
Ecological Genetics – Fall 2008

Special Topics in Ecology (Botany 5790)
Advanced Topics in Ecology (Ecology 5620)

Instructor: Alex Buerkle Class meetings: Aven Nelson WC–B2
Email: buerkle@uwyo.edu 1:15–2:30 p.m., Tues and Thu
Phone: 766-3845 Office: Aven Nelson 110B

Office Hours: by appointment Credits: 3 hours

Description of the Course

In this course we will get an overview of ecological genetics. This field of biology focuses on
the genetics and evolution of traits of ecological significance. A good understanding of the
mechanisms and ecological context of evolution will be our goal.

A significant amount of time will be devoted to reading and discussing articles from the
primary literature in ecological genetics. We will also utilize material from a good textbook
as the basis for each topic.

We will spend some time working with simple models to gain an appreciation of basic
population genetics and its applications in ecological genetics.

This is not a traditional, lecture-based course. We will discuss readings in each class meet-
ing and I will offer short lectures, explanations and additional examples to clarify material.
That means that responsibility will be shared in preparing for class meetings.

Course Materials

1. Conner, J.K. and D.L. Hartl. 2004. A primer of ecological genetics. Sinauer Associates.

2. Readings from the primary literature will be available electronically from the course
website (http://www.uwyo.edu/buerkle/ecolgen).

Assessment

Your performance will be evaluated based on ten think-pieces and a final project. Grading
will be on a standard scale (i.e., 90–100=A, 80–89=B, etc.).

Think-pieces 10 × 10 = 100 points
Final project 100 points

total 200 points

Readings, think-pieces and participation

A substantial portion of the work you will do for this class will be reading and preparing
for class meetings. For all class meetings you will be expected to have completed a reading
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assignment, to have made notes for yourself on the material, and typically to have answered
assigned questions about the reading.

In preparation for discussions of papers from the primary literature, you will be asked
to write ten think-pieces over the course of the semester. A think-piece is a type of article
in journalism that contains discussion, analysis, opinion, etc., as opposed to a simple fac-
tual summary. The purpose of the think-piece is to give you an opportunity to summarize
your thoughts, responses, and questions after reading the materials and in preparation for
discussion. The key concepts, questions, and synthetic observations from your think-pieces
will provide material for discussion in our class meetings.

Think-pieces should be carefully proof-read and typed, and should be no longer than
one page of text. In grading think-pieces I will look for analysis and questions that make
clear that you engaged the material and have formulated responses. Your think-piece should
highlight the most important concepts, findings, or other aspects of the reading. Beyond this,
you should incorporate issues that require clarification in class or that would be interesting
issues for discussion. When possible draw connections between material discussed at different
stages of the course.

Final project

The semester will be structured to give you an overview of some of the major themes and
issues in ecological genetics. Based on this framework, you will identify an area of interest
of your own to investigate independently.

• Choose a topic in ecological genetics that is of particular interest to you.

• Identify and study in detail 3–5 papers of significance in this area. You will need to
evaluate a much larger number of papers and select 3–5 outstanding papers. One of
these papers should be chosen for the whole class to read.

• Write a short review paper (maximum 3 pages, single-spaced) that makes the case for
the significance of your chosen topic and that illustrates your argument with supporting
information from the papers you have chosen. You should draw connections between
the focal area of interest and other topics that we discussed earlier in the semester.

This paper is due on November 6
th. To meet this deadline you will want to start

your paper well in advance and edit it as you learn more about the material.

• The paper you write and your chosen reading will be distributed to the class on Novem-
ber 7th.

• Facilitate an in-class discussion of your chosen reading and the short paper you wrote.

Grading of the project will based on your paper (80%) and your facilitation of the in-class
discussion (20%). Both should reflect your mastery of your topic of interest and its relation
to ecological genetics as a whole.
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Topical Outline

Week 1. Introduction and review of basic genetics

T – What is ecological genetics?

R – Genetics review. Assignment: Chapter 1 in PEG.

Week 2. Population Genetics I

T – Measuring genetic variation. Assignment: Chapter 2 in PEG (p. 9–22), web search for
genomes and genome information of interest.

R – Patterns of mating. Assignment: Chapter 2 in PEG (p. 22–43)

Week 3. Population Genetics II

T – Neutral variation in allele frequencies. Assignment: Chapter 3 in PEG (p. 47–66).

R – Adaptive variation in allele frequencies. Assignment: Chapter 3 in PEG (p. 66–89).

Week 4. Life-history variation: breeding systems

T – Plant breeding systems. Assignment: Reading from Intro. to Plant Population Biology
(p. 37–51, 242–252).

R – Self-incompatibility and sex allocation. Assignment: Reading from Intro. to Plant
Population Biology (p. 252–269). Think-piece 1.

Week 5. Breeding systems (cont.) and Quantitative Genetics

T – Inbreeding and Local Extinction. Assignment: Hanski and Saccheri 2006, and Saccheri
et al 1998. Think-piece 2.

R – Quantitative genetics (partitioning of variance). Assignment: Chapter 4 in PEG.

Week 6. Quantitative genetics

T – G × E. Assignment: Chapter 5 in PEG.

R – QTL analysis. Assignment: Chapter 5 in PEG, and possible supplemental reading on
linkage and QTL.

Week 7. Genetic basis of ecological traits

T – Genetics of ecophysiological traits. Assignment: Juenger et al. 2005, González-Mart́ınez
et al. 2008 (commentary in Heinze 2008), Think-piece 3.

R – Genetics of significant morphological traits. Assignment: Abzhahov et al. 2006, Colosimo
et al. 2005. Think-piece 4.

