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 Global health and food security are increasingly threatened by population growth, climate change, emerging infectious 
diseases, environmental degradation, and persistent nutritional inequities. In response to these interconnected challenges, 
genetic engineering has emerged as a powerful and versatile tool capable of transforming biological systems to support 
sustainable development. This editorial explores the expanding role of genetic engineering in addressing critical issues at 
the interface of bioscience, environmental sustainability, global health, and food production. Key advances in genome 
editing, recombinant technologies, and synthetic biology are highlighted for their contributions to vaccine development, 
disease diagnostics, therapeutic innovation, climate-resilient crops, and nutritionally enhanced foods. The editorial also 
discusses the environmental applications of engineered organisms, including bioremediation and sustainable bio-based 
production systems, which further strengthen the link between human health and ecological integrity. Alongside these 
opportunities, ethical considerations, biosafety concerns, regulatory challenges, and issues of equitable access are 
examined, emphasizing the need for responsible governance and inclusive innovation. By integrating scientific progress 
with ethical stewardship and policy alignment, genetic engineering holds significant promise for building resilient health 
systems and sustainable food networks. This editorial underscore the importance of interdisciplinary collaboration and 
evidence-based decision-making to ensure that genetic engineering contributes effectively to a healthier, food-secure, and 
environmentally sustainable future. 
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The twenty-first century is marked by an unprecedented convergence 
of global challenges, including rapid population growth, accelerating 
climate change, the emergence and re-emergence of infectious 
diseases, widespread nutritional insecurity, and progressive 
environmental degradation (Bloom and Cadarette, 2019). These 
interconnected pressures place extraordinary strain on human health 
systems, agricultural productivity, and ecological stability. Global food 
systems are increasingly vulnerable to climatic shocks, while 
healthcare infrastructures struggle to respond equitably to rising 
disease burdens (Wang et al., 2025). Traditional scientific, 
agricultural, and medical approaches although foundational are 
proving insufficient when applied in isolation to address the 

complexity and scale of these challenges. In this context, genetic 
engineering has emerged as a transformative scientific paradigm, 
offering innovative, scalable, and adaptable solutions with the 
potential to reshape global health and food security in a sustainable 
and socially responsible manner (Ceasar and Kavas, 2024; Aziz et al., 
2022). 

Genetic engineering, broadly defined as the targeted modification 
of an organism’s genetic material to alter its structure or function, has 
undergone remarkable evolution over the past few decades. Early 
recombinant DNA technologies laid the groundwork for modern 
molecular biotechnology, enabling the production of insulin, enzymes,  
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and vaccines through microbial systems (Kollabathula et al., 2025). 
More recently, advances in genome-editing platforms, high-
throughput sequencing, and synthetic biology have dramatically 
increased the precision, efficiency, and scope of genetic manipulation 
(Chen et al., 2024; Zeng et al., 2022). These innovations allow 
scientists to modify specific genes, regulate gene expression, and 
redesign entire metabolic pathways with unprecedented accuracy. 
Importantly, genetic engineering has moved beyond proof-of-concept 
experimentation and is now firmly embedded in real-world 
applications across medicine, agriculture, and environmental 
management, reinforcing its relevance to contemporary bioscience 
and environmental research (Mishra et al., 2024). 

In the domain of global health, genetic engineering has 
significantly expanded the possibilities for disease prevention, 
diagnosis, and treatment. Recombinant vaccines, engineered 
antibodies, and therapeutic proteins have become central 
components of modern healthcare, improving outcomes for infectious 
and non-communicable diseases alike (Plotkin et al., 2017). The rapid 
development and large-scale deployment of genetically engineered 
vaccines and biologics during recent global health emergencies 
underscored the capacity of biotechnology to respond swiftly and 
effectively to emerging threats (Dolgin, 2021). Beyond infectious 
diseases, gene-based therapies, engineered immune cells, and 
nucleic-acid-based medicines are transforming the management of 
inherited disorders, cancers, and chronic illnesses (Liberty et al., 
2025; Dunbar et al., 2018). These innovations hold particular promise 
for low- and middle-income countries, where disease burdens are 
often high and healthcare resources limited. By enabling scalable and 

potentially cost-effective interventions, genetic engineering offers 
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pathways to reduce health disparities and improve access to 
advanced medical technologies across diverse populations. 

