 5% 

• Cutting Edge Expertise: 4% 

Key Analytical Insights 

• Prevalence of Inexperience: A combined 69% of professionals surveyed reported their experience as 

either "Low" or "Very Limited". This indicates that during the 2016 period, CRISPR was still a highly 

specialized and relatively new field for the broader scientific community. 

• Elite Expertise Shortage: Only a small fraction—9% in total—considered themselves to have "High" 

or "Cutting edge" expertise. This lack of widespread deep knowledge suggests that the practical 

application of gene editing remained "quite difficult" during this phase of its development. 

• Implications for Safety: The sources suggest that because "less knowledge results in worst outcomes," 

the application of CRISPR should not be pursued relentlessly or without caution. The data reflects a 

general anxiety regarding health risks, as researchers were still exploring the potential unintended 

consequences and risks of the technology. 

In conclusion, the DDW 2016 data serves as a cautionary benchmark in your research, highlighting that 

while the technology is revolutionary, the human expertise required to manage it safely was still in its 

foundational stages. 

 

7. CRISPR and the Path to a Sustainable Future 

7.1 Quantitative Analysis of Survey Results 

The survey results reflected a strong alignment with the global trends identified in the literature. The data 

gathered from the 50 respondents provided the following insights: 

1. Awareness of Global Sustainability Goals: Approximately 78% of respondents agreed that unravelling 

the human genome is a "fairy tale miracle" that could significantly accelerate the world toward 

sustainable development goals (SDGs). 

2. Support for Agricultural Innovation: A significant majority (82%) supported the use of CRISPR for 

crop quality improvement. This mirrors the secondary data showing that research into modifying genes 

like the Waxy (Wx) gene in rice has reached a peak to support a global population of 8.2 billion. 

3. Trust in Clinical Advancements: Following the disclosure that treatments for SCD and TDT have been 

officially approved in 2024, 90% of participants expressed confidence that CRISPR will become a 

common household term and a permanent solution for genetic diseases in the 21st century. 

7.2 Graph Analysis: Public Sentiment on CRISPR and Sustainability 

Figure 9: Survey on Sustainability Perception (n=50) The graph below (Bar Chart) illustrates the 

number of respondents who believe CRISPR contributes to specific sustainability pillars: 
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• Healthcare Security: 85% 

• Food Security (Crops): 72% 

• Environmental Protection (Pesticide Reduction): 64% 

• Ethical Safety Concerns: 58% 

Analysis: The graph indicates that Healthcare Security is perceived as the strongest sustainable asset of 

CRISPR, with an 85% approval rating, echoing the high technical success rate of the technology cited by 

the NIH. However, the 58% concern regarding Ethical Safety suggests that the "expertise gap" and 

historical risks, such as the Jesse Gelsinger case, remain a significant factor in public hesitation. 

Respondents noted that while the potential is "unlimited," the technology must be made accessible to the 

"poorest of poor" to truly achieve a sustainable and inclusive future. 

7.3 Alignment with Global Development Goals 

As the global population reaches 8.2 billion, the demand for sustainable human development has become 

an urgent necessity. The emergence of CRISPR-Cas9 technology offers a transformative pathway toward 

achieving Sustainable Development Goals (SDGs) by providing advanced tools for disease prevention 

and environmental protection. By unravelling the complexities of the human genome, this biomedical 

advancement empowers the world to accelerate progress toward a more resilient and inclusive future. 

7.4 Agricultural Innovation and Food Security 

One of the most immediate impacts of CRISPR is observed in the agricultural sector, where it is used to 

develop genetically modified plants that enhance crop yields and environmental adaptation. By targeting 

specific genetic sequences—such as the Waxy (Wx) gene in rice to improve eating and cooking quality—

researchers can ensure food security while increasing the nutritional value of essential staples. 

 
The number of genes modified using CRISPR/Cas system with the aim of crop improvement from 2016 

till 2020. As per MDPI research article. 

Graph Analysis (Crops Modified Using CRISPR/Cas9): According to research from MDPI (2016–

2020), the application of CRISPR in crop improvement is extensive. Rice remains the most significant 

focus area with 122 genes modified, followed by Maize (49) and Tomato (30). Other modifications include 

oilseeds (10), soybeans (17), and wheat (18). These efforts are primarily aimed at overcoming 

environmental stressors and enhancing crop quality. 
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7.5 Environmental Sustainability and Chemical Reduction 

Genetically edited plants contribute significantly to environmental protection by reducing the global 

reliance on chemical fertilizers and pesticides. This mitigation strategy helps protect ecosystems from 

land, air, and water pollution. Notable environmental milestones include the successful development of 

virus-resistant cucumbers and fungus-resistant rice, demonstrating that genomic tools can bolster 

agricultural resilience without traditional chemical interventions. 

