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Evolutionary Genetics, BEES 708E





Spring 2008
Instructor:  C. B. Fenster (3233, Biology/Psychology, cfenster@umd.edu, x5-1640)

Wednesday:  12:00-14:50 (B/P 1230)

Office Hours:  By appointment or drop by my office and see if I can chat. 
Objective: To read papers/material providing further understanding of evolutionary process (role of mutation, drift, selection, migration, evolutionary history, constraints, etc.), underlying the origin of biodiversity. We can also examine how such issues relate to the conservation of biodiversity (conservation genetics).  The focus will be on papers that utilize genetic approaches. A lecture and seminar approach will be used.

Required work:  Reading, Participation, Six 2-4 page double spaced summaries of the readings of each discussion (to be handed in within two weeks following the discussion, FIRM deadline). Read one important paper cited by one of the assigned readings and one paper that in turn cites the assigned reading and discuss the development of the issues raised in an historical context. No discussion papers accepted after MAY15th. One 10-20 page “term paper” in TRENDS in Ecology and Evolution format to be handed in by MAY 16th. A 20 minute presentation to the class of your “term paper” project on MAY 7th. Everyone is encouraged to work together!!!!!!
Grade based on 100 pts: Summaries: 50 pts (best 5/6); Paper: 25 pts; Presentation: 25 pts

Topics to be discussed will be

I. Introduction

1 A. History of Evolutionary Genetics

1 B. Introduction to basic population genetics, selection theory etc.
II. Population Level Processes:

2A. Evidence for Selection 

2B. Phenotypic Response to Selection

2C. Insights from Artificial Selection

2D. Evidence for Selection at the Molecular Level

3.    Gene flow and Drift

4.    Mutations

Then a subset of the following topics:

III. Metapopulation Processes:

5. Evolutionary Processes at the Metapopulation Level

6. Fst and Qst

7. The Importance of Population Structure:  Wright vs. Fisher

IV. Genetics of Adaptive Differentiation:

8. Heritability
9. Genetics of Adaptations: Pre QTL approaches
10. Genetics of Adaptations continued (Role of Chance)

11. Genetics of Adaptations continued: QTL approaches
12. Speciation Genetics
V. Applied Evolutionary Genetics:

13. Conservation Genetics

VI.  Summary (14)

Required: J. K. Conner and D. L. Hartl. A primer of ecological genetics. ISBN:  0-87893-202-X

Other Good Resources: Hartl and Clarke:  Population Genetics; Lynch and Walsh: Genetics and Analysis of Quantitative Traits; Falconer and Mackay:  Quantitative Genetics
Journals:  Evolution, Genetics, Genetic Research Cambridge, Heredity, Molecular Evolution, Molecular Ecology, Trends in Ecology and Evolution, Trends in Genetics, Annual Review of Ecology and Systematics; Annual Review of Genetics
1. 

History and Background 


Barker, J. S. F.  1988.  Quantitative genetics, ecology and evolution.  In 




Proceedings of the second international conference on quantitative genetics.




B. S. Weir, E. J. Eisen, M. M. Goodman and G. Namkoong, Editors, Sinauer.


Bradshaw, A. D.  1984.  The importance of evolutionary ideas in ecology-and




vice versa.  In Evolutionary Ecology.  B. Shorrocks, ed. Blackwell.



Spiess, E. B.  1977.  Genes in populations.  John Wiley and Sons.  pages 5-15.



Provine, W. 1971. The origin of theoretical population genetics. Univ. Chicago Press. 

                 
For History: Read the Barker, Bradshaw and Spiess handouts. If you are really 

interested then Provine. 

For Background of population genetics: Conner and Hartl, chapters 1-3 (skip 

everything about inbreeding and F statistics) 

Handout, Falconer and Mackay, chapters 1-4
2.                     Selection

                        A. Evidence for selection at the within species level

Dobzhansky, Th.  1948.  XVI. Altitudinal and seasonal changes produced by natural




selection in certain populations of Drosophila pseudoobscura and Drosophila




persimilis.  Genetics 33: 158-176.



Snaydon, R. W.  1970.  Rapid differentiation in a mosaic environment. I.  The 




response of Anthoxanthum odaratum populations to soils.  Evolution




24: 257-260).  Read only 257-259.



Davies, M. S., and R. W. Snaydon.  1976.  Rapid population differentiation in a




mosaic environment. III.  Measures of selection pressures.  Heredity 36: 




59-66.



