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Theory Paper

. - - PartAlntroduction

Program: Certificate Class: B.Sc. | Year: I Session: 2025-26

Subject: Bioinformatics

i Course Code

2 Course Title Basic Bioinformatics (Theory)

3 Course Type (Core | Interdisciplinary/Multidisciplinary (Theory)
Course/Elective/Generic
Elective/Vocational/.....)

4 Pre-requisite (if any) This course can be opted as an elective course by the

students of following subjects: B n
Biochemistry/
B1otechno10gy/Botany/ZoologylMlcro 1ology/Chemlstxy/
Mathcmatlcs/Physws/Computer Scxence/ Food Technology/
Agnculture/Enwronmental Scwnce/Seed Technology/Home
Science etc

5 Course Learning outcomes | Upon successful completion of this course, the students

(CLO) will be able to: .

1. Understand the fundamental concepts of biology and
' information technology that form the basis of
“bioinformatics.

2. Recognize the role and significance of bioinforrhatics
in modern biological research and its applications in
diverse fields.

3. Identify key types of biological data and the
importance of biological databases in storing and
managing this information.

4. Appreciate the ways in which computational
approaches are employed to analyze biological
information and derive insights.

5. Discuss the societal, ethical, and future implications
associated with advancements in bioinformatics.

6 Credit Value 2

7 Total Marks Max. Marks: 100 [ Min. Passing Marks:35

Part B- Content of the Course

Total No. of Lectures-Tutorials-Practical (in hours per week): 1 hour per week (Total 30 hours)
L-T-P

Unit Topics No. of Lectures

l Foundations: Life, Information, and Computation 6
1. Fundamental characteristics of living organisms.
Cells as Fundamental Units: Overview of prokaryotic
and eukaryotic cells. Key Molecules of Life:
Introduction to carbohydrates, proteins, lipids, and

nucleic acids.
YEK. msv ral, Ph.D.
/ Professor & Head

Schoo! of Giudias in Bzcw.he-tmsm

Jiwaji University
Gwalior- 474011 (MP)



2[15”

2. DNA: Its role as genetic material, basic double helix
structure, and fundamental functions. Genes as Units
of Information. Chromosomes.

3. Fundamentals of Computing: Essential components
of computers (hardware, software) and their basic
operational principles. The Internet as a Global
Information Resource. Data, Information, and
Knowledge: Distinctions and relationships among
these concepts in a scientific context.

4. Introduction to  Bioinformatics: Definition,
significant historical milestones, and its emergence
as a distinct scientific field. Aims, Scope, and Core
Research Areas of Bioinformatics.

Activity: Group discussion comparing information
storage and processing in everyday systems (e.g.,
libraries, businesses) with biological information systems; |
Brief student presentations on one pioneering figure from

biology and one from computer science, h1ghl1ght1ng
their key contributions. :

Keywords: Cell Biology, Macromolecules, DNA
Structure, Gene Concept, Chromosome Organization,
Computer Fundamentals, - Intemet . Bioinformatics
Definition.

Biological Data and Its Orgamzatlon

1. Biological Data: Overview of key types of biological
data, including DNA sequences, protein sequences,
molecular - structures (3D coordinates), and gene
expression data.

2. Biological Databases ~ Rationale and Importance.
Major Categories of Biological Databases: Nucleic
Acid Databases (e.g., GenBank, ENA). Protein
Databases (e.g, UniProt, PDB). Specialized
Databases.

3. Information Retrieval from Biological Databases:
‘'Fundamental concepts of searching (using accession
numbers, keywords), Browse, and downloading data.

4. Key Global Bioinformatics Resources: Overview of
the National Center for Biotechnology Information
(NCBI) and the European Bioinformatics Institute
(EBI). Indian Biological Data Centre (IBDC). The
concept of "Big Data" in biology.

Activity: Guided exploration of the NCBI or EBI

homepage to identify different types of databases and

tools available. Discussion on how data is organized and

accessed in a familiar non-scientific database (e.g., a

movie database, an online shopping catalog) and drawing

parallels to biological databases.

