Phylogenetiestimation

* Reconstructing evolutionary history
— Phylogeny building
— Parsimony
— Other methods
« Using phylogeny in evolutionary analysis
— Rates of change
— Classification
— Hypothesis testing



Phylogeny and Evolution

* The evolutionary relationships among
groups of organisms

— Reflects single unique history of life

— Pictured as a phylogeny @ladogram
 ‘cladé is related group of organisms



Phylogenetidree
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How to make a tree

* Principle of parsimony

— Less complicated explanations more likely to
e correct

— In evolutionary biology, phylogenies that
require fewer evolutionary transitions more
likely to be correct




Cladisticmethods

e Synapomorphy= shared derived traits
— E.g. mammals and hair
— Reflect true evolutionary history

« Homoplasy= ‘noisé character similarity
does not reflect evolutionary relationships
— trait reversals
— Convergent evolution



Applying cladisticmethods

|dentify synapomorphidraits
— Homology: structural, developmental, genetic

Codetaxafor traits

Use parsimony to infgsghylogenetic
relationships

Validating and assessing tree



Synapomorphyn bird evolution
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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
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Example: the evolutionary
relationships of whales




A phylogeny IS a hypotheS|s




What data might test these
hypotheses?

 Morphology, including fossils

— 55 myafossil ankle bones, resembled fossil
mammals calledhesonychians

— Morphologically resemble extant Artiodactyls

« DNA sequences
— Suggest relationship to Hippopotami



Advantages and limitations:
morphology

* Only data available for fossils (+)

e Can reducenomoplasythrough study of
development (+)

— But convergent evolution may still cause a false
sense of relatedness (-)

* Very slow (-)



Advantages and limitations: DNA

-airly fast and easy (+)
Homoplasynot independently tested (-)

~ew character states (A, C, T, G)

— Reversals more likely (-)

— ‘saturatioh = no new changes possible (-)

Problems and usefulness depends on how fast DNA
evolves and age ¢hxaanalyzed

— Fast evolving good for species, populations, eEMA
fingerprinting

— Slowly evolving good for more distantly relatexa




Often best approach combines

 morphology

e Uses different sections of DNA
— Mitochondrial
— Nuclear
— Coding v non-coding



Astragalusankle-bone evidence

« Single morphological character

« All Artiodactlyshave pulley shaped and smooth
astragalusn both ends




Whales, parsimony,

Deer

Hippo

Pig

. Peccary

Whale
?

arabtragalus

Camel -|:|-

Outgroup \\r

G
Outgroup >
K %

Camel



Parsimony with molecules
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Comparing trees and their suppot

 Many different trees are possible
— For fourtaxa 3 possible trees
— For fivetaxa 15 possible trees
— Six taxa-> 105 possible
— Seven -> 945
— Eight -> 10,395
e Often not possible to evaluate every
possible tree



Tree evaluation

* Could be several equally most parsimonious
trees

 Braches in agreement are well supported
— Strict consensus tree
— Majority rule consensus tree

 Resample data, calléedootstrapping
— Estimates support for branches



Comparing different methods

e Parsimony and bootstrapping support
whales + hippos scenario

e Other methods do too
— Distance matrix methods
— Maximum likelihood



Overall support

« Confidence in a phylogeny increases If:
— Diverse data sets agree
— Different analysis methods agree
— Statistical support strong

* A phylogeny is always a working
hypothesis, subject to further testing



What good Is a phylogeny?

« Analyzing rates of change
— Molecular clock

o Classification
e Testing hypotheses



Molecular clock

e Basic idea
— |If mutation rates are about constant
— And If generation time Is about constant

— Then nucleotide changes should accumulate In
proportion to time

 Then you could estimate date of divergence
of taxafrom the nucleotide data



DNA clock calibration

« Calibrate to known divergence time

— E.qg. geological ages basedraadiocarbomr other dating
technigues

e Calibrate molecular clock for
— Type of organism working with (generation time)
— Type of DNA working with

 E.g., vertebratenitochondrialDNA clock estimates
average about 2% divergence per million years
— Or 1% change per lineage



Phylogeneticlassification

 We discussed problems
with species concepts.

e But worse, what is a
‘genus a‘family’ or
other higher taxonomic
category?

 |f Artiodactlyais an

Order, then why arén
whales considered

Artiodactlys?




Phylogenetic systematics

Only monophyletiagroups
should be named
Monophyleticgroups contain

common ancestor and all of its
descendents

Paraphyleticdas common
ancestor, but not all descendent

Polyphyleticdoes not have
recent common ancestor




Studyingcoevolution

e Coevolution= interactions between species
that result in reciprocal adaptation

— We might expect that repeated interaction over
time would lead to specialization
— Specialization might lead to co-speciation

 When one partnepeciatesthe other gets dragged
along



Aphids andendosymbiont
bacteria co-speciation

Aphids Symbiotic bacteria
3. Qramunwm

A, pisum

M. ludiovicianae

ic)

— UL arigeronense

L U caligaturm

g’g — UL furalé 3 00
U, hehanthicola B7

891 UL jaceicola

100

UL obscurrm

78 UL rapunculoidis 81
84 I: UL sanchi '

U salidaginis —— 61

a9 Ll jacean 85
—E Relationship of node in bacterial
L agnaum

g4  tree to node in aphiid tree:

Bl

— UL rudbeckiae

B4 6 ® same
—I: L aslronomus 94 consistent
53 U, ambrosige [ ] contradicls

Copyright @ 2004 Pearson Prantica Hall, Inc.



Testing adaptive
hypotheses

Acerodon mackioti

T
Somie”

(@)

Pteropus giganteus ”
| Pteropus tonganus 8 03-
Pteropus poliocephalus E - °
Pteropus alecto 8 0.2 ° L
Pteropus scapulatus 2 01- e
Dobsonia peroni T e
Eidolon helvum o 0 - T o ¢
— Rousettus aegyptiacus w .| T
— Rousettus amplexicaudatus g014 o ¢
' Macroglossus minimus & 024
Macroglossus sobrinus o
e Fonycteris spelaea % -0.3 -
o Epomops buettikoferi 2 04 o | : : —
Epomophorus anurus o
Micropteropus pusillus = -5 -1 05 0 05 1 15

Cynopterus sphinx Contrasts in group size



Informing public health policy

e Major reforms
In physician-
patient contact
Initiated after
demonstration
that a dentist
transmitted HIV
to patients




