
 
 

Course title: Gene Expression and Regulation 

Course code: UBT 106 No. of credits: 3 L-T-P: 30-15-0 Learning hours: 45 

Pre-requisite course code and title (if any): Class 12 or equivalent 

Department: Department of Biotechnology 

Course coordinator: Prof. Rohini Muthuswami Course instructor: Prof. Rohini Muthuswami, Dr. Priyanka 
Dhakate  

Contact details:  

Course type: Major Course offered in: Semester 2 of 

FYUP/FYIPP 

Course description: 

This course has been designed to provide an in-depth understanding of molecular mechanisms underlying the 
regulation of gene expression in both prokaryotic and eukaryotic systems. The course will help students explore 
how genes are switched “on” or “off”, and, how complex regulatory processes control where, when and how 
much a gene must express in response to environmental or endogenous cues or to maintain cellular 
homeostasis. The students will also be introduced to the role of cis and trans regulatory elements. Current 
advances in epigenetics including the roles of chromatin structure, histone modifications, and non-coding RNAs 
in control of gene expression will be covered. The course will cover essential molecular biology techniques and 
methods for analysis of gene expression. Invited lectures will promote a comprehensive understanding of gene 
regulation in the context of developmental biology, stress and immunity and cancer biology as case studies. 

 

Course objectives: 

To provide an understanding of: 
1. Molecular mechanisms governing gene expression in prokaryotic and eukaryotic biological 

systems 

2. Gene regulation at the level of transcription, translation, and post-transcriptional and translational 

modifications 

3. Gene regulation by epigenetic mechanisms and regulatory RNAs 

4. Applicability of in-silico and experimental approaches for analyzing gene expression and regulation 
 

Course contents 

Module  Topic L T P 

1 Module 1: Introduction to Gene Expression 

Central dogma and overview of transcriptional and translational machinery and 

mechanisms 

Structural features of genes in prokaryotes and eukaryotes, Cis-regulatory 

elements: promoters, enhancers, silencers, insulators. 

Trans-acting factors: transcription factors, co-activators, repressors, non-coding 
RNAs 

 

4 4  

2 Module 2 Gene expression and regulation in Prokaryotes 

Operon models (lac, trp, ara) and their regulatory mechanisms, Catabolite 
repression and inducer exclusion,  

Sigma factors and their regulatory roles,  

Attenuation and anti-termination-based mechanisms, 

Translational control and feedback inhibition 

4 2  

 

 

 

 

 



3 Module 3: Transcriptional & Co-transcriptional mechanisms in eukaryotes 

Types of RNA polymerases and their promoters, Processes and 

mechanisms of transcription: 

Assembly of transcriptional machinery and initiation of transcription; RNA 

processing: capping, splicing, and polyadenylation, alternative splicing, mRNA 

stability and degradation mechanisms (mRNA decay pathways) 

 

6 2  

4 Module 4: Translational Regulation in Eukaryotes    

 Regulation of translation initiation and elongation, Post translational modification 
and degradation pathways 

4 1  

5 Module 5: Regulatory RNAs and Epigenetics in regulation of eukaryotic gene 

expression 

 Small RNAs: siRNA, miRNA, and piRNA – biogenesis and function, Long non-
coding RNAs and their regulatory roles, Antisense RNAs, RNA interference 
(RNAi) mechanisms,  
Epigenetic modifications: Chromatin remodeling, histone modifications and 
histone code, 
DNA methylation and gene expression, Epigenetic inheritance and its biological 
implications 
 

6 2  

6 Module 6: Experimental Approaches to Study Gene Regulation    

 Traditional and modern techniques of gene expression analysis (Reporter gene 
assays, Electrophoretic mobility shift assay, Chromatin Immunoprecipitation 
(ChIP) and ChIP-Seq, DNA microarrays and RNA-Seq for transcriptome 
analysis, Northern blotting, RT-PCR, and 
quantitative PCR 
 

