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Program Overview 

 
Name of the Degree Program : B.Sc., (Hons) 
 Discipline Core : Computational Biology & Bioinformatics 
Total Credits for the Program : B.Sc., - 136 credits 
    B.Sc., Hons. – 176               credits 
 

Year of implementation 2023-24 
 

Foreword: 

Computational biology is an interdisciplinary field that combines computer science, 
statistics, and biology to understand biological processes at the molecular and cellular 
level. It involves the development and application of computational algorithms, 
statistical models, and data analysis tools to study complex biological systems. 
Computational biology has many practical applications and a few of them are listed 
below. 

• Genomics: Computational biology is used extensively to analyze large amounts of 
DNA and RNA sequence data. This data can be used to identify genetic variations 
that are associated with diseases or to understand the evolution of species. 

• Drug discovery: Computational methods are used to identify potential drug 
targets, to screen large databases of compounds for potential drugs, and to design 
new drugs with improved properties. 

• Protein structure prediction: Computational methods can predict the three-
dimensional structure of proteins from their amino acid sequences, which is 
important for understanding their function and designing drugs that can bind to 
them. 

• Systems biology: Computational modelling is used to simulate and analyze 
complex biological systems, such as metabolic pathways or regulatory networks, 
to understand their behavior and predict their response to perturbations. 

• Personalized medicine: Computational methods can analyze a patient's genomic 
and clinical data to personalize treatment options based on their individual 
genetic makeup and disease characteristics. 

• Evolutionary biology: Computational methods can reconstruct the evolutionary 
history of species based on DNA and protein sequence data and can identify the 
genetic changes that have driven the evolution of different organisms. 

• Synthetic biology: Computational methods can be used to design and simulate 
synthetic biological systems, such as genetic circuits, to understand their behavior 
and optimize their function. 

• Immunology: Computational methods can be used to analyze immune system 
function, such as identifying novel immune cell subsets or predicting the efficacy 
of immunotherapy. 

Computational biology is a rapidly growing field that has the potential to transform 
our understanding of biology and improve human health. 

  



Program Objectives  

Computational biology refers to the theory-based investigation of a specific biological 
problem using computers, carried out with experimental or simulated data, with the 
primary goal of discovery and the advancement of biological knowledge. On the other 
hand, Bioinformatics refers to the creation and advancement of databases, software, 
computational and statistical techniques, and hypothesis to solve problems generated 
from the management and analysis of biological data. Computational biology also plays 
a crucial role in the analysis of large-scale biological data generated by technologies 
such as DNA sequencing, microarrays, and mass spectrometry.  

Computational biology is expected to contribute significantly to Make in India, Skill 
India, and Startup India sectors, offering quality Undergraduate Program will deliver 
the required manpower. With the above points in cognizance, the offered program in 
B.Sc., Computational Biology aims to provide an advanced understanding of the core 
principles and topics of modern-day biology and to enable students to a specialized 
knowledge and training in the Life Science sectors. Another main objective is to create 
a workforce through skill development and entrepreneurship activities. The following 
are the objectives of the Programme.  

• To provide a deeper understanding of biological molecules and biological systems. 

• To demonstrate technical competence in computer science, statistics, and biology. 

• To provide research-oriented learning through interdisciplinary approaches and to 

impart skills to handle analyze and interpret large-scale data generated by high-

throughput technologies, such as genomics, proteomics, and metabolomics. 

• To train the students to excel in life science sectors through continuous training, 

skill development and entrepreneurship activities. 

• To create a strong research foundation and inculcate quality research ideas through 

in-house/external dissertation. 

• To make the students take up social responsibility to solve the real-time problems 

in the field in addition to career development. 

 
 

Program Outcomes 
 
After successful completion of the undergraduate degree in Computational Biology, 
students will be well equipped with the necessary skills to serve various sectors such as 
pharmaceutical, biotechnology, agriculture, environment, healthcare, energy, and food 
industries or pursue higher studies in academia. Further, the students may take up 
entrepreneurship through start-ups leading to establishment of their own ventures. 
 
 
 

  



Program Outcomes: 
 

By the end of the program the students will be able to develop competencies needed to 
be acquired by a candidate securing B.Sc., or B.Sc., (Hons.)  degree in Computational 
Biology. Overall, undergraduate program in computational biology aim to provide 
students with a strong foundation in both biological and computational sciences, and 
to prepare them for careers in a wide range of fields, including biotechnology, 
pharmaceuticals, healthcare, and academia. 

 
1. Understanding of biological concepts and theories and be able to apply this 

knowledge to computational methods and analyses. 
2. Proficiency in computational methods and tools to analyze and interpret 

biological data, including genomics, and proteomics. 
3. Proficiency in programming languages commonly used in computational biology, 

such as C or R or Python. 
4. Data analysis and interpretation: Students will be able to analyze and interpret 

large-scale biological data sets using statistical methods and data visualization 
tools. 

5. Able to analyze and interpret large-scale biological data sets using statistical 
methods and data visualization tools. 

6. Able to critically evaluate scientific literature and design experiments to answer 
research questions in computational biology. 

7. Demonstrating the laboratory skills in biotechnology, and molecular biology along 
with statistics and programming with an emphasis on technological aspects.  

8. Competent to apply the knowledge and skills gained in pharmaceutical, 
biotechnology, agriculture, environment, healthcare, energy, and food industries.  

9. Apply knowledge and skills of immunology, bioinformatics, computational 
modelling of proteins, drug design and simulations aid in drug discovery.  

10. Demonstrate interpersonal skills to effectively communicate scientific ideas and 
research findings to both technical and non-technical audiences.  

11. Understand the ethical and social implications of computational biology research 
and be able to apply ethical principles in their work. 

12. Demonstrate entrepreneurship abilities, innovative thinking, planning, and 
setting up small-scale enterprises or CROs. 

 
Eligibility 

Candidates who have passed the 10+2 Examination/ Equivalent Examination with at 
least 40% marks with biology/mathematics/computer science as one of the subjects. 
 
 
  



Pedagogy:  
 
The general pedagogy to be followed for theory and practical are as under. 

1. Lecturing, Tutorials, Group/Individual Discussions, Seminars, Assignments, 
Counselling, Remedial Coaching.  

2. Field/Institution/Industrial visits, Hands on training, Case observations, 
Models/charts preparations, Problem solving mechanism, Demonstrations, 
Project presentations, Experiential documentation, and Innovative methods.  

3. Active learning as per LSSSDC (NSDC) LFS/Q0509 guidelines, at skill training 
Level 3.  

 

Assessment: 
 
Weightage for assessments (in percentage) 

 
Type of Course Formative 

Assessment / IA 
Summative 
Assessment 

Theory 30% 70% 
Practical 30% 70% 
Projects 30% 70% 

 
 
 
 
 
 
 
 
 
 



Curriculum Structure for the Undergraduate Degree Program 
B.Sc., (Hons) in Computational Biology & Bioinformatics 

Semester Core Subjects 
(Credits) 

L T P 

Discipline 
Specific/ 

Open 
Elective 
Subjects 
(Credits) 

L T P 

Language 
L T P 

Skill 
Enhancement 
Courses (SEC) 

/ Ability 
Enhancement 

Courses 
(AEC) L T P 

Value Based / 
Activity Based 

L T P 

Total 
Credits 

I CB – DSC 01 – 
Basics of 
Computing (5) 
3+0+2 
 
CB/BT – DSC 02- 
Foundations of 
Biotechnology 
(5) 3+0+2 

BT - OE 1 - 
Biotechnology 
& Human 
Welfare (3) 
3+0+0  

L 1 (3) 
2+0+1 
L 2 (3) 
3+0+0 

SEC 01 - 
Digital 
Fluency (3)  
3+0+0 

VBC 01 - Value 
Based – Health & 
Wellness (2) 
2+0+0 

24 

II CB – DSC 03 - 
Foundations of 
Bioinformatics 
(5) 3+0+2 
 
CB – DSC 04 - 
Fundamentals of 
Statistics (5) 
3+0+2 

BT - OE 2 - 
Bioproducts 
(3) 3+0+0  

L 1 (3) 
2+0+1 
L 2 (3) 
3+0+0 

AECC 01  - 
EVS (3) 3+0+0 

Laboratory 
Management (2) 
0+0+2 

24 

Exit Option                                Certificate in Computational Biology & Bioinformatics                                 48 Credits 

III CB – DSC 05 - 
Fundamentals of 
Linux & 
Programming (5) 
3+0+2 
 
CB – DSC 06 - 
Molecular 
Biology & 
Techniques (5) 
3+0+2 

BT - OE 3 - 
Basics of 
Forensic 
Science (3) 
3+0+0  

L 1 (3) 
2+0+1 
L 2 (3) 
3+0+0 

AECC 02  
Indian 
Constitution 
(2) 
2+0+0 
 
 
SEC 02 – 
Artificial 
Intelligence 
(2) 
2+0+0 

- 23 

IV CB – DSC 07 -  
Fundamentals of 
Python 
Programming (5) 
3+0+2 
 
CB/BT – DSC 08 
- Genetics & 
Model Organisms 
(5) 3+0+2  

BT - OE 4 – 
Nutraceutical 
Biotechnology 
(3) 3+0+0  

L 1 (3) 
2+0+1 
L 2 (3) 
3+0+0 

SEC 03 – 
Cyber Security 
(2) 
2+0+0 

ABC 02 - 
Industrial Visit / 
Training (2) 
0+0+2 

23 

Exit Option                      Diploma in Computational Biology & Bioinformatics                                               94 Credits 



Semester Core Subjects (Credits) 
L T P 

Discipline Specific/ 
Open Elective 

Subjects (Credits) 
L T P 

Skill 
Enhancement 
(SEC) / Ability 
Enhancement 
Courses (AEC) 

L T P 

Value 
Based / 
Activity 
Based   
L T P 

Total 
Credits 

V CB – DSC 09 - Database 
Management (5) 3+0+2 
 
CB – DSC 10 - Systems 
Biology (5) 3+0+2 
 
CB – DSC 11 - Molecular 
Modelling & Simulation  (4) 
3+0+1 

CB DSE 1a 
Metabolism & 
Enzymology (3) 
3+0+0 /  
CB DSE 1b  
Perl Programming (3) 
3+0+0   

CB SEC 4 - 
Sequence 
Analysis (3) 
2+0+1 

VBC 02 -
Value 
Based – 
Ethics & 
Self 
Awareness 
(2) 2+0+0 

22 

VI CB – DSC 12 –  
C Programming  (5) 3+0+2 
 
CB/BT – DSC 13 – 
Applications of Genetic 
Engineering (5) 3+0+2 
 
CB – DSC 14 – Algorithms in 
Computational Biology (4) 
3+0+1 

BT DSE 2a 
Biotechnology 
Business Management 
(3)  3+0+0 / 
BT DSE 2b 
Medical Biotechnology 
(3) 3+0+0 

SEC 05 – 
Professional / 
Societal 
Communication 
(3) 3+0+0 

- 20 

Exit Option                       B.Sc., in Computational Biology  & Bioinformatics                                 136 Credits 

VII CB – DSC 15 - Structural 
Bioinformatics  (5) 3+0+2 
 
CB – DSC 16 - Genomics & 
Proteomics (5) 3+0+2 
 
CB – DSC 17 - R & MatLab 
Programming (5) 3+0+2 

CB/BT DSE 3a 
Bioethics & IPR (3)  
3+0+0 

& 
CB/BT DSE 3b 
Fundamentals of 
Research 
Methodology (3) 

- - 21 

VIII CB – DSC 18 – Data Mining 
& Machine Learning  (5) 
3+0+2 
 
CB/BT – DSC 19 - 
Immunoinformatics (5) 
3+0+2 

CB DSE 4a 
C++ Programming (3) 
3+0+0 /  
CB DSE 4b 
Biomedical 
Informatics (3) 3+0+0 
CB DSE 5a Research 
Project (6) (OR) 
CB DSE 5b1 Advanced 
SQL Programming (3) 
3+0+0  & 
CB/BT DSE 5b2 
Toxicology (3) 3+0+0 

- - 19 

                   Award of B.Sc., (Hons) in Computational Biology & Bioinformatics                                             176 Credits 

 

 

 



 

 SEMESTER I 

     Examination  

Sl. 
No. 

Study 
Component 

and Code 
Title of the Paper 

Hours of 
instruction

/ week 
CIA 

Duration 
of exam 
in Hours 

Theory 
Exam 

Practical 
Exam 

Max. 
Marks 

Credits 

 1  Language 1 Part I English 1 3 30 3 70 - 100 3 

 2  Language 2 
Part II English 
1/Kannada I/ 

French I 
3 30 3 70 - 100 3 

 3  CB–DSC 01 Basics of Computing 3 30 3 70 - 100 3 

 4  Practical 01 Basics of Computing 4 15 3 - 35 50 2 

 5  CB–DSC 02 
Foundations of 
Biotechnology 

3 30 3 70 - 100 3 

 6  Practical 02   
Foundations of 
Biotechnology 

4 15 3 - 35 50 2 

 7  OEC 01 
Biotechnology & 
Human Welfare 

3 30 3 70 - 100 3 

 8  SEC  01 Digital Fluency 3 30 3 70 - 100 3 

 9  VBC 01 Health & Wellness 2 - 2 50 - 50 2 

 Total Marks and Credits Total 750 24 

 SEMESTER II 

 1  Language 1 Part I English II 3 30 3 70 - 100 3 

 2  Language 2 
Part II English II 

/Kannada II 
/French II 

3 30 3 70 - 100 3 

 3  CB–DSC 03 
Foundations of 
Bioinformatics 

3 30 3 70 - 100 3 

 4  Practical 03   
Foundations of 
Bioinformatics 

4 15 3  35 50 2 

 5  CB–DSC 04 
Fundamentals of 

Statistics 
3 30 3 70 - 100 3 

 6  Practical 04 
Fundamentals of 

Statistics 
4 15 3 - 35 50 2 

 7  OEC 02 Bioproducts 3 30 3 70 - 100 3 

 8  AECC 01 
Environmental  

Studies 
3 30 3 70 - 100 3 

 9  ABC 01 
Laboratory 

Management 
(Practical-based) 

2 - 2 50 - 50 2 

 Total Marks and Credits Total 750 24 

 

  



 SEMESTER III 

     Examination  

Sl. 
No. 

Study 
Component 

and Code 
Title of the Paper 

Hours of 
instruction

/ week 
CIA 

Duration 
of exam 
in Hours 

Theory 
Exam 

Practical 
Exam 

Max. 
Marks 

Credits 

1 Language 1 Part I English III 3 30 3 70 - 100 3 

2 Language 2 
Part II English III 

/Kannada III /French III 
3 30 3 70 - 100 3 

3 CB–DSC 05 
Fundamentals of Linux 

& Programming 
3 30 3 70 - 100 3 

4 Practical 05 
Fundamentals of Linux 

& Programming 
4 15 3 - 35 50 2 

5 CB–DSC 06 
Molecular Biology & 

Techniques 
3 30 3 70 - 100 3 

6 Practical 06   
Molecular Biology & 

Techniques 
4 15 3 - 35 50 2 

7 OEC 03 
Basics of Forensic 

Science 
3 30 3 70 - 100 3 

8 AECC 02 India Constitution 3 30 3 70 - 100 3 

9 SEC 02 Artificial Intelligence 2 - 2 50 - 50 2 

 Total Marks and Credits Total 750 24 

 SEMESTER IV 

  1 Language 1 Part I English IV 3 30 3 70 - 100 3 

2 Language 2 
Part II English IV 

/Kannada IV /French IV 
3 30 3 70 - 100 3 

3 CB–DSC 07 
Fundamentals of Python 

Programming  
3 30 3 70 - 100 3 

4 Practical 07   
Fundamentals of Python 

Programming  
4 15 3  35 50 2 

5 CB–DSC 08 
Genetics & Model 

Organisms  
3 30 3 70 - 100 3 

6 Practical 08 
Genetics & Model 

Organisms 
4 15 3 - 35 50 2 

7 OEC 04 
Nutraceutical 
Biotechnology 

3 30 3 70 - 100 3 

8 SEC 03  Cyber Security 2 - 2 50 - 50 2 

9 ABC 02 
Industrial Visit / 

Training 
2 - 2 50 - 50 2 

 Total Marks and Credits Total 700 23 

 

  



 SEMESTER V 

    Examination  

Sl. 
No. 

Study 
Component 

and Code 
Title of the Paper 

Hours of 
instruction

/ week 
CIA 

Duration 
of exam 
in Hours 

Theory 
Exam 

Practical 
Exam 

Max. 
Marks 

Credits 

1 CB–DSC 09 Database Management 3 30 3 70 - 100 3 

2 Practical 09 Database Management 4 15 3 - 35 50 2 

3 CB–DSC 10 Systems Biology 3 30 3 70 - 100 3 

4 Practical 10  Systems Biology 4 15 3 - 35 50 2 

5 CB–DSC 11 
 Molecular Modelling & 

Simulation   
3 30 3 70 - 100 3 

6 Practical 11 
 Molecular Modelling & 

Simulation   
2 15 3 - 35 50 1 

7 CB – DSE 01 

Metabolism & 
Enzymology 

(OR) 
Perl Programming 

3 30 3 70 - 100 3 

8 CB - SEC 04  Sequence Analysis   2 - 2 50 - 50 2 

9 Practical SEC 4 Sequence Analysis 2 15 3 - 35 50 1 

10 VBC 02 
Ethics & Self 
Awareness 

2 - 2 50 - 50 2 

 Total Marks and Credits Total 700 22 

 SEMESTER VI 

1 CB – DSC 12 C Programming   3 30 3 70 - 100 3 

2 Practical 12   C Programming   4 15 3  35 50 2 

3 CB – DSC 13   
Applications of Genetic 

Engineering 
3 30 3 70 - 100 3 

4 Practical 13 
Applications of Genetic 

Engineering 
4 15 3 - 35 50 2 

5 CB – DSC 14 
Algorithms in 

Computational Biology 
3 30 3 70 - 100 3 

6 Practical 14 
Algorithms in 

Computational Biology 
2 15 3 - 35 50 1 

7 

 
BT DSE 2a 

(OR) 
BT DSE 2b 

 

Biotechnology Business 
Management  

(OR) 
Medical Biotechnology 

3 30 3 70 - 100 3 

8 SEC 05 
Professional / Societal 
Communication 

3 30 3 70 - 100 3 

 Total Marks and Credits Total 650 20 

  



 SEMESTER VII 

    Examination  

Sl. 
No. 

Study 
Component 

and Code 
Title of the Paper 

Hours of 
instruction

/ week 
CIA 

Duration 
of exam 
in Hours 

Theory 
Exam 

Practical 
Exam 

Max. 
Marks 

Credits 

1 CB - DSC 15  
Structural 

Bioinformatics 
3 30 3 70 - 100 3 

2 Practical 15 
Structural 

Bioinformatics 
4 15 3 - 35 50 2 

3 CB - DSC 16   Genomics & Proteomics 3 30 3 70 - 100 3 

4 Practical 16 Genomics & Proteomics 4 15 3 - 35 50 2 

5 CB - DSC 17   
R & MatLab 

Programming 
3 30 3 70 - 100 3 

6 Practical 17 
R & MatLab 

Programming 
4 15 3 - 35 50 2 

7 BT/CB DSE 3a Bioethics & IPR 3 30 3 70 - 100 3 

8 BT/CB DSE 3b 
Fundamentals of 

Research Methodology 
3 30 3 70 - 100 3 

 Total Marks and Credits Total 650 21 

 SEMESTER VIII 

1 CB - DSC 18  
Data Mining & Machine 

Learning   
3 30 3 70 - 100 3 

2 Practical 18 
Data Mining & Machine 

Learning   
4 15 3 - 35 50 2 

3 CB – DSC 19 Immunoinformatics 3 30 3 70 - 100 3 

4 Practical 19 Immunoinformatics 4 15 3 - 35 50 2 

5 
CB DSE 4a 

(OR) 
CB DSE 4b 

C++ Programming 
(OR) 

 Biomedical Informatics 
3 30 3 70 - 100 3 

6 

CB DSE 05a 
(OR) 

CB DSE 05b1 
 
 

CB/BT DSE 052 

Research Project 
(OR) 

Advanced SQL 
Programming  

& 
Toxicology 

6 - - - - 200 

6 3 30 3 70 - 100 

3 30 3 70 - 100 

 Total Marks and Credits  Total 600 19 

 

Abbreviations: DSC – Discipline Specific Core; DSE – Discipline Specific Elective; OEC – 

Open Elective Course; AECC – Ability Enhancement Compulsory Course; SEC – Skill 
Enhancement Course; VBC – Value Based Course; ABC – Activity Based Course 

# Students may choose any one elective course among the choice offered, specific to the 
discipline 

*Project Proposal, Presentations, Teamwork, Industrial/Institutional Visits etc. 



  

FIRST SEMESTER 



CB DSC 01 Basics of Computing  
 

Course Objectives:  

• Familiarize students with the hardware organization of digital computers and 
operating systems. 

• Understand basics of computer networking. 
• Teach how to understand and write modular, efficient, and readable programs.  
• Understand basics of web designing with HTML. 

 

Course Outcomes:  

Upon successful completion of the course, students will be able to: 

1. Demonstrate an understanding of the fundamental concepts of computer 
hardware and operating systems. (Cognitive level – Understand) 

2. Demonstrate an understanding of the functioning of networking and data 
communication. (Cognitive level – Understand) 

3. Address real-world bioinformatics problems, such as understanding web 
designing and designing simple algorithms using R programming. (Cognitive level 
– Apply) 

4. Critique and evaluate existing programming code and algorithms to identify 
strengths and weaknesses and propose potential improvements or alternative 
approaches. (Cognitive level – Evaluate) 

5. Write, analyze, and evaluate code from R programming language including 
identifying errors and debug the code to develop simple programs for biological 
data analysis and visualization. (Cognitive level – Create) 

6. Design and plan programming projects, selecting appropriate tools and 
techniques for data analysis and visualization for the scientific questions in the 
field of life sciences and bioinformatics. (Cognitive level – Apply) 

 

Theory 

Unit-I: Fundamentals of Computing: Introduction to computer, Operation of processor; 

Number Systems and Digital Circuits; ALU; Memory Chips (ROM, RAM, DRAM), Storage 

Devices, Memory Hierarchy; I/O Devices; Moore's Law, Classification of computers 

(Notebook, Personal Computers, Workstation, Mainframes, Minicomputers, 

Microcomputers, Supercomputers). Introduction to operating systems: Characteristics 

and Types of Operating system like DOS, windows XP, Window-NT, LINUX. Introduction 

to Computer Viruses.  

 Unit-II:  Computer Networking: OSI reference model, Network Topologies, Router, 

Switch, Network cards, Data Communication (ISDN, Cable Modem, Wireless Modem), 

Concept of Wireless networking, LAN, WAN, MAN, Security of the network, Firewalls, 

TCP/IP family of protocols, Concepts of client Server Architecture, Concept of search 

Engine - Database search engines. Introduction to Internet, World Wide Web, Advantages 

of Web, Web Terminology, Concepts of Domain, Concept of Web Browser, Internet 
Services, Internet Tools. Telnet, FTP. 

L T P C 
3 0 2 5 



 Unit-III: Introduction to programming: The basic model of computing, algorithm and 

flow charts, programming languages, compilation, linking, testing, debugging and 
documentation. Introduction to programing.  

Unit-IV: HTML: Introduction, common tags, creating hyperlinks, incorporation of 

images; Tables; Frames; Formatting of text with fonts; Dynamic HTML; cascading style 

sheets; Creation of Background images, HTML object models; dynamic positioning; direct 

animation path control. 

 

Practical 01 - Basics of Computing  

 

1. Introduction to operating systems (DOS, Windows, Linux etc.,) and their installation.  

2. Basic DOS commands, Basic of Linux commands and Shell scripting  

3. Network configuration in windows and Linux through Network Interface Card (NIC), 
Working with Telnet and FTP  

4. Exercises on HTML - Design a simple web page using basic tags, Design a simple web 
page using frameset, Design a simple web page using Image tag with attributes, 
Design simple login page using form with attributes, Design simple registration form 
using all form tags, Design simple website using hyperlink  

 

References  

1. Gurvinder Singh, Rachhpal Singh. A Textbook on Windows Based Computer 
Courses, Kalyani Publishers, Jalandhar  

2. Rachhpal Singh, MamtaVerma, Sonia Mahindru. A Textbook of Scripting Language 
and Web Designing, Kalyani Publishers, Jalandhar  

3. Kapila H. PC Computing Window Based Computer System. Dinesh Publishers, 
Jalandhar.  

4. Norton‟s P. Introduction to Computing. McGraw Hill Education, New Delhi.  

5. Sinha P.K. Fundamental of Computers. BPB Publication, New Delhi.  
6. E. Siever; Linux in a Nutshell; O’Reilly Publication, 6th edition, 2009.  
7. L. Robert; Linux System Programming; Shroff Publishers and Distributors Private 

Ltd, 2nd revised edition, 2014.  
8. M. J. Bach; The Design of the UNIX Operating System; Pearson Education India, 1st 

edition, 2015. 
 
 
  



CB DSC 02 Foundations of Biotechnology     
  

Course Objectives:  

• To provide insights into the science, methods, scope, diversity, history, business, 

and legal ramifications of biotechnology  

• To demonstrate the working within a laboratory environment  

• To examine and introduce the students to the scope of biotechnology. 

 Course Outcomes: 

Upon successful completion of the course, students will be able to: 

 
1. Outline the concepts on the basics of the foundation of biotechnology, historical 

perspective which enables them to understand the emerging and advanced 
concepts in the field of biotechnology (cognitive level – Remember) 

2. Describe the applications of Biotechnology in medicine in the field of gene therapy, 
production of antibiotics, monoclonal antibodies, and biopharmaceuticals 
(cognitive level – understand). 

3. Apply the wastewater and sewage treatment protocols and application of 
bioremediation methods with respect to oils spills and pesticides (cognitive level 
–Apply). 

4. Illustrate the principles of fermentation technology to produce numerous 
products of high market value (cognitive level –Analyse). 

5. Summarize methods for genetic engineering of enzymes and production of 
enzymes (cognitive level – Evaluate). 

6. Construct genetically modified organisms and list the impact of biological 
products released in the environment (cognitive level – Create). 
  