B. Natural Selection acting within populations
Lande, R. and S. J. Arnold.  1983.  The measurement of selection on correlated 




characters.  Evolution 37:  1210-1226.



Kalisz, S.  1986.  Variable selection on the timing of germination in Collinsia verna



(Scrophulariaceae).  Evolution 40: 479-491.

Blows MW. 2007. A tale of two matrices: multivariate approaches in evolutionary 
            biology JOURNAL OF EVOLUTIONARY BIOLOGY 20: 1-8.



Mitchell-Olds, T. and R. G. Shaw.  1987.  Regression analysis of natural selection;




statistical inference and biological interpretation.  Evolution 4l: 1149.



Kingsolver, J. G. et al.  2001.  The strength of phenotypic selection in natural




populations.  Am. Nat. 157: 245-261.

Hereford J, Hansen TF, Houle D. 2004. Comparing strengths of directional selection: 

How strong is strong? Evolution 58: 2133-2143
Hersch EI, Phillips PC. 2004. Power and potential bias in field studies of natural 
selection EVOLUTION 58: 479-485. 


Background reading:  Conner and Hartl: Chapter 6

F & M, chap. 11 and 20; H & C, chap. 9. 

Fuller, R.C, C. F. Baer, and  J.  Travis. 2005. How and When Selection Experiments 

Might Actually be Useful.  INTEGR. COMP. BIOL., 45: 391-404

C. Insight from artificial selection experiments:
Falconer, D. S.  1992.  Early selection experiments.  Ann. Rev. Gen. 26: 1-14.



Weber, K. E.  1990a.  Artificial selection of wing allometry in Drosophila




melanogaster.  Genetics 126: 875-989.



Weber, K. E.  1990b.  Increased selection response in larger population sizes.




Genetics 125: 579-584.



Weber, K. E.  1992.  How small are the smallest selectable domains of form?




Genetics 130: 345-353.



Reznick, D. N. et al.  1997.  Evaluation of the rate of evolution in natural




 populations of guppies (Poecillia reticulata).  Science 275: 1934-1936.



Elena, S. F. et al.  1996.  Punctuated evolution caused by selection of rare




beneficial mutations.  Science 272: 1802-1804.

Background reading:  Conner and Hartl: Chapter 5 (pages 163-170), Chapter 6


F & M, chap. 12; H & C, chap. 9



D. Selection detected at the gene level

Aquardro, C. F. et al.  1992.  Molelcular evolution of inversions in Drosophilia




pseudoobscura: The amylase gene region. PNAS 88: 305-309.



McDonald, J. H. and M. Kreitman. 1991.  Accelarated protein evolution at the Adh




locus in Drosophila.  Nature 351: 652-654.



Stinchcombe, J. R. et al. 2004. A latitudinal cline in flowering time in Arabidopsis 
thaliana modulated by the flowering time gene FRIGIDA. PNAS 101: 4712–4717 
Scarcelli, N. et al., 2007. Antagonistic pleiotropic effects reduce the potential adaptive 

value of the FRIGIDA locus. PNAS 104: 16986–16991 
Background reading:  
Charlesworth, D. et al.  2001.  Genome sequences and 

evolutionary biology a two-way interaction.  TRENDS in Ecology and Evolution 16: 235-242.

H & C, chap. 8.

3.

Drift and Gene Flow
Wright, S.  1931.  Evolution in mendelian populations.  Genetics 13: 98-160.++++



Wright, S.  1988.  Surfaces of selective value revisited.  Amer. Nat. 131: 115-123. 

Schaal, BA. 1980. Measurement of gene flow in Lupinus texensis. Nature 284: 440-

451. 

Fenster, C. B. et al. 2003. Quantifying gene flow from spatial genetic structrure data in 

a metapopulation of Chamaecrista fasciculata (Leguminosae). Evolution 57: 995-1007.



Background reading: Conner and Hartl: Chapter 2 and especially Chapter 3.

H & C, chap. 8 (especially pages 267-291).

4.

Mutations

Schultz, S. T. et al.  1999.  Spontaneous deleterious mutation in Arabidopsis



thaliana.  PNAS 96(20).  Sept. 28, 1999.  11393-11398.


Kelley, J. K. and J. H. Willis.  2001.  Deleterious mutations and genetic variation for



flower size in Mimulus guttatus.  Evolution 55: 937-942.

