Name: LSC 345 — Organic Evolution
20 points

Phylogenetic Analysis Homework

Due September 14th.
Please staple before turning in (you do not need to include the first 2 pages).

Introduction

The evolutionary history of a group of organisms can be represented by a branching
phylogenetic tree. The primary method by which such phylogenetic trees are determined is
cladistics. The goal of cladistic analysis is to determine the true sequence of branching that
occurred during evolutionary history. Because closely related organisms will probably have more
characteristics in common than will more distantly related organisms, it would seem that the best
way to unravel phylogenetic history would be to group together those organisms that have the
most characters in common.

In cladistic analysis, however, not all characters are equally informative. For example,
consider the phylogenetic relationships among four organisms: lizards, monkeys, humans, and
horses. The first three all have five digits in their hind foot, while horses have only a single digit.
Does this mean that lizards and humans are more closely related than are humans and horses?
No: the presence of five digits in the foot is an ancestral character; the earliest amphibians also
had five digits in their hind foot, and lizards, monkeys, and humans have simply retained this
ancestral number of digits. Horses, meanwhile, have lost all but one of their toes during the
course of their evolutionary history. Note that the ancestral amphibians represent the outgroup
that allows us to determine the polarity of the traits (which is ancestral and which is derived).
The fact that lizards, monkeys, and humans all share an ancestral character state (five toes)
doesn't tell us very much about the evolutionary relationships of these taxa.

On the other hand, horses, monkeys, and humans share a number of derived characters (e.g.,
hair, mammary glands) that are found neither in lizards nor the ancestral amphibians.
Furthermore, monkeys and humans are united because they share the derived character of the
opposable thumb, found neither in horses, nor in lizards, nor in the ancestral amphibians. It is
these shared derived characters that are of central importance in cladistic systematics, and are
most informative about evolutionary relationships. From the distribution of these shared derived
characters, we can construct the following cladogram:

Lizards Horses Humans Chimps

This cladogram represents a hypothesis about the evolutionary relationships of these four
organisms, but it is not the only possible cladogram. Why is this one better than any of the 14
other possible cladograms? Based on what we know about the outgroup (amphibians), the
cladogram shown above is the most parsimonious of the 15 cladograms: it requires the fewest
number of evolutionary events (gain or loss of a trait). Alternative cladograms would require
either that evolutionary reversals have occurred, or that multiple independent evolutionary
origins of the same trait have occurred. Although this cladogram represents our best guess as to
the most likely evolutionary relationship, it is not guaranteed to be correct.
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Part 1. Imagine you have discovered several new species of
desert-dwelling frogs in the genus Aridabatrachus and
you wish to determine their phylogenetic relationships.
Examining the frogs yields several useful anatomical
features as follows:

* Eyes are large or small

* Ear drum is present or absent

* Claws present or absent

» Warts present or absent

* Dorsal ridges present or absent
* Toes webbed or not webbed

* Tail present or absent

The five species of Ardiabratrachus, plus an outgroup, Verdibatrachus maricopa, are as follows:

Verdibatrachus maricopa Aridabatrachus gilensis Aridabatrachus pinalis
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A. Fill in the following character matrix for these frogs, including the outgroup, V. maricopa.

V. maricopa
Character (outgroup) | A. gilensis | A. pinalis A.pima | A. yumensis | A. cochisus

Eyes

Eardrum

Claws

'Warts

Dorsal ridges

'Webbed toes

Tail

B. Complete the following cladogram (its basic shape is given to help reduce the number of
possible trees) for the frog species included in the above matrix to represent the most
parsimonious hypothesis. In addition to adding the species, you should also indicate all of
the evolutionary transitions to the derived states, using labeled horizontal bars.

C. Which trait (yes, there is one!) represents an example of homoplasy (convergent evolution)?
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Part 2. Imagine that you are studying the evolutionary relationships of small mammals in the
genus Simpsonia. This genus consists of four species (S. homeri, S. margei, S. barti, and S.
lisai). Based on the fossil record, Clownus krustyus is an outgroup. These species exhibit
the following traits:

Species Number of toes Hair Intelligence Build
S homeri 3 short low chubby
S. margei 4 big high slender
S barti 3 short low slender
S. lisai 3 short high slender
Clo?;rlzlbgﬁ)rg;;y us 4 big high slender

A. Assuming that there are no homoplasies and that all of the character states found in C.
krustyus represent the ancestral conditions for each of these traits, construct a cladogram that
would represent the most parsimonious hypothesis for the evolutionary relationships among
the four Simpsonia species. Fill in the name of each species at the appropriate position in the
cladogram shown below.

Clownus
crustyus S. S. S. S.

B. Which of the traits listed in the table above was/were not useful in determining the
relationships among the four species of Simpsonia?
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Part 3. Suppose we are sure, because of numerous characters, that species 1, 2, and 3 are more
closely related to one another than to species 4 (an outgroup). We sequence a gene and find
ten nucleotide sites that differ among the four species. The nucleotides at these sites are:

Species 1 ATCAATGAGT
Species 2 GCTGATGAGT
Species 3 GTTGCAACGT
Species 4 (outgroup) G T C A AT GACA

A. Determine the evolutionary transitions required for each of the three possible phylogenies for
species 1, 2, and 3. Indicate the minimum number of transitions required for each tree.

Tree A Species 4

Species 1

Number of required transitions:

Species 2

Species 3

Tree B Species 4

Species 2

Number of required transitions:

Species 1

Species 3

Tree C Species 4

Species 3

Number of required transitions:

Species 2

Species 1

B. Which tree is the most parsimonious?