Week 8. G × E and Natural Selection

T – G × E. Assignment: Weinig et al. 2006. Think-piece 5.

R – Natural selection. Assignment: Chapter 6 in PEG.

Week 9. Natural Selection and Local adaptation

T – Selection in experimental populations. Assignment: Weinig et al. 2003, and Etterson
and Shaw 2001. Think-piece 6.

R – Local adaptation. Assignment: Storz et al. 2007. Think-piece 7.
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Week 10. Synthesis and Applied Ecological Genetics

T – Synthesis: evolution of ecologically significant traits. Assignment: Mitchell-Olds and
Schmitt 2006, and Ehrenreich and Purugganan 2006. Think-piece 8.

R – Applied Ecological Genetics. Assignment: Chapter 7 in PEG. Metcalf et al. 2008

Week 11. Community and Ecosystem Genomics

T – Community and ecosystem genomics. Assignment: Crutsinger et al. 2006 and 2008,
Lankau and Strauss 2007, and Mooney and Agrawal 2008 (read two out of four, plus
abstracts of other two). Think-piece 9.

R – Community and ecosystem genomics. Assignment: Hughes et al. 2008. Think-piece 10.

Week 12. Student-facilitated discussions

T – Student-facilitated discussion.

Name/Topic:

R – Student-facilitated discussion.

Name/Topic:

Week 13. Student-facilitated discussion

T – Student-facilitated discussion.

Name/Topic:

R – Student-facilitated discussion.

Name/Topic:

Week 14. Student-facilitated discussions

T – Student-facilitated discussion.

Name/Topic:

R – Thanksgiving break.

Week 15. Student-facilitated discussions

T – Student-facilitated discussion.

Name/Topic:

R – Student-facilitated discussion.

Name/Topic:
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Readings from the primary literature

The online version of the list of readings includes links to the electronic versions of the papers
(http://www.uwyo.edu/buerkle/ecolgen).

1. Abzhanov, A. et al. 2006. The calmodulin pathway and evolution of elongated beak
morphology in Darwin’s finches. Nature 442: 563–567.

2. Colosimo, P. F. et al. 2005. Widespread parallel evolution in sticklebacks by repeated
fixation of ectodysplasin alleles. Science 307: 1928–1933.

3. Crutsinger, G.M., M. D. Collins, J. A. Fordyce, Z. Gompert, C. C. Nice, N. J. Sanders.
2006. Plant genotypic diversity predicts community structure and governs an ecosys-
tem process. Science 313: 966–968.

4. Crutsinger, G.M., L. Souza, and N. J. Sanders. 2008. Intraspecific diversity and
dominant genotypes resist plant invasions. Ecology Letters 11: 16–23.

5. Ehrenreich, I. M. and M. D. Purugganan. 2006. The molecular genetic basis of plant
adaptation. American Journal of Botany 93: 953–962.

6. Etterson, J. R. and R. G. Shaw. 2001. Constraint to adaptive evolution in response
to global warming. Science 294: 151–154.

7. González-Mart́ınez, S.C., D. Huber, E. Ersoz, J. M. Davis and D. B. Neale. 2008.
Association genetics in Pinus taeda L. II. Carbon isotope discrimination. Heredity
101: 19-26.

8. Hanski, I. and I. Saccheri. 2006. Molecular-level variation affects population growth
in a butterfly metapopulation. PLoS Biology 4: e129.

9. Heinze, B. 2008. Molecular genetics: Trees’ genes and traits link up. Heredity 101:
3-4.

10. Hughes, A.R. et al. 2008. Ecological consequences of genetic diversity. Ecology Letters
11: 609-623.

11. Juenger, T. E. et al. 2005. Identification and characterization of QTL underlying
whole-plant physiology in Arabidopsis thaliana: δ

13C, stomatal conductance and tran-
spiration efficiency. Plant, Cell and Environment 28: 697–708.

12. Lankau, R.A. et al. 2007. Mutual Feedbacks Maintain Both Genetic and Species
Diversity in a Plant Community. Science 317: 1561–1563.

13. Metcalf, J.L. et al. 2007. Across the great divide: genetic forensics reveals misiden-
tification of endangered cutthroat trout populations. Molecular Ecology. Molecular
Ecology 16: 4445-4454.
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14. Mooney K. A., and A. A. Agrawal. 2008. Plant Genotype Shapes Ant-Aphid In-
teractions: Implications for Community Structure and Indirect Plant Defense. The
American Naturalist 171: E195–E205.

15. Mitchell-Olds, T. and J. Schmitt. 2006. Genetic mechanisms and evolutionary signifi-
cance of natural variation in Arabidopsis thaliana. Nature 441: 947–952.

16. Saccheri, I., M. Kuussaari, M. Kankare, P. Vikman, W. Fortelius and I. Hanski. 1998.
Inbreeding and extinction in a butterfly metapopulation. Nature 392: 491–494.

17. Storz JF, Sabatino SJ, Hoffmann FG, Gering EJ, Moriyama H, et al. 2007. The
molecular basis of high-altitude adaptation in deer mice. PLoS Genet 3(3): e45.

18. Weinig, C. et al. 2003. Heterogeneous selection at specific loci in natural environments
in Arabidopsis thaliana. Genetics 165: 321–329.

19. Weinig, C. et al. 2006. Local and global costs of adaptive plasticity to density in
Arabidopsis thaliana. American Naturalist 167: 826–836.

Note: The schedule of topics, assignments, and other details in this syllabus are subject to
change with fair warning. Additional small assignments will be announced in class.
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