Bataillon, T. 2000. Estimation of spontaneous genome-wide mutation rate parameters: 

whither beneficial mutations? Heredity 84: 497-501.

Shaw, F.H., C.J. Geyer, and R.G. Shaw. 2002. A comprehensive model of mutations 

affecting fitness and inferences for Arabidopsis thaliana. Evolution 56: 453-463.

Shaw, R.G., D.L. Byers, and E. Darmo. 2000. Spontaneous mutational effects on 

reproductive traits of Arabidopsis thaliana. Genetics 155:369-378.

Keightley, P.D, and M. Lynch. 2003. Towards a realistic model of mutations affecting 

fitness.  Evolution, 57: 683-685.

Shaw, R.G. and F.H. Shaw. 2003. What fraction of mutations reduce fitness?  Reply to 

Keightley and Lynch. Evolution, 57: 686-689. 

Denver, D. R. et al. 2004. High mutation rate and predominance of insertions in the 

Caenorhabditis elegans nuclear genome. Nature 430: 679-682.




Background reading:  
Lynch, M., J. Blanchard, D. Houle, T. Kibota, S. Schultz, L. Vassilieva, and J. Willis. 
1999. Perspective: spontaneous deleterious mutation. Evolution 53: 645-663.
5.

Metapopulations

Barton, N. H.  1996.  Natural selection and random genetic drift as causes of




evolution on islands.  Phil. Trans. R. Soc. Lond. B 351: 785-795.



Barton, N. H. and M. C. Whitlock.  1997.  The evolution of metapopulations.




pp. 183-210 in I.  Hanski and M. Gilpin, eds., Metapopulation Dynamics:




Ecology, Genetics, and Evolution.  Academic Press.



Giles, B. E. and J. Goudet.  1997.  A case study of genetic structure in a plant




metapopulation.  Pp. 429-454 in I.  Hanski and M. Gilpins, eds.




Metapopulation Dynamics: Ecology, Genetics, and Evolution.  Academic




Press.



Background reading: Conner and Hartl: Pages 9 and 10

6.

Qst and Fst
Lande, R.  Neutral theory of quantitative genetic variance in an island model with




local extinction and colonization.  Evolution 46: 381-389.



Spitze, K.  1993.  Population structure in Daphnia obtusa quantitative genetic and




allozymic variation.  Genetics 135: 367-374. 

Podolsky, R. H. and T. P. Holtsford.  1995.  Population structure of morphological




traits in Clarkia dudleyana I. Comparison of Fst between allozymes and




morphological traits.



Lynch, M. et al.  1999.  The quantitative and molecular genetic architecture of a 




subdivided species.  Evolution 53: 100-110.



Background reading:  Conner and Hartl: Chapter  2, pages 149-150

H & C, chap. 4 (especially pages 111-128).

7.

Contrasting Evolutionary Models: Fisher vs Wright
Coyne, J. A. et al.  1997.  Perspective:  a critique of  Sewall Wright’s shrifting balance




theory of evolution.  Evolution  51: 643-671.



Wade, M. J. and C. J. Goodnight.  1998.  Perspective: the theories of Fisher and 




Wright in the context of metapopulations: when nature does many small




experiments.  Evolution 52: 1537-1553.



Whitlock, M. C. and P. C. Phillips.  2000.  The exquisite corpse: a shifting view of 




the shifting balance.  TREE 15: 347-348.



Background reading: Conner and Hartl: Chapter 2, pages 86-89

H & C, pages 236, 259-260.

8.

Heritability

Mousseau, T. A. and D. A. Roff.  1987.  Natural selection and the heritability of




fitness components.  Heredity 59: 181-198.



Houle, D. K.  1992.  Comparing evolvability and variability of quantitative traits.




Genetics 130: 195-204.



Ritland, K.  1996.  A marker-based method for inferences about quantitative 




inheritance in natural populations.  Evolution 50: 1062-1073.



Galloway, L. F. and C. B. Fenster.  1999.  The effect of nuclear and cytoplasmic




genes on fitness and local adaptation in an annual legume, Chamaecrista




fasciculata.  Evolution 53: 134-1743.



Roff, D. Evolutionary quantitative genetics. 121-123. 



Background reading:  Conner and Hartl: Chapters 4 and 5

H & C, chap. 9; F & M chap. 9 and 10; L & W pgs. 800-803.

