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Reading for this topic:
Worobey et al. 2004. Contaminated polio vaccine theory refuted. Nature 428: 820.

[note: when requesting this, request a color copy]

I. Terms & Concepts

A. Phylogeny vs. Cladogram
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I. Terms & Concepts

C. Clades & Monophyletic groups




I. Terms & Concepts

D. Sister groups

I. Terms & Concepts

E. Phylogenetic Evidence
1. Characters & Character states

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

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

I. Terms & Concepts

E. Phylogenetic Evidence
1. Characters & Character states

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. Terms & Concepts

E. Phylogenetic Evidence
1. Characters & Character states

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 inrbcLgene: 0=A;1=G;2=C;3=T.
or

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




I. Terms & Concepts

E. Phylogenetic Evidence
1. Characters & Character states

Molecular Characters

(e.g., amino acid sequence characters)

e.g., Position 5 in rubisco: 0 = glutamine; 1 = proline; etc.

I. Terms & Concepts

E. Phylogenetic Evidence
2. Apomorphies vs. plesiomorphies
a. autapomophy vs. synapomorphy
b. synapomorphy vs. symplesiomorphy

c. hashmarks

I. Terms & Concepts

E. Phylogenetic Evidence
3. Homology, analogy, and homoplasy

I. Terms & Concepts

E. Phylogenetic Evidence
3. Homology, analogy, and homoplasy

Homology = similarity due to common descent

e.g., plicate leaves in Cocos and Serenoa

e.g., petals in Magnolia and Liriodendron

e.g., 5 stamens in Solanum and Capsicum

e.g., flippers in whales and arms (forelimbs)
in terrestrial mammals.

e.g., lack of vertebrae in bacteria, plants,
snails




I. Terms & Concepts I. Terms & Concepts

E. Phylogenetic Evidence : E. Phylogenetic Evidence S
3. Homology, analogy, and homoplasy 3. Homology, analogy, and homoplasy
Analogy = similarity due to similar function Homoplasy = confound phylogenetic inference b/c
(usually only superficial) it creates similarity that is not homologous
e.g., wings in birds and bats and insects e.g., reversals
e.g., reduced to absence petals in e.g., convergence

Poaceae and Fagaceae
e.g., succulence in Aloe and Crassula leaves
e.g., tendrils in grapes and bean plants

I. Terms & Concepts I. Terms & Concepts

E. Phylogenetic Evidence > E. Phylogenetic Evidence
3. Homology, analogy, and homoplasy 3. Homology, analogy, and homoplasy
Primary Homology Assessment Secondary Homology Assessment
(during character coding and scoring) (read from cladogram) Sp. A Red
e.g. — Sp. B Red
PETAL COLOR:
0 =red; 1 = blue Sp. D Blue

Sp. E Blue

Sp. F Blue

Sp. C Red
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I. Terms & Concepts I1. Cladogram Construction

E. Phylogenetic Evidence A. Scope
3. Homology, analogy, and homoplasy A
Ingroup vs. outgroup c
Secondary Homology Assessment
read from cladogram
¢ gram) Sp. A Red Leaf shape
Sp. B Red IG Sp. A cordate b
IG Sp. B cordate B
Sp. C Red IG Sp. C elliptic 1 step on this
Sp. D Blue IG Sp. D elliptic unrooted network

Sp. F Blue

I1. Cladogram Construction

I1. Cladogram Construction
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A. Scope S5 A. Scope
Ingroup vs. outgroup A c Ingroup vs. outgroup A B c b
Leaf shape Roog Leaf shape

IG Sp. A cordate here? 5 IG Sp. A cordate 1ste%on thisk

IG Sp. B cordate B IG Sp. B cordate rooted networ

IG Sp. C elliptic IG Sp. C elliptic

IG Sp. D elliptic Root IG Sp. D elliptic

here? 1 step on this A B ¢ D

Problem: These are equally rooted network
parsimonious




I1. Cladogram Construction

A. Scope

Ingroup vs. outgroup

>
oo

Leaf shape
IG Sp. A cordate

IG Sp. B cordate
IG Sp. C elliptic
IG Sp. D elliptic
OG Sp. elliptic
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I1. Cladogram Construction

B. Data Matrix
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I1. Cladogram Construction

C. Parsimony
in cladogram construction / phylogenetic inference

1. For one character at a time

How to infer a phylogeny
Or

How to build a cladogram:
Synapomorphies

Snail
Hagfish
Perch

Salamander

Lizard

Mouse
Chimp

Human
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How to infer a phylogent How to infer a phylogen
Ko phylogeny Dorsal, Ko phylogeny
How to build a cladogram: Muscle hollow How to build a cladogram:
Synapomorphies Synapomorphies
ynapomorp segments nerve cord ynapomorp

Anus Pharyngeal
Postanal slits
tail

Notochord; hollow dorsal nerve chord 2~ "1 Notochord; hollow dorsal nerve chord




How to infer a phylogeny
or

How to build a cladogram
Synapomorphies

— .
vertebrae; jaws

C_— "1 Notochord; hollow dorsal nerve chord

How to infer a phylogeny
or

How to build a cladogram:

Synapomorphies

O Lungs, 4-legs
1 \ertebrae; jaws

_———1 Notochord; hollow dorsal nerve chord

How to infer a phylogeny
Or

How to build a cladogram
Synapomorphies

Claws or nails

S—]
- Lungs, 4-legs

C_— 1 Notochord; hollow dorsal nerve chord

How to infer a phylogeny
or

How to build a cladogram:
Synapomorphies

C_— 1 Notochord; hollow dorsal nerve chord




Il. Cladogram Construction

How to build a cladogram:

