


Tools of the trade

- To reconstruct history of life:

Phylogenetic trees
@ Phylogeny: evolutionary history

® Phylogenetic tree: visualization of
ancestor-descendant relationships

Fossil record

® Provides only direct evidence of:

Physical morphologies
Where they lived

When they lived




Phylogenetic trees

Branch
Represent population through
. time
Node (or fork)
Where 2 branches diverge

y When ancestral species split
D

Terminal node (or tip)

Living today or extinct



Estimating phylogenies

Phylogenies summarize data on evolutionary history

Analyze morphological and /or genetic characteristics

Two strategies
Phenetic approach

Cladistic approach



Parsimony

Principle of logic

Most likely pattern implies least amount of change

Assumption

A

Homoplasy is rare

Best phylogenetic tree

Fewest evolutionary

changes most accurately

D depicts reality




Phenetic approach

Phylogenetic tree based
on:

Computed statistic
Usually from DNA

Summarizing similarity
among groups

Ancestral
sequence

‘.\

AAA GCT ACT

o
o
o

Most recent

Clusters more similar
groups

Distances more divergent
groups

Derived sequence
(the “C” in the
third position)

J
J
’.

Species 1)
AAC GCT ACT E P | Monophyletic
Species 2 i s
OA
Species 3]
" oc P ¢ Monophyletic
AAA GGT ACT species 4| 9P

common ancestor
before populations split



Cladistic approach

Infers trees based on
synapomorphies
Synapomorphies:

Similarities in derived
characteristics

Clades:

Monophyletic groups that
share common ancestors

aka lineages
Based on fossils & /or DNA

Annelida (earthworms)

Mollusca (clams, squids) Arthropoda (iobsters)

Tunicates

Platyhelminthes (sea squirts)

(flatworms)

Fish &

segmentation mammals

Echinoderms
(starfish)

Complete gut:
mouth from
blastopore

Pharyngeal gill slits

Cnidaria (jelly fish)
Spiral cleavage

Complete gut: mouth not from

Porifera (Sponges) blastopore

Bilateral symmetry

Radial cleavage
Symmetrical body plan

Multicellular with division of labor



Homology vs. Homoplasy

71 Problem: similar traits can evolve independently

1 Homology: similar traits due to shared ancestry

1 Homoplasy: similar traits not due to ancestry

This node represents
the common ancestor
of dolphins and
ichthyosaurs. It is
unlikely that it had

a streamlined body,
long jaws filled with
sharp teeth, or fins
and flippers because
few of its descendants
did

Synapsids

Monotremes
Common dolphin

Marsupials

........... p | Dolphins

. 0.5m

: Primates —
Dolphins and
ichthyosaurs Rodents
evolved their
similar features Dinosaurs
independently Ichthyosaur

: Birds -

..................... > jum Ichthyosaurs S *Q‘ =
0.5m

Lizards



Convergent Evolution

1 Cause of homoplasy
1 Occurs when natural selection favors similar forms

1 How do you know?

Similar traits should be found in intermediary lineages




Evidence for homology: morphology
N

1 Homologous structures

0 Physical similarities b /n different species




Evidence for homology
e

1 Chromosomal
Hox genes on both insects and humans
® Hox organized on chromosome same way

® Share 180 base-pair sequence

® Products of genes produce similar functions

Arthropods Fruit-fly Hox complex
(insects, spiders, -I--- HHEHEE-EE-I—-
Infer that crustaceans) lab pb bcd Dfd Scr ftz Anitp Ubx abdA abdB
common ) ) ...
ancestor had Annelids
Hox genes (earthworms, ;
lesches) The genes in the Hox
-------- These complexes of fruit flies
i Mollusks d d by h
Sy (eniaills, clams,, } escendants and humans have
e ’ | also have similar sequences and
squid) s
Hox genes are in the same order
on their chromosomes

Echinoderms :
(sea stars,
sand dollars) -
Chordates Human Hox complex '

(vertebrates) ] [={ =]

