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Molecular archaeology: 
Using DNA/RNA/proteins as probes 

to reconstruct historical events 

Toups et al., 2011 



Here's what we know 
about the origins of eukaryotes 
so far... 
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Carl Woese's 
"Archaea" 



Lynn Margulis's 
mitochondrial endosymbiont 
hypothesis 





Dey, Thattai & Baum, Trends in Cell Biology 2016; Purkanti & Thattai, PNAS 2015  

Eukaryotes = Archaea + Bacteria 
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Eukaryote endosymbiont division is 
coordinated by dynamin 

Bacteria: 
FtsZ 

Mitochondria: 
Dynamin + ? 

Chloroplasts: 
Dynamin + FtsZ 

Vesicle scission: 
Dynamin+ Clathrin 



What did the early 
mitochondrial division apparatus 
look like? 



What would 
Darwin do? 

“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  



To look billions of years 
into the past ... 

 



Lincoln in Dalivision, Salvador Dali 

To look billions of years 
into the past ... 

 
we might have to 

squint a bit	
  
 



2000 0 MYA 

Unknown? Convergence? 

VGRDFLPREEVRLEIECLILAVSP  Human Dyn1 
 
VG DFLPR  VR EI C ILA SP  Ancestor? 
 
VGKDFLPRAAVRKEIQCIILAISP  Plant Drp1A  

Real amino acid sequences 



VGRDFLPREEVRLEIECLILAVSP  Human Dyn1 
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Coarse-grained sequences 

"fake amino acids" 	
  



A V A A : X Y Z  

8-letter  
protein "signature" 

of fake amino acids  

Dynamin in Dalivision 



protein tree species tree 

W1 

V1 



Living fossils 
allow us to reconstruct 
ancient mitochondria 



Dynamin evolution across 1.8 billion years 
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Two types of eukaryotes survive today 
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Living fossils preserve ancient mechanisms 

Miyagishima et al., Frontiers Plant Sci 2014 

Stramenopiles 

Red algae 

Amoebozoans 
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Many phases of eukaryote evolution 
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