Theory 

Unit-I: Foundation: Introduction to Biotechnology, Historical Perspectives – Old 

and Modern Biotechnology, Biotechnology an interdisciplinary pursuit, Scope & 

Future of Biotechnology.   

Unit-II: Application of biotechnology in medicine: Production of antibiotics, 

vaccines, and monoclonal antibodies; Gene therapy, biopharmaceuticals. 

Application of  Biotechnology  in Environment:  Wastewater  and 

sewage  treatment,  biofuels; Bioremediation with special reference to metals, oil 

spills and pesticides. Application of Biotechnology in Food and beverage 

fermentations, biological control, biofertilizers.  

Unit-III: Enzyme technology: Nature of enzymes, application of enzymes, genetic 

engineering and protein engineering of enzymes, technology of enzymes 

production.  

L T P C 
3 0 2 5 



Unit-IV: Safety in Biotechnology - Problem of organism pathogenicity, 

biologically active products, and release of GMOs in the environment.  

  

    
Practical 02 - Foundations of Biotechnology 

   
1. Safety hazards and disposal of wastes and good laboratory practices.  

2. Demonstration of various laboratory techniques: centrifugation, 

electrophoresis, chromatography, sterilization.  

3. Demonstration of pipetting techniques: usage of micropipettes for general 

laboratory and sterile environment.  

4. Preparation of e-poster on various applications of biotechnology in medicine, 

environment, food, and beverage fermentations  

5. Preparation of biofertilizers   

6. Cultivation of Mushroom   

  
References  

  
1. Smith JE., 2004. Biotechnology, Fourth Edition, Cambridge University Press.   
2. Das HK., 2010. Textbook of Biotechnology, Fourth Edition, Wiley India Pvt. Ltd.   
3. Upadhayay, Upadhayay and Nath, 2016. Biophysical Chemistry, Himalaya Publishing 

House.   
4. Glick BR, Pasternak JJ, Patten CL, 2010. Molecular-Biotechnology, Fourth Edition, 

ASM Press Washington DC.   
5. Kumar HD, 2000. A Textbook on Biotechnology, 2nd Edition, East West.  

 

 

 
  
  



OEC 01 Biotechnology & Human Welfare    
  

Course Objectives:  
• To introduce various fields of biotechnology for human welfare e.g. Agricultural, 

pharmaceutical and industrial biotechnology.   

• To impart knowledge regarding the benefits of biotechnology in health and 

pharmaceutics.  

• To help understand diagnosis of various diseases by employing various 

molecular biology techniques.  

  
Course Outcomes: 

After successful completion of the course, students will be able to 

1. Define the fundamental principles of biotechnology and its potential impact on human 
welfare, including its ethical, social, and environmental implications. (Cognitive level- 
Understand) 

2. Analyse and compare emerging biotechnological applications in various fields, such 
as medicine, agriculture, environmental science, and biomanufacturing, and their 
potential benefits and risks. (Cognitive level-Analyse) 

3. Learn laboratory techniques and technologies used in biotechnology research and 
development, including DNA manipulation, protein expression, and bioprocess 
engineering, to address real-world problems related to human welfare. (Cognitive 
level-Knowledge) 

4. Develop critical thinking and problem-solving skills by analysing case studies and 
real-world scenarios related to biotechnology and human welfare and proposing 
effective and ethical solutions. (Cognitive level - Understand) 

5. Illustrate scientific concepts and ideas effectively and professionally, both orally and 
in writing, to diverse audiences, including peers, instructors, and the 
public. (Cognitive level-Knowledge) 

6. Demonstrate an awareness of the global and cultural diversity of biotechnology and 
human welfare issues and develop a commitment to ethical and responsible conduct 
in biotechnology research and development. (Cognitive level - Understand) 

  
Theory  

  
Unit-I: Industry - protein engineering; enzyme and polysaccharide synthesis, 

activity and secretion, alcohol and antibiotic formation.  

Unit-II: Agriculture - N2 fixation: transfer of pest resistance genes to plants; 

interaction between plants and microbes; qualitative improvement of livestock.  

UNIT III: Environment - chlorinated and non-chlorinated organ pollutant 

degradation; degradation of hydrocarbons and agricultural wastes, stress 

management, development of biodegradable polymers such as PHB.  
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Unit IV: Health - development of non-toxic therapeutic agents, recombinant live 

vaccines, gene therapy, diagnostics, transgenics development, human genome 

project, pharmaceutical biotechnology - concepts and applications.  

  
  
References  
 
1. Sateesh MK., 2010. Bioethics and Biosafety, I. K. International Pvt Ltd.  

2. Sree Krishna V., 2007. Bioethics and Biosafety in Biotechnology, New age 
international publishers.  

  
  

 

  



Language 1  Part I English I   
  

Course Objectives:  

• Improve and enhance the communication skills of the learners.  
• Improve speech pronunciation, grammar and vocabulary.   

  
Course Outcomes:  

After successful completion of the course, students will be able to  

1. Formulate correct sentences by applying the rules of correction of sentences of the 
parts of speech in English Grammar like nouns, pronouns, tenses, and sentences. 
(Cognitive level- Applying) 

2. Evaluate their vocabulary since they would have learned about root words, synonyms, 
antonyms, phobias, and manias. (Cognitive level- Understand) 

3. Practice good writing skills, through simple, compound, and complex sentences, 
clauses, phrases, adjuncts, and gerunds. (Cognitive level- Applying) 

4. Explain and express the scientific developments in the field of rocket science through 
A.P.J. Abdul Kalam’s essay “Wings of Fire”. (Cognitive level- Understand) 

5. Develop effective writing skills by recognizing simple, compound, and complex 
sentences, clauses, phrases, adjuncts, and gerunds. (Cognitive level- Analyse) 

6. Develop reading and concentration of the learners through reading comprehension 
passages. (Cognitive level- Understand) 

 

Unit-I: Grammar – I  
1. Correct Use of Nouns   
2. Correct Use of Pronouns  
3. Reading Comprehension Passage   
  
Unit-II: Grammar – II   
  
1. The rules and sequence of tenses   
2. Types of sentences: Simple, Compound and Complex sentences, clauses, phrases, 

adjuncts and gerunds  
3. Subject Verb Agreement   

  
Unit-III:  Vocabulary  
1. Roots A to F  
2. Synonyms and Antonyms  
3. Phobias and Manias  
  
Unit-IV: Essay   
Excerpts from APJ Abdul Kalam’s “Wings of Fire 
“   

References 
1. S.C Gupta, 2021, English Grammar and Composition, Arihant Publishers  

2. S. P. Bakshi, 2021, Objective General English, Arihant Publishers       18 
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Language 2 Part II English I   
 

Course Objectives:  

• Improve and enhance the literary skills of the learners. 

• Help the students to grasp the ideas of the writer 

• Develops language skills such as reading, writing, speaking and listening.   

Course Outcomes:  

After successful completion of the course, students will be able to  

1. Express that nature is the best teacher. (Cognitive level- Understand) 
2. Develop consciousness about the environment. (Cognitive level- Understand) 
3. Develop philosophical, historical, and critical perspectives in their writings. (Cognitive 

level- Analyze) 
4. Identify superstitions prevalent in Indian society from a critical perspective. 

(Cognitive level- Analyze) 
5. Recognize that gender equality is very important for a nation’s progress. (Cognitive 

level- Understand) 
6. Compare and contrast the present education system and the traditional education 

system. (Cognitive level- Analyze) 
  
Unit-I: British Poetry   
  
1. “When in Disgrace” by Shakespeare   

2. “Spring” by Christina Rosetti  

  
  
Unit-II: Post Colonial Literature  
  
1. “The Night of the Scorpion” by Nissim Ezekiel   

2. “I Am Not That Woman “by Kishwar Naheed    

  
Unit-III:  Contemporary and British Literature   
  
1. “The Kanda Man-eater” by Jim Corbett  

2. “A Man Who Had No Eyes” by MacKinlay Kantor  

3. “A Child’s Story “by Charles Dickens     

  
Unit-IV: Indian English Literature  
“The Education System in India” by Dr. V. Shashi Kumar  

  

References 
  
1. Jim Corbett, 1944. The Man-Eaters of Kumaon, Oxford University Press.  

2. Charles Dickens, 2013. Children’s Stories, Bottom of The Hill Publishing.  
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Language 2 – Part II Kannada I   
 

¸Á»vÀå ¹AZÀ£À – 1 

CzsÀåAiÀÄ£ÀzÀÀ GzÉÝÃ±À 

➢ «zÁåyðUÀ¼À°è £ÁqÀÄ £ÀÄrAiÀÄ §UÉÎ C©üªÀiÁ£À ªÀÄÆr¸ÀÄªÀÅzÀÄ 

• ¨sÁµÉAiÀÄ C©üªÀåQÛUÉ CªÀPÁ±À PÀ°à¸ÀÄªÀÅzÀÄ 

• £ÀªÉÇÃzÀAiÀÄ PÁ®WÀlÖzÀ PÀ«UÀ¼À §UÉÎ ¨É¼ÀPÀÄ ZÉ®ÄèªÀÅzÀÄ 

• ¨sÀÆ«Ä PÀÄjvÀ PÀ«UÀ¼ÀÄ ºÁUÀÄ ¯ÉÃRPÀgÀ ¸ÀÈd£À²Ã® §gÀªÀtÂUÉAiÀÄ §UÉÎ CjªÀÅ ªÀÄÆr¸ÀÄªÀÅzÀÄ 

• DqÀ½vÀ ¨sÁµÉAiÀÄ §UÉÎ CjªÀÅ ªÀÄÆr¸ÀÄªÀÅzÀÄ 

CzsÀåAiÀÄ£ÀzÀÀ ¥sÀ°vÀUÀ¼ÀÄ 
• «zÁåyðUÀ¼ÀÄ £ÁqÀÄ £ÀÄrAiÀÄ §UÉÎ C©üªÀiÁ£À É̈¼É¹PÉÆ¼ÀÄîªÀgÀÄ 

• ¨sÁµÉAiÀÄ C©üªÀåQÛUÉ CªÀPÁ±À ¥ÀqÉzÀÄPÉÆ¼ÀÄîªÀgÀÄ 

• £ÀªÉÇÃzÀAiÀÄ PÁ®WÀlÖzÀ PÀ«UÀ¼À §UÉÎ w½zÀÄPÉÆ¼ÀÄîªÀgÀÄ 

• ¨sÀÆ«ÄAiÀÄ §UÉV£À PÀ«UÀ¼ÀÄ ºÁUÀÄ ¯ÉÃRPÀgÀ ¸ÀÈd£À²Ã® §gÀªÀtÂUÉAiÀÄ §UÉÎ CjvÀÄPÉÆ¼ÀÄîªÀgÀÄ 

• DqÀ½vÀ ¨sÁµÉAiÀÄ §UÉÎ eÁÕ£À ¥ÀqÉzÀÄPÉÆ¼ÀÄîªÀgÀÄ 

WÀlPÀ – 1, £ÁqÀÄ-£ÀÄr-aAvÀ£É                                                
1) £ÁqÀÄ, £ÀÄr , ¸ÀA¸ÀÌøw                   : ²æÃ «dAiÀÄ£À PÀ«gÁdªÀiÁUÀð 
2) PÁtÂPÉ                               : ©.JA.²æÃPÀAoÀAiÀÄå 
3) gÀvÀß£À ¥ÀzÀUÉÆ¼ï                       : f.¦.gÁdgÀvÀßA 
4) PÀlÄÖªÉªÀÅ £ÁªÀÅ                        : JA UÉÆÃ¥Á® PÀÈµÀÚ CrUÀ        
WÀlPÀ -2 ,   ¨sÀÆ«Ä                                                    
1) ¨É¼ÀUÁV £Á£ÉzÀÄÝ AiÀiÁgÁågÀ £É£ÀAiÀiÁ°     : d£À¥ÀzÀ  
2) ¨sÀÆ«Ä vÁ¬ÄAiÀÄ ZÉÆZÀÑ® ªÀÄUÀ          : zÀ.gÁ. ¨ÉÃAzÉæ  
3) PÀÄAPÀÄªÀÄ ¨sÀÆ«Ä                     : PÉ.J¸ï £ÀgÀ¹AºÀ¸Áé«Ä 
4) CªÀé                               : ¦.®APÉÃ±À 
WÀlPÀ – 3,  ªÉÊeÁÕ¤PÀ ªÀÄ£ÉÆÃzsÀªÀÄð 
1)  zsÀ£ÀéAvÀj aQvÉì                      : PÀÄªÉA¥ÀÄ   
2)  ªÀAqÀÆj£À ºÀªÀ¼ÀzÀ zÀAqÉUÀ¼ÀÄ          : PÉ.¦ ¥ÀÆtðZÀAzÀæ vÉÃd¹é 
3) ¤¸ÀUÀðzÀ ¤UÀÆqsÀ PÀÄjAf¯ÉÆÃPÀ          : £ÁUÉÃ±À ºÉUÀqÉ 
 
WÀlPÀ – 4, ¨sÁµÁ ¨sÁUÀ 
1)  ¥ÀvÀæ ªÀåªÀºÁgÀ, ¸ÁªÀiÁ£Àå ¥ÀvÀæ, ªÀÄ£À«  ¥ÀvÀæ 
2)  DqÀ½vÀ PÀ£ÀßqÀ É̈¼ÉzÀÄ §AzÀ zÁj 
3) DqÀ½vÀ ¨sÁµÉAiÀÄ ¸ÀégÀÆ¥À ªÀÄvÀÄÛ ®PÀët  
 
ºÉaÑ£À N¢UÁV : 
 1) PÀ«gÁd ªÀiÁUÀð- ²æÃ «dAiÀÄ, 
 2) PÀÄªÉA¥ÀÄ PÀÈw «ªÀÄ±Éð- ¥ÉÆæ.CgÀ«AzÀ ªÀiÁ®UÀwÛ 
 3) DqÀ½vÀ PÀ£ÀßqÀ – JZïJ¸ïPÉ  
  

L T P C 
3 0 0 3 



Language 2 Part II French I   
 

Course Objectives   

• The course aims at making the learner understand and use familiar day-to-day 
expressions and very basic phrases in French.  

• The learners are taught to introduce themselves and others, ask and answer 
questions about personal details in French.  

Course Outcomes:  

After successful completion of the course, students will be able to   

1. Formulate correct sentences by applying rules of various parts of speech. 
(Cognitive level- Applying) 

2. Read, comprehend, and analyze a wide range of texts such as small paragraphs 
and comprehension in French. (Cognitive level- Analyze) 

3. Describe new ways to new horizons to express their creativity in their writings. 
(Cognitive level- Knowledge) 

4. Illustrate self-expression and ability to utilize language skills. (Cognitive level- 
Applying) 

5. Interpret the technical aspects of French language. (Cognitive level- Applying) 
6. Improve conversational skills of the learners by constant interaction. (Cognitive 

level- Understand) 
  
Unit 1  

1. Greet people  
2. Talk about yourself  

  
Unit 2  

1. Talk about where you live  
  
Unit 3  

1. Talk about your family members  

  
Unit 4  

1. Talk about your likes and dislikes  
  
References 

1. Stahl Christian, 2018. 100 French Short Stories for Beginners Learn French 
with Stories Including Audiobook published by Lulu.com.  

2. S. Singh Kajal Chawla Toujours Francais:- French Volume -0, language 
Learning Books for beginners, Easy French Step-by-Step Learning method:-
Educational book published by Souvenir Publishers Pvt. Ltd.  
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SEC 01  Digital Fluency    
 
Course Objectives:  

• To introduce students to the realm of technology.   

• To impart knowledge regarding the benefits of digitization.  

• To help students gain digital literacy.  

  
Course Outcomes:  

After successful completion of the course, students will be able to 

1. Understand the fundamental concepts of digital technology and its 
applications. (Cognitive level - Understand) 

2. Understanding and integration of multiple digital tools and technologies for 
biotechnology. (Cognitive level- Understand) 

3. Ability to communicate scientific findings and conclusions effectively using digital 
tools, such as graphs, charts, and presentations. (Cognitive level- Knowledge) 

4. Ability to evaluate the impact of digital technology, including ethical considerations 
related to data privacy and intellectual property rights. (Cognitive level- Knowledge) 

5. Develop holistically by learning essential skills such as problem-solving, design 
thinking and teamwork. (Cognitive level- Understand) 

6. Adapt to new digital tools and technologies demonstrating a commitment to lifelong 
learning and digital fluency.  (Cognitive level- Understand) 
  

Theory  

  
Unit-I: Emerging Technologies – Overview of emerging Technologies – Artificial 

Intelligence (AI), Machine Learning, Deep Learning. Database Management for Data 

Science, Big Data Analytics. Internet of Things (IoT) and Industrial Internet of Things 

(IIoT). Cloud computing and its service models. Introduction to Cyber Security and 

Types of cyber-attack.   

Unit-II: Applications of Emerging Technologies – Artificial Intelligence (AI), Big Data 

Analytics, Internet of Things, Cloud Computing, Cyber Security.  

UNIT III: Essential skills beyond Technology: Safe usage of the internet, Creative 

Problem solving & Critical Thinking, Innovation and Design Thinking, Use of tools in 

enhancing skills.  

  
References  

  
1. Mehrotra D., 2019. Basics of artificial intelligence & machine learning, Notion 

Press.  
2. Zsolt N., 2018. Artificial Intelligence & Machine Learning Fundamentals, Packt 

Publishers.    
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VBC 01 Health & Wellness   

Course Objectives:  
To introduce  

• The concept of health, food, nutrition and diet and their role in malnutrition, 
communicable and non-communicable diseases.   

• Relationship between yoga and Ayurveda.  
• Psychology, various emotions and behavioral aspects.    

 
Course Outcomes:    
At the end of the course, students would be able to understand the  
1. Understand the importance of maintaining good health and wellness practices, 

including physical activity, healthy eating habits, and stress management, in 
promoting overall well-being. (Cognitive level- Understand) 

2. Analyze the impact of various lifestyle factors, such as diet and exercise, on the 
functioning of the human body, and explain how these factors contribute to disease 
prevention and management. (Cognitive level- Analyze) 

3. Evaluate current health and wellness trends and practices, including complementary 
and alternative medicine, and assess their scientific basis and 
effectiveness. (Cognitive level- 

4. Apply knowledge of biotechnology and related fields to develop innovative solutions 
for improving human health and wellness, such as new treatments, diagnostic tools, 
or preventative measures. (Cognitive level- Knowledge) 

5. Demonstrate effective communication skills in discussing health and wellness topics 
with peers and healthcare professionals, including the ability to convey complex 
scientific concepts in a clear and concise manner. (Cognitive level- Create) 

6. Engage in reflective practice and continuous learning to maintain personal health and 
wellness and contribute to ongoing developments in the field of biotechnology and 
healthcare. (Cognitive level-Knowledge) 

  

Unit I  
Definition of health, food, nutrients, nutrition, diet, RDA (ICMR & WHO), Balanced Diet, 
malnutrition. Exercise & fitness. Incidence of Nutritional problems, signs, symptoms and 
treatment- Protein Energy Malnutrition, Micro Nutrient deficiencies (Vit-A, Iron, Iodine 
and Zinc)- Causes & consequences of malnutrition. Intervention programs: Mid-Day 
Meal Programme, NIPPCD Fortification and enrichment of foods, NIN, ICMR, WHO, FAO.   
  

Unit - II  
Communicable Diseases causes and prevention -cholera, polio, measles, HIV. Impact of 
NCDs on public health. Non-communicable diseases causes and prevention: Obesity, 
Diabetes mellitus, hypertension, CVD, Cancer, Osteoporosis  
  

Unit - III  
Yoga and health science- Introduction to Yoga; Objective of Yoga; Concept of Mind 
according to Yoga; Importance of Yoga & Misconceptions of Yoga. Ayurveda- Principles; 
Dosha theory. Interrelation between Yoga and Ayurveda. Herbal remedies and  
Nutraceuticals.   
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Unit - IV  
Psychology, emotion, personality, motivation, cognition, cognitive learning, memory, 
forgetting and Artificial Intelligence - definitions and types. Understanding basic 
behavioral aspects- attention and concentration.  

  
References  

1. Vinodini Reddy., Pralhad Raj, Gowrinath Sastry J, Kashinath, K.C. (1993), 
Nutrition Trends in India, NIN, Hyderabad.  

2. Park and park (1995), Textbook of preventive and social medicine, Banarsidas 
published by Jabalpu.  

3. Jellifee, D.D and Pathes (1989), Assessment of Nutritional status of 
community, WHO, Geneva.  

4. Baron RA and Misra G, (2014), Psychology, Fifth Edition, New Delhi, By 
Pearson education.  

5. Yoga Health by Dr H R Nagendra & Dr R Nagarathna.  
  



 

  

SECOND SEMESTER 



CB DSC 03  Foundations of Bioinformatics  
 

Course Objectives:  

• To introduce the students to basic interdisciplinary concepts comprising biology, 
computer science and mathematics. 

• To enable the students to use in silico techniques in molecular biology research.   
  

Course outcomes:  

After successful completion of the course, students will be able to 

1. Gain knowledge and awareness of the basic principles of bioinformatics and its 
applications in biotechnology. (Cognitive level- Understand) 

2. Demonstrating a basic understanding of programming languages, databases and 
software tools used for bioinformatics. (Cognitive level- Remember) 

3. Interpret and visualize complex biological data, and analyse genes, proteins, and 
other biological molecules using bioinformatics databases and tools. (Cognitive 
level- Analyze) 

4. Define the principle and conduct experiments like sequence analysis, using 
databases, structure visualization and motif search. (Cognitive level- Create) 

5. Evaluate the accuracy and reliability of bioinformatics analyses, including 
limitations, statistical significance, and sources of bias. (Cognitive level- Evaluate) 

6. Apply bioinformatics techniques to solve complex biotechnology problems, such 
as identifying potential drug targets. (Cognitive level- Apply) 

  
Theory  

Unit-I: Introduction to computer - Overview and functions of a computer system, 
introduction to operating system (windows, LINUX $ UNIX), The Internet and its 
Resources. Introduction to bioinformatics (Definition, Scope and applications), Literature 
DataBanks – PubMed, Concept of Object-oriented Programming, PERL and Python and 
their application in Bioinformatics.  
  
Unit-II: Bioinformatics and biological databases - Information retrieval from 
databases, Introduction to data types of their Sources and File Format (Genbank, DDBJ, 
FASTA, PDB, SwissProt), Phylogenetics – Introduction and software, tree definitions, 
optimality criteria, distance matrix methods and parsimony, Bootstrapping. Multiple 
sequence alignments – Progressive Alignment Methods, tree alignments, star alignments, 
patterns in pair-wise alignments, Profiles, Motifs, Prints, Domains, Hidden Markov 
Models and Blocks.  
  
Unit-III: Sequence analysis -Introduction to Sequences, alignments and Dynamic 
Programming; Local alignment and Global alignment (algorithm and example), Pairwise 
alignment (BLAST and FASTA Algorithm) and multiple sequence alignment (Clustal W 
algorithm), Sequence Alignment based on Matrices (BLOSUM and PAM), 3D structure 
viewers (Rasmol, SPDBv, Chime, Cn3D, PyMol), Anatomical visualization.  
  
Unit-IV: Protein structure and molecular modelling - Introduction to protein st
 ructure – secondary structure prediction, tertiary structure prediction, protein 

L T P C 
3 0 2 5 



modelling- principles of homology and comparative modelling, Scope and applications of 
insilico modeling in modern biology, structure evaluation and validation and ab initio 
Modelling, Genomics and proteomics (Basic concepts), introduction to Data mining.  

  

Practical 03 - Foundations of Bioinformatics    

1. Search across the databases and retrieve information (protein and nucleotides) 
from NCBI, EMBL, DDBJ.  

2. Retrieve information for Secondary database from Swiss-prot/Uniprot, PDB.  

3. Sequence Analysis Tools. Take a nucleotide sequence and protein sequence of 
homo sapiens and perform the following against Pongo  

a. BLAST (blastp, blastn, blastx)  

b. FASTA (for both nucleotide and protein) – FASTX, FASTY, TFASTX.  

4. CLUSTALW: Take 5 sequences each of Homosapiens and Pongo and do MSA. Draw 
phylogenetic trees as well.  

5. Structure Viewers (Compare all with respect to a data)  

a. Rasmol/Pymol  

b. Swiss PDB Viewer  

6. Perform motif search for the above 10 proteins using all these tools – MEME, 
MAST, eMotif, InterproScan, Prosite, ProDom, Pfam.  

7. Prediction of the protein structure 

a. Secondary structure prediction 

b. Tertiary structure prediction 

 
 
References  

1. Xiong J. Essential bioinformatics. Cambridge University Press; 2006 Mar 13.  
2. Gu, Jenny, and Philip E. Bourne, eds. Structural bioinformatics. Vol. 44. John Wiley & 

Sons, 2009.  

3. Andrew RL. Molecular modeling principles and applications. Prentice Hall, London. 
2001.  

4. Malcolm A, Heyer LJ. Discovering genomics, proteomics, and bioinformatics. San 
Francisco, CA: Benjamin Cummings; 2003.   

  

 
 

  



CB DSC 04  Fundamentals of Statistics  
 

Course Objectives:  

• To introduce the students to basic interdisciplinary concepts of biology and 
mathematics . 

• To enable the students to understand the significance of their experiment findings 
using statistical methods.  

  

Course outcomes:  

After successful completion of the course, students will be able to  

1. Understand the principles of descriptive and inferential statistics and how they 
apply to Biotechnology research (cognitive level – Knowledge). 

2. Develop skills in data collection, organization, and analysis using appropriate 
statistical software and techniques (cognitive level – Understand). 

3. Interpret statistical output, including measures of central tendency, variability, 
and probability distributions (cognitive level – Apply). 

4. Learn the importance of hypothesis testing, including the selection of appropriate 
statistical tests and the interpretation of results (cognitive level – Knowledge). 

5. Define the principles and conduct experiments like graphical representations, 
measures of clinical tendency and dispersion, and distributions of Binomial 
Poisson Normal (cognitive level – Apply). 

6. Apply statistical thinking to solve problems related to genetic data and clinical 
trials and communicate findings clearly and accurately using appropriate visual 
aids and technical writing (cognitive level – Apply). 

  
Theory   

Unit-I: Introduction - Types of Data, Collection of data; Primary & Secondary data, 
Classification and Graphical representation of Statistical data. Measures of central 
tendency and Dispersion. Measures of Skewness and Kurtosis.   
  
