4Y03 Genomes and Evolution - Assignment 2
5 marks for each part of each question. Total number of marks 50.  
Worth 15% of total course

1. Disease-associated and Neutral amino acid substitutions in the human genome
These questions refer to the paper by Subramanian and Kumar available on the course website. 

(a) What are DAMs and nSNPs and how were these two types of data obtained? 
(b) Briefly explain what is meant by the discrete gamma distribution of rates and the JTT model of evolution (both are in the Higgs & Attwood book). How can these be used to assign each site to a rate category? (5 marks)
(c) Figure 1 shows that DAMs are more frequent in the lowest rate categories and nSNPs are more frequent in the highest rate categories. What is the explanation of these results? 
(d) The Grantham distance is a measure of the difference in physical properties of amino acids (rather like the distance measure derived from the 8 physical properties in sections 2.4-2.6 of the textbook). Large values mean dissimilar amino acids. In Figure 3, how do you explain the fact that the Grantham distance is larger for the diseases that have the earliest onset? 

2. Variation in the strength of selected codon usage bias among bacteria
These questions refer to the paper by Sharp et al available on the course website.

(a) Briefly explain the method used for estimation of S and the assumptions that lie behind this.

(b) Explain how the data in this paper show that codon usage bias in bacteria is determined by both mutation and selection. How do these results manage to distinguish between the two.

(c) Why do the number of tRNA genes, the number of rRNA operons, and the strength S of selected codon usage bias vary among bacteria? Why are these quantities correlated?
3. Likelihood Ratio Tests for detecting positive selection and application to Primate Lysozyme evolution. These questions refer to the paper by Yang available on the course website.
(a) Explain the meaning of the parameters in the substitution model (equation 1) and the reasons for defining the substitution rates in this way.
(b) Explain what is meant by a likelihood ratio test. How are likelihood ratio tests used to detect variation in dN/dS on different branches of the tree.

(c) How do these results show that there is positive selection operating in the lysozyme gene in some branches of the primate tree?
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