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Here's a big fact that
requires explanation...



Eukaryotes and prokaryotes

Fuerst, Nature Education, 2010



-
~
" Wacey ef al., Nature Geoseience 2011



1.5 Ga: complex cellular forms

Javaux, 2001



... and here's what we
know so far
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Eukaryota = Archaea + Bacteria

Alvarez-Ponce et al., PNAS 2013
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Lynn Margulis's ?’
endosymbiont —
hypothesis .___:
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What did the early
mitochondrial division
appratus look like?



Inferring ancestral states is difficult!
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Inferring ancestral states is difficulf!

58

Mya -

Wikipedia, copyright unknown



Proteins and DNA are digital:
phylogenetics is relatively easy

Neher & Bedford, 2015



Try to use the easy question to
answer the difficult guestion

Primate Parasite that i Parasite that
family trea bacama human | becamea human xtinction
head louse pubic louse
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sargence of :
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2 = '
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------------------------- & Switched host
& 3.3 millicn A
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= ; H .
e il saitvisite atehiatal Gorillas
possibly because humans
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World
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riga The Mew York Times

Toups et al., 2011



What did the early
mitochondrial division
appratus look like?



What did the early
mitochondrial division
appratus look like?

Can we use a protein as
a probe to figure this out?



Eukaryote endosymbiont division is
coordinated by dynamin

Bacteria: FtsZ

Mitochondria: Dynamin Chloroplasts: Dynamin + FisZ



Division across the domains of life
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Three dynamin
superclasses group
according to function

chloroplast
division
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Problem:
protein evolution is Messy,
especially over 2 billion years



Dynamin breaks into discrete evolutionary segments
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Evolution is heterogeneous across time and sequence
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No problem:
Heterogeneous evolution means that
ancestral variants might still be around!
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Living fossils: present-day remnants of ancient proteins

protein free species tree
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Sequence identity

Living fossils can be seen in the stafistics
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Living fossil segments
allow us to reconstruct
ancient dynamins



Punctuated evolution of dynamins across 1.8 billion years
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Punctuated evolution of dynamins across 1.8 billion years
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Not "just” a story:

The same evolutionary pattern
occurs many fimes independently



An ancient bifunctional dynamin pulled off the same
duplication frick in multiple eukaryofic lineages
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An ancient bifunctional dynamin pulled off the same
duplication frick in multiple eukaryofic lineages
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What does all this have 1o do with
the primordial mitochondrial
division appratuse

or

How does

evolutionary protein biology
become

evolutionay cell biology<e



Division across the domains of life
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Surprisel
| Mito-FtsZ lineages still use the ancient dynamin
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If you really want to measure
what the mitochondrial division
apparatus was doing 2 billion
years ago, go study one of
these guys

Nishida et al., PNAS 2002;
Gilson et al., Eukaryotic Cell 2002;
Leger et al., PNAS 2015
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. KONO SAKOHIN HA FICTION DETHUNODE JITSU ZAISURU JINBUTSU DANTAY
SONOTA NO SOSHIKI T0 DOITSY NO MEISHOU GA GEKICHU NI ToUJYOU
SHITATOSHITEMO JITSUZAI NA MONOTOHA 1SSA1 MUKANKEIDETH.
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What did
Darwin
thinke

“In looking for the gradations by which an organ has been
perfected, we ought to look exclusively to its lineal ancestors;
but this is scarcely ever possible, and we are forced in each

case to look to the collateral descendants from the same

original parent-form. ... These anomalous forms may almost be
called living fossils; they have endured to the present day”

On the Origin of Species
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