Genome evolution – Ex 3





Due: May 23
Work independently, or in pairs. You can use any available resource (books, papers, the web), but please cite what you use. 
1. Prove the correctness of the up-down algorithm for inference on simple tress. In other words, show that the algorithm is indeed computing the correct probabilities (hint: use induction and divide the tree into three independent parts)
2. Prove that given the sequences of N species, there is no unique maximum likelihood simple tree model that includes the root (hint: show that for each tree model there are analogous tree models with the same likelihood)

3. For warm up, show that the maximum likelihood estimator of a multinomial variable (e.g., a dice) is derived by using the empirical frequencies as probabilities. Now discuss the maximum likelihood problem of a simple tree model under the constraint that all the substitution probabilities in the right side of the root equal twice the probabilities in the left side of the root (if Pr(right=x|root=y) = p then Pr(left=x|root=y)=2p, assuming x!=y). In other words, when you use an EM algorithm, you should solve the M step for the two branches going out of the root under this constraint. (hint: write down the likelihood and the respective Lagrange problem) (*If you can solve it analytically, do it)

Good luck!







