CRS 7118 ADVANCED MOLECULAR BIOLOGY AND GENETICS

2. INSTRUCTOR:

Dr. Settumba B. Mukasa 

PhD in Plant Virology (Swedish Univ. of Agric Science- Uppsala Sweden),

M. Agric St (Genetics & Plant Breeding) (Univ of Queensland, Australia)

BSc Agriculture (Makerere University) 

(Senior Lecturer).

3. COURSE TYPE:


CORE FOR: MSc Crop Science; MSc Plant Breeding and Seed Systems; PhD Plant Breeding and Biotechnology


PREREQUISITES: CRS 2103

4. COURSE STRUCTURE:

3 Credit units: 30 lecture hours (2 contact hours per week for 15 study weeks) and 30 practical/ tutorial hours (equivalent to 1 contact hour per week for 15 study weeks).

5. COURSE DESCRIPTION:


This course will provide a better understanding of the mechanism and regulation of fundamental processes in biological information transfer from DNA to RNA to protein, how this knowledge can be used in manipulation and improvement of plants of agronomic importance. Key topics to be covered include: The Cell as a unit of life; Cell division, differentiation and development; Review of Mendelian genetics; Causes of genetic variation; Biomolecules, their structure and function; Genome organization and maintenance; Gene Expression; Mobile genetic elements; Concepts of population genetics; Genetic linkage analysis; Concepts of quantitative genetics; Genetic basis of plant–pathogen interactions; Molecular markers; Gene cloning and expression; Recombinant DNA Technology.

6. COURSE OBJECTIVES:

General objective

· This course will also equip students with modern molecular techniques in genomics, diagnostics and recombinant DNA technology.

Specific objectives

· To provide molecular genetic theory and techniques that will empower students in understanding modern biotechnology

· To equip students with techniques to design and plan molecular biology experiments

7. RECOMMENDED REFERENCES FOR READING

· An introduction to genetic analysis. Griffiths A.J.F et al., 1996. 6th ed. W.H Freeman & Co.

· Biochemistry and molecular biology of plants. B. Buchanan, W. Gruissem, R.L. 2004. American Society of Plant Biologists.

· Molecular biology of the cell. Alberts, B et al., 1994. 3rd edn Garland Publishing, Taylor and Francis Group, New York, NY 10003.

· Molecular Cell Biology, Lodish H. et al., 5th Edition, 2004, Freeman and Co. ISBN 0716776014

8. COURSE CONTENT, METHODS OF INSTRUCTION, TOOLS AND EQUIPMENT REQUIRED

	TOPIC
	CONTENT
	METHOD OF INSTRUCTION / Time allocated
	TOOLS/ NEEDED

	1. The cell as a unit of life
	· Eukaryotic cells

· Chromosome organization

· Cellular compartments of prokaryotes and eukaryotes

· Cellular membrane structure and transport systems

· Assignment 1: Mitochondria and chloroplasts; biogenesis and evolution
	Interactive lecture (2 hrs)

Tutorial (2 hrs)
	LCD Projector,

BB/Chalk.

	2. Cell division, differentiation and development
	· Cell cycle, mitosis and cytokinesis 

· Meiosis and gametogenesis 

· Fertilization and early embryonic development 

· Assignment 2: Reproductive biology of plants and animals
	Lecture (2 hr)

Tutorial (2 hrs)
	LCD Projector,

BB/Chalk

	3. Transmission of genes
	· Review of Mendelian genetics

· Monohybrid inheritance

· Dihybrid inheritance

· Extension of Mendelian analysis

· Practical 1: Excursion for genetic resources and variation
	Lecture (2 hrs)

Practical -field tour (3 hrs)
	BB/Chalk,

Transport (80 seater) to MUARIK.

	4. Causes of Genetic Variation 
	· Chromosomal aberrations 
· Translocations, inversions, deletions and duplications 

· Aneuploidy and polyploidy 
· Practical 2: Excursion for genetic resources and variation
	Lecture (2 hrs)

Practical -field tour (3 hrs)
	BB/Chalk,

Transport (80 seater) to MUARIK.