Unit-II:  Probability - classical & axiomatic definition of probability, Theorems on total 
and compound probability, Elementary ideas of Binomial, Poisson and Normal 
distributions.   
  
Unit-III: Methods - sampling, confidence level, critical region, testing of hypothesis and 
standard error, large sample test and small sample test. Problems on test of significance, 
ttest, chi-square test for goodness of fit and analysis of variance (ANOVA).  
   
Unit-IV: Correlation and Regression - Emphasis on examples from Biological Sciences.   

    

Practical 04 - Fundamentals of Statistics   

1. Based on graphical Representation   
2. Based on measures of Central Tendency & Dispersion   
3. Based on Distributions Binomial Poisson Normal   
4. Based on t, f, z and Chi-square  
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OEC 02 - Bioproducts   
 

Course Objectives:  

• To introduce students to bioproducts and their economic significance  
• To create awareness on a wide array of biologically derived products  
• To develop the entrepreneurship potential of students with regards to 

bioproduct development  
  
Course Outcomes:  

After successful completion of the course, students will be able to  

1. Gain exposure to the importance of the bioproducts industry and the strategies 
implemented nationally and globally for the promotion of bioproduct-based 
entrepreneurship. (Cognitive level-Knowledge) 

2. Understand the production and applications of liquid and gaseous fuels with an 
emphasis on positive implications for the environment. (Cognitive level- Understand) 

3. Learn about the various sources and technologies implemented to produce 
bioplastics, bio-rubber, bio-foam, bio-composites etc., as biomaterials with potential 
industrial and medical applications. (Cognitive level- Knowledge)  

4. Gain multidimensional insights about biochemicals with industrial-relevant chemical 
products and the biocosmetic industry. (Cognitive level- Knowledge) 

5. Elaborate information about their biotechnological and medical applications like 
monoclonal therapeutic antibodies, interleukins, hormones and vaccines, antibiotics 
etc. (Cognitive level - Understand) 

6. Learn the potential applications of bioproducts such as biofertilizers and bio-
repellents. (Cognitive level- Knowledge) 

  

UNIT - I   
INTRODUCTION TO BIOPRODUCTS: Definition of bioproducts; Categories of 
bioproducts; Importance of bioproducts; Bioproducts industry - strategies and action 
plans, global trends and current situation; Bioproducts used for decoration; 
Biofertilisers; Examples of clonal propagation of plants; Socio-economic and 
environmental impact of bioproducts.  
  

UNIT - II   
ENERGY RELATED BIOPRODUCTS: Liquid fuels - ethanol and biodiesel; Carbon 
neutrality; Conversion mechanisms; Solid biomass for combustion to generate heat 
and power; Gaseous fuel such as biogas; Renewable energy opportunities for Indian 
entrepreneurs.  
  

UNIT - III  
BIOMATERIALS: Bioplastics from plant oils and sugars; Biofoams and biorubber 
from plant oils and latex; Biocomposites manufactured from agricultural (e.g., hemp, 
flax, kenaf) and forestry; Biofibres.  
  

UNIT - IV   
BIOCHEMICALS: Industrial - basic and specific chemicals, resins, lubricants and 
solvents; Pharmaceuticals - examples of monoclonal therapeutic antibodies, 
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interleukins, enzymes (therapeutic and detergent), hormones and vaccines; 
Antibiotics; Omega 3 fatty acids; Biocosmetics - soaps, body creams and lotions; 
Biorepellents - case study; Trichoderma.  
  

References  
1. N.T. Dunford, “Food and industrial bioproducts and bioprocessing”, Wiley-

Blackwell Publishers, 2012.  
2. J.C. Philp and K.C. Pavanan, “Perspectives- bio-based production in a bioeconomy”, 

Asian Biotechnology and Development Review, Vol. 15, No.2, pp 81-88, 2012.  
3. J. W. Lee, "Advanced Biofuels and Bioproducts", Springer New York, 2013.  
4. C. T. Hou and J.F. Shaw, "Biocatalysis and Bioenergy", Wiley publishers, 2008.  
    

 

  



Language 1 Part I English II  
 

Course Objectives:  

• Understand and apply the purpose of adjectives, adverbs and prepositions.  

• Apply the rules of reported speech in dialogue writing.  

• Bring life to the words and enhance creativity in writing by using figures of speech 
like alliteration, metaphor and simile.  

Course Outcomes:  

After successful completion of the course, students will be able to  

1. Develop reading and concentration of the learners through reading comprehension 
passages. (Cognitive level- Understand) 

2. Formulate correct sentences by applying rules of adjectives, prepositions, adverbs, 
reported speech. (Cognitive level- Applying) 

3. Develop writing skills through figures of speech like alliteration, metaphor, and simile 
to help readers form mental images and draw readers into the work. Dramatize 
writing by using figures of speech. (Cognitive level- Applying) 

4. Develop effective oral and written communication skills of the learners through 
writing emails and formal letters. (Cognitive level- Applying) 

5. Develop vocabulary of the students through root words, New Words in English and 
prefixes and suffixes. (Cognitive level- Knowledge) 

6. Interpret and adapt to different cultures and become are of religious and spiritual 
developments in India which is very important to get a global experience through 
Swami Vivekananda’s Address at Parliament of Religions in Chicago. (Cognitive level- 
Knowledge) 

 

Unit-I: Grammar  

1. Correct Use of Adjectives   

2. Reported Speech   

3. Correct Use of Adverbs    

4. Correct Use of Prepositions   

5. Formal Letters (Resume and Cover letter) and Writing Emails  

6. Reading Comprehension Passage   

  
Unit-II: Vocabulary – I   

1. Roots: G to L  

2. Figures of Speech: Alliteration, Metaphor, Simile  
  
Unit-III:  Vocabulary – II  

1. Prefixes and Suffixes   

2. New Words in English  

  
Unit-IV: Essay: Indian English Literature  

Swami Vivekananda’s Address at Parliament of Religions in Chicago  
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Language 2 Part II English II   
 
Course Objectives:  

• Learn and appreciate different kinds of literature like Indian English, British 

and American literature.  

• Learn to appreciate the importance of moral and ethical values in life through 

study of literature.  

Course Outcomes:  

After successful completion of the course, students will be able to  

1. Recognise the prevalence of child labour in 21st century India through British and 
Indian writings. (Cognitive level- Knowledge) 

2. Discover that nature is the best teacher through different genres of literature. 
(Cognitive level- Understand) 

3. Demonstrate maintaining human relations are important for emotional, physical, 
and spiritual wellbeing. (Cognitive level- Understand) 

4. Examine classical Indian literary works and their relevance in 21st century. 
(Cognitive level- Knowledge) 

5. Illustrate that moral and ethical values are very important to lead a happy and 
successful life. (Cognitive level- Understand) 

6. Justify that no human being can escape death. (Cognitive level- Understand) 
  

Unit-I: Poetry from the Romantic period   

1. “The Chimney Sweepers “by William Blake   

2. “The Tables Turned “by William Wordsworth   

  
Unit-II:  Indian English Poetry  

1. “The Frog and the Nightingale” by Vikram Seth   

2. “Battle with Death”, Translating Atal Bihari Vajpayee’s  Hindi poem “Maut Se Thann 

Gayi” 

  
Unit-III: British and American Prose  

1. “The Mammon and The Archer” by O‘Henry   

2. “The Tell-Tale Heart” by Edgar Allan Poe  

3. “The Case for The Defence” by Graham Greene  

  
Unit-IV: Drama Translation Works  

“Yama’s Defeat” by Kuvempu translated from Kannada to English by Dr. C. Naganna  

  

References 
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Language 2 Part II Kannada II   
 

¸Á»vÀå ¹AZÀ£À -2 
CzsÀåAiÀÄ£ÀzÀÀ GzÉÝÃ±À 

• «zÁåyðUÀ¼À°è PÀÄªÉA¥ÀÄ ¸Á»vÀåzÀ §UÉÎ CjªÀÅ ªÀÄÆr¸ÀÄªÀÅzÀÄ 

• ªÀZÀ£ÀUÁwðAiÀÄgÀ §UÉÎ w½¹PÉÆqÀÄªÀÅzÀÄ 

• ªÀZÀ£ÀUÁgÀgÀ §UÉÎ ¨É¼ÀPÀÄ ZÉ®ÄèªÀÅzÀÄ 

• ¥Àj¸ÀgÀzÀ §UÉÎ CjªÀÅ ªÀÄÆr¸ÀÄªÀÅzÀÄ 

• ¥Àæ§AzsÀ ¸Á»vÀåzÀ §UÉÎ w½¹PÉÆqÀÄªÀÅzÀÄ 

CzsÀåAiÀÄ£ÀzÀÀ ¥sÀ°vÀUÀ¼ÀÄ 

• «zÁåyðUÀ¼ÀÄ PÀÄªÉA¥ÀÄ ¸Á»vÀåzÀ §UÉÎ «¸ÁÛgÀªÁzÀ w¼ÀÄªÀ½PÉ ºÉÆAzÀÄªÀgÀÄ 

• ªÀZÀ£ÀUÁwðAiÀÄgÀ §UÉÎ w½zÀÄPÉÆ¼ÀÄîªÀgÀÄ 

• ªÀZÀ£ÀUÁgÀgÀ §UÉÎ ºÉaÑ£À eÁÕ£À ¥ÀqÉzÀÄPÉÆ¼ÀÄîªÀgÀÄ 

• ¥Àj¸ÀgÀzÀ §UÉÎ CjvÀÄPÉÆ¼ÀÄîªÀgÀÄ 

• ¥Àæ§AzsÀ ¸Á»vÀåªÀ£ÀÄß UÀæ»¹PÉÆ¼ÀÄîªÀgÀÄ. 

WÀlPÀ – 1, fÃªÀ£À PÀ¯É 
 1) d®UÁgÀ                                   : PÀÄªÉA¥ÀÄ 
WÀlPÀ – 2,  PÀ£À¸ÀÄ 
1) CPÀÌ PÉÃ¼ÀªÀé £Á£ÉÆAzÀÄ PÀ£À¸ÀÄ PÀAqÉ               : CPÀÌ ªÀÄºÁzÉÃ« 
2) ±ÀªÀzÀ ªÀÄ£É                                  : ZÀzÀÄgÀAUÀ 
3) gÀAUÀtÚ£À PÀ£À¹£À ¢£ÀUÀ¼ÀÄ                       : J¸ï.« gÀAUÀtÚ 
WÀlPÀ- 3,  ªÀÄ¼É 
1) ªÀÄÄPÀÌtÚ ªÀÄ¼É PÀgÀÄtÂ¸ÉÆÃ                       : d£À¥ÀzÀ PÁªÀå 
2) vÉAPÀtUÁ½AiÀiÁl                             : ¥ÀAeÉ ªÀÄAUÉÃ±ÀgÁAiÀÄgÀÄ 
3) CªÉÄeÁ£ï ªÀÄ¼ÉPÁrUÉ CVß ¥ÀjÃPÉë                : n. Dgï C£ÀAvÀgÁªÀÄÄ   
WÀlPÀ -4,  ¨sÁµÁ ¨sÁUÀ   
1) UÁzÉ, ¸ÀégÀÆ¥À ®PÀët 
2) ¥Àæ§AzsÀ, ¸ÀégÀÆ¥À ®PÀët 
3) ¸ÀPÁðj ¥ÀvÀæ ªÀåªÀºÁgÀ, C¢üPÀÈvÀ, CgÉ C¢üPÀÈvÀ ¥ÀvÀæUÀ¼ÀÄ 
 
ºÉaÑ£À N¢UÁV :  
 1) PÀÄªÉA¥ÀÄ ¸ÀAZÀAiÀÄ – qÁ.¥ÀæzsÁ£ï UÀÄgÀÄzÀvÀÛ 
 2) PÀ£ÀßqÀzÀ CvÀåvÀÛªÀÄ À̧tÚ PÀvÉUÀ¼ÀÄ - £ÀgÀ¹AºÀ ªÀÄÆwð  
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Language 2 Part II French II   
 

Course Objectives:  

• The students are taught to interact in a simple way provided the other person 
talks slowly and clearly and is prepared to help.  

Course Outcomes:  

After successful completion of the course, students will be able to  

1. Apprise and interpret the diversity of the Francophone world within the broader 
framework of multicultural communities and global perspectives. (Cognitive level- 
Understand) 

2. Paraphrase and respond with grammatical accuracy to spoken and written French as 
well as demonstrate cultural awareness. (Cognitive level- Applying ) 

3. Recognise and adapt to different cultures which will be important in their education 
abroad. Cognitive level- Understand) 

4. Interact in a simple way provided the other person talks slowly and clearly and is 
prepared to help. (Cognitive level- Applying ) 

5. Ask about the day, the time, and the date, learn to express how to accept and how to 
refuse politely. (Cognitive level- Applying ) 

6. Read simple notices, posters, and catalogs. (Cognitive level- Applying) 
  

Unit 1  

1. Engage in a simple buy-and-sell situation  
Unit 2  

1. Ask about the day, the time and the date  
2. Accept and refuse  

Unit 3  

1. Read simple notices, posters and catalogs  
Unit 4  

1. Fill in a simple form  
2. Write a simple postcard    

  
References 

1. Verma Rashmi, 2020. French Made Easy published by Goodwill Publishing House.  
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AECC 01 Environmental Studies   
 

Course Objectives:  

• To identify and solve environmental problems.  

• To avoid environmental pollution & Global Problems.  

• To create awareness among the people about the protection of the 
environment.  

Course Outcomes:  

      After successful completion of the course, students will be able to  

1. Demonstrate an understanding of the interdependence of biotechnology and the 
environment and the impact of human activities on the natural world. (Cognitive 
level- Understand) 

2. Evaluate the various types of pollution and their sources and identify the measures 
that can be taken to mitigate their harmful effects. (Cognitive level- Evaluate) 

3. Analyze the impact of climate change on the environment and biodiversity, and 
discuss the role of biotechnology in mitigating these effects. (Cognitive level - Analyze) 

4. Assess the risks and benefits of genetically modified organisms (GMOs) and other 
biotechnology applications in agriculture, industry, and healthcare. (Cognitive level- 
Evaluate) 

5. Apply knowledge of environmental regulations and policies to identify and address 
environmental problems in biotechnology-related industries. (Cognitive level- 
Knowledge) 

6. Design and propose sustainable solutions to environmental challenges in 
biotechnology-related fields, considering the economic, social, and environmental 
aspects of the problem. (Cognitive level- Create) 

  

Theory 
 

Unit I: Introduction to environmental studies - Multidisciplinary nature of 

environmental studies; Scope and importance of environmental studies, 

Ecosystems, Structure and function of the ecosystem; Energy flow in an ecosystem: 

food chains, food webs and ecological succession. Case studies of the following 

ecosystem: Grassland ecosystem, Desert ecosystem, Aquatic ecosystems (ponds, 

rivers, oceans). Natural Resources: Renewable and Non-renewable Resource, Land 

resources and land-use change; Land degradation, soil erosion and desertification. 

Water: Use and overexploitation of surface and groundwater, conflicts over water 

(international & interstate). Energy resources: Renewable and non-renewable 

energy sources, use of alternate energy sources.  

  
Unit-II: Biodiversity and Conservation - Levels of biological diversity: genetic, 

species and ecosystem diversity; values of biodiversity Biogeographic zones of India; 
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Biodiversity patterns and global biodiversity hot spots, India as a mega---

biodiversity nation; Endangered and endemic species of India, Threats to 

biodiversity: Habitat loss, poaching of wildlife, man---wildlife conflicts, biological 

invasions; Conservation of biodiversity: Insitu and Ex-situ conservation of 

biodiversity.  

 Unit-III: Environmental Pollution & Policies - Environmental pollution: types, 

causes, effects and controls; Air, water, soil and noise pollution, Nuclear hazards and 

human health risks, Solid waste management, climate change, global warming, 

ozone layer depletion, acid rain, Environment Laws: Environment Protection Act; 

Air (Prevention & Control of Pollution) Act; Water (Prevention and control of 

Pollution) Act; Wildlife Protection Act;  

Forest Conservation Act. International agreements: Montreal and Kyoto protocols 

and Convention on Biological Diversity (CBD).            

Unit-IV: Human Communities and the Environment - Human population growth: 

Impacts on environment, human health and welfare. Resettlement and 

rehabilitation project-affected persons; case studies. Disaster management: floods, 

earthquakes, cyclones and landslides. Environmental movements: Chipko, Silent 

valley, Bishnois of Rajasthan. Environmental ethics: Role of Indian and other 

religions and cultures in environmental conservation. Environmental 

communication and public awareness, case studies (e.g., CNG vehicles in Delhi). 

Fieldwork activities (Study of simple ecosystems)  
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Activity Based Course 01 Laboratory Management   
 

Course Objectives:  

• To introduce students to setting up of laboratories   

• To create awareness on hazardous and safety precautions in labs  
• To provide necessary skills to handle basic lab equipment  

  
Course Outcomes:  

After successful completion of the course, students will be able to  

1. Outline the knowledge of the common equipment’s and handling with 
ease (cognitive level – Remember) 
 
2. Explain the methods for the preparation of buffers and reagents (cognitive level – 
understand). 
 
3. Ability to create stock registries for consumables and equipment (cognitive level –
Apply). 
 
4. Illustrate appropriate laboratory skills in isolation and identification of 
microorganisms and perform aseptic techniques (cognitive level –Analyse). 
 
5. Summarize the laboratory safety and usage of various other techniques (cognitive 
level – Evaluate). 
 
6 Develop independent entrepreneurs to run their own laboratories (cognitive level – 
Create). 
  

  

Practical for Activity Based Course: Laboratory Management  

1. Safety measures in laboratories  

2. Preparation of Buffers and reagents  

3. Handling of stock registers and raising indents  

4. pH Meters, Microscopy, Autoclave, Hot air oven, Centrifuges  

5. Preparation of reports  

6. Laboratory waste management    
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THIRD SEMESTER 



CB – DSC 05 Fundamentals of Linux & Programming  

 

Course Objectives: 

➢ Gain a comprehensive understanding of the Linux operating system and its 
relevance to computational biology and bioinformatics.  

➢ Develop proficiency in using Linux command-line interface and learn how to write 
and execute shell scripts in Linux for automating repetitive tasks and performing 
batch processing.  

➢ Learn how to effectively use bioinformatics tools and software packages in a Linux 
environment.  

➢ Apply Linux and programming skills to solve real-world computational biology 
and bioinformatics problems. 

 

Course Outcomes: 

After successful completion of the course, students will be able to  
 

1. Demonstrate an understanding of the fundamental concepts and principles of the 
Linux operating system and its relevance to computational biology and 
bioinformatics. (Cognitive level – Understand) 

2. Demonstrate proficiency in using the Linux command-line interface to navigate 
the file system, manage files and directories, and execute basic commands. 
(Cognitive level – Apply) 

3. Develop the ability to write and execute shell scripts in Linux for automating 
repetitive tasks and performing batch processing of data. (Cognitive level – 
Apply)  

4. Effectively utilize bioinformatics tools and software packages in a Linux 
environment for tasks such as sequence analysis, alignment, and data 
visualization. (Apply) 

5. Troubleshoot and debug common issues encountered in Linux-based 
computational biology and bioinformatics workflows. (Evaluate)  

6. Apply Linux and programming skills to solve real-world computational biology 
and bioinformatics questions. (Apply)  

 
Theory 

Unit–I: Introduction to Linux 
Introduction; Why Linux for bioinformatics; Setting up your local environment; Choosing 
the right tools; File System; Understanding the Linux permissions scheme; File 
manipulation.   
 
Unit–II: Linux Command Line 
Command Line: Working with the Command Line; Advanced Command Lines and 
Concepts; Command line editing, history substitution, and key bindings.  
 
Unit–III: Linux Scripting 
Understanding the Shell; Writing Simple Script Utilities; Variables and user input; Error 
checking and handling; Conditional testing and scripting loops; Using pipes and redirection 
in scripts; Functions; Scheduling and logging; Parsing Bash script arguments with getopts; 
Bash parameter substitution and expansion 
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Unit-IV: Linux Programming for Bioinformatics 
Regular expressions; Introducing sed and awk; Producing database, web & email scripts; 
Process handling, from job control to processes; Downloading data from Biological 
Databases; Installing software for bioinformatics. 
 

Practical 05 - Fundamentals of Linux & Programming  

1. Develop, execute, and debug your first Bash script. 

2. Create interactive scripts that prompt user input. 

3. Build menu structures for operators with little command-line experience. 

4. Write scripts that use AWK to search log files and generate reports. 

5. Draft effective scripts using functions as building blocks, reducing maintenance 

and build time. 

6. Use the command line to bypass the graphical user interface (GUI) and automate 

common tasks. 

7. Compare different script languages such as CSH with BASH. 
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CB – DSC 06 Molecular Biology & Techniques   
  
Course Objectives: 

• To introduce the molecular aspects and functioning of biological systems. 
• To provide insight into the mechanisms associated with gene expression and 

genetic engineering. 
• To enhance the problem-solving abilities based on molecular biology. 

 

Course Outcomes: 

After successful completion of the course, students will be able to  
 
1. Explain the fundamental principles of molecular biology, including the structure and 

function of DNA, RNA, and proteins, and the central dogma of molecular biology 
(cognitive level – understand). 

2. Describe the techniques used in molecular biology, including PCR, gel electrophoresis, 
horizontal gene transfer methods, and gene expression analysis (cognitive level – 
understand). 

3. Explain the various types of mutations that can occur in DNA, including spontaneous 
and induced mutations, and understand the different types of mutagens that can cause 
these mutations (cognitive level – understand). 

4. Analyse the mechanisms of gene expression, including transcription, translation, and 
regulation of gene expression (cognitive level – Analyze). 

5. Analyze the relationship between molecular biology and human health, including the 
role of genetic factors in disease, and the use of molecular biology in diagnostics and 
therapeutics (cognitive level – Analyze). 

6. Evaluate current research in molecular biology, research methods, experimental 
design, data analysis, and interpretation, and to communicate scientific findings 
effectively (cognitive level – Evaluate). 

 

Theory 

Unit–I: Nucleic acids - Organization of genome; Concept of Gene, Structure, types and 
functions of DNA and RNA, Ribozymes. DNA as genetic material – Griffith, Avery MacLeod 
and McCarty, Hershey and Chase experiments; RNA as genetic material; Experiment to 
prove semiconservative mode of replication. DNA replication in prokaryotes and 
eukaryotes; Unidirectional and bidirectional DNA replication; Enzymology of replication;  
Polymerase chain reaction.  
 
Unit–II: Central dogma and regulation of gene expression - Gene as the unit of 
expression - Co linearity, Transcription, post-transcriptional modifications (mRNA, tRNA, 
rRNA), transcriptional regulation in prokaryotes (operon concept-lac operon) and 
eukaryotes, inhibitors of transcription; RNA interference. Translation – Elucidation of 
Genetic Code, Translation of protein – post-translational modifications and folding of 
newly assembled polypeptides, translational regulations, signal sequences and protein 
export. Gene expression – qPCR. 
 
Unit–III: Gene mutation – types of mutations- spontaneous and induced mutations; 
Physical and chemical mutagens; Ames test for mutation; Types of DNA damage – 
Endogenous and Exogenous damage; types of DNA repair mechanisms – base excision 
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repair, Nucleotide excision repair, photo reactivation excision repair, post-replication 
recombinant repair, SOS repair. 
 
Unit-IV: Recombination - Homologous and non-homologous recombination, 
transposition – types, transposable elements, site-specific recombination. Genetic 
exchange – bacterial transformation, transduction, conjugation and their mapping. 

 

Practical 06 - Molecular Biology & Techniques  

1. Isolation of Genomic DNA from plant tissue. 

2. Isolation of total RNA from sample. 

3. Isolation of Plasmid from E.coli. 

4. PCR. 

5. Agarose gel electrophoresis. 

6. Restriction digestion of plasmid DNA. 

7. Bacterial transformation. 

8. SDS-PAGE. 
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OEC 03 Nutraceutical Biotechnology  
 
Course Objectives: 

• To introduce the students to nutraceuticals and its role in human diseases 
• To help understand the concepts of specialty nutraceuticals originated from plant, 

animal, microbial and algal resources.  
• To provide insights to the scope and growth of nutraceutical industry  

 

Course Outcomes: 

Upon successful completion of the course, students will be able to: 

 1 Describe the significance of dietary supplements and their uses in the current 
scenario (cognitive level – Remember) 

 2 Analyze the mechanisms by which phytochemicals and micronutrients prevent 
chronic diseases (cognitive level – understand 

 3 Demonstrate the role of primary and secondary metabolites in treating various 
diseases (cognitive level –Apply).  

 4 Illustrate the role of secondary metabolites in preventive medicine and 
treatment (cognitive level –Analyze). 

 5 Evaluate how microbial and algal nutraceuticals are beneficial to health cognitive 
level –Evaluate). 

 6 Summarize the nutraceutical property of genetically modified foods(cognitive level – 
Create). 

 
Theory 

 
Unit-I: Introduction to Nutraceutical- Organizational elements, classification of 
nutraceuticals, dietary supplements, fortified foods, functional foods and 
phytonutracuticals. Scope involved in the industry, Indian and global scenario.  
Role of nutraceuticals with special reference to diabetes mellitus, hypertension, 
hypercholesterolemia, cancer, glands in the prevention and treatment. Concept of 
antioxidants - use of antioxidants as dietary supplements in prevention and treatment of 
cancer, obesity and stress. Role of nutraceuticals and functional foods in pediatrics, 
geriatrics, sports, pregnancy and lactation. 
 
Unit-II: Nutraceuticals of plant and animal origin: Plant secondary metabolites, 
classification and sub-classification - Alkaloids, phenols, Terpenoids. Extraction and 
purification, applications with specific examples with reference to skin, hair, eye, bone, 
muscle, heart, brain, liver, kidney, general health and stimulants. Concept of 
cosmoceuticals and aquaceuticals.  
Animal metabolites - Sources and extraction of nutraceuticals of animal origin. Examples: 
chitin, chitosan, glucosamine, chondroitin sulphate and other polysaccharides of animal 
origin, uses and applications in preventive medicine and treatment. 
 
Unit-III: Microbial and algal nutraceuticals: Concept of prebiotics and probiotics – 
principle, mechanism, production and technology involved, applications – examples of 
bacteria used as probiotics, use of prebiotics in maintaining the useful microflora – 
extraction from plant sources. Synbiotics for maintaining good health. Algae as source of 
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omega – 3 fatty acids, antioxidants and minerals – extraction and enrichment. 
 

