Tracing Phylogeny

The 'Great Clade Race'
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Tree thinking.... terminology
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Characters: morphology or molecular

Method: discrete (Cladistics) or distance (Phenetics)
"Phylogenetic Systematics” “Principles of Numerical Taxonomy"
l Willi Hennig 1966 Sokal & Sneath 1963

Implementation: Parsimony, Maximum Likelihood, Bayesian Inference

Algorifhm: Fitch, Dollo, Wagner, Generalized

Strategy: exhaustive, branch-and-bound, heuristic
t=3 => 3 possible trees
t=4 = 15
+=210 = 2 million (2t - BY/[21 -3 (1- 3)I] for 1> 1
(Cavalli-Sforza & Edwards 1967)
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Parsimony
principle

(extension of Occam's Razor)
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Scaling branch lengths fol e
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Evaluation
* 'eyeballing Bullacris membracioides

* consensus trees
* bootstrapping

84 Bullacris intermedia
Bullacris serrata
Bullacris discolor
66 Physemacris variolosus
Bullacris obliqua

Pneumora inanis

Pneumoracris browni

Parabullacris vansoni
Bullacris unicolor

Phymateus

16S & ITS alignments, MP & ML,
bootstrap support under MP (1000 reps)
gl=-0.8622
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Rates:
- mammal mt 2% per MY o
- shark mt 0.2% per MY 1900 1920 1940 1960 1980 2000

Year

Scaling branch lengths for time

« alignment of nodes with fossil dates
* molecular clock
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Globe-shaped head
Pelvic structure modified so that the
pubis is parallel to the ischium and illium

Tail vertebrae with flanges that are reduced
or absent

Fused pelvic structure with more than 8 vertebrae

Length of radius length of ulna (bones of the lower wing)
less'than 0.7

A breastbone with a prominent ridge (called a keel)

Complex feathers; fewer than 26 tail vertebrae

Simple feathers

* Classifying life

* How many times has X evolved? e.g. eusociality in insects
* Coevolution*

* Homology vs Analogy

* Biogeography

* Origin of disease agents™

* Establishing the sequence of character change

» Evolutionary rates

... pitfalls of molecular phylogenetics?
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Prediction: Fungal phylogeny Ant phylogeny
. Lepiota procera
COngf'UenT phylogemes  — Coprinus cinereus
 — Agaricus bisporus
 — Athelia bombacina
. 98 Atta cephalotes
Sericomyrmex bondari
96|
99 Trachymyrmex bugnioni
Cyphomyrmex rimosus
\pi i collare
99 Boletus santanas
Xerocomus chrysenteron
14
Origin of disease agents [
|
|
Yersinia pestis ((\24
. |
6t century - Africa g e
. [ .
14th - Central Asia | |Eestasientie
17 - China [
/
“/ Branch lengths are proportional
( to the genetic distance between
\ < strains.
v -
A

:| Central Asian type

\ - —
\

P .

of root —

African type

\ Ancient Win s

Ancient Wings 54 butterflies in the genus Bicyclus
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The Evalutionary Tres

http://www.arachnology.org/monteiro/flash/
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How not to read evolutionary trees
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mammals just

fish are 50% 10% of verts
MiSCOhCGpﬁOI’] #e: a of vertebrates
Main Line & Side Tracks Y Yoo @& o
™ main lines" 10%
ere are no main lines” or b 50%

“side tracks" in evolution
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Misconception #4:
Similarity versus (* 'ﬂ*{

Relatedness | |

Misconception #3: Reading across the Tips
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The order of terminal nodes
is meaningless!

Is the frog more closely
related to the fish or the
human?

Misconception #5: Sibling versus Ancestor
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unbalanced, rightladderized tree

Evolutionary trends cannot be identified by reading across the tips.
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Misconception #6:
Long Branch Implies no Change
(or "Less Diverse Equals Basal Equals Ancestral”)
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Out-group is not
"more primitive"




Misconception #7:
Different Lineage
Ages for Modern
Species

[A=(B+D)=(B+C+E+G)=(B+C+F+H)]
[D=(c+E+G)=(C+F+H)]
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Misconception #8:
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Backwards Time Axes
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Misconception #9:
More Intervening
Nodes Equals More
Distantly Related

Misconception #10:

Change Only at
Nodes
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