
Home assignment 1.   Due date: 16 September.

1. Show that the number of possible alignments of two sequences of length n each, is 
[image: image1.wmf]  (This is the number of ways of choosing n objects from 2n objects.) Alignments where one gap is aligned with another gap are disallowed.

2. Consider the evolution of a single base X on a phylogenetic tree. Suppose you are told what this base is for each node of the tree, including the internal nodes. The edges that connect two differently labeled nodes represent single mutations, and the total number of such edges in the labeled tree is the parsimony score (. We may write 

( = 
[image: image2.wmf]
      where InternalNodes is the set of all internal nodes of the tree and Child(u) is the

      set of children nodes of u. ((xy is the Kronecker delta, i.e., = 1 if x=y and 0 otherwise)
Now, consider the following probability distribution on the space of single-base labelings of nodes of the tree: We assign to each possible label Xr at the root node a uniform probability P(Xr) = 1/( where ( is the size of the alphabet. For any node v and its label Xv, its probability Pr(Xv|Xu) given the label Xu for its parent node u, is defined as

a. Pr(Xv|Xu) = a                   if Xu = Xv
b. Pr(Xv|Xu) = (1-a)/((-1)    otherwise

     We can then write the probability of the entire labeling of the tree as 

Pr(Data) = P(Xr)   x
[image: image3.wmf]
      where InternalNodes is the set of all internal nodes of the tree and Child(u) is the

      set of children nodes of u.

      Show that   -logPr(Data) may be written in the form ( + 
[image: image4.wmf] 
         where ( and ( are constants (do not depend on the tree). Thus conclude that the     

      parsimony score has a probabilistic motivation, and minimizing the parsimony score 

      is equivalent to maximizing the likelihood of the data, under our assumptions.

3. Relative entropy between two probability distributions p(x) and q(x) is defined as 

 H(p|q) = 
[image: image5.wmf]
       Show that relative entropy is always non-negative. (Assume that p(x) and q(x) are 

       non-zero for all x.) (Hint: Use the inequality logx ( x – 1.)
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