Unit-IV: Biotechnology in Phytonutraceuticals: Role of medicinal and aromatic plants 

in nutraceutical industry – propagation - conventional and tissue culture, cultivation, 

post-harvest technology and strategies for crop improvement, development of high 

yielding lines and yield enhancement, plant genomics and metabolomics. Introduction to 

nanobiotechnology with special reference to nutraceuticals. Biofortification and 

nutritional enhancement. GM foods with enhanced nutraceutical properties. Golden rice, 

GM Tomatoes. 
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Language 1 Part I English III   
 
Course Objectives: 

• Learn the importance of Superfluous Expressions otherwise known as redundant 
or unnecessary expressions. 

• Learn to use Active and Passive Voice in speech and writing and understand 
them. 

Course Outcomes: 

After successful completion of the course, students will be able to 

1. Paraphrase sentences without changing the meaning by proper use of Active and 
Passive voice which enhances writing skills. Distinguish redundant and superfluous 
expressions and remove them from their speech and writing. (Cognitive level- 
Applying) 

2. Evaluate their vocabulary since they would have learned about root words. (Cognitive 
level- Remember) 

3. Formulate correct sentences by applying the rules of correction of sentences of all the 
parts of speech in English Grammar like auxiliary verbs, articles, and conjunctions. 
(Cognitive level- Applying) 

4. Rearrange a given paragraph by using their own words through Precis writing which 
is very useful in writing review articles. (Cognitive level- Analyze) 

5. Develop writing skills through figures of speech like Hyperbole, Euphemism, 
Onomatopoeia, Personification. (Cognitive level- Applying) 

6. Identify and adapt to different cultures by learning to use foreign expressions in their 
writings. (Cognitive level- Applying)  

Unit-I: Grammar  
1. Correct use of Conjunctions 
2. Correct use of Articles 
3. Superfluous Expressions and commonly mispronounced words in English 
4. Active and Passive Voice 
5. Modal Auxiliaries  
6. Reading Comprehension Passage  
Unit-II: Vocabulary   
1. Roots: M to R  
2. Homonyms, homophones and homographs 
3. Figures of Speech: Hyperbole, Euphemism, Onomatopoeia, Personification 
4. Foreign expressions 
Unit-III: Creative Writing   
1. Paragraph writing 
2. Précis Writing 
Unit-IV: Essay 
Sardar Vallabhi Bhai Patel’s letter to Nehru after drafting the Constitution. 
 
References: 
1. Sudhir S Padhye, 2017. English Grammar and Writing Skills, Notion Press 
2. S.P Bakshi, Richa Sharma, 2017. Descriptive English, Arihant Publication 
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Language 2 Part II English III  
 

Course Objectives: 

• Critically analyze American, Anglo American, Neoclassical and Victorian Poetry. 

• Learn about the importance of historical fiction and diary entries. 

Course Outcomes: 

After successful completion of the course, students will be able to  

1. Think and ponder about the plight of refugees all over the world today, adopt a 
humanitarian outlook towards refugees. (Cognitive level- Knowledge) 

2. Understand and appreciate the revolutionary and patriotic spirit of India’s 
revolutionary leaders. (Cognitive level- Understand) 

3. Learn about several life-changing moral and ethical lessons through the Mahabharata. 
(Cognitive level- Knowledge) 

4. Describe and learn from several events of the Second World War which are relevant 
in 21st century war torn countries. (Cognitive level- Knowledge) 

5. Interpret that human life is full of ups and downs and success can be achieved through 
patience and hard work.  (Cognitive level- Understand) 

6. Recognize that gender equality is very important for a nation’s progress. (Cognitive 
level- Understand) 

 
Unit-I:  American and Anglo American Poetry 
1. “The Road Not Taken” by Robert Frost 
2. “Refugee Blues” by W H Auden   
 
Unit-II: Neoclassical and Victorian Poetry 
1. “On His Blindness” by John Milton 
2. “The Last Duchess” by Robert Browning 
 
Unit-III:  Drama, Historical Fiction and Diary Entries 
1. “The Proposal “by Anton Chekov  
2. “Remember the Roses” by Avery Taylor 
3.  Bhagat Singh’s jail diary 
 
Unit-IV:  Epic Literature 
“The Mahabharatha” 

 
 
References: 

 
1. Chekhov Anton, 2017. The Very Best of Anton Chekov - Short Stories published by 

Embassy Books. 
2. Sandhu Yadvinder Singh, 2020. Bhagat Singh’s Jail Diary, Prabhat Prakashan.  
3. Frost Robert, 1993. The Road Not Taken and Other Selected Poems,     

Wilder Publications. 
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Language 2 Part II Kannada III   
 
¸Á»vÀå ¹AZÀ£À – 3 
CzsÀåAiÀÄ£ÀzÀÀ GzÉÝÃ±À 

• «zÁåyðUÀ¼À°è d£À¥ÀzÀ ¸Á»vÀåzÀ §UÉÎ M®ªÀÅ ªÀÄÆr¸ÀÄªÀÅzÀÄ 

• ¥ÀæªÁ¸À ¸Á»vÀåzÀ ¥ÁæªÀÄÄRåvÉAiÀÄ §UÉÎ w½¹PÉÆqÀÄªÀÅzÀÄ 

• ªÉÊZÁjPÀvÉAiÀÄ ¥Àæ¸ÀÄÛvÀvÉAiÀÄ §UÉÎ CjªÀÅ ªÀÄÆr¸ÀÄªÀÅzÀÄ 

• ²ªÀgÁªÀÄ PÁgÀAvÀgÀ §zÀÄPÀÄ §gÀªÀtÂUÉAiÀÄ §UÉÎ ºÉaÑ£À N¢UÉ C£ÀÄªÀÅ ªÀiÁrPÉÆqÀÄªÀÅzÀÄ 

• ¯ÉÃR£À aºÉßUÀ¼À ¥ÁæªÀÄÄRåvÉAiÀÄ §UÉÎ w½¹PÉÆqÀÄªÀÅzÀÄ. 
CzsÀåAiÀÄ£ÀzÀÀ ¥sÀ°vÀUÀ¼ÀÄ 

• «zÁåyðUÀ¼ÀÄ  d£À¥ÀzÀ  ¸Á»vÀåzÀ §UÉÎ M®ªÀÅ ºÉÆAzÀÄªÀgÀÄ 

• ¥ÀæªÁ¸À ¸Á»vÀåzÀ ¥ÁæªÀÄÄRåvÉAiÀÄ §UÉÎ w½zÀÄPÉÆ¼ÀÄªÀgÀÄ 

• ªÉÊZÁjPÀvÉAiÀÄ ¥Àæ¸ÀÄÛvÀvÉAiÀÄ §UÉÎ «¸ÁÛgÀ eÁÕ£À ¥ÀqÉAiÀÄÄªÀgÀÄ 

• ²ªÀgÁªÀÄ PÁgÀAvÀgÀ §zÀÄPÀÄ §gÀºÀzÀ §UÉÎ ºÉaÑ£À eÁÕ£À ¥ÀqÉªÀgÀÄ 

• ¯ÉÃR£À aºÉßUÀ¼À ¥ÁæªÀÄÄRåvÉAiÀÄ §UÉÎ w½zÀÄPÉÆ¼ÀÄªÀgÀÄ 

WÀlPÀ – 1,  ªÀiÁ£À«ÃAiÀÄvÉ                                                   
1) ¸ÀvÉå ±ÀgÀuÉ À̧APÀªÀÄä                         : qÁ. ¦.PÉ. gÁd±ÉÃRgÀ 
2) ZÀAzÀæªÀÄwAiÀÄ ¥Àæ¯Á¥À                       : gÁWÀªÁAPÀ 
3) CªÀÄä ºÉÃ½zÀ JAlÄ ¸ÀÄ¼ÀÄîUÀ¼ÀÄ                : ªÀÄtÂPÁAvï J.Dgï 
WÀlPÀ  - 2, ¥ÀæªÁ¸À ¸Á»vÀå 
1) £À£Àß UÀæ»PÉAiÀÄ £ÉÃ¥Á¼À                      : £ÁUÀwºÀ½î ZÀAzÀæ±ÉÃRgï   
WÀlPÀ -  3, «ZÁgÀ PÁæAw 
1) PÀvÉÛ ªÀÄvÀÄÛ zsÀªÀÄð                         : qÁ. ¹zÀÝ°AUÀAiÀÄå 
2) ªÉÊZÁjPÀvÉ                               : JZï. £ÀgÀ¹AºÀAiÀÄå 
3) £ÀªÀÄä C¼ÀvÉAiÀÄ£ÀÄß «ÄÃgÀ¯ÁgÀzÀ zÉÃªÀgÀÄ         : qÁ.PÉ. ²ªÀgÁªÀÄ PÁgÀAvÀ 
WÀlPÀ – 4, ¨sÁµÁ ¨sÁUÀ   
1) ¸ÀÄvÉÆÛÃ É̄      
2) PÀqÀvÀ (¥sÉÊ®ÄUÀ¼ÀÄ) PÀbÉÃj n¥ÀàtÂUÀ¼ÀÄ 
3) É̄ÃR£À aºÉßUÀ¼ÀÄ 
 
 
ºÉaÑ£À N¢UÁV :  
1) ºÉÆ£ÁßgÀÄ d£À¥ÀzÀ VÃvÉUÀ¼ÀÄ – qÁ. ¦.PÉ. gÁd±ÉÃRgÀ 
2) CªÀÄä ºÉÃ½zÀ JAlÄ ¸ÀÄ¼ÀÄîUÀ¼ÀÄ : ªÀÄtÂPÁAvï J.Dgï 
3) vÉgÉzÀ ªÀÄ£À – qÁ. JZï £ÀgÀ¹AºÀAiÀÄå 
4) DqÀ½vÀ PÀ£ÀßqÀ – JZïJ¸ïPÉ  
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Language – Part II French III  

Course Objectives: 

• This course aims to enable the learner to understand sentences and frequently 

used expressions related to areas of most immediate relevance (e.g., very basic 

personal and family information, shopping, local geography, employment). 

Course Outcomes: 

After successful completion of the course, students will be able to 

1. Understand sentences and frequently used expressions related to areas of most 
immediate relevance (e.g., local geography, employment, accommodation, health and 
illness) 

2. Understand short, simple texts, incl. letters and everyday material (e.g., advertisement, 
menus, magazine articles, hotel webpages) related to areas of most immediate 
relevance (e.g., local geography, employment, holidays, consulting a doctor) 

3. Communicate verbally in simple and routine tasks requiring simple and direct 
exchange of information on familiar and routine matters (e.g., asking where places are, 
finding your way around, visiting the doctor, renting an apartment) 

 
Unit 1 
1.Talk about yourself, your educational background, your job, your family, your 
neighborhood 
2.Talk about your hobbies and daily activities 
Unit 2 
1.Ask for goods in a shop where goods are displayed 
2.Order a meal in a restaurant if dishes are either displayed or illustrated on the menu  
Unit 3 
1.Book a hotel room (face to face) 
2.Ask for basic services in a post office or bank 
Unit 4 
1.Indicate the nature of a medical problem to a doctor 
2.Make inquiries about a journey at a travel agency 
 
References: 
 

1.Makowski Francois (1995)  Beginners French Made Easy with CD published by Goyal 
Publishers & Distributors Pvt. Ltd. 
2.Cantel J B (1860 )The Pronunciation of French Made Easy published by Nabu Press 
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AECC 02 Indian Constitution  

Course Objectives 

• The course aims to imbue students with the process of constitutional making and 
its formulations. Further, it is offered with the objective to acquaint students to have 
the basic understanding of the constitution of India. 

 
Course Outcomes: 
 
Upon successful completion of the course, students will be able to: 
 
1. Understanding of the fundamental principles of the Indian Constitution, including its 

Preamble, fundamental rights and duties, and directive principles of state policy. 
(Cognitive level - Understand) 

2. Familiarity with the Indian constitutional framework, including the structure of the 
Indian government, the distribution of powers between the central and state 
governments, and the functioning of the judiciary. (Cognitive level- Understand) 

3. Understanding of the constitutional provisions related to the protection of human 
rights and the promotion of social justice, including provisions related to gender 
equality, minority rights, and affirmative action. (Cognitive level- Understand) 

4. Awareness of the constitutional provisions related to the protection of the 
environment, including provisions related to the promotion of sustainable 
development, the protection of wildlife and forests, and the prevention of pollution. 
(Cognitive level- Knowledge) 

5. Understanding of the role of the Constitution in promoting democracy, including the 
constitutional provisions related to the conduct of free and fair elections, the 
functioning of political parties, and the protection of the rights of citizens. (Cognitive 
level- Understand) 

6. Knowledge of the recent constitutional amendments and landmark judicial 
pronouncements that have shaped the evolution of the Indian Constitution, and their 
implications for contemporary issues and challenges facing Indian society. (Cognitive 
level- Knowledge) 

 

Unit I: Constitution – Structure and Principles 

- Meaning and importance of Constitution 
- Making of Indian Constitution 
- Salient features of the Constitution 

Unit II: Fundamental Rights and Directive Principles 
 

- Fundamental Rights 
- Fundamental Duties 
- Directive Principles 

Unit III: The Union Government 
 

- President of India – Election & Powers 
- Prime Minister and Council of Ministers 
- Lok Sabha – Composition and Powers 
- Rajya Sabha - Composition and Powers 
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Reference:  
1) Durga Das Basu, Introduction to the Constitution of India, Gurgaon; LexisNexis, 2018 

(23rd edn.)  
2) M. V. Pylee, India’s Constitution, New Delhi; S. Chand Pub., 2017 (16th edn.)  
3) J.N. Pandey, The Constitutional Law of India, Allahabad; Central Law Agency, 2018 

(55th edn.)  
4) Constitution of India (Full Text), India. Gov. in., National Portal of India, 

https://www.india.gov.in/sites/upload_files/npi/files/coi_part_full.pdf  
5) Durga Das Basu, Bharatada Samvidhana Parichaya, Gurgaon; Lexis Nexis Butter 

worths Wadhawa, 2015.  
6) Kb Merunandan, Bharatada Samvidhana Ondu Parichaya, Bangalore, Meragu 

Publications, 2015. 
  

https://www.india.gov.in/sites/upload_files/npi/files/coi_part_full.pdf


SEC 02 Artificial Intelligence   
  
Course Objectives: 

• To introduce the basic concepts of Artificial Intelligence, Intelligent systems and 
agents to the students 

• To help students understand the basics of problem-solving and decomposition, 
game play, board games and game trees. 

• To provide basic ideas on robotics, quoting examples and to introduce the concept 
of smart city   

• To provide knowledge on machine learning and its applications at basic level and 
the role of AI in Apps used in daily life 

 
Course Outcomes: 

After successful completion of the course, students will be able to 

1. Understand the fundamental concepts of artificial intelligence (AI) and its 
applications in biotechnology. (Cognitive level - Understand) 

2. Demonstrate an understanding of AI algorithms and techniques such as machine 
learning. (Cognitive level - Analyze) 

3. Communicate scientific findings effectively using data visualisations and 
presentations generated from AI models. (Cognitive level - Create) 

4. Critically evaluate the impact of AI on biotechnology research, including ethical 
considerations related to data privacy and bias. (Cognitive level - Evaluate) 

5. Learn new AI algorithms and techniques as they emerge, demonstrating a 
commitment to lifelong learning and digital fluency. (Cognitive level - Create) 

6. Develop biotechnology research projects using multiple AI algorithms and techniques. 
(Cognitive level - Apply) 

 

Theory 
 
Unit I 
Introduction to AI: Definition and understanding of Intelligence, Types of Intelligence, 
Human Intelligence Vs Machine Intelligence. Intelligent Systems: Definition of Artificial 
Intelligence, Philosophy, and goals of AI, History of AI; Can Machines think? Language and 
Thought, Wheels & Gears, Mind, Reasoning, Computation. 
 
Unit II 
Introduction to Problem - solving: Introduction to unguided and guided search; Game 
Play: Game Theory, Board Games and Game Trees, Algorithm Minimax; Problem 
Decomposition: Means Ends Analysis, Algorithm Graph plan; Knowledge 
Representation and Reasoning: Fuzzy logic and Conceptual Dependency. Clustering, 
classification, decision trees, neural network. 
 
Unit III 
Introduction to Expert systems: Rule-Based Expert Systems; Developing expert 
systems, Machine learning, Deep learning; Robotics: Introduction to Robotics, Difference 
in Robot systems and Other AI Programs. Natural Language Processing, Computer Vision, 
Smart City (Intelligent Video Analytics); Healthcare (Federated Learning, AI-Assisted 
Annotation). 
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Unit IV 
Applied AI: AI examples in daily life – Installation of AI Apps and Instructions to use Apps. 
Activities – Amazon Alexa, Google Lens, Image to Text to Speech ML OCR, Google Pay. 
Grammarly and related Apps. 
 

Reference Books:  
1. Stuart Russell, Peter Norvig, Artificial intelligence: A Modern Approach, Prentice Hall, 

Fourth edition, 2020. 
2. Nils J. Nilsson, Artificial Intelligence: A New Synthesis, Morgan-Kaufmann, 1998. 
3. Judea Pearl, Heuristics: Intelligent Search Strategies for Computer Problem Solving, 

Addison-Wesley Publishing Company, 1984. 
4. Biere, A., Heule, M., Van Maaren, H., Walsh, T., Handbook of Satisfiability, IOS Press, 

2009. 
 
Reference Websites: 
1. Amazon Alexa: 

https;//play.google.com/store/apps/details?id=com.amazon.dee.app&amp;hl=en&a
mp;gl=US 

 

 
  



  

FOURTH SEMESTER 



CB–DSC 07 Fundamentals of Python Programming  
 
Course Objectives:  

➢ The objective of this course is to provide an exciting insight into Python 
Programming related to Bioinformatics. Further, to impart hands on experience on 
the programs, so that the students are trained to code the biological aspects in 
computer language. 

 

Course Outcomes:  

Upon successful completion of the course, students will be able to 

1. Demonstrate an understanding of the fundamental concepts of the Python 
programming language, including data types, variables, control structures, and 
functions. (Cognitive level – Understand) 

2. Analyze and evaluate Python code, identifying syntax and logic errors and 
debugging the code to produce correct results. (Cognitive level – Analyze) 

3. Apply Python programming concepts and techniques to solve simple and complex 
bioinformatics problems, such as analyzing DNA sequences and protein 
structures. (Cognitive level – Apply) 

4. Implement Python libraries such as NumPy, Pandas, and Matplotlib to manipulate 
and visualize biological data. (Cognitive level – Create) 

5. Critique and evaluate Python code and algorithms, identifying strengths and 
weaknesses and proposing improvements or alternative approaches. (Cognitive 
level – Evaluate) 

6. Innovate by designing and developing new algorithms and techniques using 
Python to solve complex bioinformatics problems. (Cognitive level – Apply) 

 

UNIT I INTRODUCTION, DATA TYPES AND OPERATORS 
Installation and working with Python, Variables and data types in python, Perform 
computations and create logical statements using Python’s operators: Arithmetic, 
Assignment, Comparison, Logical, Membership, Identity, Bitwise operators, list, tuple and 
string operations. 

 
UNIT II PYTHON DECISION MAKING AND LOOPS 
Write conditional statements using If statement, if else statement, elif statement and 
Boolean expressions, While loop, For loop, Nested Loop, Infinite loop, Break statement, 
Continue statement, Pass statement, Use for and while loops along with useful built-in 
functions to iterate over and manipulate lists, sets, and dictionaries. Plotting data, 
Programs using decision making and loops.   
 
UNIT III PYTHON FILE OPERATIONS & MODULES 
An introduction to file I/O, use text files, use CSV files, use binary files, Handle a single 
exception, handle multiple exceptions, Illustrative programs, Exercises. Importing own 
module as well as external modules, Programming using functions, modules and external 
packages Understanding Libraries, Data Frames and Basic operations with data frames.  
 
UNIT IV APPLICATIONS OF PYTHON FOR BIOINFORMATICS 
Basics of object-oriented programming, database management, Regular Expressions: 

concepts, patterns matching, simple uses, the importance of patterns in biology, file 

L T P C 
3 0 2 5 



parsing to extract information from biological data; Python Libraries: NumPy, Pandas, 

SciPy; BioPython: installation, introduction to components- Alphabets, Sequences and, 

Mutable Seq objects, simple Bioinformatics application programs; Application of python 

modules, libraries and packages in Bioinformatics domain.  

 

Practical 07 - Fundamentals of Python Programming 

1. Complement and reverse complement for DNA Sequence 

2. Composition of amino acids for the given protein sequence 

3. Translate the DNA sequence into protein sequence 

4. Finding biologically meaningful patterns/motifs from sequences 

5. Prediction of the secondary structure of a protein 

6. Use Python programs to perform analysis in bioinformatics software 

7. Read specific sequence from the given multiple sequences 

8. Find the exact location of genes in the genome 

9. Retrieve two protein structures from PDB and analyze the structures 

10. Extract the DNA/protein information from the files from biological databases 

 

Recommended Textbooks and References:  
1. McKinney, W. (2012). Python for data analysis: Data wrangling with Pandas, 

NumPy, and IPython. O'Reilly Media, Inc.  
2. Sebastian Bassi (2018) Python for bioinformatics, Second edition. CRC Press, 

2017. | Series: Chapman & Hall/CRC mathematical and computational biology. 
3. Mitchell L Model (2009) Bioinformatics Programming Using Python, O'Reilly 

Media, Inc. 
4. Ruediger-Marcus Flaig (2008) Bioinformatics Programming in Python: A 

Practical Course for Beginners, Wiley-Blackwell. 
5. Tim J. Stevens, Wayne Boucher (2015) Python Programming for Biology, 

Cambridge University Press. 
6. Jeff Chang, Brad Chapman, Iddo Friedberg, Thomas Hamelryck, Michiel de Hoon, 

Peter Cock, Tiago Antao, Eric Talevich, Bartek Wilczy´nski (2020).  Biopython 
Tutorial and Cookbook. 

7. Martin C. Brown (2001) Python The Complete Reference, McGraw-Hill/Osborne 
Media. 

 
REFERENCE WEBSITES:  

1. http://www.w3schools.com  
2. http://docs.python.org  
3. http://www.tutorialspoint.com  
4. http://www.learnpython.org  

  



CB – DSC 08  Genetics & Model Organisms  

Course Objectives: 

▪ To introduce the students to molecular basis of cellular functioning 
▪ To help understand the concepts and mechanisms underlying the gene-to-protein 

phenomena  
▪ To provide insights to the triple-codon basis of gene expression 

 

Course Outcomes: 
After successful completion of the course, students will be able to 
 

1. Learn the Mendelian principles and fundamental concepts of gene expressivity and 
interactions from the historical perspective. (Cognitive level- Knowledge) 

2. Understand and explain crucial concepts of sex determination, chromosomal theory 
of inheritance, linkage, and mapping as genetic markers. (Cognitive level- 
Understand) 

3. Understand in detail the fine structure of genes, chromosomes and associated 
chromosomal aberrations. (Cognitive level- Understand) 

4. Acquire a significant understanding of the inheritance of nuclear and cytoplasmic 
genetic systems like mitochondria and chloroplast DNA. (Cognitive level- Understand) 

5. Explore developmental genetics with Drosophila and Arabidopsis as model 
organisms. (Cognitive level- Knowledge) 

6. Define the principles and conduct experiments like microscopy, karyotyping, cell-
division stage identification, and blood typing. (Cognitive level- Understand) 

 

 
Theory 

 
Unit-I: History of Genetics - Mendelian Principles, Segregation, Independent 
Assortment, Dominance. Multiple alleles, Pseudo alleles, Incomplete dominance, over 
dominance and co dominance, complementation test, Gene interaction, Epistasis, 
penetrance and expressivity, lethality and lethal genes. 
 
Unit-II: Sex - determination and linkage in diploids, linkage and crossing over, gene 
mapping. Chromosomal theory of inheritance, maternal effects, Chromosomal variation 
in number, Changes in Chromosomal structure, Chromosomal aberrations, Genetics of 
Hemoglobin, Transposable elements in prokaryotes and eukaryotes. 
 
Unit-III: Structure of chromosome, fine structure of Gene, cistron and recon, Structure 
of Eukaryotic gene, Experimental evidence for DNA as the genetic material. Cytoplasmic 
genetic systems- mitochondria and chloroplast DNA. 
 
Unit-IV: Genetic control of Development in Drosophila and Arabidopsis. Population 
genetics, calculating gene frequency, factors affecting gene frequency. Genetic drift; Shift, 
Pedigree analysis and genetic counseling. 
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Practical 08 - Genetics & Model Organisms  

1. Use simple and compound microscopes.  

2. Chromosomal aberrations by preparing karyotypes.  

3. Chromosomal aberrations inherited in humans by pedigree analysis in families.  

4. Prepare a temporary squash of the given material and identify the stage and 

comment (Mitosis)  

5. Temporary squash preparation of a. Onion flower buds b. Grasshopper testes lobes  

6. Study of: Flower colour in Antirrhinum/ Mirabilis,  Coat colour in Mice,  Comb 

pattern in Poultry  

7. Blood Typing  

8. Genetic problems on: Multiple alleles, Gene Interactions (Complementary/ 

Supplementary/ Dominant Epistasis gene interactions).   

 
References 

 
1. Lodish et al: Molecular Cell Biology (9th Edition): Freeman & Co, USA (2021).  
2. Alberts et al: Molecular Biology of the Cell: Garland (2002).  
3. Cooper: Cell: A Molecular Approach: ASM Press (2000).  
4. Karp: Cell and Molecular Biology: Wiley (2002). Pierce B. Genetics. Freeman 

(2004).  
5. Thomas J. Kindt, Richard A. Goldsby, Barbara A. Osborne, Janis KubyKuby 

Immunology. W H Freeman (2007).  
6. Basic genetics by D.L.Hartl, 1991, Jones and Bartett public. 
7. Friedfelder 1987, Microbial genetics, Jones and Bartett public. 
8. Molecular Biology of the genes 4th Ed. Watson etal, the Benjamin /Cummings 

coins   1987 
 
 

  



OEC 04  Basics of Forensic Science   
  
Course Objectives: 

• To introduce the students to forensic science and its importance. 
• To provide insight into the strategies and techniques used in forensic examination. 
• To create scope to understand the legality and scientific approach to forensic 

challenges. 
 