Equally significant is the contribution of genetic engineering to 
strengthening global food security in the face of environmental and 
socioeconomic instability. Climate change, soil degradation, water 
scarcity, and the increasing prevalence of plant and animal diseases 
pose serious threats to agricultural productivity and food availability 
(Hossen, 2025). Genetically engineered crops with enhanced 
tolerance to drought, salinity, heat stress, and pests can help stabilize 
yields under increasingly unpredictable environmental conditions 
(Dong and Fan, 2024; Bailey-Serres et al., 2019). Such traits are 
particularly valuable in regions most vulnerable to climate variability 
and resource constraints. Moreover, nutritionally enhanced crops 
engineered to increase the bioavailability of essential vitamins and 
minerals offer effective strategies to address micronutrient 
deficiencies and hidden hunger (Bouis and Saltzman, 2017). In 
livestock and aquaculture systems, genetic tools are being used to 
improve disease resistance, feed efficiency, and environmental 

adaptability, contributing to more resilient, productive, and 
sustainable food production systems (Yang et al., 2025). 

The environmental dimension of genetic engineering further 
underscores its importance within bioscience and environmental 
research. Engineered microorganisms and plants are being developed 
for applications such as bioremediation of polluted soils and waters, 
biological waste treatment, and sustainable bioenergy production 
(Pant et al., 2021). These innovations can reduce dependence on 
fossil fuels, lower greenhouse gas emissions, and mitigate the 
ecological impacts of industrial activities. By harnessing biological 
systems to restore and protect ecosystems, genetic engineering 
offers solutions that align environmental sustainability with public 
health and food security objectives, reinforcing the interconnected 
nature of these global priorities (Cao et al., 2024). 

Despite its immense potential, the widespread application of 
genetic engineering is accompanied by significant challenges that 
must be addressed thoughtfully and transparently. Ethical 
considerations, biosafety risks, regulatory inconsistencies, and public 
skepticism continue to influence the acceptance and deployment of 
genetically engineered technologies (Li et al., 2025). Concerns related 
to unintended ecological effects, gene flow, data ownership, and 
long-term health impacts require rigorous scientific evaluation and 
robust regulatory oversight. Transparent governance frameworks, 
science-based risk assessment, and meaningful public engagement 
are essential to building trust and ensuring responsible innovation. 
Furthermore, equitable access to genetic technologies remains a 
critical issue. Without deliberate efforts to promote capacity building, 
technology transfer, and context-specific research, there is a risk of 
widening technological and socioeconomic divides between high-
income and resource-limited regions (Spaans et al., 2025). 

As bioscience increasingly intersects with environmental research, 
the future of genetic engineering lies in integrated, systems-based 
approaches that recognize the complexity of biological, ecological, 
and social systems. Interdisciplinary collaboration among scientists, 
policymakers, industry stakeholders, and local communities will be 
vital for translating laboratory discoveries into sustainable, real-world 
solutions. Academic journals dedicated to bioscience and 
environmental research play a pivotal role in this process by 
disseminating evidence-based knowledge, fostering interdisciplinary 
dialogue, and shaping responsible scientific discourse. 

In conclusion, reprogramming life through genetic engineering 
represents far more than a technological advancement; it constitutes 
a strategic imperative for achieving sustainable global health and food 
security in an era of mounting environmental and societal pressures. 
When guided by ethical responsibility, scientific rigor, inclusive 
governance, and environmental stewardship, genetic engineering can 
serve as a powerful instrument to address some of the most pressing 
challenges of our time. The path forward demands not only continued 
innovation, but also thoughtful stewardship ensuring that the science 

developed today contributes to a healthier, more food-secure, and 
environmentally sustainable future for generations to come. 
 

Acknowledgments 
 

The author would like to acknowledge the academic and research 
community whose scientific contributions and ongoing discussions 
have informed the perspectives presented in this editorial.  
 

