The tree of life
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Species are not fixed

Common descent
Multiplication of species
Gradualism

Naturalselection

Change can also occur without
natural selection

2 T

51+ NBAY Qa

0 K

gt fe mte
AT/ ""\ P Vi
ﬂ! .Wl ".,}"". ’ :?.':m’
My ! / v
a® {,m,*_"f --..,'."-;;"'_'f ¢ X L "“'-'-‘.Ei-'lﬂ’
% s 1 g
Wi \ P Ni :
a’ ™ H \\"-};{ﬂ"'f 7 .'\;Ef.-‘k-? ...;‘*;E 17 1\'5_.-",,,?
] % . Y ry
t: 17 3 s
a® 4 \%r J k1% ."'*\Lfmﬁ
o/ Y ¥
L d3 k3 Y m S
v s Y
Xt are "'f- Ef
ot/ ‘xﬁ,ff,'f i St
Y SR
a3 H’i/ s .-;.-!E,
\is watf
El\h‘r I" ‘:'i.'*m.‘
h Lf \_!H’II H :

¢ KS

2V 8

FA3IdzZNBE F NP


http://www.sciencemag.org/content/vol284/issue5423/images/large/se2497604001.jpeg
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Modern species
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FIGURE 5.1. Vertical inheritance as represented in the only figure in On the Origin of Species.
The evolution of species over time is represented by the branching of the tree with a single species
giving rise to one or more descendent species. The descendent species inherit traits from the
parental species in the form of “vertical” inheritance. Modern species are represented by a'%, f'°,
and m'® with all other lineages having become extinct. a'® and f'° can trace their ancestry to a
common ancestral species a’. In turn, a'® and f'° can jointly trace their common ancestry with
m'? to the species at the bottom of the figure.



Evolution can be represented as a branching process
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Time
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FIGURE 1.2. The evolution of species through time. (Left) Each line indicates a population of
individuals. (Inset) Sexual individuals that make up the population.
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Concepts for today

What Is a tree?

Homology and convergence
How to build an evolutionary tree
The tree of life

Lateralgene transfer



Phylogenetidrees contain branches, nodes, and tips
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FIGURE 5.2. Model phylogenetic trees showing tips, nodes, and branches. (A) All the key elements of a phylogenetic tree. This



Phylogenetic trees:
Monophyletic,paraphyleti¢c and polyphyletic groups
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FIGURE 5.3. Different types of phylogenetic groups. In each panel, the phylogenetic group is indicated by a green shaded circle. (A)
Monophyletic group. All species (C and D) in the group share a common ancestor (E) not shared by any of the other species. (B) Pa-
raphyletic group. All species in the group share a common ancestor (F), but some species (D) have been excluded from the group.
(O) Polyphyletic group. A grouping of lineages each more closely related to other species not in the group than they are to each other.



An example of monophyletic anEhraphyleticgroups

Paraphyletic
group
=
= = -~ o
EE _o 290w
EE - B8R B
= = v v QO

= = N ¥
M

FIGURE 5.4. An example of monophyletic and paraphyletic groups in ver-
tebrate evolution. A phylogenetic tree of the relationships among two mam-
mals, two birds, and three reptiles is shown. Mammals share a common an-
cestor (at node M) to the exclusion of birds and reptiles and therefore are
a monophyletic group. Birds are also a monophyletic group (sharing an an-
cestor at node B). Although reptiles share a common ancestor (at node R),
not all descendants of this common ancestor are reptiles; some are birds.
Reptiles are not a monophyletic group; they are a paraphyletic group.



A trees branching pattern allows for rotation of any branc
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FIGURE 5.6. Branch rotation does not change the information in a phylo-
genetic tree. The two trees are the same except the branch leading up to
the ancestor of Tip 2 and Tip 3 has been rotated such that Tip 3 is on the
left and Tip 2 is on the right. The tree drawings on left and right are simply
different forms of the same tree. It is useful to consider a phylogenetic tree
like a mobile: The branches are free to rotate, but the branching patterns
never change.



A split with three (or more) branches is knownpagytomy
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FIGURE 5.7. A phylogenetic tree drawn with three branches emerging from multi ple dive rgences

a single node represents a polytomy. (A) A generic polytomy. There are many .
uses for polytomies in phylogenetic trees. In some cases they are used to d y
represent starburst-like evolutionary patterns when many lineages evolve occurre SImUItaneOUSI
from a single common ancestor over a very short period of time (i.e., es-
sentially simultaneously). (B) Polytomies are also used to represent ambigu-
ity in a model, such as this tree, which was used in a study that concluded
it was not possible to determine the order of branching among turtles,
snakes/lizards, and birds/crocodiles.
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Richard Owen (1804892)
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Owen, 1848



Homology of Structures

Cat Whale

Bat
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In light of evolutionary theory, homologous features
are defined as those that share a common descent