Course Outcomes: 

After successful completion of the course, students will be able to  
 
1. Explain the fundamental principles and concepts of forensic science, including the use 

of scientific methods to investigate crimes, the role of forensic evidence in criminal 
investigations, and the legal and ethical issues surrounding forensic science (cognitive 
level – Understand). 

2. Identify the different types of forensic evidence like DNA fingerprints, trace evidence, 
and digital evidence, and understand their significance in criminal investigations 
(cognitive level – Remember). 

3. Describe the methods and techniques used in forensic analysis, including laboratory 
analysis, microscopy, and spectroscopy, and their applications in forensic 
investigations (cognitive level – Understand). 

4. Analyze crime scenes and forensic evidence, including collection, preservation, and 
analysis, and to interpret the results of forensic tests (cognitive level – Analyze). 

5. Interpret the limitations and challenges of forensic science, the potential for human 
error, the impact of bias and context, and the need for rigorous scientific validation of 
forensic methods (cognitive level – Understand). 

6. Evaluate the role of forensic science in the criminal justice system, including the 
admissibility of forensic evidence in court, the importance of quality assurance and 
standardization, and the implications of forensic evidence for the investigation and 
prosecution of crimes (cognitive level – Evaluate). 

 
Theory 

Unit-I: Introduction to forensic science - Definition, historical background, principles 
and laws of forensic science. The need, importance and scope of forensic science; 
Organizational structure of central and state level forensic science laboratories in India - 
Bureau of police research and development (BPR&D), Directorate of Forensic Science 
Services (DFSS), National crime records bureau (NCRB), Fingerprint Bureaus, Central 
forensic science laboratory (CFSL); Services of forensic laboratories. 
 
Unit-II: Crime scene and Forensic examination - Crime - Definition and causes of 
crime; Types of crime – violent crimes, property crimes, hate crimes, organized and 
virtual crimes, cyber-crime; prevention of crime; criminal behavior; criminal justice 
system.  
Forensic investigation: crime scene; processing the crime scene - photography, sketch, 
chain of custody, crime scene search and evidence collection – physical and trace 
evidence, Evidence packaging; Analysis of evidence, Crime-scene safety and legal 
considerations, Forensic reports.  
 

L T P C 
3 0 0 3 



Unit-III: Scope and specialized fields of forensic science - Forensic pathology, forensic 
anthropology, Forensic chemistry, Forensic serology, Forensic dentistry, Digital 
forensics, Forensic engineering, Forensic toxicology, forensic psychiatrists. Questioned 
document examiners, Education and training of forensic scientists, Duties and code of 
conduct for forensic scientist. 
 
Unit-IV: Scientific methods and techniques used in Forensic analysis - Principle and 
applications of Microscopy – compound microscope, electron microscope; UV visible 
spectroscopy, Chromatography -GC and TLC; Electrophoresis; Autopsy, DNA – the 
forensic science tool, structure of DNA, DNA replication, Short Tandem Repeats (STR), 
DNA fingerprinting; Forensic databases – fingerprint databases, DNA databases. 
 

References: 

1. Richard Saferstein, 2018. Criminalistics - An Introduction to Forensic Science, 12th 
Edition, Pearson. 

2. Andrew R.W. Jackson and Jackson JM., 2017. Forensic science, Fourth Edition, 
Pearson. 

3. Max M. Houck, Siegel JA., 2015. Fundamentals of Forensic Science, 3rd edition, 
Elsevier.  

4. Max M. Houck, 2007. Forensic Science. Modern Methods of Solving Crime, Praeger. 
 

  



Language 1 Part I English IV  

Course Objectives: 

• Know the importance of CV Writing to showcase  skills, education, and work 

history. 

• Build confidence and fluency, assess progress, and put learning into action by 

enacting role plays. 

• Boost conversational English skills by using idioms and proverbs. 

Course Outcomes: 

After successful completion of the course, students will be able to 

After successful completion of the course, students will be able to  

1. Express certain ideas or opinions and improve creative writing by using idioms 
and proverbs. (Cognitive level – Apply). 

2. Discover opportunities for critical observation of peers through job interviews. 
(Cognitive level – Apply). 

3. Choose engaging and well-thought essay writing on current and relevant topics. 
(Cognitive level – Apply). 

4. Explain and express the philosophical and spiritual development which is the 
message of Steve Jobs’s “Stay Hungry, Stay Foolish”. (Cognitive level –Understand) 

5. Evaluate their vocabulary since they would have learned about root words. 
(Cognitive level –Remember  ) 

6. Develop soft skills and recognize real-world scenarios used in real-world 
situations through role plays.  Discover opportunities for critical observation of 
peers through job interviews. (Cognitive level – Apply). 

 

Unit-I: Grammar 
1.Report Writing (Magazine Report, News Report) 
2. Preparing CV’s and Facing Interviews: Do’s and Don'ts. 
3.Role Plays 
4. Reading Comprehension Passage 
 
Unit - III: Vocabulary 
1. Roots: S to Z 
2.Figures of speech: Pun, Oxymoron, Irony, Antithesis 
3.Idioms and Proverbs 
4. Phrasal Verbs 
 
Unit - III: Creative Writing 
 
1.Story Writing 
2. Essay writing 
 
Unit - IV: Essay  
“Stay Hungry, Stay Foolish”, by Steve Jobs   
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References: 
1.Hundiwala S. (2012) Facing the Corporate Interviews Useful and Time-Tested Tips for 

Job Interviews in Multinational Companies published by Arihant Publishers. 
2.Malhotra Jyoti (2014) IELTS - Vocal Cosmetics published by V&S publisher. 
3. Bell James Scott (2017) How to Write Short Stories and Use Them to Further Your 

Writing Career. 
4.Mitra Bashu (2006) Encyclopaedia of Idioms and Proverbs published by Anmol 

Publications Pvt Ltd. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Language 2 Part II English IV  

Course Objectives: 

• Critically analyze American, Anglo American, Neoclassical and Victorian Poetry. 

• Learn about the importance of historical fiction and diary entries. 

Course Outcomes: 

After successful completion of the course, students will be able to  

1. Discover that nature is the best teacher through different genres of literature. 
(Cognitive level – Understand). 

2. Recognize the prevalence of racial discrimination in the Western World. (Cognitive 
level – Understand). 

3. Describe the glory of the Vijayanagara Empire through the travelogues of travellers. 
(Cognitive level – Understand). 

4. Justify that no human being can escape death. Every person moves on, in his or her 
life. (Cognitive level – Understand). 

5. Describe and learn from several events of the Second World War which are relevant 
in 21st century war torn countries. (Cognitive level – Understand). 

6. Demonstrate maintaining human relations are important for emotional, physical, and 
spiritual wellbeing. (Cognitive level – Understand). 

 
Unit-I:  American and Anglo American Poetry 
1. “The Road Not Taken” by Robert Frost 
2. “Refugee Blues” by W H Auden   
 
Unit-II: Neoclassical and Victorian Poetry 
1. “On His Blindness” by John Milton 
2. “The Last Duchess” by Robert Browning 
 
Unit-III:  Drama, Historical Fiction and Diary Entries 
1. “The Proposal “by Anton Chekov  
2. “Remember the Roses” by Avery Taylor 
3.  Bhagat Singh’s jail diary 
 
Unit-IV:  Epic Literature 
“The Mahabharatha” 

 
 
References: 

1. Chekhov Anton, 2017. The Very Best of Anton Chekov - Short Stories published by 
Embassy Books. 

2. Sandhu Yadvinder Singh, 2020. Bhagat Singh’s Jail Diary, Prabhat Prakashan.  
3. Frost Robert, 1993. The Road Not Taken and Other Selected Poems,     

Wilder Publications. 
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Language – Part II Kannada IV 

¸Á»vÀå ¹AZÀ£À – 4 

CzsÀåAiÀÄ£ÀzÀÀ GzÉÝÃ±À 

• «zÁåyðUÀ½UÉ zÀªÀÄ¤vÀ ¸Á»vÀåzÀ §UÉÎ CjªÀÅ ªÀÄÆr¸ÀÄªÀÅzÀÄ 

• ªÀZÀ£À ¸Á»vÀåzÀ ªÉÊ²µÀÖöåUÀ¼À §UÉÎ w½¹PÉÆqÀÄªÀÅzÀÄ 

• ªÀÄ»¼Á ¸Á»vÀåzÀ ¥Àæ¸ÀÄÛvÀvÉAiÀÄ §UÉÎ CjªÀÅ ªÀÄÆr¸ÀÄªÀÅzÀÄ 

• ²æÃ ¸ÁªÀiÁ£ÀågÀ  §zÀÄPÀÄ §ªÀuÉAiÀÄ §UÉÎ w½zÀÄPÉÆ¼Àî®Ä C£ÀÄªÀÅ ªÀiÁrPÉÆqÀÄªÀÅzÀÄ 

• PÀ£ÀßqÀ ªÀÄvÀÄÛ UÀtPÀ «eÁÕ£ÀzÀ ¥ÁæªÀÄÄRåvÉAiÀÄ §UÉÎ w½¹PÉÆqÀÄªÀÅzÀÄ. 
 

CzsÀåAiÀÄ£ÀzÀÀ ¥sÀ°vÀUÀ¼ÀÄ 

• «zÁåyðUÀ¼ÀÄ zÀªÀÄ¤vÀ ¸Á»vÀåzÀ §UÉÎ CjvÀÄPÉÆ¼ÀÄîªÀgÀÄ 

• ªÀZÀ£À ¸Á»vÀåzÀ ªÉÊ²µÀÖöåUÀ¼À §UÉÎ w½zÀÄPÉÆ¼ÀÄîªÀgÀÄ 

• ªÀÄ»¼Á ¸Á»vÀåzÀ ¥Àæ¸ÀÄÛvÀvÉAiÀÄ §UÉÎ CjªÀÅ ¥ÀqÉzÀÄPÉÆ¼ÀÄîªÀgÀÄ 

• ²æÃ ¸ÁªÀiÁ£ÀågÀ  §zÀÄPÀÄ §ªÀuÉAiÀÄ §UÉÎ w½zÀÄPÉÆ¼ÀÄîªÀgÀÄ 

• PÀ£ÀßqÀ ªÀÄvÀÄÛ UÀtPÀ «eÁÕ£ÀzÀ ¥ÁæªÀÄÄRåvÉAiÀÄ §UÉÎ ºÉaÑ£À eÁÕ£À À̧A¥Á¢¸ÀÄªÀgÀÄ 

WÀlPÀ – 1,  zÀªÀÄ¤vÀ ¯ÉÆÃPÀ                                                  
1) ZÀAzÀæVj wÃgÀzÀ°è                             :  ¸ÁgÁ C§Æ§PÀÌgï 
WÀlPÀ – 2, ¸À»µÀÄÚvÉ 
1) ¸À»µÀÄÚvÉ ¸ÁgÀÄªÀ ªÀZÀ£ÀUÀ¼ÀÄ                     : §¸ÀªÀtÚ, ªÀÄrªÁ¼À ªÀiÁZÀAiÀÄå 
2) PÀÄ® PÀÄ®ªÉAzÀÄ ºÉÆqÉzÁqÀ¢j                  : PÀ£ÀPÀzÁ¸ÀgÀÄ 
3) §ÄSÁð                                    : ¥sÀQÃgï ªÀÄºÀªÀÄäzï PÀmÁÖr 
WÀlPÀ -3,  ²æÃ ¸ÁªÀiÁ£ÀågÀ §zÀÄPÀÄ 
1) PÉÆ£ÉAiÀÄ VgÁQ                              : ¤gÀAd£À   
2) ªÁtÂAiÀÄ ¸ÀªÀÄ¸Éå                             : PÉÆqÀV£À UËgÀªÀÄä 
3) ªÀiÁjPÉÆAqÀªÀgÀÄ                             : zÉÃªÀ£ÀÆgÀÄ ªÀÄºÁzÉÃªÀ     
WÀlPÀ – 4,  ¨sÁµÁ¨sÁUÀ   
1) eÁ»ÃgÁvÀÄ ºÁUÀÆ eÁ»ÃgÁvÀÄUÀ¼À ªÀiÁzÀj gÀZÀ£É  
2) PÀgÀ¥ÀvÀæ (¥ÁA¥ÉèÃmï), ©üwÛ ¥ÀvÀæ (¥ÉÆÃ¸ÀÖgï), ¥sÀ®PÀ §gÀºÀ 
3) PÀ£ÀßqÀ ªÀÄvÀÄÛ UÀtPÀ «eÁÕ£À, PÀ£ÀßqÀ ªÀÄvÀÄÛ CAvÀeÁð® 
 
ºÉaÑ£À N¢UÁV :  
 1) ¸ÀÄ½ – ¸ÁgÁ C§Æ§PÀÌgï 
 2) ¸ÀtÚ PÀxÉUÀ¼ÀÄ : PÀA£ÁrUÀ £ÁgÁAiÀÄt 
 3) PÀ£ÀPÀ zÁ¸ÀgÀ QÃvÀð£ÉUÀ¼ÀÄ ªÀÄvÀÄÛ ªÀÄÄArUÉUÀ¼À - ¥ÉÆæ. ¸ÀÄzsÁPÀgÀ 
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Language 2 – Part II French IV  

Course Objectives: 

• Students are taught to communicate in simple and routine tasks requiring a simple 
and direct exchange of information on familiar and routine matters.  

• Students are taught to describe in simple terms the aspects of his/her background, 
immediate environment and matters in areas of immediate basic need. 
 

Course Outcomes: 

After successful completion of the course, students will be able to 

1. Communicate in writing in simple and routine tasks requiring simple and direct 
communication of information on familiar and routine matters (e.g., applying for a job, 
booking a room by email, making an appointment) (Cognitive level – Apply). 

2. Demonstrate knowledge and understanding of key aspects of the culture of the target 
language (e.g., food, festivities) (Cognitive level – Knowledge). 

3. Use basic grammar in simple and routine tasks requiring direct communication of 
information on familiar and routine matters, as well as articulating personal opinions. 
(Cognitive level – Apply). 

4. Use high frequency vocabulary related to areas of immediate relevance (e.g., personal 
and family information, school/work, leisure, general culture). (Cognitive level – 
Apply). 

5. Demonstrate simple and routine tasks requiring a simple and direct exchange of 
information on familiar and routine matters. (Cognitive level – Apply). 

6. Describe in simple terms the aspects of his/her background, immediate environment 
and matters in areas of immediate basic need. (Cognitive level – Apply). 

 

Unit 1 
1.Use public transport (buses, trains and taxis) 
2.Ask your way and give directions 
 
Unit 2 
1.Buy tickets 
2.Read notices, posters, catalogues, timetables, brochures, menus, advertisements, signs 
 
Unit 3 
1.Write notes and simple messages 
2.Note down times, dates and places from notice boards and announcements 
 
Unit 4 
1.Note down instructions and requests such as client orders and delivery dates. 
2.Describe events and daily activities 
 
References:  
1.Dr. Ramesh Chilukuri 92020)   Breathe French: Learning made as easy as Breathing 
published by Prowess Publishing. 
2.Beaujolie Florence( 2019  )French Made Easy 2 In 1  published byM & M Limitless 
Online Inc. 
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SEC 03 Cyber Security   
  
Course Objectives: 

This course aims to 

• introduce foundations of Cyber security and threat landscape. 
• equip students with the technical knowledge and skills needed to protect and 

defend against cyber threats. 
• develop skills in students that can help them plan, implement, and monitor cyber 

security mechanisms to ensure the protection of information technology assets. 
• expose students to governance, regulatory, legal, economic, environmental, social 

and ethical contexts of cyber security.  
 
Course Outcomes: 

After successful completion of the course, students will be able to 

1. Understand the fundamental concepts of Cyber Security and the importance of data 
privacy and security in the context of Biotechnology. (Cognitive level- Understand) 

2. Learn about the various cyber threats and attack vectors that can compromise the 
security of sensitive Biotech data and systems and develop strategies to mitigate these 
risks. (Cognitive level- Knowledge 

3. Develop an understanding of encryption algorithms, access control, authentication 
mechanisms, and other security measures used to protect Biotech data and systems 
from unauthorized access. (Cognitive level- Understand) 

4. Understand the regulatory requirements and legal frameworks related to data 
protection and privacy, including HIPAA, GDPR, and CCPA, and the implications for 
Biotechnology research and practice. (Cognitive level- Understand) 

5. Learn how to assess the security posture of Biotech systems and networks and 
identify vulnerabilities and weaknesses that could be exploited by malicious actors. 
(Cognitive level- Knowledge) 

6. Develop skills to design and implement effective Cyber Security policies and 
procedures that comply with industry standards and regulations and safeguard the 
confidentiality, integrity, and availability of Biotech data and systems (Cognitive level- 
Create) 
 

 
UNIT-1 INTRODUCTION TO CYBER SECURITY 
Cyber-crime, Defining Cyberspace and Overview of Computer and Web-technology, 

Architecture of cyberspace, Communication and web technology, Internet, World wide 

web, Advent of internet, Internet infrastructure for data transfer and governance, 

Regulation of cyberspace, Concept of cyber security, Issues, and challenges of cyber 

security. 

 
UNIT-2 CYBER-CRIME AND CYBER LAW 
Classification of cyber-crimes, Common cyber-crimes- cyber-crime targeting computers 
and mobiles, cyber-crime against women and children, financial frauds, social 
engineering attacks, malware and ransomware attacks, zero day and zero click attacks, 
Cybercriminals modus-operandi , Reporting of cyber-crimes, Remedial and mitigation 
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measures, Legal perspective of cyber-crime, IT Act 2000 and its amendments, Cyber-
crime and offences, Organizations dealing with Cyber-crime and Cyber security in India. 
 
UNIT-3 SOCIAL MEDIA OVERVIEW AND SECURITY 
 

Introduction to Social networks. Types of social media, social media privacy, Security 
issues related to social media, Flagging and reporting of inappropriate content, Laws 
regarding posting of inappropriate content, best practices for the use of Social media. 
Cryptography: what is crypto, encryption and decryption, advantage. 
 
UNIT-4 E - COMMERCE AND DIGITAL PAYMENTS 
 
Definition of E- Commerce, Elements of E-Commerce security, E-Commerce threats, E 
Commerce security best practices, Introduction to digital payments, Modes of digital 
payments- Banking Cards, Unified Payment Interface (UPI), e-Wallets, Unstructured 
Supplementary Service Data (USSD), Digital payments related common frauds and 
preventive measures. RBI guidelines on digital payments and customer protection in 
unauthorized banking transactions. Case Studies: Equifax Data Breach, WannaCry 
Ransomware Attack, Target Data Breach, Stuxnet Worm, Mirai Botnet. 
 
 
References  
1. SWAYAM Course: https://onlinecourses.swayam2.ac.in/nou19_cs08/preview  
2. Introduction to Cyber Security available at http://uou.ac.in/foundation-course  
3. Fundamentals of Information Security http://uou.ac.in/progdetail?pid=CEGCS-17  
4. Cyber Security Techniques http://uou.ac.in/progdetail?pid=CEGCS-17  
5. Cyber Attacks and Counter Measures: User Perspective 
http://uou.ac.in/progdetail?pid=CEGCS-17  
6. Information System http://uou.ac.in/progdetail?pid=CEGCS-17  
7. National Cybercrime Training Centre (NCTC): https://cytrain.ncrb.gov.in/  
8. Cyber Swachhta Kendra: https://www.csk.gov.in/  
9. National Cyber Crime Reporting Portal: https://cybercrime.gov.in/  
 
 
 
   



 
Activity Based Course 02  

Industrial Visit/Training  

Course Outcomes: 
 
Upon successful completion of the course, students will be able to: 
1. Gain practical knowledge and experience in the biotechnology industry through visits 

to various companies and organizations. (Cognitive level- Knowledge) 
2. Understand the concepts of Good Manufacturing Practices (GMP), Quality Control 

(QC), Quality Assurance (QA), and Good Laboratory Practices (GLP) in the 
biotechnology industry. (Cognitive level- Understand) 

3. Apply theoretical knowledge acquired in the classroom to real-world scenarios, and 
develop skills in problem-solving, critical thinking, and decision-making. (Cognitive 
level- Knowledge) 

4. Observe and understand the bioprocessing techniques involved in the production of 
biopharmaceuticals, including upstream and downstream processes, fermentation, 
purification, and formulation. (Cognitive level- Understand) 

5. Interact with professionals in the industry, learn about career opportunities, and gain 
insights into the current trends and challenges in the field of biotechnology. (Cognitive 
level- Knowledge)  

6. Understanding the process and techniques of manufacturing Bioproducts (Cognitive 
level- Understand) 

 

Industrial visit / training is a component of education that re-addresses the classroom 

experience. Industrial visits/training allow students to see what is beyond their horizon 

and expose students to fresh experiences and laboratory approaches, as well as people 

and a different way of life. Educational establishments are focusing on shifting the 

paradigm from input-based to output-based learning, with an emphasis on experiential 

learning. The main goal is for students to become acquainted with company culture and 

so learn from the industry's operating model. Students will learn and explore the actual 

world, which is outside the scope of academic education.  

 

 

 

L T P C 
0 0 2 2 



FIFTH SEMESTER 



CB–DSC 09 Database Management  
 
 
Course Objectives 

➢ Understand the fundamental concepts of database management systems and their 
relevance to computational biology and bioinformatics. 

➢ Learn the principles of data modeling and database design specifically tailored for 
biological data. 

➢ Gain hands-on experience in creating and manipulating databases using a 
database management system (DBMS). 

➢ Learn techniques for efficient data retrieval, querying, and data manipulation in 
biological databases. 

➢ Understand the importance of data integrity, security, and privacy in the context 
of biological databases. 

➢ Explore advanced topics in database management, such as indexing, optimization, 
and data warehousing, as applied to computational biology and bioinformatics. 

 
Course Outcomes 
 
On successful completion of this course, students will be able to 

1. Demonstrate a comprehensive understanding of the fundamental concepts of 

database management systems and their relevance to computational biology and 

bioinformatics. (Cognitive Level- Understand) 

2. Implement and manipulate databases using a database management system 

(DBMS) to store, retrieve, and modify biological data. (Cognitive Level- Apply) 

3. Discuss the importance of data integrity, security, and privacy in the context of 

biological databases, and propose measures to ensure them. (Cognitive Level- 

Analyze) 

4. Analyze and interpret complex biological datasets using database management 

techniques. (Cognitive Level- Analyze) 

5. Evaluate and optimize database performance by implementing indexing, query 

optimization, and data warehousing techniques. (Cognitive Level- Evaluate) 

6. Design and develop database schemas specifically tailored for biological data, 

considering data modeling principles and best practices. (Cognitive Level- Create) 

 

UNIT I Introduction  

Database system versus file systems, Characteristics of Database, Database concepts, 
schemas & Instances, DBMS architecture and data independence, Data models, Database 
languages & interfaces, View of Data, Database users and administrators, Datbase system 
structure, Database system applications 
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UNIT II Data Models 

ER Model: Keys, Constraints, Design issues, Extended ER features, Reductions of ER 
schema to tables. Relational Model: Structure, Relational algebra, Hierarchical model, 
Network model, Object oriented model 
 
UNIT III Structured Query Language 

Basic structure, Set operations, Aggregate functions, Null values, Nested sub queries, 
Views, Integrity, Domain constraints, Joined relations, Data definition language 
 

UNIT IV Relational Database and Storage 

Pitfalls in relational deign database, Functional dependencies, Decomposition normal 
forms – 1NF, 2NF, 3NF & Boyce-Codd NF, Data storage – Ordered indices, Hashing 
concepts – security and authorization. 
 

Practical 09 - Database Management 

1. Data definition languages (DDL),  

2. Data manipulation language (DML)  

3. Commands of base tables and views 

4. High level programming language extensions 

5. Front end tools 

6. Forms-triggers-menu design. 

7. Reports 

8. Design and implementation of SLS, JSSAHER database 

Recommended Textbooks and References  
 

1. Database system concepts by Avi Silberschatz, Henry F. Korth and S. Sudarshan., 
McGraw-Hill Publishers, 

2. An introduction of database systems by Emasri and Navathe, Addison Wesley 
Publishers. 

3. Principles of database systems by J D Ullman, Galgotia Publications. 
 
 

 
  



 

CB–DSC 10 Systems Biology  
 
Course Objectives 

➢ The paper enables the students to learn the basic concepts, models, and measures 
to characterize the properties of analyzing metabolic networks. 

➢ The goal of this course is to provide students with an overview of current methods, 
applications, analysis approaches, and results in different fields of systems biology. 
Students will both acquire and apply the new knowledge through examination of 
relevant research publications.  

 
Course Outcomes 
On successful completion of this course, students will be able to 

4. Demonstrate a comprehensive understanding of the principles of systems biology, 
including molecular biology, genetics, bioinformatics, and mathematical 
modeling. (Cognitive Level- Understand) 

5. Analyze complex biological systems at different scales and levels of organization 
using computational and experimental approaches. (Cognitive Level-Analyze) 

6. Define the principles and conduct experiments related to biological databases, 
sequences, and quantum mechanics. (Cognitive Level-Remember) 

7. Design and conduct independent research projects using systems biology tools 
and techniques on drug discovery, personalized medicine, and synthetic biology, 
and communicate results effectively in oral and written formats. (Cognitive Level-
Create) 

8. Collaborate effectively with interdisciplinary teams of scientists, including 
biologists, mathematicians, computer scientists, and engineers. (Cognitive Level-
Create) 

9. Critically evaluate the scientific literature in systems biology and related fields and 
identify gaps and future directions for research. (Cognitive level- Evaluate) 

 
UNIT I 

General introduction to systems biology– overview of molecular mechanism and 
molecular functions, Molecular networks. Mathematical models vs. computational 
analysis vs. statistics.  
 
UNIT II 

Integrating multi-omics datasets and understanding biological systems – Genomics, 
proteomics, transcriptomics, metabolomics, phenomics and integromics- rates and 
application. Understanding genomics and proteomics into biology in-silico. Omics 
analysis tools. 
 
UNIT III 

Concept of gene expression, Comparative Genomics and chromatin. Genome sequencing, 
genome assembly and finishing, genomic annotation, comparative genomics, and 
chromatin. Human Molecular genetics: Genetic mapping of human chromosomes, 
detection of mutations in human genes, determining gene function, human gene therapy, 
pro-drug activation therapy, Predicting the effect of mutations on protein function-SIFT 
Polyphen.  
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UNIT IV 

Computational systems biology - Computational modeling to understand a) the 
fundamental properties of biochemical networks, and b) the properties of specific 
biochemical systems. Use of systems biology software to construct and analyses 
biochemical network models. 
 