1 2 3 4 5 6 7 8 9 10 11 12 13



Whale evolution

01 Artiodactyl
o Hippos, cows, deer, pigs
o Mammals with

m Hooves
® Even number toes

® Pulley-shaped ankle bone

= Astragalus

1 Whales don’t have astragalus



Whale evolution

0
=1 Morphologically Whale pg>
o1 Whales are outgroup P——Ic— Ve
= Camel
® Related, but not a part of \

Peccary ”
Gain of pulley-
shaped astragalus : .
L g
Astragalus
(ankle bone) Desr ?E i !

oy

Cow




Whale evolution

-1 DNA suggest

close relationship b/n
whale and hippo

-1 Requiring 2 changes to
astragalus trait

71 Not parsimonious

Gain of pulley-
shaped astragalus

t

share four
(4, 5, 6, and 7)

Locus 1 2 3 [4506 7 8 1 = gene presen
0 = gene absent
Cow 0 0 000 001 2 = still undetermined
Deer 0O 0 0 0 0 0 0 1
Whale 1 1 1|1 1 1 1|0 Whalesand hippos
Hippo 0 ? 0|1 1 1 1|0 unique SINE genes
Pig 0O 0 0 2 0 O 0 O
Peccary ? 2?2 2?2 2?2 2?2 2?2 2 2
Camel 0O 0 0 0 0 0O 0 O

Whale
Loss of pulley-
shaped astragalus



Fossils

‘3v.v:p°f“.. 71 Preserved traces of organisms
-1 Provides only direct evidence
= What looked like
1 Where they lived

1 When the existed

2. Tree falls.

3. Flood buries
remains in sand
and mud.

4. Over millions
of years, remains
_ are buried further.




Types of fossils
e

1 Intact fossils

No decomposition

1 Compression fossils

Sediment compresses

(a) Intact fossil (pollen)

(b) Compression fossil (leaf) (c) Cast fossil (bark)

1 Cast fossils

Decomposition creates holes

1 Permineralized fossils

Minerals infiltrate cells

(d) Permineralized fossil (trunk)




Limitations of fossil record

Fossilization is rare Temporal bias
Only 10 specimens of More recent fossils are
Archaeopteryx more common
1 out of every .
200,000,000 Abundance bias
Habitat bias More abundance species

Active sedimentation Little to no knowledge of

- rare species
Low decomposition P

Taxonomic bias
Vertebrate-centric



HISTORY OF LIFE



Life’s timeline

Present

Cenozoic Era

Mesozoic Era

Paleozoic Era

2S00
Precambrian Eon

MNurnbers represent millions of years

1 Earth
Formed 4.6 billion
Life began 3.4 billion

1 Geologic Time
Eons
Eras
Periods

1 How do we know?¢

Radiometric dating
40p - 40Ar



Precambrian

1 4.6 billion — 542 million years ago
o Life was unicellular

-1 Barely any oxygen present
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Precambrian
N

Millions of
years ago
[ "‘-‘ Eons First appearances
3800 First oceans; heavy bombardment
mya (collisions with large asteroids and
g other bodies) from space ends
E
£ Hadean
©
0 Eon
g - Liquid water on Earth
— Earth formation complete
- Moon forms
. 4570 Formation of solar system
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Precambrian

Precambrian

Millions of

years ago
,": Eons First appearances f

- 2500 First cyanobacteria
mya

= First evidence of oxygenic
photosynthesis

Archaean

Eon 9
B

— First evidence of photosynthetic cells
— Origin of life )

L 3800 First oceans; heavy bombardment
(collisions with large asteroids and
other bodies) from space ends

15" Chemical Evidence
12C:13C
1" Physical Evidence
Stromatolites
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Precambrian
N

Millions of
years ago
—w First appearances

." i 9 . . .
saz___EOmS S arerlly symmetric animals * Anaerobic respiration
mya Ocean completely oxygenated
First lichen-like d e Glucose = 2 ATP
organism
* Aerobic respiration

* Glucose = 32 ATP

sk rad slgas: Tesk evionce P‘ * Endosymbiotic theory
* Eukaryotes engulfed and

retained beneficial

Precambrian

First photosynthetic eukaryotes
Q‘ prokaryotes
First eukaryotic fossils ¢ Eth event thoughf 1'0 hqppen
Fn . only once
First rocks containing oxygen
(in atmosphere and ocean) ° Ch I oro p I as 1.

