
CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) is a revolutionary gene-editing 
technology adapted from a bacterial immune system, allowing scientists to precisely cut, add, or remove 
DNA sequences to modify genes, offering vast potential in treating genetic diseases (like sickle cell), 
agriculture, and research, but also raising significant ethical debates about altering the human 
genome. It works like molecular scissors guided by RNA to find and alter specific DNA targets, with the 
CRISPR-Cas9 system being a prominent example.   
 
How CRISPR Works (CRISPR-Cas9) Targeting:  
Scientists design a guide RNA (gRNA) that matches the specific DNA sequence they want to edit.  
 
Delivery:  
This gRNA is paired with the Cas9 protein (the "molecular scissors") and introduced into a cell.  
 
Binding & Cutting:  
The gRNA leads the Cas9 enzyme to the target DNA sequence, where Cas9 makes a precise double-
strand cut.  
 
Editing:  
The cell's natural repair mechanisms fix the break, which scientists can hijack to inactivate a gene, insert 
a new one, or correct a mutation.  
 
Potential Benefits & Applications 
Medicine: Treating genetic disorders (sickle cell, cystic fibrosis), developing new cancer therapies, 
creating disease-resistant organisms, and potentially curing HIV.  
 
Agriculture: Engineering crops for drought resistance, higher yields, and pest resistance.  
 
Research: Studying gene function by easily knocking out genes in model organisms.  
 
Ethical Considerations & Limitations 
Off-Target Effects: The risk of cutting DNA at unintended locations.  
 
Germline Editing: Altering genes in eggs, sperm, or embryos, which would be heritable, raising profound 
ethical questions.  
 
Accessibility & Equity: Ensuring fair access to expensive gene therapies.  
 
Delivery Challenges: Efficiently getting CRISPR components into the right cells in the body.  
 
Real-World Impact 
The first CRISPR-based therapy, Casgevy,, was approved by the FDA in late 2023 to treat sickle cell 
disease and beta-thalassemia, marking a major milestone in gene editing.  
 

https://www.google.com/search?sca_esv=492d03d456b59a14&rlz=1C1GKLB_enUS613US619&q=guide+RNA&sa=X&ved=2ahUKEwiY6Kqn842SAxXcOzQIHRdQE94QxccNegUIxwIQAQ&mstk=AUtExfC78XhOGcJb3wHuAVCJjxpcSASq7aGiQSopZWYYCvz1r9PH0jjUCpfX5Mo6Hn6lb0X8feAbLXDCVRPZ0Z_FKW1PAtUfPmQjRlLNIaGKsXLXXq4aVglLEFutI1TI9Min1qk&csui=3
https://www.google.com/search?sca_esv=492d03d456b59a14&rlz=1C1GKLB_enUS613US619&q=Cas9+protein&sa=X&ved=2ahUKEwiY6Kqn842SAxXcOzQIHRdQE94QxccNegUIzwIQAQ&mstk=AUtExfC78XhOGcJb3wHuAVCJjxpcSASq7aGiQSopZWYYCvz1r9PH0jjUCpfX5Mo6Hn6lb0X8feAbLXDCVRPZ0Z_FKW1PAtUfPmQjRlLNIaGKsXLXXq4aVglLEFutI1TI9Min1qk&csui=3

