Reconstructing Phylogeny
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In the Origin of Species, Darwin
included just one illustration — a
“tree” depicting branching and
extinction through time.

With this he crystallized the idea
that species share common
ancestors at various points back in
time.

He referred to the genealogical
relationships among all living
things as “the great Tree of Life.”
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"The affinities of all the beings of the
same class have sometimes been
represented by a great tree... As buds
give rise by growth to fresh buds, and
these if vigorous, branch out and
overtop on all sides many a feebler
branch, so by generation | believe it has
been with the great Tree of Life, which
fills with its dead and broken branches
the crust of the earth, and covers the
surface with its ever branching and

beautiful ramifications."
Charles Darwin, 1859



“Tree of Life” in Antiquity
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Tree of Life in Antiquity

Adam and Eve, Yggdrasil, the world-tree of
Tree of Knowledge Norse mythology



Phylogenetic Tree of Life

Why is phylogeny important? )
Understanding and classifying the 4
diversity of life on Earth

Testing evolutionary hypotheses:
- trait evolution
- coevolution
- mode and pattern of speciation
- correlated trait evolution
- biogeography
- geographic origins
- age of different taxa
- nature of molecular evolution
- disease epidemiology

...and many more applications!



Simplified Tree of Life — branches supported by characters
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Some definitions.....

Classification - arrangement of objects and
organisms into groups.

Taxonomy - the science of identifying classifying
them and naming objects (nomenclature).

Systematics - the scientific study of the diversity
and relationship of organisms and how they are
related in an evolutionary context.

Phylogeny is the evolutionary relationships
among organisms.

Cladistics — study of relationships of groups of
organisms depicted by evolutionary trees
parsimony, maximum likelihood, bayesian




Three Kinds of Classification Systems

® Artificial - based on similarities that might put
unrelated plants in the same category. - Linnaeus.

® Natural - categories reflect relationships as they
really are in nature. - e.g. B. de Jussieu.

® Phylogenetic - categories based on evolutionary
relationships. Current emphasis on monophyletic
groups. — e.g. Angiosperm Phylogeny Group (APG).



Carolus Linnaeus
1707 - 1778

Tried to name and classify all organism
Binomial nomenclature
Species Plantarum - 1753
System of Classification
“Sexual System”
Classes - number of stamens
Orders - number of pistils

He was incredibly prolific (or his
students were who sent specimens
for naming). Named 12,000 species
(7,700 plants, 4,300 animals). 1,105
genera named by him.




Artificial Classification System — Linnaeus’ sexual system, a
practical method for identification, count stamens and pistils
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HEXANDRIA MONOGYMNIA: 33

. Alog foliis ovato-lanceolatis earnofis uetris:
: angulis inerme dcnnhsqo. Horz. clif. 'q;:eg;;’ =pf.

86. Roy. lugdb. G et
Aloe zﬁznnagmim'x atroviridis, fpinfs herbaceis nu=
merofis ornata. Beerd. l;{db 3. pr 131 2 131
Habita# in Ethiopiz campefiribus. ¥ .
Flores m bec genere [pecieriin certiffimi indices comjnn:

gunt Dlargarseiferam &5 Arachnoideam.

9. ALOE floribus feffilibus reflexis imbricatis prifmaticis. Urarié;
Alog foliis linearibus radicalibus membranaceis. Hors.
cliff. 133. Roy. Ingdb. 23. ; :
Aloe africina folio triangulari longiffimo & angufiiffi-
mo, floribus luteis feetidis. Comur. bore. 2, p..29. ¢.
15. Seb. thef. 1. g m. £ 19. fu 3.
Habitazr ad Cap. b. Spei. ¥

. AGAVE. | -
1. AGAVE foliis dentato-fpinofis, féapd rattiofo. G e, imericiid
wov. 1102. i .
A?Vc foliis fpinofo-dentatis mucronatisque. Horz. apf.
I. :

Aloé foliis lanceolatis dentatis fpind términatis radicali-
bus. Hort. cliff. 130. Roy. lugdb, 22.

Alogé’éfolio in oblongum mucronem sbeunte. Bawb. pin-
2

.'-ldit;t in America uii{ion. ]

2. A:EAVE foliis dentatis, ftaminibus corollam ®quanti- divipare:
us. ' .
Alo€ americana polygond. Conimt. 7ar. 65. 2. 65.
Habitat in America. 2
Confer. Aloeamericana foboliferd: Herm.ligds. i6.2.15.

