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Figure 1: An illustration of Darwin’s metaphor of a tree of life, which led to the concept of
phylogeny.

Prologue

Charles Darwin envisioned evolution as a growing tree (see Figure above and Fig. 4.1 on page
110 of the textbook). The root represents the common ancestor of all life represented by the
tree. As the tree grows the shoot and branches split (bifurcate) and continue growing, which
represents reproductive isolation and subsequent divergence of the new life form(s). Each branch
point is a common ancestor of the two new forms. This metaphor has turned out to be one
of the most powerful analytical tools evolutionary biologists possess. Almost trivially it shows
that “living fossils” don’t really exist—just like when tree branches bifurcate, when lineages
split, both branches continue to evolve. The ancestral form is therefore the common ancestor,
not either of the branches. But more than this, we can use characters of a variety of living
organisms to both estimate how they all relate evolutionarily and even hypothesize about the
traits possessed by their common ancestor. Here we begin our study of this powerful technique.
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Figure 2: Molecular comparison of the CMAH gene among primate species. The upper portion
shows a phylogeny based on the DNA alignment shown below. A small portion of the CMAH
gene is shown, in the region in which the human 92-base-pair deletion occurs. Asterisks at the
bottom show complete concordance—where all species have the same base pair—at a given site.

1 Vocabulary

Phylogeny Sister species Derived trait Evolutionary transition
Clade Monophyletic group Apomorphy Homoplasy
Polytomy Paraphyletic group Synapomorphy Convergent evolution
Node Polyphyletic group Plesiomorphy Reversal

2 What are phylogenies and what information do they

convey?

2.1 Reading

� Required: §4.1 of the textbook (Herron and Freeman, 2014).

2.2 Concept Questions

1. Answer Question 1 on page 141 of the textbook.

2. Answer Question 2 on page 141 of the textbook.

3. Answer Question 3 on page 141 of the textbook.

2.3 Synthesis Question

4. Consider Fig. 2. The phylogeny is constructed from a comparison of the CMAH gene
for macaque monkeys (Macaca mulata), Bornean orangutans (Pongo pygmaeus), gorillas
(Gorilla gorilla), bonobos (Pan paniscus) and humans (Homo sapiens). Note that, on
that phylogeny, the words, Gorilla gorilla, are drawn physically closer to the words Pan
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paniscus, than they are to the words, Homo sapiens. Explain why it would be incorrect
to conclude from that chart that gorillas are therefore more closely related to bonobos
than they are to humans.

3 How can phylogenies be inferred from traits of living

organisms?

3.1 Readings

� Required: §4.2 of the textbook (Herron and Freeman, 2014).

3.2 Concept Questions

1. Answer Question 4 on page 141 of the textbook.

2. Answer Question 6 on page 141 of the textbook.

3.3 Synthesis Questions

3. Answer Question 7 on page 142 of the textbook.

4. Answer Question 8 on page 142 of the textbook.

5. Answer Question 9 on page 142 of the textbook.

Image Credits

Figure 1, page 1: Summary image from the PhD Dissertation of François Serra of the Barcelona
Supercomputing Center.

Figure 2, page 2: Image from (Chou et al., 2002).
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