	5. Genome organization and maintenance 
	· Biomolecules, their structure and function (DNA, RNA and proteins)

· Single-copy and repetitive DNA 
· Transposable elements 
· Genes and chromosomes
· Nuclear genome organization
· Tutorial 1: Comparing genomes of different species 
	Lecture (2 hr)

Practical - laboratory (3 hrs)
	BB/Chalk,

Microscopes and accessories

	6. Gene Expression
	· The genetic code

· The operon, introns and exons 
· Promoters and enhancers 
· Transcription and translation 
· Receptors and signal transduction

· Tutorial 2: Cancer, oncogenes and epigenetics 
	Lecture (2 hrs)

Practical - laboratory (2 hrs)
	BB/Chalk,

Microscopes and accessories

	7. Gene regulation
	· Classes of eucaryotic DNA

· Split and clustered genes

· Inducible and repressible systems

· Transcriptional control of gene expression 

· Tutorial 3: Case study of post-transcriptional gene control
	Lecture (2 hr)

Tutorial/exercises (2 hrs)
	LCD Projector,

BB/Chalk.

	8. Genetics of bacteria, phages, and viruses
	· Bacteria and bacteriophages

· Genetic analysis in bacteria

· Viruses, plasmids and transposons

· Tutorial 4: Viruses and their gene expression strategies
	Lecture (2 hr)

Tutorial/exercises (2 hrs)
	LCD Projector,

BB/Chalk.

	9. Molecular Genetic Techniques I
	· Introduction 

· DNA extraction and quantification, spectrophotometry

· Restriction endonucleases

· Restriction enzymes and analysis

· Gel Electrophoresis

· Practical 5: Practical: DNA extraction and fingerprinting
	Lecture (2 hrs)

Laboratory practical (2 hrs)
	BB/Chalk,

Handouts,

Lab materials

	10. Molecular Genetic Techniques II
	· Macromolecule blotting and probing (Northern and Western)

· Polymerase Chain Reaction (PCR)

· RT-PCR

· Quantitative PCR 

· Microarrays
· Reading Assignment 3: Reverse genetics
	Lecture (2 hrs)

Laboratory practical (2 hrs)
	BB/Chalk,

Handouts,

Lab materials

	11. Molecular Genetic Techniques III
	· Gene Libraries and Gene Cloning


· DNA sequencing

· Protein sequencing and structure prediction 

· Molecular phylogenetics

· Reading Assignment 4: Genomic libraries
	Lecture (2 hrs)

Laboratory practical (2 hrs)
	BB/Chalk,

Handouts,

Lab materials

	12. Genetic linkage analysis
	· Genetic recombination

· Three-point test cross

· Linkage maps and mapping

· Tutorial 3: Calculating recombination frequencies
	Lecture (2 hr)

Tutorial (2 hrs)
	LCD Projector,

BB/Chalk.

	13. Molecular markers and their applications
	· Genetic markers

· The basis of molecular makers

· Types of molecular markers

· Applications of molecular makers

· Tutorial 6: Application of molecular markers in breeding
	Lecture (2 hr)

Tutorial (2 hr)
	LCD Projector,

BB/Chalk

	14. Recombinant DNA Technology 
	· Introduction to gene cloning

· Cloning vectors

· Producing recombinant DNA

· Cloning a specific gene

· Assignment 5: Expressing eukaryotic genes in bacteria
	Lecture (2 hr)

Tutorial (2 hrs)
	LCD Projector,

BB/Chalk.

	15. Applications of Recombinant DNA Technology
	· Introduction

· Case studies of recombinant DNA: Herbicide resistance, Bt crops, RNA silencing and PD resistance

· Gene therapy

· Discussion: Current debate on recombinant DNA technology
	Interactive lecture (2 hrs)

Tutorial (2 hrs)
	LCD Projector,

BB/Chalk

	16-17 
	· Revision Time

· Final Examination
	
	


9. SUMMARY OF TIME NEEDED:

Lectures









15 hrs

Tutorials (and assignments)







15 hrs

Practicals









15 hrs

10. COURSE ASSESSMENT:

	Quizzes tests:
	3 quizzes/tests arising from tutorials and assignments during semester week 5, 10 and 15.
	30%

	Practicals:
	Students will write 3 practical reports
	10%

	University Examination:
	Final examination during week 16-17 of the semester
	60%


END

