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Course description:

This course is meant to provide undergraduates with an overview of evolutionary phenomena
and theory in biology. The first module is devoted to an account of the history of ideas in the
field. It also provides an overview of the current views on the evolution of complexity and
dependencies, concluding with different views of evolution, co-evolution and the long-term
survival of species over time. The second module provides a description of molecular
processes driving evolution and their implications for evolution by natural selection. The
final module provides an overview of some basic and applied science contexts using
evolutionary biology is the overarching framework. It concludes with a description of
findings from long-term evolution experiments and recent trends in evolutionary biology.

Course objectives:

1. To present a summary of the historical development of ideas on evolutionary biology.

2. To provide insights into the mechanisms of evolution by natural selection.

3. To emphasize the importance of evolution and natural selection by means of examples
from science, technology and medicine.

Course contents

S.No Topic L T P
Module 1 | Theoretical Development 12 0 0
1 History of life on earth, the fossil record and 3 0 0

mass extinctions Accounting for biodiversity —
pre-Darwinian views.

2 Malthus and differential reproductive fitness, 3 0 0
development of Darwin’s ideas and those of his
predecessors & contemporaries. Geological
theory and its impact on the study of
biogeography. Mechanistic problems with
Darwin’s theory, Mendel’s experiments and the
modern synthesis. Overview of the species
concept. Evidence for evolution.

3 Individual versus group and kin selection. 6
Evolution of dependencies and cooperation — the
Black Queen hypothesis. Extinction events and
their role in shaping biodiversity; Adaptive
radiation and convergent evolution. Coevolution
and evolutionary arms races — the Red Queen

hypothesis,
Module 2 | Mechanisms of evolution 10 0 0
1 Sources of variation - genes and mutations, 7 0 0

Hardy-Weinberg law and genetic drift, gene flow
and mechanisms of speciation. Phylogenetic




analysis as a window into evolutionary processes
and patterns. Horizontal and vertical gene
transfer, the role of ecology in evolution. Neutral
theory, evolution of complexity.

2 Evolution of cellular structures, functions, and 3 0 0
multicellularity. Mutations and mechanisms of
molecular evolution.

Module 3 | Understanding and utilizing evolutionary 8
processes

1 Leveraging evolution and natural/artificial 5 0 0
selection. SELEX, phage display, the adaptive
immune system, bioprospecting — phages,
antibiotics and bioremediation, disease control —
AIDS, antimicrobial resistance and cancer.

2 Experimental study of evolution and future 3 0 0
developments.
Total 30 0 0

Evaluation criteria:
Test 1 — 40% weightage — mid-semester
Test 2 — 60% weightage — final

Learning outcomes:

1. Knowledge of the history of evolutionary ideas (Test 1).

2. Understanding of the modern synthesis of evolutionary theory (Test 1).

3. Gaining an appreciation of recent developments in evolutionary theory. (Tests 1 & 2).
4. Appreciating the importance of evolutionary processes in diverse contexts (Tests 1 & 2).

Pedagogical Approach:
A combination of online/offline lectures/self-study/group study for various topics.

Skill Set:

1. Hypothesis formulation and testing in evolutionary biology.

2. Ability to analyze cases in biology and medicine within an evolutionary framework.
3. Critically evaluating the applicability of various evolutionary models to biological
contexts.

Employability:

1. Life science tutoring at the middle-school level.
2. School assistant teacher.

3. Laboratory assistant.

4. Junior researcher.

5. Environmental monitoring.

Study Materials:

Textbooks

1. Futuyma, D. J. & Kirkpatrick, M. Evolution. (Oxford University Press, New York, NY,
2023)

2. Herron, J. C. & Freeman, S. Evolutionary Analysis. (Pearson, Boston, 2014).

3. Lomolino, M. V., Riddle, B. R. & Whittaker, R. J. Biogeography: Biological Diversity
across Space and Time. (Sinauer Associates, Inc., Publishers, Sunderland, Massachusetts,
U.S.A, 2018).

4. Young, D. The Discovery of Evolution. (Natural History Museum, London, 2007)




Case studies
1. Lenski, R. E. Experimental evolution and the dynamics of adaptation and genome
evolution in microbial populations. The ISME Journal 11, 2181-2194 (2017).

Suggested readings

1. Darwin, C. & Mayr, E. On the Origin of Species. (Harvard Univ. Press, Cambridge,
Mass., 2003).

2. Bulmer, M. The theory of natural selection of Alfred Russel Wallace FRS. Notes Rec R
Soc Lond 59, 125-136 (2005).

3. Pievani, T. Individuals and groups in evolution: Darwinian pluralism and the multilevel
selection debate. J Biosci 39, 319-325 (2014).

4. Pigliucci, M. & Finkelman, L. The Extended (Evolutionary) Synthesis Debate: Where
Science Meets Philosophy. BioScience 64, 511-516 (2014).

5. Okasha, S. Why Won’t the Group Selection Controversy Go Away? The British Journal
for the Philosophy of Science 52, 25-50 (2001).

6. Shanker, K., Vijayakumar, S. P. & Ganeshaiah, K. N. Unpacking the species conundrum:
philosophy, practice and a way forward. J Genet 96, 413-430 (2017).

Journals — None

Other readings

1. Dawkins, R. The Selfish Gene. (Oxford University Press, Oxford, United Kingdom,
2016).

2. Gould, S. J. Ever since Darwin: Reflections in Natural History. (Norton, New York
London, 2007)

3. Ridley, M. The Red Queen: Sex and the Evolution of Human Nature. (Harper Perennial,
New York, NY, 2003).

Additional information (if any): Course designed by Dr. Ramakrishnan Sitaraman

Student responsibilities:
1. Class attendance (online/offline).
2. Study/self-study of course materials as specified by the instructor.

Course reviewers:

1. Dr. Kartik Shanker, Professor & Chairperson, Centre for Ecological Sciences, Indian
Institute of Science, Bangalore 560 012.

2. Dr. Richa Priyadarshini, Associate Professor, Department of Life Sciences, School of
Natural Sciences, Shiv Nadar University, Gautam Buddha Nagar, U.P 201314.

3. Dr. Krushnamegh Kunte, Associate Professor and Principal Investigator, Biodiversity Lab,
National Centre for Biological Sciences (NCBS), Tata Institute of Fundamental Research
(TIFR), GKVK Campus, Bellary Road, Bengaluru 560065.




