Adventures in protein world reveal the
Tree of Life and the evolution of
complexity
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The Problem

“Complexity is hard to define or measure...”
Maynard Smith and Szathmary, 1995

Genome Size and the Scala Naturae

birds we— mammals
reptiles
frogs

salamanders e———

lungfishes sm—
teleosts smm—
— c hondrichthyes

na?hsns —
non-vertabrate chordates
—) L T LT

insects

myriapods —
. — ollUSCS
NNl ———
echinoderms

arachnids

tardigrades ee—

—— rotifers Retwcime

angiosperms
pteridophytes

L o e —
— cnidarians
sponges

O
e ————————— ]
* algae
protozoa
e ———

eubacteria

F——————— mnosperms

bryophytes

archea s

10 1

C-value (pg}

(from Gregory 2005)




Cell Number and the Scala Naturae
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Proteome Size and the Scala Naturae




Protein Structural Domains

Protein Domain Classification |




Protein Domain Classification Il
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Protein 1: —  Architecture = AA,C
Protein 2: —_— Architecture = D,B
Protein 3: FeSITTEE — Architecture = B
Protein 4: Architecture = C,AA

Protein 5: Architecture = D,B,C

Protein Domain Database |
Superfami[yti %

HMM library and genome assignments serv

PDZ domain-like superfamily assignments to Homo sapiens 44_36f (all transcripts).

The key to the domain colours is at the bottom of the page
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Total Number of Superfamilies Present

Protein Domain Database ||

26 Basal 53 Fungi 8 Arthropods
Eukaryotes

NG

27 Archaea 9 Plants 5 Invertebrates 19 Chordates
(excl. Arthropods)

Superfamily Number and the Scala
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Family Number and the Scala Naturae
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Architecture Number and the Scala
Naturae
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The Tree of Life |
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The Tree of Life Il

The Tree of Life IV
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Protein Space |

Protein Space Il

Principal Coordinate Analysis — A Very Brief Introduction

Variable 2

Variable 1
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Protein Space Il - Superfamilies
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Protein Space V - Architectures

P Arthropoda ;

=2 { : O : : H
NN ] e A aRai [ S eV NN

; H H 3 y H N H

12



Tempo and Protein Evolution Il -
Superfamilies
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Tempo and Protein Evolution Il -
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Tempo and Protein Evolution IV -
Architectures T
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Conclusions

* Protein domains can help us reconstruct the
tree of life and offer a promising new metric
for biologic complexity

* Novel domain families and superfamilies have
appeared at a roughly constant rate over the
history of life and across different groups

» By contrast, novel architectures (new proteins)
are acquired at a faster rate in animals, and
vertebrates in particular
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