Practical 10 - Systems Biology 

1. Visualization of Omics datasets 
2. Omics analysis tools 
3. Comparative genomics 
4. Determining the function of the gene of interest 
5. Predicting the effect of mutations on protein function 
6. Constructing and analysis of biochemical networks 

 
Recommended Textbooks and References  
 
1. Kitano H. (ed.), 2001 Foundations of Systems Biology. MIT Press.  
2. Bock G. and Goode J.A. (ed.), 2002 In Silico Simulation of Biological Processes, Novartis 
Foundation Symposium, John Wiley & Sons.  
3. Klipp E., Herwig R., Kowald A., Wierling C., and Lehrach H., 2005 Systems Biology in 
Practice, Wiley-VCH.  
4. Sneppen K. and Zocchi G., 2005 Physics in Molecular Biology, Cambridge University 
Press.  
5. Noble D., The Music of Life, 2006 Biology Beyond the Genome Oxford University Press.  
6. Szallasi T., Stelling J. and Periwal V. (ed.), 2006 System Modeling in Cellular Biology: 
From Concepts to Nuts and Bolts (Hardcover), MIT Press.  
7. Palsson B., 2006 Systems Biology - Properties of Reconstructed Networks, Cambridge 
University Press.  
8. Kaneko K., 2006 Life: An Introduction to Complex Systems Biology, Springer  
9. Alon U., 2006. An Introduction to Systems Biology: Design Principles of Biological 
Circuits, CRC. 
  



CB–DSC 11 Molecular Modelling & Simulation  

Course Objectives 
➢ Understand the fundamental principles and concepts of molecular modeling 

and simulation in computational biology and bioinformatics. 
➢ Learn various techniques and algorithms used for molecular modeling, 

including molecular mechanics, quantum mechanics, and molecular dynamics 
simulations. 

➢ Gain hands-on experience in using molecular modeling software to analyze and 
visualize molecular structures. 

➢ Develop problem-solving skills to address complex biological questions using 
molecular modeling approaches. 

 
Course Outcomes 
On successful completion of this course, students will be able to 

1. Demonstrate a comprehensive understanding of the fundamental principles and 

concepts of molecular modeling and simulation in computational biology and 

bioinformatics. (Cognitive level- Understand) 

2. Apply molecular modeling techniques to analyze and visualize molecular 

structures using appropriate software tools. (Cognitive level- Apply) 

3. Apply molecular modeling techniques to predict protein structure, perform 

molecular docking, and conduct molecular dynamics simulations. (Apply) 

4. Collaborate effectively with peers and mentors in the field of computational 

biology and bioinformatics using molecular modeling techniques. (Apply) 

5. Interpret and analyze molecular simulation data to derive meaningful biological 

insights. (Cognitive level- Analyze) 

6. Evaluate and compare different computational methods for predicting molecular 

properties, such as binding affinities and protein-ligand interactions. (Cognitive 

level- Evaluate) 

 

UNIT I Molecular Mechanics 

Concepts, Born-Oppenheimer approximations, Applications of Hartree-Fock equations to 
molecular systems, Approximate molecular orbital theories, Semi-empirical methods, 
Long range forces, General features, bonded and non-bonded interactions, calculation of 
atomic charges, polarization, van der Waals interactions, hydrogen bond interactions, 
Water models, Force fields – all atom and united atom models, Macromolecular force 
fields, 
 
UNIT II Energy Minimization 

Steepest descent, Conjugate gradient – derivatives, Newton-Raphson, minima, maxima, 
saddle point and convergence criteria, non-derivative minimization methods. 
 

L T P C 
3 0 1 4 



UNIT III Molecular Simulations 

Newton’s equation of motion, equilibrium point, radial distribution function, pair 
correlation function, MD methodology, periodic box, solvent access, equilibration, cutoffs, 
algorithm for time dependence, leapfrog algorithm, verlet algorithm, boltzman velocity, 
time steps, production run, initial structure, analysis, application in drug design, ligand 
protein interactions. Various methods of MD, monte carlo, systematic and random search 
methods, differences between MD and MC, Energy, pressure , temperature, simulation 
softwares. 
 

UNIT IV Drug Discovery and Design 

Discovery and design of new drugs, computer representation of molecules, 3D database 
searching, conformation search, 3D pharmacophore – key constrained systematic search, 
clique detection techniques, maximum likelihood method, molecular docking, scoring 
functions, structure-based ligand design, quantitative structure activity relationship, 
quantitative structure property relationship, methodology, various descriptors, uses of 
genetic algorithms, neural network and principal component analysis in QSAR, 
combinatorial libraries, design of ‘drug-like’ libraries. 
 
 

Practical 11 - Molecular Modelling & Simulation 

1. Visualization of non-bonded interactions 

2. Molecular docking of small molecule(s) with drug target of interest 

3. Molecular dynamics simulations of drug target of interest 

4. Molecular dynamics simulations of drug target small molecule of interest 

5. Design of small molecule libraries 

 

References 

1. Molecular modelling by Andrew R Leach, Prentice Hall Publishers. 
2. Molecular Modeling and Simulation – An interdisciplinary guide by Tamar Schlik, 

Springer Publishers. 
3. Combinatorial Chemistry – A practical approach by H Fenniri, Oxford University 

Press. 
4.  Strategies for Organic Drug Discovery Synthesis and Design by D Lednicer, Wiley 

International Publishers 
5. Combinatorial Chemistry and molecular diversity in drug discovery by EM Gordon 

and JF Kerwin, Wiley-Liss Publishers 
 

 

 

  



BT DSE 1a Metabolism & Enzymology  

  

Course Objectives: 

▪ To impart knowledge on the role of enzymes in biological functioning. 

▪ To introduce the students to basic metabolic activities which govern biological 

functioning.  

Course outcomes: 

After successful completion of the course, students will be able to 

1. Explain the fundamental principles of metabolism and the different metabolic 
pathways in living organisms. (Cognitive level- Understand) 

2. Describe the different types of enzymes and their functions in biological systems. 
(Cognitive level- Understand) 

3. Explain the mechanisms and interpret data related to enzyme-catalysed reactions, 
including factors that affect enzyme activity. (Cognitive level- Knowledge) 

4. Describe the regulation of metabolic pathways and the role of enzymes in this process. 
(Cognitive level- Understand) 

5. Define the principles and conduct the experiments like qualitative analysis of 
biomolecules, the effect of time, pH, and substrate on enzyme activity, estimation of 
urea, and isolation of β-amylase from sweet potato. (Cognitive level- Understand) 

6. Develop critical thinking and problem-solving skills by applying principles of 
metabolism and enzymology to novel situations. (Cognitive level- Knowledge) 

 
Theory 

Unit-I: Introduction to enzymes - Definition, nomenclature and classification, physical 
and chemical properties, factors affecting enzyme activity, mechanism of enzyme action, 
enzyme-substrate reaction, active site, allosteric site, co-enzymes and co-factors, 
isoenzymes, multienzyme complexes, enzyme inhibition, types of enzyme inhibition, 
enzyme specificity, types of enzyme specificity.  
 
Unit-II: Kinetics - Enzyme kinetics, rate of reaction, order of reaction, Michaelis-Menton 
equation, km value and significance, lineweaver-burk plot, velocity maximum, enzyme 
immobilization – types and applications, structural modification of enzymes, industrial 
utilization of enzymes, large scale production of enzymes, purification of enzymes, 
medicinal applications and enzyme therapy. 
 
Unit-III: Metabolism - Introduction to metabolism, anabolism, catabolism, overview of 
metabolic pathways, carbohydrate metabolism, glycolysis, gluconeogenesis, TCA cycle, 
glycogen metabolism, metabolism of lipids, metabolism of proteins and amino acids, 
metabolism of nucleic acids. 
 
Unit-IV: Bioenergetics - Introduction to bioenergetics, Laws of thermodynamics, Gibbs 
free energy, Relationship of Standard free energy to enthalpy, entropy and equilibrium 
constant, High energy compounds, biological oxidation, types of phosphorylation, electron 
transport chain, photosynthesis, mechanism of ATP synthesis, Schemation of C3, C4 
pathway CAM plants, urea cycle, hormonal regulation of mammalian metabolism, overall 
in born errors of metabolisms. 
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1. Nelson, D.L., Cox, M.M. Lehninger. (2004). Principles of Biochemistry 4th edition Pub 
WH Freeman Co. 

2. S.M. Bhatt, Enzymology and Enzyme Technology 1st Edition (2011), S.Chand 
Publishing. 
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4. Wu-KuangYeh , Hsiu-Chiung Yang, James R. Mccarthy, Enzyme Technologies: 
Metagenomics, Evolution, Biocatalysis and Biosynthesis (Chemical Biology of 
Enzymes For Biotechnology And Pharmaceutical Applications) (2010) 

5. V. Voet and J.G.Voet, Biochemistry, 3rd edition, John Wiley, New York, 2004. 
6. TM Devlin, Textbook of biochemistry with clinical correlation. John Wily and sons, 5th 
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BT DSE 1a PERL Programming  

Course Objectives 
➢ The course provides the introduction to PERL scripting language and its use in 

bioinformatics. 
 
Course Outcomes 
On successful completion of this course, students will be able to 

1. Write efficient and effective PERL programs to manipulate and analyze biological 
data, including sequences, genomic features, and experimental results. (Cognitive 
level – Analyze) 

2. Understand PERL modules to interact with external databases and data formats, 
such as BLAST, FASTA, and GFF. (Cognitive level – Analyze) 

3. Implement object-oriented programming techniques to organize and manipulate 
complex biological data structures, such as genome assemblies and multiple 
sequence alignments. (Cognitive level – Analyze) 

4. Evaluate the strengths and weaknesses of different bioinformatics databases and 
tools developed in PERL. (Cognitive level – Evaluate) 

5. Understand and debug PERL scripts, using error-handling techniques to ensure 
code reliability and reproducibility. (Cognitive level – Understand) 

6. Develop programs that automate common bioinformatics tasks, such as sequence 
alignment, motif discovery, and gene expression analysis. (Cognitive level – 
Create) 

 
 
UNIT I  
Introduction to Perl Scripting language. Interpreted Language. About Perl. Why Perl for 
Bioinformatics? CPAN. Basic structure of Perl language – print command – First Perl 
program – Executing your code. Variables in Perl: Scalars, Arrays and Hashes. Package 
and Lexical Variables. Reading from the Keyboard – using chomp.  
 
UNIT II 
Data Structures in Perl Literals: Numbers and Strings, Operators, Scalar data, Array data, 
Hash data. Manipulation of Data Structures: Scalar Variable: (Function list - chomp, chop, 
length, chr, oct, hex, oct, ord, index, rindex, substr, uc, ucfirst, lc, lcfirst). Array Variable: 
Creating an array, Use of range operator in an array, Adding and removing elements, 
getting the number of elements in an array, Accessing elements in an array. (Function list 
- reverse, sort, join, split, pop, push, shift, unshift, grep, map). Hash Variable: Printing hash 
data, accessing and removing elements (Function list - keys, values, delete, each, exists)  
 
UNIT III 
Control Structures and Regular Expressions Control Structures: if, else, elsif, switch, 
unless, while, until, do…while, for and for…each. (Statements associated with loops – next, 
last, redo, goto, continue) Regular expressions: Simple string comparisons, Matching, 
Substitutions, and Translations. Special characters in patterns. Storing and reusing 
portions of patterns. Escape characters.  
 
UNIT IV 
File and Directory Manipulations. File opening modes (read, write, append), File variable, 
Die – terminating a program, Reading a file line by line, Closing a file. File test operators 
(d, e, l, r, s, w, x, B, T). File Manipulation Functions – select, eof, seek, tell, read, sysread, 
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syswrite, link, unlink, rename, truncate. Directory Manipulation functions – mkdir, chdir, 
opendir, readdir, closedir, telldir, seekdir, rewinddir, rmdir. System variables. Object 
Oriented Programming Sub routines, references, OOPs in Perl – Introduction to modules, 
Classes in Perl, Methods, Constructors, Destructors, Inheritance, Polymorphism, 
Operator overloading. BioPerl – basics. CGI, DBI, LWP.  
 
Recommended Textbooks and References 
1. Beginning Perl for Bioinformatics by James Tisdall, O-Reilly.  
2. Developing Bioinformatics Computer Skills by Cynthia Gibas, Per Jambeck, OReilly  
3. Learning Perl by Randal L. Schwartz, Tom Phoenix, O-Reilly.  
4. Programming Perl by Larry Wall, Tom Christiansen, Jon Orwant, O-Reilly.  
5. Programming the Perl DBI by Alligator Descartes, Tim Bunce, O-Reilly.  
6. Advanced Perl Programming by Sriram Srinivasan, O-Reilly. 
 

 

  



CB SEC 4 Sequence Analysis   

Course Objectives: 

➢ Understand the fundamental concepts and principles of sequence analysis in 

computational biology and bioinformatics. 

➢ Learn various computational methods and algorithms used for sequence alignment, 

motif discovery, and sequence annotation. 

➢ Gain hands-on experience in using sequence analysis tools and software to analyze 

DNA, RNA, and protein sequences. 

➢ Develop skills in interpreting and analyzing sequence data to extract meaningful 

biological insights. 

 

Course Outcomes: 
After successful completion of the course, students will be able to 
 

1. Explain the fundamental concepts and principles of sequence analysis in 

computational biology and bioinformatics. (Cognitive level- Understand) 

2. Apply sequence analysis techniques, such as sequence alignment and motif 

discovery, using appropriate software tools. (Cognitive level- Apply) 

3. Collaborate effectively with peers and mentors in the field of computational biology 

and bioinformatics using sequence analysis techniques. (Cognitive level- Apply) 

4. Interpret and analyze sequence data to extract meaningful biological insights and 

identify genetic variations or mutations. (Cognitive level- Analyze) 

5. Evaluate and compare different computational methods for sequence analysis, 

considering their accuracy and limitations. (Cognitive level- Evaluate) 

6. Critically evaluate the results of sequence analysis methods and algorithms. 

(Cognitive level- Evaluate) 

 
Theory 

 
UNIT I OVERVIEW 
Biological literature information access, storage, and retrieval; Genomics; Proteomics, Structural 
Genomics; Pharmacoinformatics, Pharmacogenomics, Population Genomics; Biodiversity; 
Systems Biology 

 
UNIT II BIOLOGICAL DATA ALIGNMENT AND APPLICATIONS 
Collection and Storing Sequence Data: Genomic sequencing; Sequence accuracy; Sequence 
databases; Sequence formats; Conversion between formats; Database browsers; EST and SNP 
databases; Annotation and Archival: Sequence alignment and applications; Uses of sequence 
alignment, Scoring matrices; Homology and related concepts; Dot matrix methods; Dynamic 
programming methods for global and local alignments; Database Searching: FASTA; BLAST, 
Statistical and biological significance. 
 
UNIT III MUTIPLE SEQUENCE ALIGNMENT AND APPLICATIONS 
Uses; Methods: Iterative and Progressive alignment – ClustalW, T-Coffee; Profile Methods:   
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Gribskov profile, PSI-BLAST, HMM; Clustering and Phylogeny, Methods: Distance and Character 
based methods; Motif detection.  
 
UNIT IV NUCLEIC ACID AND PROTEIN SEQUENCE ANALYSIS 
Reading frames; Codon usage analysis; Translational and transcriptional signals; Splice site 
identification; Gene prediction methods; RNA fold analysis; Compositional analysis: 
Hydrophobicity profiles; Amphiphilicity detection; Moment analysis; Transmembrane 
prediction; Secondary structure prediction. 
 
Recommended Textbooks and References:  

1. Bioinformatics: Databases and Algorithms, Alpha Science International Ltd by N. 
Gautham 

2. Fundamental Concepts of Bioinformatics, Benjamin-Cummings Pub Co by Dan E. 
Krane and Michael L. Raymer. 

3. Bioinformatics: A Practical Guide to the Analysis of Genes and Proteins, 2nd Edition, 
Wiley Publishers by Andreas, Baxevanis and Francis Ouellette. 

4. Bioinformatics: Sequence and Genome Analysis, Second Edition, Cold Spring Harbor 
Laboratory Press by David Mount. 

 

SEC Practical - Sequence Analysis  

1. Sequence Analysis Tools. Take a nucleotide sequence and protein sequence of homo 

sapiens and perform the following against Pongo  

a. BLAST (blastp, blastn, blastx)  

b. FASTA (for both nucleotide and protein) – FASTX, FASTY, TFASTX.  

2. Compare BLAST and FASTA results for database search for at least   two sequences.  

3. Perform dynamic programming for two sequences. (Nucleotide and Protein) using 

EMBOSS package.  

4. CLUSTALW: Take 5 sequences each of Homosapiens and Pongo and do MSA. Draw 

phylogenetic tree also.  

 
References 

 
1. Lodish et al: Molecular Cell Biology (9th Edition): Freeman & Co, USA (2021).  
2. Alberts et al: Molecular Biology of the Cell: Garland (2002).  
3. Cooper: Cell: A Molecular Approach: ASM Press (2000).  
4. Karp: Cell and Molecular Biology: Wiley (2002). Pierce B. Genetics. Freeman (2004). 
5. Thomas J. Kindt, Richard A. Goldsby, Barbara A. Osborne, Janis Kuby Kuby 

Immunology. W H Freeman (2007).  
6. Basic genetics by D.L.Hartl, 1991, Jones and Bartett public. 
7. Friedfelder 1987, Microbial genetics, Jones and Bartett public. 
8. Molecular Biology of the genes 4th Ed. Watson etal, the Benjamin /Cummings coins   

1987 
 
 



VBC 02 Ethics & Self Awareness  
 
 
Course Objectives: 

 
Course Outcomes: 

After successful completion of the course, students will be able to 

1. Understand the ethical principles and values that underpin scientific research and 
biotechnology practices. (Cognitive level - Understand) 

2. Develop a comprehensive understanding of the ethical implications of 
biotechnology research and its impact on society. (Cognitive level - Understand) 

3. Identify and assess ethical dilemmas in biotechnology and develop effective 
strategies for ethical decision-making. (Cognitive level - Evaluate) 

4. Develop self-awareness of personal values and biases and recognize how these can 
influence ethical decision-making in biotechnology. (Cognitive level - Create) 

5. Demonstrate an understanding of the importance of ethical conduct in scientific 
research and biotechnology, and its role in building public trust and confidence. 
(Cognitive level -Understand) 

6. Apply ethical principles and values to real-world scenarios in biotechnology and 
propose practical solutions to ethical challenges that may arise in the industry. 
(Cognitive level -Apply) 

 

Curriculum awaited from GoK 
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SIXTH SEMESTER 



CB–DSC 12 C Programming  
 

Course Objectives  
This course aims to:  
➢ Express algorithms and draw flowcharts in a language independent manner.  

➢ Teach how to write modular, efficient and readable C programs.  

➢ Describe the techniques for creating program modules in C using functions & recursive 

functions.  

➢ Familiarize students with pointers and dynamic memory allocation functions to 

efficiently solve problems. 

 
Course Outcomes: 
Upon successful completion of the course, students will be able to: 

1. Demonstrate an understanding of the fundamental concepts of computer 
programming, including data types, variables, and control structures. (Cognitive 
level – Understand) 

2. Identify and apply programming techniques and design algorithms with simple 
programs to solve computational problems using string manipulation, file I/O, and 
regular expressions. (Cognitive level – Analyze) 

3. Address real-world bioinformatics problems, such as analysing sequencing data 
or designing algorithms for protein structure prediction. (Cognitive level – Apply) 

4. Critique and evaluate existing programming code and algorithms to identify 
strengths and weaknesses and propose potential improvements or alternative 
approaches. (Cognitive level – Evaluate) 

5. Write, analyze, and evaluate code from C programming language including 
identifying errors and debug the code to develop simple programs for biological 
data analysis and visualization. (Cognitive level – Create) 

6. Design and plan programming projects, selecting appropriate tools and 
techniques for data analysis and visualization for the scientific questions in the 
field of life sciences and bioinformatics. (Cognitive level – Apply) 

 

UNIT-I:  INTRODUCTION  
Introduction to Computers: Computer Systems, Computing Environments, Computer 
Languages, Creating and Running Programs, Software Development, Flow charts. 
Number Systems: Binary, Octal, Decimal, Hexadecimal. Introduction to C Language: 
Background, C Programs, Identifiers, Data Types, Variables, Constants, Input / Output 
Statements Arithmetic Operators and Expressions: Evaluating Expressions, Precedence 
and Associativity of Operators, Type Conversions. 
 
UNIT-II: CONDITION STATEMENTS AND FUNCTIONS  
Conditional Control Statements: Bitwise Operators, Relational and Logical Operators, If, 
If-Else, Switch-Statement and Examples. Loop Control Statements: For, While, DoWhile 
and Examples. Continue, Break and Goto statements Functions: Function Basics, User-
defined Functions, Inter-function Communication, Standard Functions, Methods of 
Parameter Passing, Recursive Functions. Storage Classes: Auto, Register, Static, Extern, 
Scope Rules, and Type Qualifiers 
 
 
 

L T P C 
3 0 2 5 



UNIT-III: ARRAYS AND POINTERS  
Concepts, Using Arrays in C, Array Applications, Two- Dimensional Arrays, 
Multidimensional Arrays, Linear and Binary Search, Selection and Bubble Sort. Pointers: 
Introduction (Basic Concepts), pointers to pointers, compatibility, Pointer Applications, 
command-line arguments, Introduction to structures and unions. 
 
UNIT-IV: STRINGS   
Concepts, C Strings, String Input/Output Functions, Arrays of Strings, String Manipulation 
Functions. Input and Output: Introduction to Files, Modes of Files, Streams, Standard 
Library Input/ Output Functions, Character Input/Output Functions. 
 

Practical 12 - C Programming 
 

1. Complement and reverse complement for DNA Sequence 

2. Composition of amino acids for the given protein sequence 

3. Translate the DNA sequence into protein sequence 

4. Finding biologically meaningful patterns/motifs from sequences 

5. Prediction of the secondary structure of a protein 

6. Use Python programs to perform analysis in bioinformatics software 

7. Read specific sequence from the given multiple sequences 

8. Find the exact location of genes in the genome 

9. Retrieve two protein structures from PDB and analyze the structures 

10. Extract the DNA/protein information from the files from biological databases 

 
Recommended Textbooks and References  

  
1. B.A. Forouzan and R.F. Gilberg, “A Structured Programming Approach in C”, Cengage 
Learning, 2007  
2. Kernighan BW and Ritchie DM, “The C Programming Language”, 2nd Edition, Prentice 
Hall of India, 2006.  
3. Rajaraman V, “The Fundamentals of Computer”, 4th Edition, Prentice-Hall of India, 
2006.  
 
REFERENCE WEBSITES:  
1. https://www.nrcan.gc.ca  
2. https://www.nrsc.gov.in  
3. http://geoinfo.amu.edu.pl/wpk/rst/rst/Front/tofc.html  
4. https://www.isprs.org/education/tutorials.aspx  

  



CB/BT –DSC 13 Applications of Genetic Engineering  
 
Course Objectives: 

▪ To introduce the students to DNA and its sequential significance  

▪ To enable the students to use the DNA-pertaining knowledge in creating 

recombinant products 

 
Course Outcomes: 
After successful completion of the course, students will be able to 

 
1. Demonstrate an understanding of the principles of recombinant DNA technology, 

including the construction of recombinant DNA molecules and the techniques used to 

manipulate DNA (cognitive level – Knowledge). 

2. Describe the ethical, social, and legal implications of recombinant DNA technology, 

and analyze the potential risks and benefits of this technology (cognitive level – 

understand). 

3. Design and carry out experiments using various recombinant DNA techniques, such 

as gene cloning and DNA sequencing, and analyze and interpret the data obtained 

(cognitive level – Create). 

4. Evaluate the use of recombinant DNA technology in various fields, such as medicine, 

biotechnology, and environmental science, and apply their knowledge to real-world 

problems cognitive level – Apply). . 

5. Develop and implement strategies for the responsible and safe use of recombinant 

DNA technology, considering environmental, economic, and social considerations 

(cognitive level – Create). 

6. Communicate their understanding of recombinant DNA technology and its 

applications effectively through written and oral presentations and collaborate with 

others in group projects (cognitive level – Knowledge. 

 

 

Theory 

Unit I 
Introduction to Genetic engineering. Tools used in Genetic Engineering:   Restriction   
enzyme, DNA Polymerases,  RNA  polymerase,  Taq  polymerase,  DNA  Ligase,  
methylase, polynucleotide kinase, alkaline phosphatase, reverse transcriptase, DNaseI, 
S1nuclease, Rnase H, Terminal deoxynucleotidyl transferase. 
Unit -II 
Vectors: Features of an ideal cloning and expression vectors (Plasmids & Cosmids). Ti 
plasmid, Molecular biology of lambda and Lambda vectors, cosmid, phagemid, M13. 
Yeast vectors.  Creating recombinant DNA molecules: Isolation of a gene by Polymerase 
Chain Reaction (PCR). Cloning methods (Restriction based method). Choice of enzyme 
and the vector. Promoters, selectable markers and expression vectors. 
Unit -III 
Transfer of cloned DNA in to host (Bacteria, Yeast) transformation, transduction, 
particle bombardment.  Features of the host cell used for transformation. Analysis of 
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Gene expression. Hybridization techniques - Southern, Western and Northern blotting, 
DNA sequencing.  
 
Unit -IV 
Transgenic plants and their importance. Agrobacterium mediated transformation in 
plants. Reporter Gene and applications, DNA-Protein Interaction Assays, Protein-Protein 
Interaction Assays, DNA Fingerprinting. 

 
Practical 13 - Applications of Genetic Engineering 

 
1. Introduction to PCR and its applications. 
2. Primer Designing and vector selection 
3. Restriction digestion and DNA Finger printing (RFLP based) 
4. Ligation of restriction digested DNA 
5. Agarose Gel Electrophoresis. 
6. Plasmid/genomic DNA ISOLATION. 