9.

Genetic Architecture- Number of Genes
Lande, R.  1981.  The minimum number of genes contributing to quantitative 




variation between and within populations.  Genetics 99: 51-553. +++++



Fenster, C. B. and K. Ritland.  1994.  Quantitative genetics of mating system




divergence in the yellow monkey flower species complex.  Heredity 73:




422-435.



Orr, H. A. and J. A. Coyne.  1992.  The genetics of adaptation: a reassessment.




Am. Nat. 140: 725-742.



Shrimpton, A. E. and A. Robertson.  1988a.  The isolation of  polygenic factors




controlling bristle score in Drosophila melanogaster. I. Allocation of third




chromosome sternopleural bristle effects to chromosome sections.  Genetics




118: 437-443.



Shrimpton, A. E. and A. Robertson.  1988b.  The isolation of polygenic factors




controlling bristle score in Drosophila melanogaster. II. Distribution of 




third chromosome bristle effects within chromosome sections.  Genetics:




118: 445-459.



Orr, H. A.  1998.  The population genetics of adaptation: the distribution of factors




fixed during adaptive evolution.  Evolution 52: 935-949.

Background reading:  Conner and Hartl: Chapter 5

L & W, 231-241; F & M, 215-226.

10.

The Role of Chance in Evolution

Mani, G. S. and B. C. Clarke.  1990.  Mutational order: a major stochastic process




in evolution.  Proc. R. Soc. Lond. B 240: 29-37.



Fenster, C. B. and L. F. Galloway.  2000.  Population differentiation in an annual




legume: genetic architecture.  Evolution 54: 1157-1172.



Burch, C. L. and L. Chao.  1999.  Evolution by small steps and rugged landscapes




in the RNA virus f6.  Genetics 151: 921-927.



Travisano, M., J. A. Mongold, A. F. Bennett and R. E. Lenski.  Experimental tests




of the roles of adaptation, chance, and history in evolution.  Science 267: 87-90.



Hansen TF, Pelabon C, Armbruster WS, et al. Evolvability and genetic constraint in 

Dalechampia blossoms: components of variance and measures of evolvability. J. Evolution Biology 16: 754-766. 

Hansen TF, Armbruster WS, Carlson ML, et al. Evolvability and genetic constraint in 

Dalechampia blossoms: genetic correlations and conditional evolvability. J EXP ZOOL PART B 296B (1): 23-39 APR 15 2003.

Armbruster, WS. Can indirect selection and genetic context contribute to trait  diversification? A transition-probability study of blossom-colour evolution in two genera. J. Evol. Biol 15: 468-486

11.

QTL’s, how to measure and what they mean

Doerge, R. W. et al.  1997.  Statistical issues in the search for genes affecting 




quantitative traits in experimental populations.  Statistical Science 12: 195-




219. 



Mitchell-Olds, T.  1995.  The molecular basis of quantitative genetic variation in




natural populations.  TREE 10: 324-328.



Kearsey, M. J. and G. L. Farquhar.  1998.  QTL analysis in plants; where are we now?




Heredity 80: 137-142.



Bradshaw, H. J. et al.  1995.  Genetic mapping of floral traits associated with 




reproduction isolation in monkeyflowers (Mimulus).  Nature 376: 762-765.

Fishman, L., A. J. Kelly, and J. H. Willis. 2002. Minor quantitative trait loci underlie 

floral traits associated with mating system divergence in Mimulus. Evolution 56: 2138-2155. 



Makay, T. F. C. 2001. The genetic architecture of quantitative traits. Annu. Rev. 

Genet. 35:303-39. 



Mauricio. R. 2001. Mapping quantitative trait loci in plants: uses and caveats for 

evolutionary biology.  Nat. Rev. Genet. 2: 370. 



Erickson, D.E. et al. 2004. Quantitative trait locus analyses and the study of 

evolutionary process. Molecular Ecology



Background reading:  Conner and Hartl: Chapter 5



L & W, chap. 13-16; F & M, chap. 21

Broman, K. W. 2001. Review of statistical methods for QTL mapping in experimental 
crosses. Lab Animal 30:44–52, 2001.
12.

The genetics of speciation
Orr, H. A.  1995.  The population genetics of speciation: the evolution of hybrid




compatibilities.  Genetics 139: 1805-1813.



