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Is	
  the	
  earliest	
  history	
  of	
  life	
  
“OverwriUen?”	
  

Egyp<an	
  codex,	
  6th	
  century	
  and	
  979	
  CE	
  
Takeover	
  from	
  RNA-­‐based	
  physiology	
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2.	
  Horizontal	
  Gene	
  Transfer	
  and	
  
Coalescence	
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  extensive	
  and	
  conflates	
  gene	
  origins	
  

O
rig

in
	
  o
f	
  A

rc
ha

ea
	
  

Ribosomal	
  Tree	
  



LeuRS R2

R1

V1

Zn2+ binding sites

V1 (recombined)

R2: Recombination within Haloarchaea
after HGT from Bacteria

H2N-
-COOH

V1: Vertical Inheritance of R1, HGT
from Bacteria to Haloarchaea

R1: Recombination with Bacterial ValRS,
HGT from Bacteria to Haloarchaea

a

b

c

d

a

c

b

d

a

d

b

c

22.3%

37.4% 40.4%LeuRS Bacteria (c)

ValRS Bacteria (a)

ValRS Archaea, Eukaryotes (a)

IleRS (b)

LeuRS Archaea,
Eukaryotes (d)

0.5

R1

Recombina&on	
  in	
  ancient	
  HGT	
  events	
  



Detec&ng	
  Mul&ple	
  Evolu&onary	
  Histories	
  within	
  Single	
  Genes	
  



PaMerns	
  of	
  Gene	
  Family	
  Evolu&on	
  across	
  the	
  Tree	
  of	
  Life	
  

In:	
  David	
  LA,	
  Alm	
  EJ	
  (2011).	
  Rapid	
  evolu0onary	
  innova0on	
  during	
  an	
  Archaean	
  gene0c	
  expansion.	
  Nature.	
  469(7328):93-­‐6.	
  



3.	
  Reconstruc<on	
  of	
  Ancestral	
  
Sequences	
  



Alignment	
   Phylogeny	
  

Probabilis&c	
  ancestor	
  sequences	
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  internal	
  nodes	
  and	
  root	
  of	
  the	
  tree	
  

Model	
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Pre-­‐LUCA	
  evolu<on	
  of	
  aminoacyl-­‐tRNA	
  
synthetases	
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ValRS-­‐IleRS	
  pre-­‐LUCA	
  Ancestor	
  contained	
  both	
  Ile	
  and	
  Val	
  

Reconstruc<on	
  

Simula<ons	
  

Ile	
  and	
  Val	
  use	
  in	
  the	
  gene<c	
  code	
  predates	
  cognate	
  proteins:	
  	
  
Takeover	
  of	
  more	
  ancient	
  system?	
  



TrpRS	
  
TyrRS	
  

pre-­‐LUCA	
  Ancestor	
  

TyrRS-­‐TrpRS	
  Ancestor	
  
contains	
  no	
  Trp	
  

Expansion	
  of	
  the	
  gene&c	
  code	
  
before	
  LUCA	
  via	
  gene	
  duplica&on/
divergence	
  



Conclusions	
  
•  Biological	
  informa<on	
  provides	
  valuable	
  “top-­‐down”	
  
perspec<ve	
  and	
  constraint	
  on	
  Origin	
  of	
  Life	
  ques<ons,	
  
and	
  is	
  a	
  strong	
  complement	
  to	
  prebio<c	
  chemistry	
  
inves<ga<ons;	
  

	
  
•  Understanding	
  complex	
  paUerns	
  of	
  inheritance	
  within	
  
genomes	
  lets	
  us	
  extract	
  more	
  precise	
  and	
  accurate	
  
informa<on	
  about	
  the	
  earliest	
  biological	
  systems;	
  

	
  
•  Improved	
  methods	
  in	
  sequence	
  reconstruc<on	
  lets	
  us	
  
infer	
  physiological	
  characters	
  of	
  early	
  life,	
  even	
  before	
  
LUCA.	
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