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Syllabus for PhD Entrance Exam  

January -2025 

Department: MICROBIOLOGY 

Part I – Research Methodology 

Unit 1 Introduction to Research and Research Process: Definition and 

characteristics of research, Types of research: Fundamental vs. Applied, 

Qualitative vs. Quantitative, Stages of the research process, Problem 

formulation and hypothesis development, Ethical issues in research 

Unit 2 Research Design and Methodology: Research design: Exploratory, 

Descriptive, Experimental, and Analytical research designs. Sampling 

techniques: Random, Stratified, Cluster, Purposive, and Snowball sampling. 

Types of data: Primary vs. Secondary data. Data collection methods: 

Surveys, Interviews, Observation, Case Studies, and Archival Research. 

Tools for data collection: Questionnaires, Interview schedules, and 

Observation checklists 

Unit 3 Quantitative and Qualitative Research Methods: Quantitative Research: 

Survey methods, Experimental design, Statistical analysis. Qualitative 

Research: Case study, Grounded theory, Ethnography, Phenomenology, 

Content analysis. Mixed methods: Combining quantitative and qualitative 

approaches. Data analysis techniques for both approaches. Graphical 

Representation of data: Line graph, histogram, bar graph, pie chart. 

Unit 4 Statistical Methods for Research: Descriptive statistics: Central tendency 

and variability measures. Measures of dispersion; variance, standard 

deviation, standard error, measures of skewness, and kurtosis. Correlation 

and regression: correlation coefficient - positive and negative correlation. 

Probability theory and distributions: Binomial, Poisson, and Normal 
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distributions. Inferential statistics: Hypothesis testing, Confidence 

intervals, t-tests, Chi-square tests, ANOVA. Correlation and regression 

analysis. Statistical software tools: SPSS, Excel. 

Unit 5 Research Report Writing and Presentation: Structure of a research 

paper: Abstract, Introduction, Literature Review, Methodology, Results, 

Discussion, Conclusion. Citation and referencing styles: APA, MLA, Chicago, 

Harvard Presentation techniques: Writing clear and concise research 

reports and visual aids (graphs, tables, charts). Academic integrity: 

Avoiding plagiarism, proper citation, and referencing. 

References:  

1. "Research Methodology: Methods and Techniques" by C.R. Kothari 

2. "Research Design: Qualitative, Quantitative, and Mixed Methods Approaches" by 

John W. Creswell 

3. "Research Methodology: A Step-by-Step Guide for Beginners" by Ranjit Kumar 

4. "Introduction to the Practice of Statistics" by David S. Moore, George P. McCabe, and 

Bruce A. Craig 

5. "Statistical Methods for Research Workers" by R.A. Fisher 

6. "Research Methodology: A Practical Approach" by Neuman, W. Lawrence 
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Part II – Domain Specific (Microbiology) 

Unit 1 Introduction to Microbiology: History and development of microbiology, 

Overview of microorganisms: Bacteria, viruses, fungi, protozoa, algae, 

Scope and importance of microbiology in medicine, industry, agriculture, 

and environmental science, Classification of microorganisms: Bergey’s 

Manual of Systematic Bacteriology, Microbial diversity, and microbial 

habitats. 

Unit 2 Microbial Cell Biology: Structure and function of prokaryotic and 

eukaryotic cells, Cell wall, plasma membrane, and internal structures, 

Ribosomes, nucleoids, and plasmids in bacteria, Comparative study of 

prokaryotic and eukaryotic cell organelles, Microbial cell division: Binary 

fission, budding, and other mechanisms. 

Unit 3 Microbial Genetics: DNA replication, transcription, and translation in 

prokaryotes. Genetic variation in bacteria: Mutation, recombination, 

transformation, transduction, and conjugation, Plasmids and their role in 

horizontal gene transfer, Operon concept: Lac operon and Tryp operon, 

Genetic regulation and control mechanisms in bacteria. 