Orr and Coyne. 1997. Patterns of speciation in Drosophila revisted. Evolution 51:295


Coyne, J. A. and H. A. Orr.  1998.  The evolutionary genetics of speciation. P. T.




R. S. Lond. B 353: 287-305.



Orr, H. A. 2001. The genetics of species differences. Trends Ecol and Evol. 16:343.



Funk, D. J. et al. 2006. Ecological divergence exhibits consistently positive




associations with reproductive isolation across disparate taxa. PNAS 103: 3209
13.

Conservation Genetics

Waldmann, P. and S. Anderrson.  1998.  Comparison of quantitative genetic 




variation and allozyme diversity within and between populations of 




Scabiosa canescens and S. columbaria.  Heredity, 81: 79-86.



Frankham, R.  1995.  Conservation genetics.  Annu. Rev. Genetics 29: 305-327.



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.



Storfer, A. 1996. Quantitative genetcs: a promising approach for the assessment of 

genetic variation in endangered species. Trends Ecol. Evol. 11: 343-348. 



Dudash, M. and C. B. Fenster.  2000.  Inbreeding and outbreeding depression in




fragmented populations. In: Genetics Demography and Viability of 




Fragmented Populations, A. Young and G. Clarke, eds.  Cambridge 




University Press.



Frankham,R.1999.Quantitative genetics in conservation biology. Genet Res.74:237-244. 

Reed, D. H. and R. Frankham. 2001. How closely related are molecular 

measures of genetic variation. A meta-analysis. Evolution 55: 1095-1103. 



Background reading:  Conner and Hartl: Chapter 7

14.

Where are we? Future directions etc.
Barton, N. H and M. Turelli.  1989.  Evolutionary quantitative genetics:  how 




little do we know?  Ann. Rev. Genetics 23: 337-370.



Barton, N. H. and P. D. Keightley. 2002. Understanding quantitative genetic variation. 

Nat. Rev. Genet. 3: 11-21. 



Roff, D. Evolutionary Quantitative Genetics. Chapter 10.

Mackay, T. F. C. 2001.  The genetic architecture of quantitative traits. Ann. Rev. 

Genetics 35:303-339.



Johnson, T. and N. H. Barton. 2005. Theoretical models of selection and mutation on 

quantitative genetic traits. Phil. Trans. R. Soc. B (2005) 360, 1411–1425.
Roff DA. 2007. A centennial celebration for quantitative genetics. Evolution 61: 1017-
1032.

Hunt J, Blows MW, Zajitschek F, et al. 2007. Reconciling strong stabilizing selection 
with the maintenance of genetic variation in a natural population of black field crickets (Teleogryllus commodus). GENETICS 17: 875-880.
POSSIBLE SCHEDULE:

For all topics, please read the Conner and Hartl selection for background, and then see below and above for additional readings.

January 30th : No meeting.
February 6: Topic 1: Introduction to course, lecture on history and introduction to population genetics

Bring Handout and be prepared to discuss future course topics.
13: Topics 2A and 2B. We will have a short discussion of topic A and lecture and discussion on B: (Kalisz and measuring phenotypic selection). Read chapter 6 of C & H and Lande and Arnold for background of Topic 2B. Be prepared to have discussion of Kalisz  and Hereford papers

20: Discussion of Topic 2C. All readings, though we may not get to Eleana et al.

27. Lecture and Discussion of Topic 2D. 

March 5: Topic 3: Please read Wright 1988, Schaal 1980, Fenster et al. 2003.


    Topic 5: We will discuss Giles and Goudet following a brief lecture on metapopulations.

12: Lecture and Discussion of Topic 4. Please Read Lynch et al. 1999 and Denver et al. 2004

26:  Discussion of Topic 7. Please read Coyne et al.; Wade and Goodnight

April 2: Lecture and Discussion of Topic 9. Please read one of the two Shrimpton and Robertson papers; Orr

Title of paper due.

9: Discussion of Topic 11. Please read Mackay 2001, Erickson et al 2004 and be able to discuss the Fishman et al. paper

16: Discussion of Topic 12. Lecture and Discussion of Orr 1995, 2001

Outline of paper due

23: Lecture and Discussion of Topic 13. Read Frankham 1995 and 1999 and be able to discuss 

Saccheri et al.

30: Topic 14. Discussion
May 7: Presentations
14. Overflow??
Paper due May 15th