Keywords: Biological Data Types, Nucleic Acid
Databases, Protein Databases, Specialized Databases,
Information Retrieval, NCBI, EBI, IBDC, Big Data.
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Computational Insights into Genomes and Proteins

1. Introduction to Genomics. The Human Genome
Project: Its primary objectives, landmark
achievements, and transformative impact on
biological research and medicine.

2. Genome Sequencing: Basic approaches. Comparative
Genomics: Principles and applications of comparing
genome sequences.

3. Introduction to Proteomics. Protein Structure and
Function. Levels of protein structure (primary,
secondary, tertiary, quaternary — conceptual).
Computational Protein Function Prediction.

4. Computational Tools in Genomics and Proteomics.

Activity: Viewing a short documentary or reading aj *

popular science article about the Human Genome Pr()]ev:

followed by a class discussion on its societal .and
scientific impact. Examining visual representations of|

different protein structures and discussing how their
shapes might relate to different functions (e g., enzymes,
structural proteins, antibodies).

Keywords: Genomics, Genome Sequencing, Human
Genome Project, Gene Identification, Comparative
Genomics, Proteomics, Protein Structure-Function.

Bioinformatics: Diverse Applications

1. Applications in Health and Medicine. Drug
Discovery and Development. Personalized Medicine.

2. Applications in Agriculture and Environmental
Science. Biodiversity and Conservation.

3. Microbial  Genomics and  Metagenomics.
Applications in Evolutionary Biology:
Phylogenetics.

4. Brief Overview of Other Key Application Areas:
. Metabolomics, Immunoinformatics, Agriinformatics,
Ayurinformatics.

Act1v1ty Students select an application area of
bioinformatics (e.g., development of a specific drug,
conservation of an endangered species, a specific
advancement in crop science). They will find and
summarize a relevant popular science article or news
report, presenting its key findings and the role of
bioinformatics.

Keywords: Medical Bioinformatics, Drug Design,
Personalized Medicine, Agri-Informatics, Environmental
Bioinformatics, Phylogeny, Metabolomics,
Immunoinformatics. Ayurinformatics

The Evolving Landscape: Future, Ethics, and Society

1. Emerging Trends and  Technologies ~ in
Bioinformatics: Artificial Intelligence {Al) and

Mo WW WY

Machine Leamning,

/
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2. Advanced Data Analytics and 'Omics' Integration.
Synthetic Biology
3. FEthical, Legal, and Social Implications (ELSI) of
Bioinformatics. Potential for Genetic Discrimination.
4. Future Perspectives. Careers in Bioinformatics
Activity: A moderated class debate or panel discussion
on a specific ELSI topic (e.g., "The benefits of large-scale
genetic data collection outweigh the privacy risks").
Brainstorming session on potential future innovations
driven by bioinformatics that could impact daily life in
10-20 years.

Keywords: Al in Biology, Machine Learning, Synthetic
Biology, ELSI, Genetic Privacy, Bioinformatics Careers,
Future of Blomformatlcs

Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:
1. Bioinformatics, Andreas D. Baxevanis, David S. Wishart, Gary D. Bade, Wiley, United
Kingdom, 2019.

2. Bioinformatics: methods and applications: (Genomics, Proteomics and Drug Discovery),
Mendiratta, N., Rastogi, P., Rastogi, S. C., PHI Learning, India, (2013).

3. Bioinformatics: Principles and applications, Ghosh, Z., Mallik, B., Oxford Press, New Delhi,
India, 2012.

4. Bioinformatics and Functional Genomics, Pevsner, Jonathan, Wiley, United Kingdom, 2015. 3d

edition.

Molecular Cell Biology, Lodish, H., Berk, A. et, al, WH Freeman & Co Ltd., 2016

6. The Cell: A Molecular Approach 5th ed., Cooper, G.M. and Hausman, R.E., ASM Press &
Sunderland (Washington DC), Sinauer Associates,2009

7. Lehninger: Principles of Biochemistry 6th ed., Nelson, D.L. and Cox, M.M., W. H_, Freeman &
Company {New York), ISBN:13: 978-1-4292-3414-6 / ISBN:10-14641-0962- 1, 2013.