3. AGAVE foliis dentato-fpinofisy feapo fimpliciflimo.
Gen. wov. tto2: ot
Aloe foliis lanceolatis fpina cartilaginea terminatis, flori-
bus alternis feffilibus. Gron. virg. 152.

Habitat in Virginia, %

4. AGAVE (oliis integerrimis. Géw. #ov. fioy. fatids:
Aloe foliis mtegerrimisffucntiufeqﬁs aculeo-terminaris,
radice caulefcente. Hore: cliff. 132.
Aloe americana, viridi rigiditimo, & feetido folio, Piet -
dicta indigenis. Comm. bort. 2. p. 35. 2. 13

b F R




Natural System — group taxa by a variety of shared
similarities (use more characters)

Genera Plantarum - A. L. de Jussieu, 1789
Class Il - plantae Monocotyledones, Stamina Perigyna

Orders (similar to Families we use today):
® Palmae - Calumus, Phoenix etc.

® Asparagi - Dracaena, Asparaqus, Trillium, Convallaria, Dioscorea etc.
® Junci - Juncus, Xyris, Commelina, Melanthium, Colchicum, etc.

® Lilia - Lilium, Uvularia, Yucca etc.

® Bromeliae - Puya, Bromelia, Agave etc.

® Asphodeli - Aletris, Aloe, Asphodelus, Allium etc.

® Narcissi - Crinum, Hemerocallis, Narcissus, Polianthes, Tacca, etc.
® Irides - Tigridia, Iris, Crocus, Gladiolus etc.



Herbarium — a museum of plant specimens arranged by family




Adolf Engler
(1844-1930)

Catkin or Ament Inflorescence

Die naturlichen Pflanzenfamilien

Das Pflanzenreich

Treatment of all known plants

Families with simple or reduced
flowers are placed first (primitive?)

Widely used system (still used at MBG)

Monocots - 10 Reihen (Orders)
Pandanales - Typhaceae, Pandanaceae
Helobiae - Alismaceae etc.
Glumiflorae - grasses and sedges
Principes - palms

Syanthae - Cyclanthaceae

Spathiflorae - Araceae

Farinosae - Bromeliaceae, Commlinaceae etc.
Liliiflorae - Liliaceae, Amaryllidaceae etc
Scitamineae - Musaceae, Zingiberaceae
Microspermae - orchids




Charles Bessey
Early 1900s
Bessey’s Cactus
Angiosperms

Asteridae

\

CHARLES EDWIN BESSEY
(1845-1915, American)

He developed a set of "dicta" monocots
(rules) stating which characters |

were primitive and which were
advanced in flowering plants.
Not all considered correct today
but many are (as Cronquist said, Q

"we are all Besseyans").
Magnolias primitive



Nomenclature — system of naming species and higher taxa.
International Codes of Nomenclature - separate codes for plants,
animals, fungi, bacteria
Binomial nomenclature — scientific name, usually Latinized
Each species has only one scientific name, eliminate confusion.
Priority - the correct name will be the one that was published the
earliest, providing it is acceptable in terms of the rest of the code.
Causes discontent when it turns out that the name with priority is not
the one in common usage, often because it was published in some
obscure place. Invalid names = synonyms.
Starts with Linnaeus publications:
Plants - Species Plantarum (1753)
Animals - Systema Naturae (1758)

Type Concept - material on which an original description is based, fixes
the meaning of a specific name. Type Specimen



Linnaean Hierarchy — “God’s Creation Revealed”

Figure 2-6 Discover Biology 3/e
© 2006 W.W.Norton & Company, Inc.

Kingdom
* 280,000 species

Phylum
* 250,000 species

Class
* 235,000 species

Order
* 18,000 species

Family
* 3,500 species

Genus
* 500 species

Species
Moss rose

Plantae
(plants)

Angiospermae
(flowering plants)

Dicotyledonae
(dicots)

Rosales
(roses and
their allies)

Rosaceae
(rose family)

Rosa

Rosa gallica



e Kingdom R :

—

«Animalia

*Chordata
(subphylum Vertebrata)
Fish, amphibians, reptiles, birds,
mammals

«Mammalia

*Primates
Includes all prosimians (such as
lemurs, tarsiers) and simians
(monkeys, apes, humans)

«Hominidae
Humans and great apes

sHomo
Modern and archaic humans

«Homo sapiens
Modern humans

Figure 2.3 The nested nature of
biological classification.



Nested box-within-box hierarchy is consistent with descent
from a common ancestor, used as evidence by Darwin.

