
4-LEVEL DEPARTMENT ELECTIVE 

Course Number & Title: BT4422   CRISPR-based Genome Editing  

L-T-P-C: 3-0-0-6 

Type of Letter Grading (Regular Letter Grades / PP or NP Letter Grades):  Regular Letter Grades 

Kind of Proposal (New Course / Revision of Existing Course): New Course 

Offered as (Compulsory / Elective): Elective 

Offered to: B Tech (7th semester and 8th semester) 

Offered in (Odd/ Even / Any): Any 

Offered by (Name of Department/ Center): Biosciences and Bioengineering 

Pre-Requisite: Cell and Molecular Biology, and Genetic Engineering 

Preamble / Objectives (Optional): 
Genome editing has revolutionized biology, biotechnology, agriculture, and medicine by enabling precise 
and programmable modification of genetic material. This course introduces the principles, tools, and 
applications of genome editing, with emphasis on CRISPR-Cas systems, base editing, prime editing, and 
RNA-guided nucleases. Students will gain a comprehensive understanding of DNA repair pathways, editing 
mechanisms, delivery strategies, validation methods, and ethical/regulatory frameworks. By integrating 
foundational molecular biology with cutting-edge technologies, the course prepares learners for research 
and industry applications in functional genomics, disease modeling, gene therapy, crop improvement, and 
diagnostics. 

Genome editing: origins, evolution and scope; DNA damage and repair pathways: double-strand 
breaks, NHEJ, HDR, MMEJ; Early genome editing tools: FokI, ZFNs, TALENs, limitations of pre-CRISPR 
technologies; CRISPR systems: discovery, bacterial adaptive immunity, classification (Class I and Class 
II), Cas protein structures and functions; CRISPR-Cas9 mechanism: guide RNA design, PAM recognition, 
DNA cleavage, repair outcomes (knockout and knock-in), specificity, off-target effects; Advanced genome 
editing technologies: Cas12, Cas13, RNA editing, base editing, prime editing, multiplex genome editing, 
epigenome editing (CRISPRi, CRISPRa); Delivery systems: physical (electroporation, microinjection), 
viral (lentivirus, AAV), non-viral (lipid nanoparticles, RNP complexes), in vivo and ex vivo strategies; 
Screening and validation: PCR assays, sequencing, T7 endonuclease assay, next-generation 
sequencing, genome-wide CRISPR screens; Applications in: functional genomics, disease modeling, 
gene therapy, cancer research, agricultural biotechnology, industrial biotechnology; diagnostics: nucleic 
acid detection platforms (SHERLOCK, DETECTR); Ethical, biosafety, and regulatory considerations in 
genome editing. 
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