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Solution Set 2 Due in class on Thursday, Sep. 21
Collaboration is allowed on this homework. You must hand in homework assignments individ-

ually and list the names of the people you worked with.

1. Tree properties: rooted and unrooted trees

(a) Is this a binary tree or a non-binary tree? If it is non-binary, circle the node(s) that
make it non-binary.

Non-binary. See dashed circles.

Is this tree rooted or unrooted? How do you know?

Unrooted, there is a trifurcation at the most ancestral internal node.

(b) Is this a binary tree or a non-binary tree? If it is non-binary, circle the node(s) that
make it non-binary.

Binary.

Is this tree rooted or unrooted? How do you know?

Rooted. There is no trifurcation at the top of this phylogram.
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(c) Is this a binary tree or a non-binary tree? If it is non-binary, circle the node(s) that
make it non-binary.

Non-binary. See dashed circle.

Is this tree rooted or unrooted? How do you know?

Unrooted, there is a trifurcation at the most ancestral internal node.

(d) Is this a binary tree or a non-binary tree? If it is non-binary, circle the node(s) that
make it non-binary.

Binary.

Is this tree rooted or unrooted? How do you know?

This is a circular tree. Typically, circular trees are rooted and radial trees are unrooted.
There is no trifurcation at the top, which would indicate that the tree is unrooted.
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(e) Is this a binary tree or a non-binary tree? If it is non-binary, circle the node(s) that
make it non-binary.

Non-binary.

Is this tree rooted or unrooted? How do you know?

Rooted, This phylogram is rectantular and there is no trifurcation at the top.

(f) Is this a binary tree or a non-binary tree? If it is non-binary, circle the node(s) that
make it non-binary.

Binary.

Is this tree rooted or unrooted? How do you know?

Unrooted. There is a trifurcation at the top of the rectangular phylogram.



03-327/727 Phylogenetics Fall 2017 4

(g) Is this a binary tree or a non-binary tree? If it is non-binary, circle the node(s) that
make it non-binary.

Binary.

Is this tree rooted or unrooted? How do you know?

Unrooted. It is a radial tree with no branch labelled Root.
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2. The tree below depicts the evolution of a character with three states: 0, 1, and 2. Assume
that these states are qualitative, not quantitative; that is, a transition from 0 to 2 or from 2
to 0 represents a single state change and does not need to pass through state 1.

The character states at the tips are shown. State changes are indicated by the black bars
on branches with the notation of the ancestral state on the left and the derived state on the
right.

(a) Each figure above shows some of the state changes necessary to explain the character
states at the tips of the tree. Complete each figure by adding the minimum number of
state changes needed to obtain present-day character states. (There may be more than
one minimal set of state changes. If so, show only one.)

(b) What is the total number of state changes associated with each tree? Which tree repre-
sents the most parsimonious explanation of the states shown on the leaves (i.e., requires
the fewest changes to explain the leaf states)?

Tree A is the most parsimonious.
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Mongoose Gibbon Siamang Orangutan Gorilla Human Chimp

β 0 1 1 0 1 0 0

∆ 0 1 1 1 1 0 0

Π 0 0 0 0 1 1 1

3. Use the cladogram below for the following questions:

(a) For each of the following statements indicate whether it is true (T) or false (F). If it is
not possible to determine the answer, mark it undetermined (U):

• a is an ancestor of b F

• d is an ancestor of b F

• f is a descendant of b T

• c lived before b F

• a and d lived at the same time U
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(b) The table above the tree shows the character state of each leaf taxon for three hypo-
thetical traits, β, ∆, and π. Assuming these characters are evolving parsimoniously,
determine the character state of the ancestor at each internal node.

Trait Ancestral Node

a. b. c. d. e. f.

