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Tree Thinking
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* Phylogenetic trees
~——————————— Giardia lamblia(an intestinal parasite protozoan)
re p r e S e n t Leishmania major (a parasitic protozoan)
—————— Thalassiosira pseudonana (a marine diatom)
Cryptosporidium hominus (an intestinal parasite protozoarn)
h y p Ot h e S e S a b O u t _: Plasmodium falciparum (malaria causing protozoan)
———— Cyanidioschyzon merolae (a red alga)
- - — Oryza sativa (domesticated rice)
h I S t O r I C a. I plants _EArabidopsis thaliana (thale cress)
. - Dictyostelium discoideum (a slime mold)
r e I at I O n S h I p S . Schizosaccharomyces pombe (fission yeast)
fu n g 1 EEremothecium gossypii (a parasitic cotton fungus)
Saccharomyces cerevisiae (budding yeast, baker's yeast)
Caenorhabditis elegans (a nematode)
Caenorhabditis briggsae (a nematode)
Drosophila melanogaster (common fruit fly)
Anopheles gambiae (a mosquito - malaria vector)
. Takifugu rubripes (fugu, a pufferfish)
animals Dania rerio (aebraish)
Gallus gallus (chicken)
Mus musculus (house mouse)
Rattus norvegicus (common rat)
Homo sapiens (human)

Pan troglodytes (chimpanzee)
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The Origin

From: C. Darwin, 1837



Common Ancestry

Image: David M. Hillis, Derrick Zwickl, and Robin Gutell, University of Texas



But other information may be
included in a tree...
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...and trees differ.

» Based on what is being analyzed
+ Species
+ Genes

* Based on the analytical method
¢+ Parsimony

+ Nearest Neighbor e (complex)
. n BLV
+ Bayesian
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Map of Relationships
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From: T.R.Gregory, EVOO, 2008



Vocabulary

 Dendrogram: tree diagram

* Cladogram: a phylogeny that shows
only branching order

* Phylogram: a phylogeny that shows a
measure of divergence Archaea
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Reading Trees

® T|pS B |I=-
+ Typically contemporary W LI‘
species
1

e Nodes

+ Genetic isolation
+ Rotation around the
nodes

From: T.R.Gregory, EVOO, 2008



Reading Trees

* Branches
+ Acquisition of traits 81 — gibbon
+ Divergence
34
orangutan
4z gorilla
15 28 chimpanzee
16
human
42

Image: JWSchmidt



Reading Trees
T

e (Clades

+ Common ancestor and all descendants

Amniota

Tetrapoda

Vertebrata -
Amniota

Tetrapoda

Vertebrata

Image:Sianislav Traykov




Lizard Crocodile Dinosaur Bird

2) By reference to the tree above, which of the following 1s an accurate statement of
relationships?

a) A crocodile is more closely related to a lizard than to a bird

b) A crocodile i1s more closely related to a bird than to a lizard

c) A crocodile is equally related to a lizard and a bird

d) A crocodile is related to a lizard, but 1s not related to a bird

From: Baum, et al Science, 2005



Tomato Fern Sponge Mouse ~ Mushroom

4) Which of the five marks in the tree above corresponds to the most recent common ancestor of
a mushroom and a sponge?

From: Baum, et al Science, 2005



Salmon Newt Human Lizard Snake

5) If you were to add a trout to the phylogeny shown above, where would its lineage attach to the
rest of the tree?

From: Baum, et al Science, 2005
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7) Whaich of the four trees above depicts a different pattern of relationships than the others?

