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	Sl. No
	Paper
	Subject
	Marks
	Credit

	1
	I
	Research Methodology and Publication Ethics
	100
	06

	2
	II
	Tools and Techniques in Biotechnology 
	100
	06

	3
	III
	1. Review Writing/ Project Work: 50 marks
2. Presentation before examiner: 50 marks

	100
	06

	4
	IV
	1. Seminar-I: 50 marks
2. Seminar-II: 50 marks

	100
	06

	
Total
	
400
	
24




PAPER-I

Credit: 06 											Marks: 100 

RESEARCH METHODOLOGY AND PUBLICATION ETHICS		

Course Objectives:

· To introduce fundamental concepts of research methodology, including planning, design, and execution.
· To develop critical thinking, analytical, and problem-solving abilities in research.
· To understand ethical issues in research and publication.
· To enhance skills in scientific writing, presentation, and data interpretation.

UNIT –I Foundations of Research Methodology

1. Meaning, objectives, and significance of research
2. Types of research: Basic, applied, quantitative, qualitative, and interdisciplinary
3. Formulation of research problem and hypothesis
4. Review of literature: Sources, strategies, and citation style
5. Research design: Experimental, descriptive, and analytical approaches

UNITS-II Research Design, Sampling, and Data Analysis

1. Sampling methods and sample size determination
2. Data collection methods and tools: Surveys, questionnaires, interviews, laboratory methods
3. Data management and statistical tools (SPSS/R/Excel)
4. Interpretation and presentation of data

UNIT – III Statistical analysis

1. Statistics: Definition, functions and limitations, Scope and applications of Statistics in Biological Research, Diagrams and graphs; Measures of averages and dispersion; Probability and probability theory, Measures of spread: Variance and Standard Deviation, Standard Error, Level of significance 
2. Descriptive and inferential statistics, correlation, regression, and hypothesis testing
3. Statistics in research: measure of central tendency, dispersion, skewness and kurtosis in research, hypo dissertation, fundamentals of hypo dissertation testing, standard error
4. Important non parametric tests: testing for significance of difference between mean, proportions, variances and correlation co-efficient, Chi square, t and F-tests, ANOVA etc.
5. Statistical analysis of qPCR data, Western blots, Microscope images. Software’s used for analysis of scientific data-GraphPad, Origin, Sigmaplot, SPSS etc.

6. UNIT – IV Research Ethics and Integrity

1. Ethical principles in research (autonomy, beneficence, justice)
2. Informed consent, confidentiality, and human/animal research ethics
3. Institutional Ethics Committees (IEC, IAEC) structure and role
4. Misconduct in research: Fabrication, falsification, plagiarism
5. Case studies on ethical misconduct

UNIT-V Publication Ethics and Scientific Writing

1. Publication process and peer review system
2. Authorship criteria and conflict of interest
3. Open access and predatory journals
4. Copyright issues, citation management, and indexing (Scopus, Web of Science)
5. Writing research papers, abstracts, reviews, and theses
6. Preparing effective presentations and posters

Learning Outcomes
Upon successful completion, the scholar will be able to:
1. Design and conduct independent, ethical research. Formulate research problems, hypotheses, and objectives effectively.
2. Apply appropriate methods for data collection, analysis, and interpretation. Understand plagiarism, authorship ethics, and publication integrity.
3. Write scientific manuscripts, proposals, and theses following ethical standards.

Suggested Readings
1. Kothari, C. R. & Garg, G. (2019). Research Methodology: Methods and Techniques. New Age International.
2. Creswell, J. W. (2018). Research Design: Qualitative, Quantitative, and Mixed Methods Approaches. Sage.
3. Gupta, S. (2020). Research Methodology and Statistical Techniques. Deep & Deep Publications.
4. Beauchamp, T. L. & Childress, J. F. (2019). Principles of Biomedical Ethics. Oxford University Press.
5. COPE (Committee on Publication Ethics) Guidelines.
6. Elsevier Researcher Academy: Research and Publication Ethics Modules.
7. Chainy GBN, Mishra G & Mohanty P.K.: Biostatistics-Theory and Applications.

Recommended Online Resources
· UGC (India): Two-credit course on Research and Publication Ethics (RPE)
· NPTEL Course: Research Methodology
· Elsevier and Springer Author Academy Resources
· COPE (https://publicationethics.org/)

PAPER-II
Credit: 06 											Marks: 100 
TOOLS AND TECHNIQUES IN BIOTECHNOLOGY
Course Objectives
· To familiarize scholars with advanced tools and analytical techniques used in modern biotechnology research.
· To provide insights into separation, purification, and characterization of biomolecules.
· To train students in instrumentation, data interpretation, and experimental design relevant to biological systems.