6   

7 Module 7: Invited Lectures from experts: Case Studies and Applications  4  

 Lecture 1: Gene regulation in development, differentiation and 

morphogenesis 

Lecture 2: Regulatory networks underlying stress response, immunity and 

cancer 

Lecture 3: Synthetic Biology Strategies for Precision Control of Molecular 

Processes 

Lecture 4: Gene regulatory networks and interactomes governing life processes 

   

 Total 30 15 0 

Evaluation criteria: 

Minor test: Mid-semester (40%)  
Major exam: End-Semester (60%) 
 

Learning outcomes: 

Upon completion, students will be able to: 

 
1. Elucidate and describe mechanisms of transcription and translation in both prokaryotes and eukaryotes 

2. Undertake investigations to unravel molecular pathways governing biological phenomena 

and biological functions 

3. Apply experimental and bioinformatics tools to study gene regulation. 

 



Pedagogical Approach: 

Classroom lectures and tutorials. Detailed discussion and critical appraisal of classical and important research 

articles. Tutorial will also involve exposure to basic databases and bioinformatics tools such as: 

1. Gene Predictions 

2. Analyzing gene structure: finding exons and introns 

3. Promoter analysis and prediction of transcription factor binding sites 

4. miRbase, pMIREN databases 

5. RNA structure analysis 

Skill Set: 

1. Problem-solving in basic molecular biology.  

2. Ability to formulate questions for further inquiry. 

Employability: 

1. Life science tutoring at the middle-school level. 

 2. School assistant teacher / lab assistant. 

Suggested readings 

  
Foundation Level Textbooks (Including but not restricted to following) 

  
1. Lewin, B. (2018) Genes XII. Burlington, MA: Jones C Bartlett Publishers. 

2. Alberts, B., Bray, D., Hopkin, K., Johnson, A., Lewis, J., Raff, M., Roberts, K. and Walter, P. (2014) 

Essential Cell Biology. 4th ed. New York: Garland Science. 

3. Watson, J.D., Baker, T.A., Bell, S.P., Gann, A., Levine, M. and Losick, R. (2018) Molecular Biology of 

the Gene. 7th ed. Boston: Pearson Education. 

4. Lodish, H., Berk, A., Kaiser, C.A., Krieger, M., Bretscher, A., Ploegh, H., Amon, A. and Martin, 

K.C. (2021) Molecular Cell Biology. 9th ed. New York: W.H. Freeman and Company. 

5. Alberts, B., Johnson, A., Lewis, J., Morgan, D., Raff, M., Roberts, K. and Walter, P. (2015) Molecular 

Biology of the Cell. 6th ed. New York: Garland Science 

Reference Books 

1. Latchman, D.S. C Cheriyath, V. (2025) Gene Control. 3rd ed. London: Routledge (Garland Science). 

ISBN 978-1-032-46546-3. 

2.  Latchman, D.S. (2010) Eukaryotic Transcription Factors. 5th ed. London: Academic    Press. ISBN 978-0-

12-373983-4. 

3. Bina, M. (ed.) (2013) Gene Regulation: Methods and Protocols. Methods in Molecular Biology, vol. 977. 
New York: Humana Press / Springer. 

4. Carey, M.F. C Smale, S.T. (eds.) (2007) Transcriptional Regulation in Eukaryotes: Concepts, 

Strategies, and Techniques. 2nd ed. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory 

Press. 

5. Kornberg, R.D. (2019) Mechanisms of RNA Polymerase II Transcription. Annual Review of 

Biochemistry. Palo Alto, CA: Annual Reviews. 

6. Alberts, B. et al. (2014) Essential Cell Biology. 4th ed. New York: Garland Science. 
 

Additional information (if any): Keeping pace with topics, reading material as prescribed is the responsibility of 
students 
 

Student responsibilities: 
1. Class attendance. 

2. Study of course materials as specified by the instructor. 

 
 



   
Course reviewers: 

The course has been reviewed and commented on by the following experts” 
1. Prof. Yashwanti Mudgil (Department of Botany, Delhi University) 

2. Prof. Rohini Muthuswami (School of Life Sciences, Jawahar Lal Nehru University) 

3.    Dr. Debashis Chakraborty, Chief Scientist (National Botanical Research Institute, Lucknow) 

 


