Topics in Ecology and Evolution: Molecular Evolution

1. Introduction to population genetics. Hardy-Weinberg, positive selection, stabilizing selection, balancing selection and other equilibria, drift, coalescence.

2. Review of molecular genetics. Transcription, translation and the genetic code. Types of mutations. Recombination and gene conversion. Molecular markers and polymorphisms.

3. Evolution of sequences. Mutational models. Nucleotide substitutions. GC content and isochores. Amino acid substitutions. Alignments. PAM and BLOSUM matrices. Lab: BLAST, ClustAl and manual alignment.

2. Molecular phylogenies. Topology of trees. Matrix, parsimony and ML methods. Rooting trees. Molecular clocks. Are vultures storks? Are whales pigs?  and Were Tasmanian wolves opossums? The Tree of Life. Lab: your choice of a gene family to reconstruct phylogeny.

4. Evolution of Genetic code and codon usage. Lab: is the genetic code one in a million?

5. Chromosomal evolution. Translocations, inversions and other chromosomal mutations. Chromosomal polymorphisms and interspecific differences. Mammalian chromosomes. Syntheny as a phylogenetic trait.

6. Evolution of genomes. Minimal genome. Eukaryotic genome. Introns. Gene duplication and gene families. Horizontal transfer. Exon shuffling. Lab: Use of Spidey to study introns.

7. Detecting positive and balancing selection. Lab: Adh in Drosophila, CF in humans, self-incompatibility genes in plants.

8. Selfish genes. Transposones, LINEs and SINEs and other repeats.

9. Superselfish genes. Segregation distorters and evolution of sex chromosomes. P-element in Drosophila and self-incompatibility genes in plants. Intracellular parasites. Lab: self-incomatibility in plants continued. 
10. Molecular evolutionary medicine. Case studies: PKU, SCA, CF… Complex diseases. Mutational biases. Haplotypes.