Domain ¢ .
= O o Eukarya lass Mammalia
== Order Carnivora
,. Family Felidae
Kingdom /? .f_'f-‘ \ |
8 o = Animalia =i ‘. .
D D ’ ﬁ‘\x | . ..T'-\ L p
: T Turtle Al
Phylum (outgroup) Horse Wolf

O 4 @ O gD | Chordata
o O

Class Retractable
(| i claws
e P g = e Mammalia
N Carnivorous
| (meat-eating)
Order teeth
o oo B O Carnivora Hair
= e
Family o
B8 O = Felidae coymt ¢ Pucn Easaien, ine pubksting as Sarganin Cusimengs
= —
Genus
— 1 032 | Panthera
I L]
Species | p.nthera
pardus

Copyright @ Pearson Education, Inc.. publishing as Benjamin Cummings.



Phylogeny and classification
Hierarchy
Phylogenetic (cladistic) classification reflects evolutionary history

The only objective form of classification — organisms share a true evolutionary
history regardless of our arbitrary decisions of how to classify them

Classification Phylogeny

Genus

Family

Genus

Genus

Family

Genus
Class

Genus

Family

Genus

Genus

ANRVANRVANVA

Family

Genus




Ernst Haeckel -
1860s

Phylum
Phylogeny
Ecology

Biogenetic Law -
ontogeny
recapitulates

phylogeny
(not really)

-

- P
THE MODERN THEORY OF THE DESCENT OF MAN.



Ernst Haeckel Trees 1860s
Drew complete Tree of Life
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Kingdom

Classification Schemes

Plantae

Animalia

Linnaeus 2-Kingdoms
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Four Kingdom Sysytem - 1950s
Protista lacking nuclei placed in separate kingdom, the Monera (bacteria)

Five Kingdom System - Whittaker’s Tree of Life, 1967

Stresses mode of nutrition (
Fungi recognized as separate kingdom, separate from plants
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EUBACTERIA

purple

. green
G""T non-sulfyr

ve
bocterio g::mlo bocterio

axlreme

L d - ]
halophiles MEIhanogens  extreme thermophiles

Carl Woese
1980s
SSRNA Sequences

ARCHAEBACTERIA

EUKARYOTES

onimals ciliotes
fungi

plonts

flogeilates

miceoiporidia

3 Domains



Tree of Life
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Historical Note

Until mid 1950’s phylogenies were constructed by
experts based on their opinion (subjective
criteria)

Since then, there has been more focus on
objective criteria for constructing phylogenetic
trees

Thousands of articles in the last decades

Important for many aspects of biology
Classification
Understanding biological mechanisms

29



Evolution of Horses — summary of data tree
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Phylogenetic trees

The phylogeny of a group of taxa (species, etc.) is
its evolutionary history.

A phylogenetic tree is a graphical summary of this
history — indicating the sequence in which
lineages appeared and how the lineages are
related to one another

Because we do not have direct knowledge of
evolutionary history, every phylogenetic tree is
an hypothesis about relationships

Of course, some hypotheses are well supported
by data, others are not

32



A phylogenetic tree is a tree that describes the
sequence of speciation events that lead to the
forming of a set of current day species.

Primate evolution



Phylogenetic Trees are Based on Character Data

Salam: i = __ Chimp

F;:}h-rs

Fur;
mammary
glands
Claws
or nails
Lungs
Jaws

Cladogram of Vertebrates



Tree Terminology
Second outgroup  Sister group Ingroup

|F G| |D E| lA B C|

-f— Branch

-— Node = speciation event

~f— Intemode = ancestral species

-#— Root = common ancestor



Node - Speciation Event

Degree of isolation

Time
I
|
|
|
|
I
|
|
|
[
©
&
a
|

______ Geographical race —
———————— Local race —

Ancestral population —

Stage

Amount of differentiation



What an Evolutionary Tree Represents

A

Four buttertlies

B Four buttertlies (top row),

connected to their parents (bottom row)
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2005 (G2)
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Lineage Sorting

Species 1
Species 1
Species 2

Species 2
Species 3

Species 3



Tree Terminology

Operational taxonomic units (OTU) / Taxa

/

Internal nodes

>

Terminal nodes

} Sisters
Branches
Polytomy

O O W

M

\



Tree Terminology

Branch point

(node)
\ Taxon A

Taxon B >Sister
Taxon C ) s
ANCESTRAL
LINEAGE Taxon D
Taxon E
Taxon F

Common ancestor of
taxa A-F Polytomy

Copyright © 2008 Pearsol hing as Pearson Benjamin Cummings.



