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Intro to Cladistic Analysis

A.  Scope

1. Ingroup vs. outgroup

e.g., angiosperms vs. non-angiosperms
e.g., primates vs. non-primates

I. Overview

OG A B          C

I. Overview
B. Phylogenetic evidence

1. Characters & Character states

a. Morphological Characters

e.g., Phyllotaxy: 0 = alternate; 1 = opposite; 2 = whorled.

e.g., Carpel Presence:  0 = absent; 1 = present.



2

I. Overview
B.  Phylogenetic Evidence

1. Characters & Character states

b. Molecular Characters
(e.g., DNA sequence characters)

Protein coding genes (e.g., cox1 or rbcL)
Structural RNA genes (e.g., 18S or 26S rDNA)

I. Overview
B.  Phylogenetic Evidence

1. Characters & Character states

b. Molecular Characters
(e.g., DNA sequence characters)

Protein coding genes (e.g., cox1 or rbcL)
Structural RNA genes (e.g., 18S or 26S rDNA)

e.g., Position 36 in rbcL gene: 0 = A; 1 = G; 2 = C; 3 = T.

or 

e.g., Position 36 in rbcL gene: A; G; C; T.

I. Overview
B.  Phylogenetic Evidence

1. Characters & Character states

b. Molecular Characters

(e.g., amino acid sequence characters)

e.g., Position 5 in rubisco: 0 = glutamine; 1 = proline; etc.
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I. Overview
B.  Phylogenetic Evidence

c. Primary Homology Assessment
(during character coding and scoring)

e.g., 
PETAL COLOR: 
0 = red; 1 = blue

Position 4 in rbcL
A ; G; C; or T

I. Overview
B.  Phylogenetic Evidence

c. Primary Homology Assessment
(during character coding and scoring)

e.g., 
PETAL COLOR: 
0 = red; 1 = blue

Position 4 in rbcL
A ; G; C; or T

d. Data Matrix
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I. Overview
C.  Recognizing synapomorphies to resolve cladogram

1. Uses the OG to root the cladogram (cladogram is rooted
Between the OG and the IG)

2. Parsimony

DBA

1 step on this 
rooted network

1 step on this 
rooted network

Problem: These are equally
parsimonious

A C D

C

B

Leaf shape
IG Sp. A cordate
IG Sp. B cordate
IG Sp. C elliptic
IG Sp. D elliptic

1 step on this 
rooted network

1 step on this 
rooted network

A C DB

D A BC

Problem: These are equally
parsimonious

Leaf shape
IG Sp. A cordate
IG Sp. B cordate
IG Sp. C elliptic
IG Sp. D elliptic
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2 steps on this rooted 
tree, either way…

1 step on this 
rooted network

OG C DB

Leaf shape
IG Sp. A cordate
IG Sp. B cordate
IG Sp. C elliptic
IG Sp. D elliptic
OG Sp. elliptic

OG A BCD

A
OG C DBA

II. Cladogram Construction
A. Choose best cladogram

1. Start with all possible ingroup topologies

II. Cladogram Construction

2. Use parsimony to map characters
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II. Cladogram Construction

3. Choose cladogram with fewest steps

vertebrae; jaws

Claws or nails

Fur; mammary glands

Loss of tail

Notochord; hollow dorsal nerve chord

Lungs, 4-legs

10 “steps”

How to evaluate an alternative cladogram? Parsimony (number of steps)
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Notochord; hollow dorsal nerve chord

How to evaluate an alternative cladogram? Parsimony (number of steps)

vertebrae; jaws

vertebrae; jaws

Notochord; hollow dorsal nerve chord

How to evaluate an alternative cladogram? Parsimony (number of steps)

vertebrae; jaws

vertebrae; jaws

Notochord; hollow dorsal nerve chord

Lungs, 4-legs

Lungs, 4-legs

How to evaluate an alternative cladogram? Parsimony (number of steps)
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vertebrae; jaws

vertebrae; jaws

Notochord; hollow dorsal nerve chord

Lungs, 4-legs

Lungs, 4-legs

Claws or nails

Claws or nails

How to evaluate an alternative cladogram? Parsimony (number of steps)

vertebrae; jaws

vertebrae; jaws

Notochord; hollow dorsal nerve chord

Lungs, 4-legs

Lungs, 4-legs

Claws or nails

Claws or nails

Fur; mamm

Fur; mammary glands

How to evaluate an alternative cladogram? Parsimony (number of steps)

vertebrae; jaws

vertebrae; jaws

Notochord; hollow dorsal nerve chord

Lungs, 4-legs

Lungs, 4-legs

Claws or nails

Claws or nails

Fur; mamm

Fur; mammary glands

How to evaluate an alternative cladogram? Parsimony (number of steps)

tail
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vertebrae; jaws

vertebrae; jaws

Notochord; hollow dorsal nerve chord

Lungs, 4-legs

Lungs, 4-legs

Claws or nails

Claws or nails

Fur; mamm

Fur; mammary glands

How to evaluate an alternative cladogram? Parsimony (number of steps)

tail

17 “steps”

vertebrae; jaws

vertebrae; jaws

Notochord; hollow dorsal nerve chord

Lungs, 4-legs

Lungs, 4-legs

Claws or nails

Claws or nails

Fur; mamm

Fur; mammary glands

How to evaluate an alternative cladogram? Parsimony (number of steps)

18 “steps”

karate

tail

http://www.youtube.com/watch?v=_kRb06w_XPo

II. Cladogram Construction
B. The size of the problem

1. Number of stars in the universe
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II. Cladogram Construction
B. The size of the problem

2. Number of possible trees

II. Cladogram Construction
C. Major Parsimony-based cladistic programs

Hennig86

II. Cladogram Construction
C. Major Parsimony-based cladistic programs
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II. Cladogram Construction
C. Major Parsimony-based cladistic programs

II. Cladogram Construction
C. Major Parsimony-based cladistic programs