 
 
References 
 

1. Principles of Gene Manipulation and Genomics. SB. Primrose and R Twyman 

2. Gene Cloning and DNA Analysis: An Introduction. TA Brown 

3. Lehninger Principles of Biochemistry. David L. Nelson, Michael Cox. 

 

 
  



CB–DSC 14 Algorithms in Computational Biology  

Course Objectives: 

➢ Understand the fundamental principles and concepts of algorithms in 

computational biology and bioinformatics. 

➢ Apply algorithmic thinking and problem-solving skills to address complex 

biological questions and challenges. 

➢ Develop a solid foundation in algorithmic techniques to contribute to the 

advancement of computational biology and bioinformatics research. 

➢ Understand the complexity analysis of algorithms and their implications in 

computational biology and bioinformatics. 

 

Course Outcomes: 
After successful completion of the course, students will be able to 
 

1. Demonstrate an understanding of the fundamental principles and concepts of 

algorithms and their complexity in computational biology and bioinformatics. 
(Cognitive level- Understand) 

2. Apply algorithmic techniques to solve complex biological problems, such as gene 
expression analysis and protein structure prediction. (Cognitive level- Apply) 

3. Apply algorithmic thinking and problem-solving skills to address real-world 

biological challenges and contribute to the field of computational biology and 
bioinformatics. (Cognitive level- Apply) 

4. Analyze and interpret the results obtained from algorithmic approaches to 
derive meaningful biological insights. (Cognitive level- Analyze) 

5. Evaluate and compare the performance of different algorithms for sequence 

alignment, phylogenetic tree construction, and other biological applications. 

(Cognitive level- Evaluate) 

6. Critically evaluate the accuracy, efficiency, and limitations of algorithms used in 
computational biology and bioinformatics. (Cognitive level- Evaluate) 

UNIT-I:  INTRODUCTION  
Algorithm: history, principles, types, development, complexity, asymptotic analysis of 
algorithms, NP complete problem, polynomial reducibility, consecutive integer problems, 
sorting problem, Fibonacci problem. 
 
UNIT-II: Use of different algorithms  
Linear and exhaustive search, branch and bound, divide and conquer, expectation and 
maximization with forward and backward algorithms, discriminative learning, Knuth-
Morris-Pratt and Boyer-Moore algorithm for string matching, graph and maximum 
likelihood algorithm. 
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UNIT-III: Algorithms for Bioinformatics - I 
Principles and uses, heuristics second generation alignment tool (BLAST, FastA, 
ClustalW), probabilistic and statistical method – concepts and significance. Models of 
evolution. 
 
UNIT-IV: Algorithms for Bioinformatics - II 
Partial and double digest problem, graph algorithm for DNA sequence assemblt, CASP, 
Phrap, Phred, Protein secondary and tertiary structure prediction – Chou-Fasman 
algorithm 
 

Practical 14 - Algorithms in Computational Biology 
 

1. Implement dynamic programming algorithms such as Needleman-Wunsch or 
Smith-Waterman for sequence alignment to align DNA, RNA, or protein 
sequences using appropriate scoring metrics. 

2. Implement algorithms like neighbour-joining or maximum likelihood for 
constructing phylogenetic trees with biological sequence data (e.g., DNA or 
protein sequences) to build and interpret the resulting phylogenetic trees. 

3. Perform differential gene expression analysis using algorithms such as DESeq or 
edgeR and interpret the results and extract biological insights. 

4. Utilize protein sequence data to predict the three-dimensional structure of 
proteins and evaluate using appropriate validation metrics. 

 
 

 
References 

1. An introduction to Bioinformatics Algorithms (Computational Molecular Biology) 
by Neil C Jones and Pavel A Pevzner, MIT press. 

2. Biological sequence analysis: Probabilistic models of protein and nuclei acids by R 
Durbin, S Eddy, A Krogh and G Mitchison, Ca,bridge University press. 

3. Introduction to Computational Biology: Maps, sequnces and genomes by Michael 
S Waterman, Chapman and Hall/CRC press. 

4. Introduction to Algorithms by TH Cormen, CE Leiserson, RL Rivest and C Stein, 
MIT press. 

 

 

  



DSE 02a Biotechnology Business Management  

Course Objectives:  
• To introduce the students to basic interdisciplinary concepts of biology and 

mathematics.  

• To enable the students to understand the significance of their experiment findings 
using statistical methods.  

Course outcomes:  
Upon successful completion of the course, students will be able to  

1. Demonstrate an understanding of the biotechnology industry and its place in the 
broader business landscape, including the regulatory frameworks, intellectual 
property considerations, and financing options relevant to biotech companies. 
(Cognitive level -Understand) 

2. Apply basic business concepts and strategies to biotechnology ventures, such as 
market analysis, product development, marketing, and strategic planning. 
(Cognitive level - Apply) 

3. Identify the key stakeholders in biotechnology business management, including 
investors, customers, employees, and regulatory agencies, and understand how to 
effectively communicate with them. (Cognitive level - Understand) 

4. Develop critical thinking and problem-solving skills through case studies and 
simulations that highlight real-world challenges faced by biotech businesses. 
(Cognitive level - Understand) 

5. Evaluate the ethical and social implications of biotechnology business decisions, 
including those related to biopharmaceuticals, gene editing, and other emerging 
technologies. (Cognitive level - Apply) 

6. Collaborate effectively with peers and other stakeholders in a team-based 
environment, applying principles of leadership, communication, and project 
management to achieve shared goals. (Cognitive level - Apply) 

 

 
Unit-I: Introduction and scope in Bio-entrepreneurship 
Types of bio-industries and competitive dynamics between the sub-industries of the bio-
sector (e.g. pharmaceuticals vs. Industrial biotech). Strategy and operations of bio-sector 
firms- factors shaping opportunities for innovation and entrepreneurship in bio-sectors, 
and the business implications of those opportunities, Alternatives faced by emerging bio-
firms and the relevant tools for strategic decision. Entrepreneurship development 
programs of public and private agencies (MSME, DBT, BIRAC, Make In India). Strategic 
dimensions of patenting & commercialization strategies.  
 
Unit-II: Bio markets-business strategy and marketing 
Negotiating the road from lab to the market (strategies and processes of negotiation with 
financiers, government and regulatory authorities). Pricing strategy- challenges in 
marketing in bio business (market conditions & segments; developing distribution 
channels, the nature, analysis and management of customer needs). Basic contract 
principles- different types of agreement and contract terms typically found in joint 
venture and development agreements. Dispute resolution skills.  
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Unit-III: Finance and accounting 
Business plan preparation including statutory and legal requirements. Business 
feasibility study. Financial management issues of procurement of capital and 
management of costs. Collaborations & partnership. Information technology. 
 
Unit-IV: Technology management 
Assessment, development & upgradation. Managing technology transfer, Quality control 
& transfer of foreign technologies. Knowledge centres and Technology transfer agencies. 
Understanding of regulatory compliances and procedures (CDSCO, NBA, GCP, GLA, GMP). 

 

References: 

1. Steve Blank and Bob Dorf: The Startup Owner's Manual: The Step-By-Step Guide for 

Building a Great Company. K & S Ranch. ISBN-13: 978-0984999309.  

2. Craig Shimasaki, ed.: Biotechnology Entrepreneurship: Starting, Managing, and 

Leading Biotech Companies. Elsevier Inc., 2014. ISBN: 978-0-12-404730-3. 

3. Dr. Vasant Desai, Management of Small Scale Enterprises, Himalaya Publishing House, 
2004.  

4. Bruce R Barringer and R Duane Ireland, Entrepreneurship: Successfully Launching 
New Ventures, 3rd ed., Pearson Edu., 2013. 

  



DSE 02b Medical Biotechnology   

Course Objectives 
 
The objective of this course is to impart knowledge on various human diseases and the 
role of biotechnology in medical field. Further, the course is intended towards exposing 
students to the recent developments in diagnostics and treatment strategies.  
 

Course Outcomes:  
Upon successful completion of this course, the student will be able to 
 

1. Understand the principles and techniques of medical biotechnology, including 
genetic engineering, protein engineering, and cell culture. (Cognitive level -
Understand) 

2. Analyze and interpret data from biomedical experiments using statistical and 
bioinformatics tools. (Cognitive level -Analyse) 

3. Apply ethical principles and legal regulations to biomedical research and 
biotechnology product development. (Cognitive level -Apply) 

4. Evaluate the current state of medical biotechnology research and development, 
including emerging technologies and trends. (Cognitive level - Evaluate) 

5. Design and execute experiments to develop new biotechnological products for 
medical applications, such as vaccines, gene therapies, and diagnostic tools. 
(Cognitive level -Knowledge) 

6. Communicate scientific ideas and results effectively through written reports and 
oral presentations and collaborate with other researchers in interdisciplinary 
teams to advance medical biotechnology. (Cognitive level -Apply) 

 

Unit- I 
Tools of Medical Biotechnology – Biotechnological revolutions- Genomics, insight into 
basic biology - Areas of application: Biotechnology in diagnosis and prediction of 
disorders; Approaches and limits. 
 
Unit- II 
Human Diseases: Symptoms and treatment of Genetically inherited diseases: PKU, 
Alkaptonuria, Galactosemia, VonGierke disease, Lesch-Nyhan syndrome, Gout, Sickle cell 
anemia, Beta Thalassemia and Diabetes. Evaluation of organ functions: liver, kidney, 
cardiac and gastric function tests. Role of biotechnology in healthcare.  
 
Unit- III 
Molecular therapeutics: Drugs, drug receptors, Relationship between drug 
concentration and response. Gene therapy, barriers to gene delivery, overview of 
inherited and acquired diseases for gene therapy; Retro and adeno virus mediated gene 
transfer; Liposome mediated gene delivery. Cellular therapy; use of stem cells and 
recombinant therapy. 
 
Unit- IV 
Recent developments in medical biotechnology –Pharming for human proteins and 
neutraceuticals. Biosensors in clinical diagnosis. Monoclonal antibodies for 
immunotherapy. Vaccine production - New developments. Tissue engineering and 
therapeutic cloning  
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References  
1. Judit Pongracz and Mary Keen, Medical Biotechnology 1st Edition, Elsevier 

publications, 2008. 

2. Fundamentals   of   medical   biotechnology   by   Aparna   Rajagopalan, Ukaaz 

publications. 

3. S N Jogdand Medical Biotechnology 2nd Edition Himalaya publishers 2008. 

4. Keith Wilson & John Walker, Practical Biochemistry- 5th edition, Cambridge University 

Press, UK 2000  

5. Bartram G. Katzung, Basic & Clinical Pharmacology, 9th Edition, Mc Graw Hill 

Publications 2004  

6. Devlin TM, Text book of biochemistry with Clinical Correlations 5th edition 2002 

7. Richard B Silverman, Organic Chemistry of Drug design and Drug action Elsevier 

Science, Academic Press. 

8. Warren Levinson, Ernest Jawetz, Medical Microbiology and Immunology: Examination 

and Board Review 7th edn. McGraw Hill Publications 2003 

 



SEC 05  Professional / Societal Communication  

Course Outcomes: 
 
Upon successful completion of the course, students will be able to: 

 

1. Demonstrate effective communication skills to convey scientific concepts and 
results to a variety of audiences, including non-scientific stakeholders and the 
public. (Cognitive level - Understand) 

2. Evaluate and apply appropriate communication strategies for different 
professional contexts, such as scientific conferences, peer-reviewed journals, and 
grant proposals. (Cognitive level -Evaluate) 

3. Analyze and interpret scientific data to effectively communicate scientific findings 
and their significance in both oral and written forms. (Cognitive level -Analyse) 

4. Critically assess and evaluate the accuracy and reliability of scientific information 
in the media and communicate this information to the public in an understandable 
manner. (Cognitive level - Understand) 

5. Demonstrate knowledge and understanding of the ethical and legal considerations 
surrounding the communication of scientific research to various audiences. 
(Cognitive level -Understand) 

6. Collaborate effectively in interdisciplinary teams and communicate with diverse 
groups of professionals, including scientists, policymakers, and industry leaders, 
to address complex scientific and societal issues. (Cognitive level -Knowledge) 

 

Course content awaited from GoK 
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SEVENTH SEMESTER 



CB – DSC 15 Structural Bioinformatics  
 

Course Objectives: 
 

➢ The objective of the course is to train the students in the use of databases for 
structure determination for diagnostic therapeutic application. 

 
Course Outcomes:  
Upon successful completion of this course, students will be able to 

1. Understand the bioinformatics tools and techniques to analyze protein structures 
and understand their functions. (Cognitive level – Analyze) 

2. Integrate multiple sources of data, such as sequence information, homology 
models, and experimental data, to improve the accuracy and reliability of protein 
structure predictions. (Cognitive level – Analyze) 

3. Evaluate the accuracy and reliability of protein structure prediction methods and 
assess the impact of structural errors on further analyses. (Cognitive level – 
Evaluate) 

4. Apply their knowledge of protein structure and function to design experiments 
and generate testable hypotheses. (Cognitive level – Apply) 

5. Informed with the latest developments and trends in structural biology research 
and evaluate the potential impact of new technologies and methods on their 
research. (Cognitive level – Evaluate) 

6. Communicate their findings effectively, using appropriate visualizations and data 
summaries to convey complex information to diverse audiences. (Cognitive level 
– Create) 

 
UNIT I 

Structural biology and structural databases. Nucleic acid structures, RNA folding, RNA 
loops, conformational study. various ribose ring conformations, ribose-ring puckering. 
protein-protein interactions, protein ligand interactions. DNA-binding proteins, RNA-
binding proteins. Ramachandran plot, 3-dimensional structures of membrane proteins, 
importance of 310 helix and loops, biophysical aspects of proteins and nucleic acids. 
Structural databases - Protein Data bank (PDB), Nucleic Acid Data Bank (NDB), Molecular 
modeling Data Bank (MMDB). Secondary structure, three-dimensional structure 
prediction, protein folding and functional sites, protein folding classes.  
 

UNIT II 

Protein structure prediction, Protein Structure Prediction:- Homology modeling, 
prediction of  protein structure from sequences, functional sites. Protein folding problem, 
protein folding classes, protein identification and characterization, Predicting 
transmembrane helices, Primary structure analysis and prediction, Secondary structure 
analysis and prediction, motifs, profiles, patterns and fingerprints search. Methods of 
sequence based protein prediction.  
 

UNIT III 

Molecular Modeling and Molecular Mechanics, Molecular modeling:-Introduction, force 
field, quantum chemistry, Schrödinger equation, potential energy functions. Energy 
minimization, local and global minima, saddle point, grid search. Introduction to various 
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approximations. Conformational search, Z-matrix, docking, molecular modeling 
packages.  
 
UNIT IV  
Molecular mechanics, Definition, balls and springs, force fields, bond-stretching, bond-
bending, dihedral motions, out of plane angle potential, non-bonded interaction, coulomb 
interactions, conformational search, united atoms and cut-offs. 
Molecular dynamics:-Introduction, Newton’s equation of motion, equilibrium point, 
radial distribution function, pair correlation functions, MD methodology, periodic box, 
algorithm for time dependence; leapfrog algorithm, Verlet algorithm, Boltzman velocity, 
time steps, duration of the MD run. Starting structure, analysis of MD job, uses in drug 
designing, ligand protein interactions.  
 

Practical 15 - Structural Bioinformatics 
 

1. Prediction of 3D-structure of protein 
2. Validation of the modelled protein structure. 
3. Molecular Docking study for homology built protein (protein-ligand docking) 
4. Identify the Drug and Receptor Binding pocket. 
5. Predict and analyse ADMET properties of molecules for the docked conformation. 

 
Recommended Textbooks and References 

1. Bourne Philip E., Weissig Helge. Structural Bioinformatics (Methods of Biochemical 
Analysis, V. 44), 2003. Publisher: Wiley-Liss. ISBN: 0471202002.  

2. Höltje Hans-Dieter, Sippl Wolfgang, Rognan Didier, Folkers Gerd. Molecular Modeling: 
Basic Principles and Applications. Publisher: New York, Wiley-VCH. 2003. ISBN: 
3527305890.  

3. Leach, Andrew. Molecular Modelling: Principles and Applications. Publisher: Prentice 
Hall. 2001. ISBN: 0582239338. 

 
 
  



CB–DSC 16 Genomics & Proteomics  
 
Course Objectives: 

• To introduce the students to in silico understanding of genes and proteins  
• To impart knowledge on gene/protein sequence variations and their biological 

implications   
Course Outcomes: 

After successful completion of the course, students will be able to 

1. Demonstrate an understanding of the principles and technologies used in 
genomics and proteomics. (Cognitive level- Understand) 

2. Ability to utilize bioinformatics databases and tools to understand and analyse 
genomics and proteomics data, such as genome assembly, annotation, and 
alignment, & protein identification and quantification. (Cognitive level- Apply) 

3. Competence to evaluate the quality of genomics and proteomics data, identifying 
potential sources of error and proposing strategies to improve data accuracy. 
(Cognitive level- Evaluate) 

4. Adeptness to integrate genomics and proteomics data with other types of 
biological data, such as metabolic pathway and protein-protein interaction 
networks, to gain a comprehensive understanding of biological systems. 
(Cognitive level- Analyze) 

5. Capability to understand the latest developments and trends in genomics and 
proteomics research, and critically evaluate new technologies and methods. 
(Cognitive level- Evaluate) 

6. Understand ethical principles and guidelines to genomics and proteomics 
research, including data sharing and privacy. (Cognitive level- Evaluate) 
 

Theory 
 
Unit-I: Introduction to genome databases - database search - Algorithms issues in 
databases search - sequence database search - FASTA - BLAST – Types of genomic 
databases and uses: Polymorphic markers, Cytogenic Maps, LINE, SINE- Amino acid 
substitution matrices PAM and BLOSUM. 
 
Unit-II: Gene Therapy: Concept and Principles of Gene Therapy. Principles of gene 
Expression. Genome Mapping –physical and genetic mapping techniques, Human Genome 
Project - Genomes of other organisms. Shotgun DNA sequencing - Sequence assembly - 
Gene predictions - Molecular prediction with DNA strings. 
 
Unit-III: Genomic resources, Gene structure and DNA sequences. EST comparison, gene 
hunting. Expression analysis- SAGE, cDNA library, ORF prediction, Microarray – DNA 
sequencing and sequence alignment: RFLP, SNP, RAPD, Application of Comparative 
Genomics. Protein database:  CATH, SCOP, FSSP, SARF, MM. Protein structure and 
comparison,  Blocks, Class, Domain,     Fold,     Profile,     Motif,     and     PSSM. 
 

Unit-IV: Structural Proteomics: Experimental Techniques for Protein Structure 
Elucidation, X-ray Crystallography, 2-D Electrophoresis- Sample preparation, pH gradient- 
MALDI-TOF, Electro plot, Protein Microarrays and Bio separation. Metabolomics: 
Metabolic Pathways of Microbes, metabolic pathway databases-KEGG.  Structure 
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prediction, active site determination, neural networks. Protein –protein interaction, 
protein – DNA interaction. Enzyme Substrate interaction.  
 

 
Practical 16 - Genomics & Proteomics 

 
1. Perform genome annotation by identifying genes, promoters, regulatory elements, 

and non-coding regions for functional insights. 
2. Perform differential gene expression analysis to identify genes with 

bioinformatics tools to perform functional enrichment analysis on differentially 
expressed genes. 

3. Analyze structural variants in genomic data, such as insertions, deletions, 
duplications, and inversions with bioinformatics tools to identify and classify 
structural variants on gene function and disease. 

4. Perform sequence alignment and comparative analysis of multiple genomes to 
identify conserved regions, gene families, and evolutionary changes across 
different species or strains. 

5. Perform protein structure alignment and analyze structural similarities to study 
protein domains, motifs, and functional annotations. 

6. Use bioinformatics tools to predict protein structures and assess their quality. 
7. Analyze protein-protein interaction networks using public databases or 

interaction prediction algorithms to identify important hubs, modules, and 
biological pathways and visualize protein-protein interaction networks for 
functional insights. 

 
References 

 
1. Introduction to bioinformatics by Dr. Mani and Dr. Vijayaraj. 
2. Bioinformatics by Parry and Smith. 
3. Bioinformatics by David Mount. 
4. Genomes 3 by T. A. Brown. 
5. Proteomics- Pennigton & Dunn (2002) Viva books publishers, New Delhi 
6. Bioinformatics- A practical guide to the analysis of Genes & Protein 2nd ED Andreas, 

Baxevanis and Francis Ouellette. 
7. Bioinformatics by David Mount. 

 

 
  



CB–DSC 17 R & MatLab Programming  

Course Objectives: 
➢ Understand the syntax, data structures, and functions specific to R and MATLAB 

programming environments. 
➢ Learn how to manipulate, clean, and preprocess biological data using R and 

MATLAB. 
➢ Gain hands-on experience in implementing statistical analysis and machine 

learning algorithms for biological data. 
➢ Learn techniques for data visualization and interpretation using R and MATLAB 

libraries. 
➢ Apply R and MATLAB programming skills to solve specific computational biology 

and bioinformatics problems. 
 

Course Outcome: 
 

After successful completion of the course, students will be able to 

1. Demonstrate an understanding of the syntax, data structures, and functions in 

using R and MATLAB programming languages for data analysis and visualization 

in computational biology and bioinformatics. (Cognitive level -Understand) 

2. Manipulate, clean, and preprocess biological data using R and MATLAB. 

(Cognitive level -Apply) 

3. Implement statistical analysis and machine learning algorithms for biological 

data using R and MATLAB. (Cognitive level -Apply) 

4. Integrate R and MATLAB with other bioinformatics tools and databases for data 

analysis. (Cognitive level -Apply) 

5. Visualize and interpret biological data using R and MATLAB libraries. (Cognitive 

level -Analyze) 

6. Write efficient and optimized code in R and MATLAB for large-scale data 

analysis. (Cognitive level -Create) 

UNIT I 
Introduction to Matlab, Matlab key features, basic functionalities-tool box, data types, 
variables, operators, vectors, matrix operations, trigonometric functions, 2D, 3D- 
graphics, Limits. Control structures, function handling, class file handling, mat file 
creation, symbolic mathematics. Numerical Methods- solving linear equations, solving 
differential equations-ODE suite, integration, interpolation, regression. Statistical 
analysis- probability, hypothesis testing, ANOVA and cluster analysis.  
 
UNIT II 
Bioinformatics Tool Box, Sequence Analysis, NGS, Graph Theory, Gene Ontology, 
Importing Data and Deploying.  
 
UNIT III 
Biological Data Analysis, Microarray Data Analysis, Mass Spectrometry Data Analysis, 
statistical classification of biological data  
 
 

L T P C 
3 0 2 5 



UNIT IV 
Image Processing, Key Features, Importing and Exporting Images, image file formats and 
format conversion, Pre- and Post-Processing Images, Spatial Transformations and Image 
Registration. Microarray image analysis. Systems Biology, Basics of enzyme kinetics, 
Kinetic Laws. Modeling Biological System, Simulation, sensitivity analysis, parameter 
estimation using simbiology. Pharmacokinetic modeling- simulation, population study. 
Model of the Yeast Heterotrimeric G Protein Cycle and glycolysis. 
  

Practical 17 - R & MatLab Programming 
 

1. Familiarize students with the R and MATLAB programming environments. 
2. Learn basic syntax, data structures, and functions in R and MATLAB. 
3. Practice writing and executing simple scripts and commands. 
4. Perform data manipulation tasks, such as filtering, sorting, and merging datasets 

in R and MATLAB. 
5. Create visualizations using plotting functions and libraries in R and MATLAB. 
6. Explore different types of data visualization techniques for biological data. 
7. Perform basic statistical analyses, such as t-tests, ANOVA, and correlation 

analysis using R and MATLAB. 
8. Apply statistical methods to analyze biological datasets and interpret the results. 
9. Utilize R and MATLAB to query and retrieve data from bioinformatics databases. 

 
Recommended Textbooks and References 

1. Alterovitz G., M. F. Ramoni, “Systems Bioinformatics: An Engineering Case-Based 
Approach”, Artech House, 2007.  

2.  Michael R. King, Nipa A. Mody, “Numerical and Statistical Methods for 
Bioengineering: Applications in MATLAB”, Cambridge University Press, 2011.  

3.  Gibas C., Per Jambeck, “Developing bioinformatics computer skills”, O'Reilly 
Media, Inc., 2001.  

4.  Semmlow, “Biosignal and Biomedical Image Processing”, Marcel Dekker, Inc., 
2004. 

5. Hoppensteadt, Peskin, “Modeling and Simulation in Medicine and Life Sciences”, 
Springer, 2010. 

  



BT DSE 3a Bioethics & IPR  
 
Course Objectives: 

• To introduce the students to the right practices involved in biotech research.  
• To provide insights into protection of biotechnological findings and innovations 

by the means of legal provisions 
 

Course Outcomes: 

After successful completion of the course, students will be able to 

1. Demonstrate an understanding of the basic principles of bioethics and its 
relevance to the field of biotechnology. (Cognitive level -Understand) 

2. Analyze and evaluate ethical issues related to the use of intellectual property in 
biotechnology, such as patenting genes, genetically modified organisms, and stem 
cells. (Cognitive level -Analyse) 

3. Identify and evaluate the legal and ethical implications of ownership and access to 
biological resources, including traditional knowledge and genetic material. 
(Cognitive level - Knowledge)  

4. Analyze and evaluate the impact of IPR on biotechnology innovation, research, and 
access to medicines. (Cognitive level - Analyze) 

5. Develop and apply ethical frameworks and principles to address ethical issues 
related to IPR in biotechnology, such as access to medicines, benefit sharing, and 
informed consent. (Cognitive level - Apply) 

6. Communicate effectively about ethical issues related to IPR in biotechnology, 
including writing clear and concise reports, making effective oral presentations, 
and engaging in respectful and productive discussions with peers and 
stakeholders. (Cognitive level - Knowledge) 

 
 

Theory 

Unit I 

Definition of ethics and Bioethics, Ethics in Biotechnology (positive and negative 

effects with classical examples: Rice with Vitamin A, No-till Agriculture, cotton without 

insecticide, reduced need for fertilizer, biological pest control , slow ripening fruits and 
controlled ripening, fast growing trees and fishes.  

Awareness education on genetically engineered organisms: Transgene instability, 

gene flow, resistance/ tolerance of target organism, increase weedlessness, risks and 

uncertainty associated with Biotechnology.  

Containment levels and their impact on Environment: Containment- definition, types 

of containment, summary of recommended Biosafety levels for infectious agents, detailed 

checklist– premises and lab equipment, Animal facilities, environment. 