Tree Terminology

- Relationships are illustrated by a phylogenetic tree / dendrogram

- The branching pattern is called the tree’s topology

- Trees can be represented in several forms:
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Tree Terminology

[ 1scaled trees

| Eragrostis
TriticumEST
{ HordeumEST
_E SaccharumgST
ZeaEST

Petunia
_f Glycine
Lycopersicon

= Cissus
— Calliandra

Pisum
h Phaseolus lindheimeri
Abutillon pseudo

Calpuria
Phaseolus sonorensis

= Phaseolus trilobatus

m m O o >

Lycopersicon EST

Tephrosia

Helianthus pseudo
VitisEST

Unscaled trees: Branch
Scaled trees: Branch lengths are not proportional to
lengths are proportional to the the number of nucleotide/amino
number of nucleotide/amino acid changes (usually used to
acid changes that occurred on illustrate evolutionary
that branch (usually a scale is relationships only).

included).



These trees depict equivalent relationships
despite different styles

&
D
—— E
B
A
A B C D \
b o

Figure 6 : These trees depict equivalent relationships despite being different in style.

Copyright 2008 Mature Education



Tree Terminology

Rooted vs. Unrooted trees

D
A B
—0® C
/ D
Root E
_l C
- F
Rooted trees: Has a Unrooted trees: Only
root that denotes specifies the degree of
common ancestry kinship among taxa but

not the evolutionary
path



..................................

Tree Terminology

Mammal Lizard Crocodile Bird .-

;. Monophyletic
group (clade)

A clade includes all and
only the descendants
of a particular ancestor

......

.*" Non-monophyletic group



A monophyletic group = CLADE

‘.IIIIIII-.IIIIlll.l..l.lllll.l.l.'l:' t.--....-................‘......

mammal lizard ™, crocodile birds™ mammal ™, lizard crocodilé., bird

group = clade

Non-
monophyletic

group

Figure 4 : A monophyletic group, sometimes called a clade, includes an ancestral taxon and all of its descendants.
A monophyletic group can be separated from the root with a single cut, whereas a non-monophyletic group needs two or more cuts.
Copyright 2008 Nature Education



Tree Terminology

Monophyletic vs. paraphyletic

Saturnite 1
Saturnite 2

Saturnite 3
Martian 1
Martian 3

_E Martian 2

Monophyletic groups:
All taxa within the group
are derived from a single
common ancestor and
members form a natural
clade.

—z
-

Human 11

Human 3

Paraphyletic groups:
The common ancestor is
shared by other taxon in
the group and members
do not form a natural
clade.




Phylogeny and classification

Monophyletic group  Paraphyletic group  Polyphyletic group

Includes an ancestor and Includes ancestor and Includes two convergent
all of its descendants some, but not all of its descendants but not their
descendants common ancestor
A B C)D A D A C | D
How could this happen? Taxon Ais highly derived Taxon A and C share
and looks very different similar traits through
from B, C, and ancestor convergent evolution

Only monophyletic groups (clades) are recognized in cladistic classification




Taxon A

Taxon Bl | Monophyletic

Taxon C

Taxon D

Taxon EI

Taxon Fl

Taxon G

TaxonH | Polyphyletic

Outgroup



Phylogeny and classification

Monophyly

Each of the colored lineages
in this echinoderm phylogeny
IS a good monophyletic group
Asteroidea

Ophiuroidea

Echinoidea

Holothuroidea

Crinoidea

Each group shares a common

ancestor that is not shared by any M "

members of another group
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Paraphyletic groups

Reptilia

Aves Mawmaua Al ap hyly

REPTILIA

.. Birds are more closely related
% to crocodilians than to other
extant vertebrates

-
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Crocodillans

Archosauria = Birds + Crocs

We think of reptiles as turtles,
lizards, snakes, and crocodiles
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But Reptilia is a paraphyletic
group unless it includes Aves

Therapsids

Anapsids Diapsids
Synapsids

Ancestral amniote
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What does this mean?

It means that
“reptiles” don't

No, it means
that you're one
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What it means is that “reptile” is only a Reptilia
valid clade if it includes birds ITU”'eS I
: N A_ves | Crocodiles |
Birds are still birds, but Aves cannot be (birds)
considered a “Class” equivalent to I Lizards and snakes I
Class Reptilia because it is evolutionarily
nested within Reptilia I Tuataras I




Questions

* How do we make phylogenetic trees?
— Cladistic methodology
— Similarity (phenetics)

 What kinds of data do we use?
— Morphology
— Physiology
— Behavior
— Molecules

* How do we decide among competing
alternative trees?






