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March 19, 2009

1. (12 pts.) Consider the following aligned sequences for five taxa. (The numbers above the sequences

refer to sites.) ‘L
l 1 2
5

5 0 0
S1 CTGCACECCCGAATATCTAG
52 CTACCC&CCCGTATAGCTAG
S3 CTGCAAGGGCGATTATCTAG
S4 CTGC CAGACAAGCTAG
S5 CTGGAGGCCATGATATCTCG

(a) (4 pts.) Insite 5, the pattern ACAAA occurs. Explain why this pattern is considered parsimony non-
informative. (Do not just give the definition, but instead explain what motivated this definition.)
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(b) (2 pts.) Which of the sites are parsimony informative? Give the numbers of the sites.
6,19, 16

(c) (6 pts.) Using only the parsimony informative sites, compute the unweighted parsimony score for
tree T' below.
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2. (8 pts.) Suppose a weighted parsimony analysis with a 1:3 transition/transversion weighting scheme
is undertaken, and that the figure below is extracted from a larger tree during the computation of the
parsimony score. Use the Sankoff algorithm to compute the vector of weighted parsimony scores for
the parent node of the two child nodes shown. (Use the 1:3 weighting scheme, and assume the order
of the DNA nucleotides is A, G, C, T'.)
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3. (8 pts. — 4 pts each) A 2-state model of sequence evolution describes a substitution process on the tree

below.
p
M/\/fz
S S5

Assuming the two states are R and Y (in this order), the root distribution is = (0.3,0.7), and the

Markov matrices are
- 0.1 - 0.12
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Give numerical expressions for the following two entries of the joint distribution of states at the leaves
of the tree. (Do not simplify.)
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4. (20 pts.) Consider the following table of distances:

la b ¢ d

a .8 6 1.0
b 1.00 1.0
c _ .8

(a) (1 pt.) What pair of taxa would UPGMA join first?

a.-¢C

(b) (6 pts.) Construct the UPGMA tree for this dissimiliarity data.
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(c) (4 pts.) Returning to the table, you might notice that these pairwise dissimiliarities exactly fit
an unrooted metric tree. Find that tree and draw it below. (You may do this by trial and error.)

A-fs'd Alo,d)= 1.4

(d) (4 pts.) State the 4-point condition for the tree you drew in the last item. Explicitly show this
condition holds for the dissimilarities in the table.
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(e) (5 pts.) What tree would the NJ algorithm construct from this table of dissimilarities? Why did
UPGMA perform badly? Explain.
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