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General Studies-3; Topic– Science and Technology- developments and their applications 
and effects in everyday life 

Gene Editing Technology 

1) Introduction 

 Gene Editing is a type of genetic engineering in which DNA is inserted, deleted, modified or 
replaced in the genome of a living organism. 

 Unlike early genetic engineering techniques that randomly inserts genetic material into a host 
genome, genome editing targets the insertions to site specific locations. 

2) How does it work? 

 Genome editing techniques make use of certain proteins that can cut DNA in a precise, targeted 
location. 

 Among the recent genome editing technologies, CRISPR-based methods are particularly promising. 

 They are efficient, low cost; and ease of use, and can edit at multiple sites in the genome in a single 
procedure. 

3) What is Genome Editing used for? 

 Most uses of genome editing have been in scientific research – for example to investigate models of 
human disease. 

 Genome editing has the potential to alter any DNA sequence, whether in a bacterium, plant, animal 
or human being. 

 It is a powerful tool that can reshape the way society deals many issues of healthcare, food scarcity 
and the environment. 

 Crops and livestock (e.g. increasing yield, introducing resistance to disease and pests, tolerance of 
different environmental conditions). 

 Industrial biotechnology (e.g. developing ‘third generation’ biofuels and producing chemicals, 
materials and pharmaceuticals). 

 Biomedicine (e.g. pharmaceutical development, xenotransplantation, gene and cell-based 
therapies, control of insect-borne diseases). 

 Reproduction (e.g. preventing the inheritance of a disease trait). 

 Engineering mosquitoes to control malaria and dengue. 

 It can help fight against blood-related disorders such as haemophilia, sickle cell anaemia, and Beta-
Thalassemia. 

 All such applications together can drive India’s economic growth over the next decade to new 
heights. 

4) What is CRISPR-Cas9? 

 CRISPR-Cas9 is a widely used genome editing method. 

 CRISPR stands for ‘clustered regularly interspaced short palindromic repeats’. 

 This refers to the basis of the ‘guide system’ that finds the ‘target’ – the specific sequence of the 
DNA that is to be modified. 

  Cas9 stands for ‘CRISPR-associated protein 9’, the protein that cuts the DNA at the target site. 

 This is faster, cheaper, more accurate, and more efficient than other existing genome editing 
methods. 
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 The technique has gained considerable traction recently to repair defective genes for potential 
therapeutic applications. 

 Multiple clinical trials have been initiated in the U.S. and China (using the CRISPR-Cas9 system) to 
produce gene-edited cells for cancer and HIV-1 therapy. 

 Issues Involved 
a. There are reports of unintended consequences of the CRISPR-Cas9 system. 
b. A study by Stanford University, U.S., found that the CRISPR-Cas9 system introduces unexpected 

off-target (outside of the intended editing sites) effects in mice. 
c. Other studies have highlighted that CRISPR-Cas9-edited cells might trigger cancer. 

5) Concerns / Challenges 

 There is growing fear that the gene-editing system is being prematurely rushed for clinical use. 

 There are various ethical and technical issues involved with gene editing. 

 Bioethicists fear abuse of gene editing by governments and the private sector. 

 It can create unforeseen changes in the genome which are undesirable. 

 It has also been ethically questioned whether editing gene to create babies that parents desires 
would make them more like commodities. 

 Gene editing tech is still limited in India, so we will have to rely on solutions developed in other 
countries for domestic problems. 

 India is yet to release a comprehensive gene editing policy. 

 These solutions may be expensive and also not entirely suitable for our specific needs. 

6) Way Forward 

 The technology need enabling policy to ensure their outcomes are in line with the spirit of their 
promises. 

 The government needs to improve infrastructure and access to funds and spur innovation. 

 India needs to reform its regulatory structure to expedite approvals and make it easier to conduct 
research. 

 Promoting indigenous gene editing research is important to make treatments available at 
affordable prices. 

 Clinical trials need to be contingent on robust demonstration of safety and efficacy. 

 A two-step model wherein the government works with industry and research groups to accelerate 
clinical research is recommended. 

 Responsible use of gene editing could be the remedy for some of India’s problems. 

 This is India’s chance to tailor this cutting edge tool to its own requirements and ensure affordable 
healthcare to its people. 
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