8. Biomolecules and Structural Biology, Pathak, J.P.N., MP Hindi Granth Academy.

9. Molecular biology and genetics, J.P.N., MP Hindi Granth Academy.

10. Genetics, Sharma, A.and Sharma V., MP Hindi Granth Academy.

Suggestive digital platforms web links

Bio-Informatics - I[ITM — YouTube

N

Suggested equivalent online courses:
1. https://nptel.ac.in/courses/102108086
2. https://nptel.ac.in/courses/102103012
3. NPTEL.: Biotechnology - NOC:BiclInformatics: Algorithms and Applications

Part D-Assessment and Evaluation

Suggested Continuous Evaluation Methods:
Maximum Marks : 100
Marks: University Exam (UE): 100 marks

External Assessment : | Section(A) : Three Very Short | 05 x 04 =20
Univ Exam Section: 100 Questions {50 Words Each)
Time ; 03.00 Hours Section (B) : Four Short
Questions (200 Words Each) | 05x 08 =40 )
Section (C) : Two Long02x20=40 P SV
Questions (500 Words Each) Total Marks: 100 B
waﬂ/ YK. Jaism
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Practical Paper

Part A Introduction

Program: Certificate

I Class: B.Sc.

| Year: 1 | Session: 2025-26

Subject: Bioinformatics

1 Course Code

2 Course Title Basic Bioinformatics (Practical)

3 Course Type (Core

Course/Elective/Generic Interdisciplinary/Multidisciplinary (Practical)
Elective/Vocational/.....)

4 Pre-requisite (if any) This course can be opted as an elective course by the
students of following subjects:
Biochemistry/Biotechnology/Botany/Zoology/Microbiolog
y/Chemistry/Mathematics/Physics/Computer Science/Food
Technology/Agriculture/Environmental Science/Seed
Technology/Home Science etc

5 Course Learning outcomes | On completion of this course, learners will be able to:

(CLO) 1. Use a light microscope effectively and prepare
various types of biological specimens for
observation.

2. Idéﬂtify and differentiate various cell types and
organelles.

3. Access various biological databases. -

4, Use data retrieval from databases

5. Access intermet and use data retrieval from
databases

6 Credit Value 1

7 Total Marks | Min. Passing Marks:35

Max. Marks: 100

Part B- Content of the Course

Total No. of Lectures-Tutorials-Practical (in hours per week): 1 hour per week (Total 15 hours)
L-T-P:

Unit

Topics

No. of Lectures

blue.

A

=

applications.

Micrographs of different cell components (dry lab).
Extraction of DNA and RNA

Determination of DNA by diphenylamine reaction
Determination of RNA by orcinol method
Determination of DNA and RNA concentration by
measuring Azeo.

Size fractionation of DNA and RNA by AGE

8. Description of different parts of computer and their

9. Hands-on training on computer usage.

10. Introduction to intrmet, www and Web Browsers.
11. Introduction to NCBI.

12. Using Entrez to search Literature Databases

1. Visualization of amimal and plant cell by methylene 15

'°,¢50)

Part C-Learning Resources
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Text Books, Reference Books, Other resources

Suggested Readings:

1.

2.

8.

9.

Bioinformatics, Andreas D. Baxevanis, David S. Wishart, Gary D. Bade, Wiley, United
Kingdom, 2019.

Bioinformatics: methods and applications: (Genomics, Proteomics and Drug Discovery),
Mendiratta, N., Rastogi, P., Rastogi, S. C., PHI Learning, India, (2013).

Bioinformatics: Principles and applications, Ghosh, Z., Mallik, B., Oxford Press, New Delhi,
India, 2012.

Bioinformatics and Functional Genomics, Pevsner, Jonathan, Wiley, United Kingdom, 2015. 3™
edition.

Molecular Cell Biology, Lodish, H., Berk, A. et, al, WH Freeman & Co Ltd., 2016

The Cell: A Molecular Approach 5th ed., Cooper, G.M. and Hausman, R.E., ASM Press &
Sunderland (Washington DC), Sinauer Associates,2009

Lehninger: Principles of Biochemistry 6th ed., Nelson, D.L. and Cox, M-M., W. H., Freeman &
Company (New York), [SBN:13: 978-1-4292-3414-6 / ISBN:10-14641-0962- 1, 2013.
Biomolecules and Structural Biology, Pathak, J.P.N., MP Hindi Granth Academy.

