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Ph.D. Course 

Subject: Genetics & Plant Breeding 

     Topics for Research in Genetics & Plant Breeding 

                             Teaching Hours: 60 

 

1. Molecular markers: Types of molecular markers [RELP, STS, SSR (genomic SSR vs. EST-

SSR), AFLP (including its variations such as SAMPL, MFLP, etc.), Single Nucleotide 

Polymorphisms (SNPs), DArT and ISBP markers, etc., markers from functional portion of the 

genome (such as ESTPs, EST-SSRs, EST-SNPs)].                       4 

 

2. QTL analysis: Single-locus analysis [Bulked Segregant Analysis (BSA), single marker 

anslysis (SMA), simple interval mapping (SIM), composite interval mapping (CIM)]; two-

locus analysis; Epistatic QTL (E-QTL), QTLxQTL, QTLx environment, QTLx QTLx 

environment interactions.                                                                                                         6 

 

3.  LD and association mapping: Definition of LD, measures of LD (r
2
, D), role of LD in 

association mapping, special populations for association mapping (including NAM 

populations), population structure and relatedness (Q+K matrices) and methods for its 

correction, models for association mapping [general linear model (GLM) and mixed linear 

model (MLM) and their modifications], methods of multiple testing correction [Bonferroni 

correction, Holm correction, Benjamin Hochberg False Discovery Rate (FDR), Q-value], 

problem of rare/minor marker alleles; population vs. family based association mapping, 

genome wide association studies (GWAS) vs. candidate gene based association mapping; 

joint linkage association mapping (JLAM).                                                                             8 

 

4. Marker-assisted selection (MAS) in plant breeding: Marker-assisted selection (MAS), 

improvement of hybrids through MAS (examples of pearl millet and maize in India), gene 

pyramiding (resistance against blast, bacterial blight, gall midge and brown plant hopper in 

rice, drought tolerance in major crops); marker-assisted recurrent selection (MARS), genomic 

selection (GS).                                                                                                           4 

 

5. Genetics of domestication: Study of domestication syndrome using molecular approaches 

(e.g. QTL  analysis) in important cereals, millets, oilseeds and legumes.                               2 

 

6. Biotech crops: Development and commercialization of biotech crops with special reference 

to Bt-cotton, Bt-brinjal and other biotech crops in pipeline in India; stacking of transgenes, 

biosafety and regulatory system in India.                                                                                 6 

 

7. New methods of crop improvement: Gene targeting (Zink finger nucleases of ZFNs, 

transcription activator-like effector nuclease or TALENs), oligonucleotide directed 

mutagenesis (ODM), cisgenesis and intragenesis, RNA depedent DNA methylation (RdDM), 

grafting on GM rootstalks, reverse breeding and agroinfiltration, breeding by design, 

participatory plant breeding.                                                                                        4 

 

8. Molecular cytogenetics: In situ hybridization (ISH), fluorescence in situ hybridization 

(FISH), multicolour fluorescence in situ hybridization (McFISH), fibre FISH, genomic in situ 

hybridization (GISH), physical molecular maps, micro-dissection, flow sorting of 

chromosomes and chromosome arms.                                                                                      4 



9. Use of high throughput sequencing for genetic and genomics research: Next Generation 

Sequencing (NGS); whole genome sequencing and discovery of genes (gene annotation), 

ancient polyploidy and ancient duplications as revealed by whole genome sequencing and 

comparative genomics.                                                                                                             8 

 

10. Epigenetics: Para-muations, (a) DNA methylation, (b) Histone modification (ubiquitination, 

sulphonation, acetylation, phosphorylation, methylation); induction and suppression (histone 

code); epi-alleles with reference to crop improvement, trans-generational epigenomics (with 

examples from plants), epigenome projects in plants.                                                             8 

 

11. Synthetic biology: Gene and genome synthesis (non-PCR and PCR-based methods), 

synthesis of Bt-genes and promoters; use of synthetic genomics in relation to energy 

production; synthesis of yeast chromosome.                                                                           4 

 

12. Brief idea of chemical genetics and optogenetics: use of small molecules to identify 

proteins affecting traits; chemical genetic screens, use of opsin genes and light to study cell 

function. 

