
Investigating the Tree of Life

Phylogeny is the evolutionary history of a species or 
group of related species

•  The discipline of systematics classifies 
organisms and determines their evolutionary 
relationships

•  Systematists use fossil, molecular, and genetic 
data to infer evolutionary relationships



Hierarchical Classification

•  Linnaeus introduced a system for grouping 
species in increasingly broad categories

•  The taxonomic groups from broad to narrow 
are domain, kingdom, phylum, class, order, 
family, genus, and species

•  A taxonomic unit at any level of hierarchy is 
called a taxon



Three Domains of life
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Linking Classification and Phylogeny
Systematists depict evolutionary relationships in 
branching phylogenetic trees
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•  A phylogenetic tree represents a hypothesis about 
evolutionary relationships

•  Each branch point represents the divergence of two 
species

Sister taxa are groups that share an immediate 
common ancestor



Different Kinds 
of Trees



myosin tree

An unexpected 
family tree



•  A rooted tree includes a branch to represent the 
last common ancestor of all taxa in the tree

•  A polytomy is a branch from which more than 
two groups emerge



Fig. 26-5 

Sister 
taxa 

ANCESTRAL 
LINEAGE 

Taxon A 

Polytomy 
Common ancestor of 

taxa A–F 

Branch point 
(node) 

Taxon B 

Taxon C 

Taxon D 

Taxon E 

Taxon F 



What We Can and Cannot Learn from 
Phylogenetic Trees

•  Phylogenetic trees do 
show patterns of 
descent

•  This phylogenetic tree 
does not indicate 
when species evolved 
or how much genetic 
change occurred in a 
lineage

•  It shouldn’t be 
assumed that a taxon 
evolved from the 
taxon next to it



Unknown #13 is most 
closely related to: �
(a) Gray whale�
(b) Blue whale�
(c) Fin whale�
(d) Minke whale or �
(e) Humpback whale

?



Applying Phylogenies

•  Phylogeny provides important information about 
similar characteristics in closely related species

•  A phylogeny was used to identify the species of 
whale from which “whale meat” originated

Where did this fish 
come from?

.....and what is redfish 
and whitefish anyway?



Phylogenies are inferred from 
morphological and molecular data

•  To infer phylogenies, systematists gather information 
about morphologies, genes, and biochemistry of living 
organisms

•  Organisms with similar morphologies or DNA 
sequences are likely to be more closely related than 
organisms with different structures or sequences



Identifying Homology and Analogy
• When constructing a 

phylogeny, systematists 
need to distinguish 
whether a similarity is 
the result of homology 
or analogy!

•  Homology is similarity 
due to shared ancestry

•  Analogy is similarity 
due to convergent 
evolution



Convergent evolution occurs when similar environmental 
pressures and natural selection produce similar 
(analogous) adaptations in organisms from different 
evolutionary lineages



•  Bat and bird wings are homologous as forelimbs, 
but analogous as functional wings

•  Analogous structures or molecular sequences 
that evolved independently are also called 
homoplasies!

•  Homology can be distinguished from analogy by 
comparing fossil evidence and the degree of 
complexity

•  The more complex two similar structures are, 
the more likely it is that they are homologous



Evaluating Molecular Homologies

Systematists use computer programs and mathematical 
tools when analyzing comparable DNA segments from 
different organisms



?
Why do systematists need 
computers to analyze DNA 
sequences?�
(a) systematists are lazy �
(b) there are too many 
phylogenetic trees to evaluate �
(c) it is the right thing to do�
(d) there are too many beetles



The number of possible trees can be 
astronomically large

•  for 5 species there are 15 trees possible (fully resolved)

•  the number of trees increases explosively as the number of species goes 
up

•  50 species=  3 x 1076 possible unrooted trees

•  30 million species (the estimated to be alive to day = 10300,000,000)

•  no computer today can search through that quantity of trees

Joseph Felsenstein, 1978



Felsenstein, J. 1978.  
The number of 
evolutionary trees.  
Systematic Biology.

1 taxon = 1 tree
2 taxa =   1 tree
3 taxa =   4 trees
4 taxa = 26 trees.....



How many trees did you say?

1020
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•  It is also important to distinguish homology from 
analogy in molecular similarities

• Mathematical tools help to identify molecular 
homoplasies, or coincidences

Molecular systematics uses DNA and other molecular 
data to determine evolutionary relationships



Stems - 18S rDNA



Hyper-variable regions - 18S rDNA



Shared characters are used to 
construct phylogenetic trees

Once homologous characters have been identified, 
they can be used to infer a phylogeny

etc.........

Species 1

Species 2

no information



Cladistics
Cladistics groups organisms by common descent

•  A clade is a group of species that includes an 
ancestral species and all its descendants

•  Clades can be nested in larger clades, but not all 
groupings of organisms qualify as clades

•  A valid clade is monophyletic, signifying that it 
consists of the ancestor species and all its 
descendants
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(a) Monophyletic group (clade) (b) Paraphyletic group (c) Polyphyletic group 

A polyphyletic 
grouping consists of 
various species that 
lack a common 
ancestor 

A paraphyletic 
grouping consists of 
an ancestral species 
and some, but not 
all, of the 
descendants 

Ancestor and all 
descendants 



Shared Ancestral and Shared Derived 
Characters

In comparison with its ancestor, an organism has both 
shared and different characteristics

•  A shared ancestral character is a character that 
originated in an ancestor of the taxon

•  A shared derived character is an evolutionary 
novelty unique to a particular clade

•  A character can be both ancestral and derived, 
depending on the context
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Inferring Phylogenies Using Derived Characters

When inferring evolutionary relationships, it is useful to 
know in which clade a shared derived character first 
appeared
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Fig. 26-12 
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Phylogenetic Trees with Proportional 
Branch Lengths

In some trees, the length of a branch can reflect the 
number of genetic changes that have taken place in a 
particular DNA sequence in that lineage



In other trees, branch length can represent 
chronological time, and branching points can be 
determined from the fossil record
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Maximum Parsimony and Maximum 
Likelihood

•  Systematists can never be sure of finding the best tree in a 
large data set

•  They narrow possibilities by applying the principles of 
maximum parsimony, maximum likelihood, Bayesian inference, 
and soon simultaneous analyses

Maximum parsimony assumes that the tree that requires the fewest evolutionary events 
(appearances of shared derived characters) is the most likely

The principle of maximum likelihood states that, given certain rules about how DNA changes over 
time, a tree can be found that reflects the most likely sequence of evolutionary events



Reviewing Phylogenetic Trees



Example of Phylogenetic Tree



Example of Phylogenetic Tree



Alternative ways of drawing the 
same tree



Five of these six trees describe 
EXACTLY the same relationship 
among taxa 1 through 6. �
Which tree is different from the 
other five?

?



Alternative ways of drawing the 
same tree



•  more than 1 million 
arthropod species 
described

•  zoologists estimate 3 
million to 100 million 
undescribed species

Biodiversity



The Beetles Rule

numbers in thousands





Data Matrix



Data Matrix



Sort into groups





So which of the two 
phylogenies would you 
select as the better 
supported phylogenetic 
hypothesis? ?



Multiple trees



Multiple trees

Choose cladogram B, because it is supported by 5 shared features.  Cladogram A is 
supported by only 4 shared features.


