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Outline:

the problem

constructing phylogenies
informative characters
direction of change -- outgroup

methods -- parsimony (maximum likelihood, bayesian)

reliability-- bootstrapping

using phylogenies to answer evolutionary questions
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phylogenetic analysis and evolution
evolution is infrinsically hierarchical ---> lineage diversification

phylogeny: hypothesis about the evolutionary history
of a group of species

reconstructing evolutionary history
groupings that reflect shared ancestry
how has the character changed over time

how much diversity does the character show now
species turnover -- substitutionof groups (extant vs. fossil)

types of characters

(morphological, behavioral, ecological)

molecular: rDNA, mtDNA, nuclear genes

CRE
Monkey 1 atggccacagacatcfgegteagagataggaggtttcaatgecacgggcaggggcaacte 60
Human 1 atggccacagacatcfgegteaggagataggaggtet caatgccacgggeaggggeaacte 60
Mouse 1 agggccacagacatcfgegtcagagataggaggtet caatgccatgggecaggggegactg 60
Pig 1 agggccacagacatcfgegt cagagataggaggtet caatgccatgggcaggggeaacte 60
Cow 8 agggccacagacatcfgegtcagagataggaggtetcaatgecatgggcaggggcaacte 60
Rat 1

agggccacaqacatctgcgtcagagataqgaqgtgtcaatxccai_:gggcaqgggcaactg 60

ml p m2

Monkey 61 ggactgtggggcgtggaaaggactggagaagactgg 96
Human 61 ggactgtggggcgtggaaaggactggggaagactgg 96
Mouse 61 ggactgtggggcgtgggaaggactgggggagactyg 96

Pig 61 ggactgeagggcgtgggaagggetgg-gaagactgy 95
Cow 61 -gactgeggggcgtgggaagggetggggaagactgyg 95
Rat 61 ggactggagggcgtgggaaggactgggggagactgyg 96

h
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phylogeny reconstruction

* choose genes of interest

« identify homologous genes in other species

« align sequences

« calculate tree 12 3 4 s

characters that appear in only one species are uninformative
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synapomorphy: shared derived character

larva
egg = (grub)

é

Archeognatha, jumping bistietails
Zygentoma, silverfish, bristletals |
Odonata, dragon files,damse fiies
rmaptera, earwigs
rla, cockroaches

I_ Orthoptera, grasshoppers, locusts
Thysanoptera, thrips

g g
) | . . | | B % 1

R’!‘v_.

8 . v
g adult pupa

% 2 complete metamorphosis

is a synapomorphy of
: holometabolous insects
g

synapomorphy in molecular data

DNA sequences in descendants:

TGCTATT TGCTTTT TGCTTTT

DNA sequence
\ changes to: TGCTTTT
Ancestral DNA
sequence: TGCTATT
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an outgroup enables a rooted phylogenetic tree

Azure- wmged Korean Eurasian Black b|IIed Yellow-billed
magpie magpie magpie magpie magpie
| genus Pica

genus Cyanopica

an outgroup is a species that diverged before
the existence of the last common ancestor
of all of the other species being studied

how do we decide which tree is best? § i * @
Parsimony: topology that minimizes
total evolutionary change
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Reversion of
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dark blue Parallel evolutionary
character to changes from dark
lightblue state | green to light green state 1
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-+ A Change of light
blue character
to dark blue state
3 Inferred Change from dark purple
" ancestral ancestral state to light
state purple derived state

2 Inferred
" ancestral
state

Black- YeIIow- g

Korean Eurasian billed billed Korean
magpie ' magpie magpie magpie magpie

:

Black- YeIIow-
Eurasian billed billed
magpie magpie magpie

| Black beaks originate
independently three
times if the ancestral

state was yellow

Yellow beaks
originate once
if the ancestral
state was black
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Other criteria besides parsimony can be used
Yo build and evaluate trees

Distance methods:
group taxa according to overall similarity

Maximum Likelihood:

for a particular phylogeny, what is the probability
of getting the observed character distribution

Bayesian methods:

what is the probability of the tree being accurate
given a particular model of evolution

Challenges to phylogenetic inference: unequal rates of change

Lengthof D+ E

< Lengthof A +BC i \
A 5 :




long branch attraction

True tree Inferred tree
A C A C
B D B D

problem: long branch attraction

where do the Strepsiptera belong?