β 1 0 0 0 0 0

∆ 1 0 1 1 1 0

π 0 0 0 0 1 1

(c) What is the minimum number of changes required to fit the observed character states?
For each character, state whether it is monophyletic. If not, is this due to parallel gains,
parallel losses, or a reversal. Enter your answers on the table below

Trait Number of changes Monophyletic?
β 2 No, parallel gains
∆ 2 No, reversal
π 1 Yes

Note that the standard cladistic assumption is that the outgroup represents the ancestral
states. This implies that the state of character ∆ at node b was 0 and the derived state
1 was gained on the branch from b to c.

If we do not make that assumption, then an equally parsimonious solution is that the
state of character ∆ at node b was 1. In this case, state 0 in Mongoose is a loss of
character ∆ and distribution of states of character ∆ reflects parallel losses.
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4. Consider the following set of four trees the representing the evolutionary relationships between
a set of bacterial taxa:

For each of the following trees, which of the above trees are compatible with it? (There may
be more than one.)

(a)

Tree 4
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(b)

Trees 1 and 4

(c)

Trees 2 and 4

(d) Are any of the trees on the top of page 8 compatible with all of the four-taxon trees? If
so, which ones?

Yes, Tree 4
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5. The figure below shows a diagram of a gene duplication and six ways that these genes can
evolve over time. Each of these fates represents a different combination of change and/or
retention of regulatory components (shown as circles, crosses, stars) and protein function
(shown as bars).

Fill in the blanks (labeled A-F) with the gene fate depicted.



03-327/727 Phylogenetics Fall 2017 11

6. The phylogeny below1 shows the evolutionary relationships between extant snake species from
South America. The table gives ecological information, including habitat and diet, about the
these species. (Species names are abbreviated by first letter of the genus and the first three
letters of the species).

Use these figures to answer the following questions. For the purpose of this question, assume
that all traits evolve parsimoniously. That is, the best hypothesis for ancestral traits is the
hypothesis that requires the fewest gains and losses to explain the traits in present-day species.
Gains and losses are weighted equally.

1These figures reproduced from Bellini GP, Giraudo AR, Arzamendia V, Etchepare EG (2015) Temperate Snake
Community in South America: Is Diet Determined by Phylogeny or Ecology? PLoS ONE 10(5): e0123237.
https://doi.org/10.1371/journal.pone.0123237
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(a) Is this tree binary or non-binary?

Non-binary. There is a trifurcation in Thermodynastes.

(b) Is this tree rooted?

Yes, it is rooted. It is rectangular and has no trifurcation at the top.

(c) Is this tree a phylogram, chronogram or cladogram?

Phylogram. Branch lengths vary, suggesting that they reflect change. For example, the
branch leading to Hydrodynastes is quite short. The tips of the tree are not aligned, so
it is not ultrametric (i.e., it is not a chronogram).

(d) How many independent adoptions of an arborial lifestyle have occured?

Twice. There are two species that are arborial and they do not form a clade.

(e) Is eating soft-bodied invertebrates an ancestral trait or a derived trait?

Derived.

(f) Are species that can eat reptiles monophyletic?

No.
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(g) Are species that live exclusively on reptiles monophyletic?

Yes, 100% of the diet of the two Micrurus species consists of reptiles. These species form
a clade.

(h) Assuming that the common ancestor of all species depicted in the tree was not fossorial
(i.e., did not live in burrows), how many separate gains of a burrowing behavior occured?

Three: one in A. reticulatus, one in X. dorbignyi, and one in the Micrurus common
ancestor.

(i) Is genus Hydrodynastes more closely related to Lygophis or to Philodryas?

Hydrodynastes is more closely related to Philodryas, since they share a more recent com-
mon ancestor.

(j) Are the Viperidae more closely related to the Elapidae or the Xenodontini?

Vieridae is equally related to Elapidae and the Xenodontini. For both genera, the common
ancestor shared with Viperidae is the root of the entire tree.

(k) Is the diet of these snakes determined by phylogeny or ecology?

Ecology. There are many clades in the tree where closely related species have different
diets. In contrast, there is substantial similarity in diet among species that inhabit the
same habitat, although there are exceptions.