Molecular biology and genetics, J.P.N., MP Hindi Granth Academy.

10. Genetics, Sharma, A.and Sharma V., MP Hindi Granth Academy.

Part D-Assessment and Evaluation

Suggested Continuous Evaluation Methods:

Internal Assessment Marks External Assessment Marks
Class Interaction /Quiz Viva Voce on Practical 20
Attendance Practical Record File 10
Assignments (Charts/ Model Table work / Experiments 70

Seminar / Rural Service/
Technology  Dissemination/
Report of Excursion/ Lab
Visits/ Survey / Industrial
visit)

TOTAL 100

Any remarks/ suggestions:

)

QA'N"/J\" Y.K. Jaiswal. Ph.D.

Professor & Head

School of Studics in Biochemtstry
Fiwaji University

Gwatior- 474811 (MP)
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2. Bioinformatics: methods and applications: (Genomics, Proteomics and Drug
Discovery), Mendiratta, N., Rastogi, P., Rastogi, S. C., PHI Learning, India, (2013).

3. Bioinformatics: Principles and applications, Ghosh, Z., Mallik, B., Oxford Press,
New Delhi, India, 2012.

4. Bioinformatics and Functional Genomics, Pevsner, Jonathan, Wiley, United
Kingdom, 2015. 31 edition.

5. Molecular Cell Biology, Lodish, H., Berk, A. ef, a/, WH Freeman & Co Ltd., 2016

6. The Cell: A Molecular Approach 5th ed., Cooper, G.M. and Hausman, R.E., ASM
Press & Sunderland (Washington DC}), Sinauer Associates, 2009

7. Lehninger: Principles of Biochemistry 6th ed., Nelson, D.L. and Cox, M.M., W. H,,
Freeman & Company (New York), ISBN:13: 978-1-4292-3414-6 / ISBN:10-14641-
0962- 1, 2013.

8. Biomolecules and Structural Biclogy, Pathak, J.P.N., MP Hindi Granth Academy.

9. Molecular biology and genetics, J.P.N., MP Hindi Granth Academy.

10. Genetics, Sharma, A.and Sharma V., MP Hindi Granth Academy.
et e =ewid a9 i |
Bio-Informatics - IITM — YouTube
ATATIHT AW SAAATIA TTSTHH:
1. https://nptel.ac.in/courses/1 02108086
2. https://nptel.ac.in/courses/102103012
3. NPTEL: Biotechnology - NOC:Biolnformatics: Algorithms and Applications
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1.

Bioinformatics, Andreas D. Baxevanis, David S. Wishart, Gary D.
Bade, Wiley, United Kingdom, 2019. o

Bioinformatics: methods and applications: (Genomics, Proteomics and Drug
Discovery), Mendiratta, N., Rastogi, P., Rastogi, S. C., PHI Learning, India, (2013).
Bioinformatics: Principles and applications, Ghosh, Z., Mallik, B., Oxford Press,
New Delhi, India, 2012.

Bioinformatics and Functional Genomics, Pevsner, Jonathan, Wiley, United
Kingdom, 2015. 31 edition.

5. Molecular Cell Biology, Lodish, H., Berk, A. ef, a/, WH Freeman & Co Ltd., 2016
6. The Ceil: A Molecular Approach 5th ed., Cooper, G.M. and Hausman, R.E., ASM

8.
9.

Press & Sunderland (Washington DC), Sinauer Associates,2009

. Lehninger: Principles of Biochemistry 6th ed., Neison, D.L. and Cox, MM., W. H.,

Freeman & Company (New York), ISBN:13: 978-1-4292-3414-6 / ISBN:10-14641-
0962- 1, 2013.

Biomolecules and Structural Biology, Pathak, J.P.N., MP Hindi Granth Academy.
Molecular biology and genetics, J.P.N., MP Hindi Granth Academy.

10.Genetics, Sharma, A.and Sharma V., MP Hindi Granth Academy.
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