Unit 4 Microbial Metabolism and Physiology: Metabolic pathways: Glycolysis, 

Krebs cycle, Electron transport chain, Fermentation, and anaerobic 

respiration, Bioenergetics: ATP synthesis and energy conservation, 

Nutritional requirements of microorganisms: Macro and micronutrients, 

Enzyme function, regulation, and coenzymes in microbial metabolism. 

Unit 5 Microbial Ecology: Microbial interactions: Symbiosis, commensalism, 

mutualism, and antagonism, Microbial communities and biofilms, The role 

of microorganisms in nutrient cycles: Nitrogen, carbon, sulfur, and 

phosphorus cycles, Microbial succession and its impact on ecosystems, 

Environmental microbiology: Soil, water, and air microbiomes. 

Unit 6 Immunology and Microbial Pathogenesis: The immune system: Innate 

and adaptive immunity. Immunoglobulins and their role in microbial 

defense. Pathogenicity and virulence factors in bacteria, viruses, fungi, and 
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protozoa. Mechanisms of host-pathogen interactions and immune evasion 

strategies. Host defense mechanisms: Phagocytosis, inflammation, and 

complement system. 

Unit 7 Microbial Diseases and Diagnostics: Classification of infectious diseases: 

Bacterial, viral, fungal, and parasitic. Clinical microbiology techniques: 

Microscopy, staining, culture methods, and biochemical tests. Rapid 

diagnostic methods: PCR, ELISA, immunofluorescence, and molecular 

diagnostics. Antimicrobial resistance: Mechanisms, detection, and 

prevention strategies. Emerging infectious diseases and their impact on 

public health. 

Unit 8 Industrial and Applied Microbiology: Microbial fermentation: 

Production of antibiotics, enzymes, vitamins, alcohol, and organic acids. 

Microbial biotechnology: Genetic engineering, recombinant DNA 

technology, and industrial microbiology. Microorganisms in food 

processing, preservation, and quality control. Bioremediation: Microbial 

degradation of pollutants and waste treatment. Role of microorganisms in 

agriculture: Biopesticides, biofertilizers, and soil health. 

Unit 9 Microbial Taxonomy and Systematics: Principles of microbial 

classification and identification. Methods in microbial taxonomy: 

Morphological, physiological, biochemical, and molecular techniques. 

Molecular markers in taxonomy: 16S rRNA gene sequencing, whole-

genome sequencing. Phylogenetic relationships and tree of life. Modern 

approaches in microbial taxonomy: Metagenomics and 

metatranscriptomics. 

Unit 10 Advanced Topics in Microbial Research: Microbial genomics: Genome 

sequencing, functional genomics, and proteomics. Transcriptomics, 

metabolomics, and systems biology approaches in microbiology. Microbial 

bioinformatics: Tools and databases for genomic and metagenomic data 

analysis, CRISPR-Cas system and its applications in microbiology. Microbial 

diversity studies using next-generation sequencing technologies. 

 



Ag 5.47 
 

References: 

1. "Brock Biology of Microorganisms" by Michael T. Madigan, John M. Martinko, Kelly S. 

Bender, Daniel H. Buckley, and David A. Stahl. 

2. "Microbiology: An Introduction" by Gerard J. Tortora, Berdell R. Funke, and Christine 

L. Case. 

3. "Lehninger Principles of Biochemistry" by David L. Nelson and Michael M. Cox. 

4. "Molecular Genetics of Bacteria" by Larry J. Snyder and Wendy Champness. 

5. "Bacterial Genetics" by David Freifelder. 

6. "Immunology" by Janis Kuby, Thomas J. Kindt, Richard A. Goldsby, and Barbara A. 

Osborne. 

7. "Microbial Ecology: Fundamentals and Applications" by R.M. Atlas and Richard 

Bartha. 

8. "Medical Microbiology" by R. Ananthnarayan and C.K. Paniker 

9. "Prescott's Microbiology" by Joanne M. Willey, Linda M. Sherwood, and Christopher 

J. Woolverton. 

 

 