Unit II 

Gene technology laboratory, GLP and Bioethics: introduction, national Good Laboratory 

Practices (GLP), the GLP authority functions, Good Laboratory Practices- necessity, 
aspiration and responsibility. 
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Unit III 

Ethics in clinical trials and Good Clinical Practices (GCP): Definition of clinical trials 

and GCP, general information about clinical trials, need to conduct clinical trials, faces of 

clinical trials, institutional setups for conducting clinical trials, ethics in clinical 

biotechnology. 

Unit IV 

IPR Issues: Forms of IPR, IPR legislation in India, implication of IPR legislation on India 

and other developing countries, WIPO, WTO, GATT, Trips Agreement, Introduction to 
patenting and patenting process. Biodiversity board. 

 
References 

1. Safety Assessment by Thomas, J.A., Fuch, R.L. (2002), Academic Press. 

2. Biological safety Principles and practices) by Fleming, D.A., Hunt, D.L., (2000). ASM 
Press. 

3. Biotechnology - A comprehensive treatise. Legal economic and ethical dimensions 
VCH. Bioethics by Ben Mepham, Oxford University Press, 2005. 

4. Bioethics & Biosafety by R Rallapalli & Geetha Bali, APH Publication, 2007 

5. Bioethics & Biosaftey By Sateesh Mk (2008), Ik Publishers 

6. Biosafety And Bioethics  Rajmohan Joshi Publishers 



BT DSE 3b Fundamentals of Research Methodology  
 
Course Objectives: 

• To introduce the students to importance of research and how to do it 
• To provide experience in formulating research questions and the quest to find 

answers. 
 

Course Outcomes: 

After successful completion of the course, students will be able to 

1. Describe the scientific method and its role in research, including hypothesis 
formulation, experimental design, data collection, analysis, and interpretation. 
(Cognitive level - Understand) 

2. Identify the different types of research designs used in biotechnology, such as 
observational, experimental, and quasi-experimental designs, and understand the 
strengths and limitations of each. (Cognitive level - Knowledge) 

3. Develop skills in literature search and review, including the ability to identify 
relevant databases, search terms, and filters, critically evaluate research articles, 
and summarize findings. (Cognitive level -Create) 

4. Explain the ethical principles that guide research in biotechnology, including 
informed consent, confidentiality, risk minimization, and animal welfare, and 
apply them in designing and conducting research. (Cognitive level -Understand) 

5. Demonstrate proficiency in statistical analysis, including descriptive statistics, 
inferential statistics, and hypothesis testing, using software tools such as R or 
SPSS. (Cognitive level - Understand) 

6. Plan and execute a research project, including formulating research questions, 
designing an experiment, collecting, and analyzing data, and presenting findings 
in a written report or oral presentation. (Cognitive level - Understand) 

 

Unit I 

Introduction: Scope and significance of research methodology, bioethics and biosafety, 

IPRs, good laboratory practices in biotechnology and OECD guidelines, good clinical 

practices in biomedical research and ICH guidelines, and Quality control.       
                                                 

Unit II 

Review of literature: identifying the gaps and formulating the hypothesis.   
Review of research articles (To be done by students. Each student can select one paper 
review and present it). Demonstration of writing a research proposal 
 
Unit III 

Research material: Use of taxonomic keys, Samples: Collection, transport, handling and 

preservation of microorganisms, planktons, insects, animals from natural and lab bred 

population. Water and air samples. Relevance of sample size. Culture and maintenance of 
samples. Safe disposal of used and rejected samples and materials. 
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Unit IV 

Research proposal: The student will identify a topic for research and prepare a document 

with the following information – Background of research problems, Objectives, strategies 

for experimental work, Expected results, preparation of rough draft and bibliography. The 

student will also present and defend the research proposal, Evaluation of research 
proposal.  

 

References:  

1. Mishra, Dr. Shanti Bhushan & Alok, Dr. Shashi. (2017). HANDBOOK OF RESEARCH 

METHODOLOGY.  

  



EIGHTH SEMESTER 



CB–DSC 18 Data Mining & Machine Learning   
 

Course Objectives: 

➢ Develop a comprehensive understanding of the concepts, techniques, and 

applications of data mining and machine learning in computational biology and 

bioinformatics. 

➢ Learn various data preprocessing techniques to prepare biological data for analysis. 

➢ Explore different data mining algorithms and machine learning models commonly 

used in computational biology and bioinformatics. 

 

Course Outcomes: 
After successful completion of the course, students will be able to 
 

1. Demonstrate a comprehensive understanding of the concepts, techniques, and 

applications of data mining and machine learning in computational biology and 

bioinformatics. (Cognitive level- Understand) 

2. Apply appropriate data preprocessing techniques to clean and preprocess 

biological data for analysis. (Cognitive level- Apply) 

3. Implement and apply various data mining algorithms and machine learning 
models for computational biology and bioinformatics. (Cognitive level- Apply) 

4. Apply data mining and machine learning techniques to analyze genomics, 
proteomics, and other biological datasets. (Cognitive level- Apply) 

5. Evaluate, validate, and select the best-performing models using appropriate 

evaluation metrics and cross-validation techniques. (Cognitive level- Evaluate) 

6. Design and implement data mining and machine learning workflows for 

computational biology and bioinformatics tasks. (Cognitive level- Create) 

 

UNIT-I:  INTRODUCTION  
Importance, relational databases, transactional databases, data warehouses, advanced 
database systems, functionalities, applications, classification of data mining systems, 
Major issues, Primitives, query language, designing GUI, Interfaces based on data mining 
query language. Architectures of data mining systems. 
 
UNIT-II: Concept Description and Association Rules 
Concept description, characterization and comparison, data generalization and 
summarization-based characterization, analytical characterization, mining class 
comparisons, data mining association rules in large databases, association rule mining, 
mining single dimensional Boolean association rules from transactional databases. 
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UNIT-III: Classification and Prediction 
Data preparation, issues, comparing classification methods, decision tree and decision 
tree induction, classification by decision tree induction. 
 
UNIT-IV: Clustering 
Methods and analysis, types of data in clustering analysis, scaled variable, binary 
variables, variables of mixed types, partitioning methods: K-means and K-mediods, 
model-based methods, data mining application, data mining for biomedical and DNA data 
analysis. 
 

Practical 18 - Data Mining & Machine Learning 
 

1. Preprocess biological datasets by handling missing values, outliers, and data 
normalization. 

2. Evaluate the impact of preprocessing steps on the performance of machine 
learning models. 

3. Implement and compare various classification algorithms, such as decision trees, 
support vector machines (SVM), and random forests to predict biological 
outcomes, such as disease classification or protein function prediction. 

4. Evaluate the performance of classifiers using metrics like accuracy, precision, 
recall, and F1 score. 

5. Apply clustering algorithms, such as k-means clustering, hierarchical clustering, 
and density-based clustering, in R for grouping biological samples based on 
similarities and visualize clustering results to gain insights into biological data 
patterns. 

6. Explore dimensionality reduction techniques, such as principal component 
analysis (PCA) and t-distributed stochastic neighbor embedding (t-SNE) to 
visualize high-dimensional biological data. 

7. Implement ensemble learning techniques, such as bagging and boosting to 
improve the predictive performance of machine learning models. 

8. Explore deep learning frameworks in R, such as TensorFlow or Keras, for 
analyzing biological data. 

9. Build and train deep neural networks for tasks like image classification or 
sequence analysis. 

 
References 

1. Data mining concepts and techniques by Jiawei Hen and Micheline Kambler, 
Morgan Kaufman publishers. 

2. Data mining: practical machine learning tools and techniques with JAVA 
implementation by Ian H Witten and Eibe Frank, Morgan Kaufman publishers. 

3. machine learning and Data mining in pattern recognition in III international 
conference MLDM by Peter Perner and Azriel Rosenfield, Spring publishers. 

 
 
  



CB–DSC 19 Immunoinformatics  
 
Course Objectives: 

➢ To integrate a simulation tool for immune system dynamics that is both patient and 
pathogen specific.  

➢ To provide molecular information and bioinformatics prediction methods to create 
a detailed computational model of the innate and adaptive immune response.  

 
Course Outcomes: 
Upon successful completion of this course, students will be able to  

1. Understand the immune system, its components and their functions  
2. Know about various immunology-based techniques for analyzing antigen-

antibody interaction. 
3. Gain insight into informatics-based approaches for prediction of allergen epitopes,  
4. Predict immunologically reactive epitopes and computational vaccine design 

using immunoinformatic tools. 
 

UNIT I 

Immune system: overview of the immune system - Lymphatic system and Lymphoid 
organs. Cells of the immune system and their functions. Immune system - Innate and 
Acquired immunity. Innate immunity - Anatomical and Physiological barriers, Cells and 
processes of Innate immunity, Innate immune response, and their recognition structures. 
Acquired immunity – humoral and cell-mediated responses. Immunogens and Antigens: 
Requirements for immunogenicity; major classes of antigens; antigen recognition by B 
and T lymphocytes. Structures and Functions of T-Cells and B-Cells. 
 
UNIT II 

Immunotechniques: Production of polyclonal and monoclonal antibody. Affinity and 
avidity. Antigen - antibody interaction - precipitation reaction, agglutination reaction - 
Radioimmunoassay, ELISA and its types, Western Blot, Immunofluorescence, and 
Isolation of lymphoid cells from blood and lymphoid organs and analysis using flow 
cytometry. 
 

UNIT III 

Definition of Immunoinformatics – bioinformatics strategies for better understanding of 
immune function - structural features of MHC peptides-MHC peptide interaction 
parameters: a) interface area between peptide and MHC, b) intermolecular hydrogen 
bonds. Immunological databases – IMGT – IMGT-GENE-DB – IMGT-HLA IMGT/LIGM-DB 
- HaptenDB – EPITOME – dbMHC – JenPep 
 

UNIT IV 

Experimental and theoretical description of peptide-MHC binding, selection of epitopes 
using bioinformatics, prediction of proteasome processing, and TAP binding, Predictions 
of Class I and Class II MHC Epitopes, IEDB analysis Resource, CTLPred, Population 
Coverage analysis, Epitope conservancy analysis. Vaccine - Tools & servers for 
computational Vaccine design-from Genome to Vaccine. 
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Practical 19 – Immunoinformatics 
 

Immunoinformatics databases & tools 
a. IMGT 
b. IEDB  
c. BciPep 
d. Epitome 
e. CED 
f. Ag-Ab Db 

Epitope prediction algorithms 
g. B-cell epitope predictions using sequence-based approaches. 
h. B-cell epitope predictions using structure-based approaches. 
i. Tcell epitope prediction methods 

Vaccine design 
a. Pipeline & workflows  
b. Prediction of immunogenicity 

 

Recommended Textbooks and References 

1. Abbas AK, Lichtman AH, Pillai S. (2021). Cellular and Molecular Immunology. 
10th edition, Elsevier Publication, Philadelphia (ISBN: 9780323757485). 

2. Delves P, Martin S, Burton D, Roitt IM. (2016). Roitt’s Essential Immunology. 
13th Edition, Wiley-Blackwell Scientific Publication, Oxford (ISBN: 978-1-118-
41577-1). 

3. Jenni Punt; Sharon Stranford; Patricia Jones; Judy Owen. (2019). Kuby’s 
Immunology. 8th edition W.H. Freeman and Company, New York. 

4. Kenneth M. Murphy, Casey Weaver. (2016). Janeway’s Immunobiology. 9th 
edition Garland Science Publishers, New York ISBN: 9780815345510. 

5. Anil K. Sharma (2019). Immunology An Introductory Textbook. 1st edition Jenny 
Stanford Publishing (ISBN 9789814774512). 

6. Flower Darren R. Bioinformatics for Vaccinology Publisher: UK, John Wiley & Sons 
Inc. 2008. ISBN: 9780470027110.  

7. Namrata Tomar (2020). Immunoinformatics. 3rd edition, Springer (ISBN 
1071603884, 9781071603888). 

8. Foundation Novartis. Immunoinformatics: Bioinformatic Strategies for Better 
Understanding of Immune Function. Publisher: Chichester, John Wiley & Sons Inc. 
2003. ISBN: 0470853565.  

 
 
  



BT DSE 4a C++ Programming  

Course Objectives 
➢ Develop a strong foundation in C++ programming language and its applications 

in computational biology and bioinformatics. 
➢ Understand object-oriented programming (OOP) principles and apply them to 

solve computational biology and bioinformatics problems. 
➢ Gain proficiency in working with file I/O operations to read and write biological 

data in various formats. 
➢ Explore the use of C++ libraries and frameworks relevant to computational 

biology and bioinformatics. 
➢ Understand best practices for software development and code documentation in 

the context of computational biology and bioinformatics. 
 
Course Outcomes 
On successful completion of this course, students will be able to 

1. Demonstrate a solid understanding of C++ programming language and its syntax 
in the context of computational biology and bioinformatics. (Cognitive level – 
Understand) 

2. Apply fundamental programming concepts, such as variables, data types, control 
structures, and functions, to solve computational biology and bioinformatics 
problems. (Cognitive level – Apply) 

3. Utilize file I/O operations in C++ to read and write biological data in various 
formats. (Cognitive level – Apply) 

4. Utilize relevant C++ libraries and frameworks for computational biology and 
bioinformatics applications. (Cognitive level – Apply) 

5. Debug and troubleshoot C++ programs to ensure error-free execution. (Cognitive 
level – Evaluate) 

6. Design and implement efficient algorithms, data structures and object-oriented 
solutions for computational biology and bioinformatics tasks using C++. 
(Cognitive level – Create) 

 
 
Unit I Introduction to Programming  
Choice of Language: Machine/Assembly language and Higher-Level languages, C++ 
characteristics, Object-oriented terminology and paradigm, tokens, keywords, identifiers 
and constants, basic data types, user defined data types, abstract data types, derived data 
types, variables definition, declaration, and scope, dynamic creation and derived data, 
arrays and strings, control structures: conditional statements, and loop structures. 
 
Unit II String Manipulation 
Standard streams, formatted console, manipulators, unformatted input and output, 
creating string objects, manipulating string, relational operators. string characteristics, 
comparing and swapping. 
 
Unit III Functions, Files Handing and Pointers 
Functions: declaration and definition, calling functions, Files handing: opening and 
closing a file, file input and output, i/o operations, classes for file stream operations, 
detecting end of file, open () command, file modes, updating file, command line 
arguments, error handling, Exceptions: exception hierarchies, Pointers: pointers, 
pointers to objects, pointers to derived classes, virtual functions. 
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Unit IV Object-oriented Programming  
Defining classes, member functions, instantiating and using classes, using constructors, 
destructors, constructor and destructor calls, friend function, overview of inheritance, 
encapsulation, polymorphism, operator overloading. 
 
 
Recommended Textbooks and References 
 

1. Object Oriented Programming with C++ by E Balagurusamy, Tata McGraw-Hill 
Publishing Co. Limited 

2. Programming with C++, Schaum’s Outline Series by John Hubbard, Tata McGraw 
Hill International Edition. 

3. The C++ Programming Language by Bjarne, Stroustrup, Addison Wesley Publisher. 
4. The C Programming Language by Brain, W. Kernighan and Dennis. M. Ritchie, 

Prentice Hall. 
5. Thinking in C++: Introduction to Standard C++ Volume-1, 2nd Edition., by Bruce 

Eckel. 
6. Object Oriented Programming Using C++ by Sanjeev Sofat Cyber Tech. Publication. 

 
 
  



 
BT DSE 4b Biomedical Informatics  

Course Objectives: 

➢ Understand the principles and applications of biomedical informatics in 

computational biology and bioinformatics. 

➢ Explore different types of biomedical data, including genomics, proteomics, clinical 

data, and electronic health records (EHR). 

➢ Gain knowledge of biomedical databases and resources for data retrieval and 

integration. 

➢ Apply statistical methods and data visualization techniques to analyze and 

interpret biomedical data. 

 

Course Outcomes: 
After successful completion of the course, students will be able to 
 

1. Demonstrate an understanding of the principles and applications of biomedical 

informatics in computational biology and bioinformatics. (Cognitive level- 

Understand) 

2. Apply data preprocessing techniques to clean and transform biomedical data for 
further analysis. (Cognitive level- Apply) 

3. Apply statistical methods, including hypothesis testing and regression analysis, 
to analyze biomedical data. (Cognitive level- Apply) 

4. Visualize biomedical data using appropriate data visualization techniques. 

(Cognitive level- Apply) 

5. Recognize and address ethical considerations and challenges in biomedical 

informatics research and data handling. (Cognitive level- Evaluate) 

6. Communicate and present biomedical informatics findings effectively to a 
scientific audience. (Cognitive level- Communicate) 

UNIT-I:  INTRODUCTION  
Biomedical data – clinical and life sciences, standards and databases, principles, 
applications, electronic health records and health information exchanges and retrieval, 
medical decision making, evaluation and evidence, patient monitoring systems, ethics in 
informatics, Bayesian networks, learning and decision making, data structures in 
algorithm design and analysis. 
 
UNIT-II: Networking 
TCP/IP and DNS clinical databases concepts, design of the clinical information systems 
and decision support systems, synchronization, concurrency, deadlock, full-text 
databases, distributed database services and architecture, Example of clinical database 
structure 
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UNIT-III: Methods and Evaluation 
Sampling, appropriate use of controls, data collection including human testing of 
statistical significance, sensitivity and specificity, ROC plots, methods, and issues specific 
to healthcare. 
 
UNIT-IV: Healthcare Informatics 
Understanding and interaction, health organization especially academic health centers, 
understanding the health care environment, understanding the organization informatics, 
interactions between the three units, machine learning approaches to make decision 
making and discovery, human factors in clinical systems, use of machine learning to make 
modeling, data mining, policy design and law, translation research and its uses and 
implications, evidence-based medicines. 
 
References 

7. Biomedical Informatics by Jules J Berman, Jones and Barlett Publishers. 
8. Biomedical Informatics: computer applications in health care and biomedicine by 

EH Shortliffe and JJ Criminio, Springer-Verlag Publishers. 
9. Evaluation methods in Biomedical Informatics (Health Informatics) by Charles P 

Friedman and Jeremy C Wyatt, Springer Publishers. 
10. Biomedical Informatics, Volume 569 Methods in molecular biology by Vadim 

Astakhov, Springer Protocols Humana press. 
 

 
  



CB DSE 5a Research Project  
 

Course Outcomes: 
 
Upon successful completion of the course, students will be able to: 
 

1. Explain the scientific methods and research processes used in formulating a 
research question, designing a study, collecting, analyzing data, and drawing 
conclusions (Cognitive level – Understand). 

2. Demonstrate proficiency in using relevant research methods and techniques, 
including data collection methods, statistical analysis, and scientific writing 
(Cognitive level – Apply). 

3. Defend research findings effectively through written and oral presentations to 
academic audiences (Cognitive level – Evaluate). 

4. Apply ethical principles in research, including obtaining informed consent, 
protecting confidentiality, and ensuring the welfare of research participants 
(Cognitive level – Apply). 

5. Develop research skills and knowledge that will be transferable to further 
academic study or employment in a relevant field (Cognitive level – Create). 

6. Reflect on their own learning and research process, identifying strengths and 
areas for improvement, and developing strategies for continuing professional 
development (Cognitive level – Analyze). 

 
  



BT DSE 5b  Advanced SQL Programming  
Course Objectives: 

➢ Develop a solid understanding of SQL (Structured Query Language) and its 
applications in computational biology and bioinformatics. 

➢ Acquire knowledge of relational databases and their role in managing 
biological data. 

➢ Learn how to design and implement efficient database schemas for 
organizing and storing biological data. 

➢ Explore advanced SQL techniques, such as subqueries, joins, and 
aggregations, for complex data analysis tasks in computational biology. 

➢ Apply SQL to integrate and analyze heterogeneous biological datasets from 
different sources. 

 
Course Outcomes: 
Upon successful completion of the course, the students will be able to 
 

1. Demonstrate a solid understanding of SQL concepts and terminology in the 
context of computational biology and bioinformatics. (Cognitive Level – 
Understand) 

2. Apply advanced SQL techniques, such as joins, subqueries, and aggregations, to 
perform complex data analysis tasks in computational biology. (Cognitive Level – 
Apply) 

3. Integrate and clean, transform, and normalize biological data using SQL for further 
analysis. (Cognitive Level – Apply) 

4. Apply SQL programming skills to real-world computational biology and 
bioinformatics scenarios and research projects. (Cognitive Level – Apply)  

5. Optimize SQL queries and database performance using indexing and other 
optimization techniques. (Cognitive Level – Evaluate) 

6. Design and implement efficient database schemas for storing and managing 
biological data. (Cognitive Level – Create) 

 
Theory 

 
Unit I Introduction to Structure Query language  

Understanding the difference between SQL in RDBMS and NoSQL like MongoDB, SQL 

Features, Domain types, Schema definition, Types of SQL commands, DDL, DML and TCL 

commands, Data Control Language, SQL operators, tables, views, indexes, Integrity 

Constraints, GROUP BY and HAVING Clause, insert, delete and update operations, join, 

union, intersection, minus etc., queries, sub-queries, Character Functions, Numeric 

Functions, Date Functions, Conversion Functions, Aggregate Functions, Roles and 

Privileges,  

 

Unit II MySQL  

Overview of MySQL, Advantages of MySQL, MySQL Character Set, Data Types, Basic 

Structure, Variables, Constants, If-then-else Structure, Iteration: For loop, While loop. 

Cursors: Basics, Using a cursor for a multi row SQL query, stored procedure, database 

triggers. 
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Unit III Database Connectivity 

Connection with MySQL Database, Basic Database Operations – Insert, Delete, Update and 

Select, Setting Query Parameter, Executing Query, Join. 

 

Unit IV Introduction to Application Development  

Introduction to PHP, Configuring and installation: Apache, PHP, MySQL, XAMPP, Handling 

HTML form with PHP, Basic syntax, defining variable and constant, Data types, Operators 

and Expression, Decisions and loop, Function, String, Array, Cookies and Sessions: Setting 

cookies with PHP, Using cookies with sessions, Deleting cookies, Registering session 

variables, Working with file and directories, Exception Handling. 

 
 
References: 

1. Fundamentals of Database Systems, Sixth Edition by Elmasri, R and Navathe, B. 
S., Tata McGraw Hill Publications. 

2. SQL: A Complete Reference, Sixth edition by A Leon and M Leon, Tata McGraw 
Hill. 

3. Learning PHP, MySQL, JavaScript, CSS & HTML5 by R Nixon, O'reilly, 3rd Edition. 
4. SQL/PL SQL for Oracle 9i by PS Deshpande, Dream Tech Press. 

 
  



BT DSE 5c Toxicology  
 
Course Objectives: 

To introduce students to the basics of toxicology and demonstrate adverse effects of 
exogenous chemicals on living organisms.  
To create awareness of multidisciplinary learning in the field of toxicology, including 
biology, chemistry, biochemistry, and physiology. 
To support risk assessment through sharing toxicological knowledge with society. 
   

Course Outcomes: 
After successful completion of the course, students will be able to 

1. Define the basic principles and concepts of toxicology, including toxicants, dose-
response relationships, and mechanisms of toxicity (Cognitive Level – 
Understand). 

2. Identify and assess the potential risks associated with various toxicants, including 
chemicals, drugs, and environmental pollutants (Cognitive Level – knowledge). 

3. Analyze the factors that influence the absorption, distribution, metabolism, and 
elimination of toxicants in the body (Cognitive Level – analyze). 

4. Apply appropriate laboratory techniques and methods to assess toxicological 
effects in vitro and in vivo, including cell culture, animal studies, and toxicity 
testing (Cognitive Level – apply). 

5. Evaluate the impact of toxicants on human health and the environment, including 
the development of regulatory policies and risk management strategies (Cognitive 
Level – evaluate). 

6. Communicate scientific findings and recommendations related to toxicology to a 
diverse range of audiences, including fellow scientists, policymakers, and the 
public (Cognitive Level – knowledge). 

 
 
Unit-I: General Toxicology - Definitions, fundamentals, and scope of toxicology. Sources 
and modes of action of poisons. Factors modifying toxicity. General approaches to 
diagnosis and treatment of poisoning.  
 
Unit-2: Toxicity caused by metal and non-metals - Arsenic, lead, mercury, copper, 
selenium, molybdenum, phosphorus, nitrates and nitrites, common salt, and fluoride. 
Toxicity caused by plants and weeds: Cyanogenetic plants, abrus, lantana, ipomoea, 
Nerium, datura, nux vomica, castor, selenium containing plants oxalate producing plants, 
plants causing thiamine deficiency.  
 
Unit-3: Drug toxicity and toxicity caused by agrochemicals - organophosphates, 
carbamates, chlorinated hydrocarbons, pyrethroids, herbicides, fungicides, rodenticides, 
and urea. Residue toxicology: Hazards of residues, concepts of withdrawal time and 
MRLs, minimizing drug and toxic residues in animal products.  
 

Unit-4: Venomous bites and stings - Snake bite, scorpion, spider, wasp stings and toad 
poisoning. Radiation hazards and industrial toxicants. Toxicity caused by food additives 
and preservatives. 
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References: 
 
1. A textbook of modern toxicology – Ernst Hodgson, 2010, Wiley Publications 
2. An Introduction to toxicology – Philip C. Burcham, 2014, Springer Publications. 
3. Modern Medical Toxicology – VV Pillay, 2013, JP Publications. 
4. The Basic Science of Poisons – Casarett & Doull’s Toxicology, - Curtis D Classen, 8th Ed, 

2013, McGraw Hill 
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I.  LONG ESSAYS (Answer any TWO of the following)  2x10=20 Marks 

1.    

2.    

3.    

   

   

II.  SHORT ESSAYS (Answer any FIVE of the following) 5x4=20 Marks 

4.    

5.    

6.    

7.    

8.    

9.    

10.    

   

III.  SHORT ANSWERS (Answer all the following) 5x2=10 Marks 

11.    

12.    

13.    

14.    

15.    
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I LONG ESSAYS (Answer any TWO of the following) 2x15=30 Marks 

1.   

2.   

3.   

   

   

II SHORT ESSAYS (Answer any FIVE of the following) 5x6=30 Marks 

4.   

5   

6.   

7.   

8.   

9.   

10.   

   

III SHORT ANSWERS (Answer all the following)  5x2=10 Marks 

11.   

12.   

13.   

14.   

15.   
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