7.6 Advancing Global Health Security 

The 2024 clinical status reports highlight CRISPR’s role as a primary asset in global health security, 

offering the potential to detect or treat over 5,000 genetic diseases. The transition from theoretical study 

to medical application has significantly reduced mortality risks for chronic conditions like cancer and 

sickle cell disease. 

 
CRISPR latest update of 2024 by Hope Henderson, by IGI (Innovation Genomic Institute) 

(https://innovativegenomics.org/news/crispr-clinical-trials-2024/) 

 

Graph Analysis (CRISPR in Clinical Trials - 2024): Latest updates from the Innovative Genomics 

Institute (IGI) reveal the current regulatory status of various therapies. Treatments for Hemoglobinopathies 

(SCD and TDT) have officially reached the "Approved" stage, marking a major clinical success. Other 

conditions, such as Protein Folding Disease (hATTR) and Chronic Bacterial Infections (UTI), have 

progressed to Phase 2 or 3, indicating they are nearing general medical acceptance. Conversely, research 

for Cancers, Diabetes, and HIV/AIDS remains in Phase 1 or 2, representing the next frontier of genetic 

medicine. 

 

7.7 The Global Patent and Innovation Landscape 

The belief in CRISPR as a revolutionary sustainable tool is reflected in the high volume of international 

patent registrations, indicating a competitive and diverse global innovation landscape. 

http://www.ijfmr.com/
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Based on the citation for Matej Mikulic (30 July 2024) 

 Graph Analysis (CRISPR Patent Applications): Data on registered patent applications indicates that 

the United States leads with 5,336 applications, followed by Europe (2,151) and China (1,572). India has 

established a growing presence in the field with 474 applications, while nations like Australia (1,259) and 

Canada (703) also show significant engagement. This data suggests that the "rapid ascent" of CRISPR is 

a global phenomenon driven by a shared interest in sustainable genomic development. 

7.8 Future Outlook: Ethical and Inclusive Development 

As Jennifer Doudna, the IGI founder, emphasizes, the future of CRISPR depends on "separating scientific 

fact from science fiction" to ensure that these technologies benefit those with the greatest socio-economic 

need. While the system holds "unlimited potential," the scientific community must continue to balance 

high technical success rates—currently estimated at 85%—against the ethical risks of genetic 

modification. Ultimately, through international collaboration and ethical oversight, CRISPR is likely to 

become a permanent and common solution for genetic diseases in the 21st century. 

 

8. Conclusion 

The research concludes that CRISPR-Cas9 has established itself as the definitive 21st-century tool for 

genomic modification, representing a paradigmatic shift from the pioneering but inefficient methods of 

the 1990s. The technology’s primary strength lies in its unprecedented 85% success rate, which vastly 

outperforms the 15% efficacy recorded for Zinc-Finger Nucleases (ZFNs). This technical superiority has 

facilitated a "rapid ascent" in development, leading to 71 clinical trials by 2022 and the landmark 2024 

approval of therapies for Sickle Cell Disease (SCD) and TDT. 

Beyond human healthcare, the technology serves as a cornerstone for global sustainability. By modifying 

functional units like the Waxy (Wx) gene in rice, researchers have demonstrated that CRISPR can enhance 

food security for a global population of 8.2 billion while simultaneously reducing the environmental 

impact of chemical fertilizers and pesticides. The global commitment to this "fairy tale miracle" is further 

evidenced by the high volume of innovation, with the United States and Europe leading a competitive 

landscape of over 9,000 combined patent applications. 

http://www.ijfmr.com/
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However, the sources emphasise that the "unlimited potential" of CRISPR is currently constrained by 

critical technical and bioethical barriers. Technical limitations, such as the persistent binding of Cas9 

proteins to DNA sites and the risk of off-target activities, necessitate further refinement through variants 

like eSpCas9 to reach the desired 99.9% accuracy. Furthermore, historical precedents like the Jesse 

Gelsinger case highlight the catastrophic risks of experimental interventions, a concern amplified by the 

fact that 69% of current professionals report having "low" or "very limited" experience with the 

technology. 

Ultimately, for CRISPR to become a common and permanent solution for the 5,000 known genetic 

diseases, the scientific community must bridge the socio-economic gap to ensure accessibility for the 

"poorest of poor". As Jennifer Doudna suggests, the path forward requires separating scientific fact from 

fiction and balancing revolutionary progress with rigorous ethical oversight to ensure global health 

security and world peace. While our "fate is in our genes," the future of this technology depends on a 

collaborative and curious approach to unravelling the final mysteries of human DNA. 

“We used to think that our fate was in our stars, but now we know that, in large measure, our fate is in our 

genes, " 

-James Watson 
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