Microbial Diversity

Oladele Ogunseitan

Sample Syllabus for a Lecture Course
10-week academic quarter system
2 x 1.5 hours of instruction per week

4 credit units

Course Summary

Microorganisms are distinguished in the biosphere by their small, independent physical sizes, typically invisible without the aid of microscopes.  Microorganisms occur among all three major phylogenetic domains, Bacteria and Archaea (prokaryotes), and Eucarya (eukaryotes). Most can be isolated as unicellular forms, but both organized and informal multicellularity abound in microbial communities.  This course surveys the inherent diversity in microbial forms and functions on Earth, a planet dominated by prokaryotes.  The course is presented around two themes representing major concepts and methodology, and applications of microbial diversity knowledge to global environmental understanding.  The specific objective is for mid-level and advanced students to gain detailed knowledge of the evolutionary context of microbial diversity and how the morphological, ecological, biochemical and evolutionary variations influence the biotic and abiotic interactions in which microorganisms engage.   Students will also be introduced to both traditional and modern molecular approaches and methods for recognizing and categorizing microbial diversity.  Finally, students will learn to relate the functional diversity of the microbial world to problem solving at both local and global scales of environmental analyses. 

Pre-requisites: (1) An introductory course in general microbiology (2) *Microbial Genetics (3) *Microbial Physiology (3) *Microbial Ecology (4) *Environmental Microbiology

*May be taken concurrently.

Grading Criteria

50% = Response to weekly “questions for further investigation” 

(see Microbial Diversity by Ogunseitan)

20% = Midterm examination

30% = Final examination

Schedule of topics
Week 1: the concept of microbial species 

Old and New Challenges for Assessing Microbial Diversity 

Traditional Concepts of Species

Species Concepts for Prokaryotes


Theoretical Mechanisms of Speciation

Microbial Speciation

Emerging Concepts and Applications of Microbial Diversity

Week 2: Microscopic Methods
Advances in Microscopic Instrumentation and Methods

Objectives for Microscopic Analysis in Microbial Diversity Assessment
Integration of Microscopy with other Analytical Methods
Week 3: Culture Methods
Cultivation and Diversity Assessment

Axenic Cultures

Microcosm Cultures

Somnicells and Microbial Diversity

Week 4: Molecular AND GENOMIC Methods
The Molecular Context of Microbial Diversity

Interpreting Molecular Diversity

Nucleic Acid Sequence Comparisons 

Signature Lipid Biomarkers 

Protein Profiles

Molecular Microarray Systems
Week 5:  phylogenetic Analysis 

The Rationale for Phylogenetic Trees
Multiple Sequence Alignments


Constructing Phylogenetic Trees from Aligned Sequences


Interpreting Phylogenetic Trees


A Case Study of Phylogenetic Analysis

Week 6: Mid-term examination 

INTRODUCTION TO ENVIRONMENTAL EVOLUTION 

Biogenesis
The History of Microbial Diversity in Stromatolites (Microbialites)
Contemporary Microbial Mats
Microbial Life and Evolution in Extreme Environments
Emergence of Multicellularity and Environmental Evolution
Practical Aspects of Microbial Diversity and Environmental Evolution

Week 7: Physiological Diversity: CYCLING OF CARBON AND NITROGEN
The Earth as an Integrated Biogeochemical System

The Carbon Cycle

The Nitrogen Cycle

Week 8: CYCLING OF PHOSPHORUS, SULFUR, & TRACE ELEMENTS

The Phosphorus Cycle

The Sulfur Cycle

Metals and Trace Element Cycles
Week 9: CROSS SPECIES INTERACTIONS OF PROKARYOTES
Quorum Sensing

Interactions with Viruses
Prokaryotic Interactions and Genetic Exchange 

Microbial Consortia and the Crisis of Isolation
Natural Antibiosis and Microbial Diversity

Microbial Diversity and Geography

Microbial Agents of Plant, Animal, and Human Diseases

Diseases of Marine Organisms

Beneficial Cross-Species Interactions
Week 10: MICROBIAL DIVERSTY AND GLOBAL ENVIRONMENTAL ISSUES

Indexes of Environmental Change

Global Climate Change

Global Ozone Depletion

Toxic Chemical Pollution

Conservation of Global Biodiversity
Week 11: Review and Final Examination
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Other syllabi online:
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University of Arizona, Tucson
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