UNIT– I Spectroscopic and Imaging Techniques

1. Principle and application of Spectrophotometer (UV-Visible, Fluorescence and IR)
2. Mass Spectroscopy: Principle and applications
3. Nuclear Magnetic Resonance (NMR) spectroscopy: Principle and applications
4. X-ray crystallography and Circular Dichroism (CD) spectroscopy
5. Principle and applications of bright-field, phase-contrast, fluorescence, Confocal and electron microscopy, Atomic Force Microscopy

UNIT – II Molecular Biology and Recombinant DNA Techniques

1. Isolation and purification of DNA and RNA
2. Isolation, purification & characterization of protein
3. Commonly used vectors for gene cloning and DNA manipulating enzymes use in Recombinant DNA technology, Construction of Genomic and cDNA libraries.
4. Polymerase Chain Reaction (PCR) and its variants (RT-PCR, Multiplex PCR and colony PCR)

UNIT – III Biomolecule Separation Techniques

1. Principles and applications of Chromatography: Paper, TLC, Gel filtration, Ion exchange, Affinity, HPLC and Gas Chromatography
2. Electrophoresis: Agarose, SDS-PAGE, 2D gel electrophoresis
3. Centrifugation: Principle, types and applications

UNIT – IV Microbiology and Immuno-techniques

1. Principles of sterilization, disinfection and Good Laboratory Practices (GLP)
2. Aseptic techniques and biosafety levels (BSL-I to BSL-III)
3. Handling of microbial cultures and maintenance of pure cultures
4. Antigen-Antibody interaction and their applications in Immuno-diagnostics, Immuno-histochemistry (IHC).
5. Detection of antigen/protein by western blotting
6. Antigen based biosensor, ELISA and CHIP
7. FACS and its use in cell culture

UNIT – V Bioinformatics tools

1. Introduction to Bioinformatics
2. Nucleotide databases (GenBank, DDBJ, EMBL); Protein databases (UniProt, SWISS-PROT, PDB); Specialized databases: (KEGG, GO); Data formats (FASTA, GenBank, PDB); Database searching tools (Entrez, BLAST, FASTA), Pairwise sequence alignment, multiple sequence alignment, Gene prediction. 
3. Next Generation Sequencing Data Analysis: Data acquisition & Analysis. Data analysis using TopHat and Cuffflinks, Functional annotation of RNA-seq data.
4. Structural Bioinformatics: Introduction to Protein analysis & prediction; Basics of Protein Structure Prediction (Homology Modeling, Fold Recognition, Ab-Initio Prediction); Fundamentals of molecular docking, MD simulations using GROMACS, Proteomics resources.

Learning Outcomes

After completing the course, the scholar will be able to:

1. Understand the principles and operation of major instruments used in biotechnology.
2. Apply molecular and analytical techniques for qualitative and quantitative studies of biomolecules.
3. Utilize spectroscopic, chromatographic, and electrophoretic tools for biological analysis.
4. Integrate biotechnological tools in research related to genomics, proteomics, and cell biology.

Suggested Readings

1. Wilson, K., & Walker, J. (2021). Principles and Techniques of Biochemistry and Molecular Biology. Cambridge University Press.
2. Sambrook, J., & Russell, D. W. (2020). Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory Press.
3. Plummer, D. T. (2018). An Introduction to Practical Biochemistry. McGraw Hill.
4. Freifelder, D. (2020). Physical Biochemistry: Applications to Biochemistry and Molecular Biology. W. H. Freeman.
5. Boyer, R. (2021). Modern Experimental Biochemistry. Pearson.
6. Paital, B & Chainy, GBN:  A Textbook of Biotechniques & Instrumentation

Recommended Online Resources
· NPTEL Course: Techniques in Molecular Biology
· EMBL-EBI & NCBI tutorials on data analysis tools
· Thermo Fisher Scientific & Bio-Rad Education Portals
· e-Learning Portal: DBT Star College Scheme (India)




PAPER-III

Credit:06 											Marks: 100   

1. Review Writing/ Project Work 		:					50 marks
2. Presentation before Examiner: 							50 marks


PAPER-IV

Credit:06											Marks: 100 
 
1. Seminar-I: 										50 marks
2. Seminar-II: 										50 marks
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