               2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Research Methodology and Computer Applications 

(This course is common for all Ph D students in the discipline of Agriculture) 

 

                                                              Teaching Hours: 60 

 

The objective of this course is to acquaint the research student with the basics of research, the 

scientific approach to research, how to develop and write a research proposal, finding relevant and 

quality literature, synthesizing data from different  sources, designing a study, the methods and 

procedures to be followed, data collection and analysis, interpretation of data and presentation, and 

guidelines for thesis writing.  

1. Introduction: What is research? Why research? Basic principles, objectives, importance, and 

types (basic and applied) of research; scientific approach to research.  

2. Selection of research topic/problem: Definition and formulation of a research problem/thesis 

statement; assessment of current status of identified research topic; and formulation of hypothesis. 

3. Literature search: Finding relevant and quality literature through literature survey and reference 

collection; evaluation and identification of key information; collection of useful information and 

its paraphrasing, summarizing and quoting; referencing sources accurately. 

4. Designing a research study: Methods and procedures; define data needed, define informants; 

sampling designs and selection of research tools (experimental designs, observations, and 

analysis), validity and reliability. 

5. Research data: Types and sources of data, data collection methods, primary and secondary data; 

sampling; data treatment and presentation (analysis of data, tabulation and graphical presentation). 

6. Statistical analysis of data: Measures of dispersion (mean, mode and median, SD, SE, CV); 

correlation and regression; probability and distributions; tests of significance (z and t tests, Chi- 

square test for goodness of fit, F test); ANOVA. 

7. Research reports: Significance and different steps involved in writing research reports and 

research papers, lay-out of research report, mechanics of writing a research report and precautions 

to be followed, and presentation of research findings (oral and written); interpretation of 

data/results; guidelines for thesis writing; impact factor and citation index. 

8. Ethics in research: Codes of  ethics, fabrication of data, plagiarism. 

9. Biosafety regulations in biological research. 

10. Computer applications and internet: Networking (LAN, WAN, MAN including www), 

connection to a network, web browsers, internet security, web search engines; MS office and its 

applications (MS Excel and its applications for statistical analyses of agricultural data; MS Word 

and its application for document preparation, converting word document in to various other 

formats like text,  rich text format, word perfect, HTML, PDF, etc.; MS Power point and its 

application for presentations): statistical software  packages (SPSS and SAS package for statistical 

analysis of agricultural data, and handling software for data analyses): major bioinformatics 

databases, data integration, and data analysis (an overview); Bibliographic databases, e-journals 

(on-line access to abstracts and full text articles, free and paid access), e-books, digital libraries; 

searching information using j-gate and SCOPUS; science direct. 

 

Suggested Readings 

 



1. CR Kothari (2009). Research  methodology: Methods and techniques, 2ed. New Age Int. 

publishers, New Delhi. 

2. Ranjit Kumar (2005). Research methodology: A step by step guide for beginners, 2ed. SAGE 

Pub. India Pvt. Ltd., New Delhi. 

3. Santosh Gupta (2010). Research methodology: Methods and statistical techniques. Neha 

publishers & Distributors, Delhi. 

4. Creswell JW (2003). Research design: Qualitative, quantitative and mixed methods 

approaches. SAGE Pub. Inc., Thousands Oaks, CA. 

5. Brown SM (2000). Bioinformatics: A biologist’s guide to biocomputing and the internet. 

Eaton Publishing. 

6. Rastogi SC, Mendiratta N and Rastogi P (2003). Bioinformatics: Concepts, skills and 

applications. CBS Publishers, New Delhi. 

 

 

 


