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This exam is closed-book and totals 200 points. You can use a calculator if you need to; if you don’t
have one you can instead leave the calculations as expressions such as (3.67 × 234)/1243 + 4.5. Make
sure to put your name on each page as the pages may be separated for grading. If you do any work on
the blank backs of the pages, it will be best to work on the back of the same page, so that this work
does not become separated from the question during grading. Showing your work may help you get
partial credit if the final answer is wrong.

1. (33 points) For these four trees, treating them as unrooted,
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... make a majority rule consensus tree and draw it here (including putting next to each branch the
fraction of times it occurs):

From that, it should be easy also to make a strict consensus tree. Draw it here:
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2. (32 points) Here is a tree showing the bases that we see at one site. Use the Fitch parsimony
algorithm to count the number of changes of state on this tree.

A C C G A A T C

Could more changes of state have occurred than that? Why or why not?

Can you see a single Nearest-Neighbor interchange rearrangement of the tree that would result in
fewer changes under the parsimony criterion? If so, show the resulting tree and the number of changes
on it.
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3. (30 points) The following are assertions about distance matrix methods. Mark each box True or
False (by circling T or F). Use the space below if you feel a need to explain any of them where you
think your answer might be controversial.

Distance matrix methods don’t infer the phylogeny, but only
make phenetic clusters

T F

Distance matrix methods inherently assume a molecular clock T F

All distance matrix methods form trees by clustering, but they
do not search tree space

T F

There are ways of calculating distances that allow for variation
of evolutionary rate from site to site

T F

The UPGMA (or average-linkage) method inherently assumes a
molecular clock

T F

Bootstrapping using distance matrix methods is done by
sampling distance values from the table of distances

T F

Space for explanations:
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4. (35 points) (This looks scarier than it is: don’t panic!). Suppose we have a series of 100 gene
loci that are each at risk of getting lost in evolution. We decide to record them as 1 (present) and
0 (absent) in a number of species. We make a stochastic model of loss by having in each branch of
a tree a probability pi that a gene that is present at the beginning of the branch is lost by the end
of the branch. Let’s assume that there is no chance that a gene, once lost, could be gained again.
(We ignore other genomic events such as gene duplication, ignore the actual sequences at the loci, and
ignore population phenomena such as coalescents).

So the transition probabilities (not the rates, but the net probabilities of changing) in branch i are:

To : 1 0
From :

1 1 − pi pi

0 0 1

• For this rooted four-species tree, where we show the data for one locus, work out what will be in
the boxes where these show the conditional likelihoods, the ones used in the “pruning” algorithm.
Remember that each of these quantities is supposed to be the probability of everything you see
at that locus from this point in the tree on up, given that the state in that node was somehow
known to be 1 (or 0).

Fill in the boxes, starting from the tips. In the boxes you will have numbers like 0 or 1 or simple
algebraic expressions. The probability of loss (there are 6 of them, p1 through p6) is shown next
to each branch.

State seen: 1 0 0 1

Species: A B C D
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(Continued on next page ...)



• From the boxes in the bottommost node, how would we compute the likelihood for this locus?
What would we be assuming about the state at the bottom of the tree? (If you were unable to
do the pruning algorithm, you can just work out what the probabilities of change and nonchange
would be for each possible assignment of states to interior nodes).

• From expressions like this, how can we compute a likelihood for the tree for the whole data set?
I don’t need algebra so much as a clear description of what we would do.

• For a given tree topology, is there a way we can use that likelihood to estimate the loss
probabilities on the branches? I don’t need formulas so much as a clear description of how
we would proceed.

• Given that, how would we then compute a likelihood for that tree topology?
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5. (36 points) Which of these assumptions are made by the bootstrap for phylogenies? By the
parametric bootstrap? (Note these are the assumptions of the bootstrap I want, not the assumptions
of the particular method we use to infer the trees). Mark each box True or False (by writing T or F).
Use the space below if you feel a need to explain any of them where you think your answer might be
controversial.

Regular
(“nonparametric”) Parametric

Bootstrap Bootstrap

It assumes a molecular clock

It assumes that the characters are randomly drawn from all
possible characters in the organism

It assumes that we know the model of evolution of the characters

It assumes that changes in different characters are independent

It assumes that all characters change according to the same
model

It assumes that the characters are molecular sequences

Space for explanations:
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6. (34 points) A student contacts you and says that they have molecular sequences at 6 loci in 30
individuals from 3 populations (10 from each). The loci are widely separated in the genome. They
say that they want to make an “individual-based phylogeny”. That is, they want to infer a tree with
individuals at the tips. (Incidentally, this is not hypothetical: such people do exist and have asked
about this).

Explain to them (and me) why, in view of coalescents, this does not make sense. Suggest an
alternative way of analysing these data. What objective should they be trying to achieve in analysing
these data?