From: Baum, et al Science, 2005



Hvacna Cal Bear Seal Sea lions Dog

retractable
claws

abdominal
testes

9) In the above tree, assume that the ancestor had a long tail, ear flaps, external testes, and fixed
claws. Based on the tree and assuming that all evolutionary changes in these traits are shown,
what traits does a sea lion have?

a)
b)
c)
d)
€)

long tail, ear flaps, external testes, and fixed claws

short tail, no ear flaps, external testes, and fixed claws
short tail, no ear flaps, abdominal testes, and fixed claws
short tail, ear flaps, abdominal testes, and fixed claws

long tail, ear flaps, abdominal testes, and retractable claws
From: Baum, et al Science, 2005
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M. Berenbrink, P. Koldkjaer, O. Kepp, A. R. Cossins, Evolution of oxygen secretion in fishes and the emergence of

a complex physiological system. Science 307, 1752 (2005). From: Baum, et al Science, 2005



Common Problems with
Reading Trees

* |Incorrect mapping
of time

« Straight line = no
evolution occurring

Procellariidae

Diomedea

Phoebastria

Phoebetria

Thalassarche

Alexei Kouprianov



Common Problems with
Reading Trees

* Reading along the
tips
* Node counting

T ”

DR
p,

P. Huey/Science



Similar vs. related

o Duck-billed platypus
[ - American opossum
- I T Marsupial mole
Wombat kangaroo possum kaola
L Elephant shrew
—"_Lv_‘ - Elephant
- M and dugong
T Armadillo
=7 Shrew and mole
- Bat
ad v Camel pig deer sheep hippo whale
T Horse tapir rhino
T Cat dog bear weael seal

‘” T Rabbit

L Rat and mouse

or Beaver

= Squirrel
- Guinea pig

— Tree shrew and colugos
Lemurs and kin

Tarsiers

New World monkeys
v 75 Old World key
™ .2 Gibbons

Orangutan

Gorilla

Human

Bonobo
Lrl: Common chimpanzee
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Images: Chris Muenzer, Sjonge, Fred Hsu



Ancestor vs. Sibling

d
Cousin Cousin You Sibling

Grandparent

Images: Thomas Lersc, Paris75000



“Higher” or “Lower”

Animalia
(eukaryotic,
. multicellular)
Fungi
(eukaryotic,
multicellular)
Plantae
(eukaryotic,
Protista multicellular)
(eukaryotic,
uni- or multicellular)
Archaebacteria
(prokaryotic,
1 unicellular)
Eubacteria
(prokaryotic,

unicellular)

Universal
ancestor

Images: Dbenbenn, Thomas Stromberg, Simon Andrews



Lineage Age

« Extant species have

been evolving for
the same amount of

time

Giardia lamblia(an intestinal parasite protozoan)
Leish ia major (a parasitic protozoan)

Thalassiosira pseudonana (a marine diatom)
Cryptosporidium hominus (an intestinal parasite protozoan)
Plasmodium falciparum (malaria causing protozoan)
Cyanidioschyzon merolae (a red alga)

Oryza sativa (domesticated rice)

Arabidopsis thaliana (thale cress)

Dictyostelium discoideum (a slime mold)
Schizosaccharomyces pombe (fission yeast)
Eremothecium gossypii (a parasitic cotton fungus)
Saccharomyeces cerevisiae (budding yeast, baker's yeast)
Caenorhabditis elegans (a nematode)

Caenorhabditis briggsae (a nematode)

Drosophila melanogaster (common fruit fly)

Anopheles gambiae (a mosquito - malaria vector)
Takifugu rubripes (fugu, a pufferfish)

Dania rerio (zebrafish)

Gallus gallus (chicken)

Mus musculus (house mouse)

Rattus norvegicus (common rat)

Homo sapiens (human)

plants

fungi

animals

Pan troglodytes (chimpanzee)

Fred Hsu



Helpful Approaches

e U-trees

Membracoidea  Cicadoidea Cercopoidea
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By Elke Freese

Procellariidae

Cicadomorpha

Diomedea

Phoebastria

Phoebetria

Alexei Kouprianov Thalassarche



Helpful Approaches

 Top-down grouping (by clade)

* Avoid misleading terminology, try
“derived” and “ancestral”
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From: Baum, et al Science 2005



Tree thinking

* A visual hypothesis
about historical
relationships

* A representation of
common ancestry

* A way of
representing
evolutionary
thinking