Cicada

Cicada
Cercopid
Strepsiptera
Aedes
Drosophila
Meloe
Tenebrio

Polistes
Scarpianfly

Sawfly

Lacewing

Antlion

consensus of 27 most
parsimonious trees

Polistes
Flea
Scorpionfly
Sawfly

Drosophila

[ Cicada
[~ Cercopid

Diptera and Strepsiptera
have unusually long branchs
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Challenges to phylogenetic inference: non-vertical evolution

recombination
hybridization
lateral gene transfer

b. Fi F2

Challenges to phylogenetic inference: homoplasy

homology parallelism convergence

ancestor —»

had the ancestor

same had initial —

feature feature that more distant
led to later common —»
similarity ancestor I

L]

Thylacosmilus Smilodon
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how many differenttrees?

D A

The Number of Different Unrooted Trees for 3-30 Taxa

Number of Taxa Unrooted Trees

3 1

4 3

5 15

6 105

7 945

8 10,395

9 135,135

10 2,027,025

1 34,459,425

12 654,729,075

13 13,749,310,575 more 13 species trees than people on earth
14 316,234,143,225

15 7,905,853,580,625

16 213,458,046,676,875

17 6,190,283,353,629,375

18 191,898,783,962,510,625

19 6,332,659,870,762,850,625

20 221,643,095,476,699,771,875

21 8,200,794,532,637,891,559,375

22 319,830,986,772,877,770,815,625 more 22 spp trees than stars in the universe
23 13,113,070,457,687,988,603,440,625

24 563,862,029,680,583,509,947,946,875

25 25,373,791,335,626,257,947,657,609,375

26 1,192,568,192,774,434,123,539,907,640,625

27 58,435,841,445,947,272,053,455,474,390,625

28 2,980,227,913,743,310,874,726,229,193,921,875

29 157,952,079,428,395,476,360,490,147,277,859,375
30 8,687,364,368,561,751,199,826,958,100,282,265,625
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statistically evaluate individual clades
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Phylogenies and statistical confidence

Bootstrapping
used to determine confidence in a give node

resample data (with replacement)
build new phylogeny

determine if node is present
repeat 100 - 10,000 times
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Bootstrap replicates
Resample:

Character data 1 2 ... 1000
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Estimated tree Replicate trees
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bootstrap confidence intervals

C, G, A, A, A, B o o

Tree shrew 44—

Mouse g
Placental
920 Rat . mammals
(Eutheria)

Theria
100

EE Rallsby L Marsupials
Opossum @\ | (Metatheria)

100 Platypus ’ Monotremes
) (Prototheria)
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2
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~—— 0.1 substitutions/site

USEng Phylogcnics: origin of the ratites
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A Late Permian 255 Mya

B Late Jurassic 152 Mya

C Late Cretaceous 94 Mya

ratites are restricted to the southern hemisphere
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ratites are a monophyletic group ———————Emu %
Kiwi 9

5

Ostrich %‘
Common

ancestor to

the ratites Greater rhea i}*&‘

Lesser rhea "
loss of flight has occurred [~¥oe2
repeatedly | ﬁ
Moa 1

Great tinamou ﬁ‘?}';;

Elegant crested &
Pal

tinamou

Chicken

(Outgroup) ¥

Duck
(Outgroup)

A phylogeny represents the evolutionary history of a lineage in terms
in terms of when splits arose and how much descendant taxa
differ from the ancestor

Molecular sequence data have revolutionized the construction of
phylogenies because they provide large numbers of simple
characters

Phylogenies are based on shared derived characters; ancestral vs.
derived state is determined by comparison to an outgroup

Parsimony is the most frequently used method for constructing
phylogenies, but it may produce multiple equally parsimonious
trees, especially if the number of taxa is large

Bootstrapping is a statistical method used to evaluate clades within
a phylogenetic tree

Robust phylogenies based on molecular data enable evolutionary
biologists to address several types of questions
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