L 2500

First cyanobacteria j hd M"OC h O n d I’i CI

* THE Sexual Revolution
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Phanerozoic Eon: Paleozoic Era
1

1 Cambrian explosion
) Animals
7 Appeared /%?\%ﬁ?ﬂg =

Jssk

?“MM‘W i
Permian

n Fun I Carboniferous ’
L/“ " : Deyon!an
Paleozoic Silurian

e —

= Land plants % i
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Phanerozoic Eon: Paleozoic Era

-
11 Cambrian Explosion

Fastest “radiation” of
speciation in history of Earth

Darwin struggled to explain
this in terms of natural
selection

Niles Eldredge & Jay Gould

m Evolution long-intervals of stasis

® “punctuated” by periods of
short rapid change

w1972




Phanerozoic Eon: Paleozoic Era

Possible causes of Cambrian Explosion
Increased oxygen levels

Aerobic respiration more efficient

Origin of predation

Selection prey for defense ability

New genes, new bodies

Mutations allowed more complex bodies



Fossil evidence of Cambrian explosion

Burgess Shale (Canada)
Nearly every major animal group
First indication of increased size and
complexity
Ediacara Hills (Australia)
Small, soft-bodied animals
Sponges, jellyfish
Doushantuo (China)
Microfossils
Sponges, cyanobacteria, algae



Fossil evidence of Cambrian explosion
o

: 500
; mya
e
<)
w
L Burgess A
c R Shale LN
o g fossils & &8
L g
; £
et
S
542
Ediacaran
fossils _ 2
c °g ", \~
o 565—
& .
Q " . —
s Doushantuo  Egjacara fossils are small and soft-bodied.
3 fossils
<
§ Proterozoic
e Eon
3
8

Doushantuo fossils are microscopic (shown: early embryos).



Phanerozoic Eon: Paleozoic Era

1 Permian-Triassic extinction

o1 Extinction of almost all

multicellular life

o Largest in Earth’s history

11 96% marine species

11 70% terrestrial species
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Phanerozoic Eon: Paleozoic Era
1

1 Possible causes of Permian-Triassic Extinction

o Impact event

Mass Extinctioh’ ¢ /%8
- f 4 LS

1 Volcanism

o1 Methane gas

evs
88t
L'Evby
218 4
2'65¢E
662
IS¢
9661
14
G'S9
efw
038574
juasald

Phanerozoic Eon
Paleozoic Era

snossjiuoqied

ueiddississiy
uepeafsuuayg



Phanerozoic Eon: Paleozoic Era
1

1 Possible causes of Permian-Triassic Extinction

PANGAEA .
Early Triassic, 237 Ma 1 Anoxic oceans

Siberia Ural

e, = Sea level decline

Europe China
North PALEO-TETHYS

Ameic OCEAN  South o Pangean Supercontinent

Turkey China

PANTHALASSIC OCEAN . Indochina .
PANGAEA = 1 Decreased shoreline

Africa

India
Proto-Andes = SoTRarINg
Mts.

Australia
Antarctica
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Phanerozoic Eon: Mesozoic Era

Paleozoic Era
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11 Age of Reptiles

(314

Phanerozoic Eon
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251-65 mya

Rise, dominance, and
extinction of dinosaurs

Mammals originated
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Phanerozoic Eon: Mesozoic Era

11 Cretaceous-Paleogene extinction

1 Meteor impact

United States

Gulf of Mexico .~
i Asteroid impact splash
) ﬁ material frém here, form
Yucatan  Crater i crater...

peninsula
of Mexico

1 Band of sediment %%
world-wide 2

=oumiies” at an angle’)

here

What is now the Yucatan peninsula was
underwater when the asteroid struck  [*
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Phanerozoic Eon: Cenozoic Era

1 Age of Mammails 11 Grass came to dominate
0 65 mya to present 1 Insect pollination
o1 From generalists e Yool 0 &

0 Occupy many niches o LENG B/
m Terrestrial
® Marine

® Flying
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