Funding information 
 

No specific funding or institutional support was received for the 
preparation of this manuscript. 
 

Ethical approval statement  
 

No ethical approval was not required.  
 

Data availability 
 

No new data were generated or analyzed in this editorial. Data 
sharing is not applicable to this article. 
 

Informed consent statement 
 

Informed consent was not required, as this manuscript does not 
report or involve any studies with human participants. 
 

Conflict of interest 
 

The author declare no conflict of interest related to the content of this 
editorial. 
 

Authors’ contribution 
 

Partha Pratim Ghosh: conceptualization, literature review, 
analytical framework, and wrote the original draft of the manuscript. 
The author critically revised the content, approved the final version 
for publication, and takes full responsibility for the accuracy, integrity, 
and originality of the work. 
 

References 
 

Aziz AM, Brini F, Rouached H and Masmoudi K, 2022. Genetically 
engineered crops for sustainably enhanced food production 
systems. Frontiers in Plant Science, 13: 1027828. 
https://doi.org/10.3389/fpls.2022.1027828  

Bailey-Serres J, Parker JE, Ainsworth EA, Oldroyd GED and Schroeder 
JI, 2019. Genetic strategies for improving crop yields. Nature, 
575(7781): 109-118. https://doi.org/10.1038/s41586-019-
1679-0  

Bloom DE and Cadarette D, 2019. Infectious disease threats in the 
twenty-first century: strengthening the global response. 
Frontiers in Immunology, 10: 549. 
https://doi.org/10.3389/fimmu.2019.00549  

Bouis HE and Saltzman A, 2017. Improving nutrition through 
biofortification: A review of evidence from HarvestPlus. Global 
Food Security, 12: 49-58. 
https://doi.org/10.1016/j.gfs.2017.01.009  

Cao HX, Michels D, Vu GTH and Gailing O, 2024. Applications of 
CRISPR technologies in forestry and molecular wood 
biotechnology. International Journal of Molecular Sciences, 
25(21): 11792. https://doi.org/10.3390/ijms252111792  

Ceasar SA and Kavas M, 2024. Plant genome editing to achieve food 
and nutrient security. BMC Methods, 1(3): 1-8. 
https://doi.org/10.1186/s44330-024-00003-6  

Chen FC, Chen L, Yan Z, Xu J, Feng L, He N, Guo M, Zhao J and Chen 
Z, 2024. Recent advances of CRISPR-based genome editing for 
enhancing staple crops. Frontiers in Plant Science, 15: 1478398. 
https://doi.org/10.3389/fpls.2024.1478398 

https://doi.org/10.3389/fpls.2022.1027828
https://doi.org/10.1038/s41586-019-1679-0
https://doi.org/10.1038/s41586-019-1679-0
https://doi.org/10.3389/fimmu.2019.00549
https://doi.org/10.1016/j.gfs.2017.01.009
https://doi.org/10.3390/ijms252111792
https://doi.org/10.1186/s44330-024-00003-6
https://doi.org/10.3389/fpls.2024.1478398


Ghosh PP, 2026                                                                                                              Journal of Bioscience and Environment Research 3(2): 1-3 
  

3 

Dolgin E, 2021. The tangled history of mRNA vaccines. Nature, 
597(7876): 318-324. https://doi.org/10.1038/d41586-021-

02483-w  
Dong G and Fan Z, 2024. CRISPR/Cas-mediated germplasm 

improvement and new strategies for crop protection. Crop 
Health, 2(2): 1-15. https://doi.org/10.1007/s44297-023-00020-
x  

Dunbar CE, High KA, Joung JK, Kohn DB, Ozawa K and Sadelain M, 
2018. Gene therapy comes of age. Science, 359(6372): 
eaan4672. https://doi.org/10.1126/science.aan4672  

Hossen M, 2025. Genetic engineering in agriculture: Bridging plant 
science and molecular biology for sustainable solutions. Journal 
of Agriculture and Forestry Sciences, 1: 1-4. 
https://doi.org/10.69517/jafs.2025.01.01.0001  

