


Problems involving a gene family %

5. Odorant receptors form the largest known family of proteins and genes, with over 1000
members in rodents and several to many hundreds in most other vertebrates. Assume that this
hypothetical tree represents the actual phylogenetic history of five odorant-receptor genes that 2
can be found in some modern rodent species. And assume that the mutation rate for
nucleotide substitutions is 5x10” substitutions/site/year (which is near the mean for mammals).
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(a) Fill in the matrix of expected pairwise synonymous distances (Ks = synonymous ;

substitutions per synonymous site) for the five sequences. We’ll discuss the distinction

between synonymous and nonsynonymous nucleotide substitutions later in the course. For
now, all you need to know is that synonymous mutations do not change the amino-acid

sequence of a protein, so for all practical purposes they are not subject to selection and should
therefore accumulate at approximately the rate of mutation, along any given line of A B
descent. Remember that a distance matrix is symmetrical about its main diagonal; in
other words, Ks(4-B) = Ks(B-A), so you only need to fill in the 10 cells above or I 0 N
below the diagonal.

(b) The five sequences (A-E) occur in two species: A, B, and D are from Species X,
while C and E are from Species Y. The four internal nodes in the tree therefore c
represent two kinds of events: one or more of the nodes correspond(s) to the

speciation event that separated the populations ancestral to species X and Y, and one D
or more of the nodes correspond to gene duplication events that gave rise to different
(paralogous) members of the gene family. Which of the four nodes are of each kind? 2

More fun with Neandertals!

6. Here are the variable positions from an alignment of four Neandertal sequences and a modern sequence (sap2) from the lecture
slides, and also the matrix of pairwise differences among these five sequences. (0.4

The variable positions
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(a) Using the UPGMA method, infer a phylogeny for these five HV1 sequences. [See sketch above.]
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(b) Only four of the 25 variable nucleotide positions are "informative" for the parsimony method, in the sense that they will favor
some trees over others. Which are they? Hint: there must be at least two of one nucleotide and two of another. [Circled.]

(c) Using just these four positions, evaluate the three alternative trees, above. How many substitutions does each tree require, at a
minimum? Hint: one requires 5 substitutions ("steps" in the jargon of parsimony), one requires 6 steps, and one requires 7 steps.
Does the most parsimonious tree have the same topology as the UPGMA tree? [NO!]

(d) Where are your reconstructions unambiguous, and where are there alternative, equally parsimonious ways to reconstruct the
changes? [Substitutions on the s2 branch are always ambiguous as to whether they are on the left or right side of the root, and thus
the state at the root and the direction of the change are also ambiguous. Otherwise, the most parsimonious tree (Tree 1, 5 steps) is

these two trees, your reconstructions are likely to differ from mine, but you should find the same minimum number of steps.]

(e) Put all the substitutions (including the "uninformative" ones) on the most parsimonious tree. [Easy. The uninformative sites
each require just one substitution.]