Synapomorphies

C. Parsimony
to cladogram construction / phylogenetic inference

1. For one character at a time (e.g., Tutorial 1)

VERTEBRAE | LEGS | ENDOTHERMY | FUR | MAMMARY | OPPOSABLE | TAIL
GLANDS THUMB

Snail 0 0 0 0 0 - -
Fish 1 0 0 0 0 - 1

Loss of tail Lizard | 1 1 ] ] 0 0 1
Bird 1 1 1 ] 0 0 1
Cow 1 1 1 1 1 0 1
Monkey | 1 1 1 1 1 1 1
Gorilla | 1 1 1 1 1 1 0
Human | 1 1 1 1 1 1 0

T T \ertebrae; - — — ~ ~ L
veneprae;jaws *Note: a “-" denotes that the character is inapplicable—i.e.. not relevant—for that species.

C_— "1 Notochord; hollow dorsal nerve chord

I1. Cladogram Construction I1. Cladogram Construction

Simple when all characters yield compatible results e.g., adding snake would introduce a reversal regardiné
i.e., no homoplasy, where one character does not contradict another absence of legs.
Examples of homoplasy: reversal and parallelism/convergence

VERTEBRAE | LEGS | ENDOTHERMY [ FUR | MAMMARY | OPPOSABLE | TAIL VERTEBRAE | LEGS | ENDOTHERMY | FUR | MAMMARY | OPPOSABLE | TAIL
GLANDS THUMB GLANDS THUMB
Snail 0 0 0 0 0 - - Snail 0 0 0 0 0 - -
Fish 1 0 0 0 0 - 1 Fish 1 0 0 0 0 - 1
Lizard | 1 1 ] ] 0 0 1 Lizard | 1 1 ] ] 0 0 1
Bird 1 1 1 (1] o (1] 1 Bird 1 1 1 (1] o (1] 1
Cow 1 1 1 1 1 0 1 Cow 1 1 1 1 1 0 1
Monkey | 1 1 1 1 1 1 1 Monkey | 1 1 1 1 1 1 1
Gorilla | 1 1 1 1 1 1 0 Gorilla | 1 1 1 1 1 1 0
Human | 1 1 1 1 1 1 0 Human | 1 1 1 1 1 1 0

*Note: a “-" denotes that the character is inapplicable—i.e.. not relevant—for that species. *Note: a “-" denotes that the character is inapplicable—i.e.. not relevant—for that species.




I1. Cladogram Construction

e.g., adding pedalism as a character would introduce a 2
parallelism / convergence regarding bipedalism.

I1. Cladogram Construction

VERTEBRAE | LEGS | ENDOTHERMY FUR MAMMARY | OPPOSABLE | TAIL
GLANDS THUMB

Snail 0 ] 1] o 0 -
Fish 1 0 0 o o 1
Lizard 1 1 0 [ [ 0 1
Bird 1 1 1 0 o 0 1
Cow 1 1 1 1 1 [ 1
Monkey | 1 1 1 1 1 1 1
Gorilla | 1 1 1 1 1 1 [

1 1 1 1 1 1 0

C. Application of Parsimony
to cladogram construction / phylogenetic inference

2. For multiple characters at a time

(e.g., Tutorial 2, but below is different)
a. Start with all possible ingroup topologies

char 1 che 7 char 1 has 4
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I1. Cladogram Construction

C. Application of Parsimony
to cladogram construction / phylogenetic inference

2. For multiple characters at a time (e.g., Tutorial 2)

b. Use parsimony to map characters
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I1. Cladogram Construction

C. Application of Parsimony
to cladogram construction / phylogenetic inference

2. For multiple characters at a time (e.g., Tutorial 2)

c. Choose cladogram with fewer steps
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10"steps”

Loss of tail

— .
vertebrae; jaws

C_— "1 Notochord; hollow dorsal nerve chord

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

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

C_— 1 Notochord; hollow dorsal nerve chord

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

vertebrae; jaws

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

o Lungs, 4-legs

[
Lungs, 4-legs
vertebrae; jaws

@rtebrae; jaws

C_— "1 Notochord; hollow dorsal nerve chord

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

Claws or nails

Claws or nails i ungs, 4-legs

vertebrae; jaws

Notochord; hollow dorsal nerve chord

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

g
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Fur; mammary glands Claws or nails
| I—
Claws or nails
| ——
| ——
ungs, 4-legs

———iungs, 4-legs

vertebrae; jaws

Notochord; hollow dorsal nerve chord

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

B
| I—
Fur; mammary glands
| —
Claws or nails
| —
| —
ungs, 4-legs

Claws or nails

> JLungs, 4-legs

L

vertebrae; jaws

Notochord; hollow dorsal nerve chord
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17steps”

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

B
| I—
Fur; mammary glands
| ——
Claws or nails
| ——
| ——
ungs, 4-legs

Claws or nails

o Lungs, 4-legs

vertebrae; jaws

Notochord; hollow dorsal nerve chord

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

hitp:/Anww.youtub watch?v=_kRb06w_XPo

18 steps”

B

| —
Fur; mammary glands

| ——

Claws or nails

Claws or nails

E—]
= Lungs, 4-legs

ungs, 4-legs
vertebrae; jaws

Notochord; hollow dorsal nerve chord
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