Kollabathula P, Katru S, Tumarada P, Ravuri S, Zainab A and Velagala 
SK, 2025. Harnessing recombinant DNA technology for modern 
innovations: A review. International Journal of Dental Materials, 
7: 27-31. https://doi.org/10.37983/ijdm.2025.7105  

Li X, Gao Y, Zhang Z, Deng W, Cao W, Wei X and Li M, 2025. Biosafety 
considerations triggered by genome-editing technologies. 
Biosafety and Health, 7(3): 141-151. 
https://doi.org/10.1016/j.bsheal.2025.05.003  

Liberty JT, Bromage S, Peter E, Ihedioha OC, Alsalman FB and 
Odogwu TS, 2025. CRISPR revolution: Unleashing precision 
pathogen detection to safeguard public health and food safety. 
Methods, 240: 180-194. 
https://doi.org/10.1016/j.ymeth.2025.04.018  

Mishra S, Nayak S, Tuteja N, Poosapati S, Swain DM and Sahoo RK, 
2024. CRISPR/Cas-mediated genome engineering in plants: 
Application and prospectives. Plants, 13(14): 1884. 
https://doi.org/10.3390/plants13141884  

Pant G, Garlapati D, Agrawal U, Prasuna RG, Mathimani T and 
Pugazhendhi A, 2021. Biological approaches practised using 
genetically engineered microbes for a sustainable environment: 
A review. Journal of Hazardous Materials, 405: 124631. 
https://doi.org/10.1016/j.jhazmat.2020.124631 

Plotkin S, Robinson JM, Cunningham G, Iqbal R and Larsen S, 2017. 
The complexity and cost of vaccine manufacturing – An 
overview. Vaccine, 35(33): 4064-4071. 
https://doi.org/10.1016/j.vaccine.2017.06.003  

Spaans GW, van der Berg JP, Bouwman LMS and Kleter GA, 2025. 
Advancements in genomic crop techniques and considerations 
for regulation and food safety. Transgenic Research, 34: 49. 
https://doi.org/10.1007/s11248-025-00467-4  

Wang W, Mensah IA, Atingabili S, Omari-Sasu AY, Nouwati E, 
Kunkuaboor CY and Qiao M, 2025. The nexus between food 
security, health outcomes, and climate change: a multisectoral 
approach to sustainable development in Africa. BMC Public 
Health, 25: 2319. https://doi.org/10.1186/s12889-025-23269-z  

Yang Z, Fu G, Lee M, Yeo S and Yue GH, 2025. Genes for editing to 
improve economic traits in aquaculture fish species. 
Aquaculture and Fisheries, 10: 1-18. 
https://doi.org/10.1016/j.aaf.2024.05.005  

Zeng Y, Hong Y, Azi F, Liu Y, Chen Y, Guo C and Xu P, 2022. Advanced 
genome-editing technologies enable rapid and large-scale 
generation of genetic variants for strain engineering and 
synthetic biology. Current Opinion in Microbiology, 69: 102175. 
https://doi.org/10.1016/j.mib.2022.102175 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Publisher's note 
Genesis Publishing Consortium Limited pledges to maintain a 
neutral stance on jurisdictional claims shown in published maps 
and institutional affiliations. 

 

https://doi.org/10.1038/d41586-021-02483-w
https://doi.org/10.1038/d41586-021-02483-w
https://doi.org/10.1007/s44297-023-00020-x
https://doi.org/10.1007/s44297-023-00020-x
https://doi.org/10.1126/science.aan4672
https://doi.org/10.69517/jafs.2025.01.01.0001
https://doi.org/10.37983/ijdm.2025.7105
https://doi.org/10.1016/j.bsheal.2025.05.003
https://doi.org/10.1016/j.ymeth.2025.04.018
https://doi.org/10.3390/plants13141884
https://doi.org/10.1016/j.jhazmat.2020.124631
https://doi.org/10.1016/j.vaccine.2017.06.003
https://doi.org/10.1007/s11248-025-00467-4
https://doi.org/10.1186/s12889-025-23269-z
https://doi.org/10.1016/j.aaf.2024.05.005
https://doi.org/10.1016/j.mib.2022.102175

