
Maximum	
  likelihood	
  phylogenies	
  
inference	
  with	
  codon	
  models	
  

	
  
	
  

	
  
Maria	
  Anisimova	
  

ETH	
  Zürich	
  
	
  

MCEB	
  2013,	
  France	
  



Why	
  codon	
  models?	
  

Be<er	
  models	
  for	
  protein-­‐coding	
  genes:	
  
	
  
•  Incorporate	
  structure	
  of	
  gene:c	
  code	
  	
  
(unlike	
  DNA	
  models)	
  
	
  

•  Include	
  synonymous	
  subsMtuMons	
  	
  
(unlike	
  AA	
  models)	
  
	
  

•  Allow	
  to	
  model	
  selec:on	
  on	
  protein	
  	
  
(unlike	
  AA	
  &	
  DNA	
  models)	
  



The	
  many	
  faces	
  of	
  codon	
  models	
  

• 	
  Detec:ng	
  selec:on	
  
• 	
  Changes	
  in	
  Mme	
  and	
  space	
  
• 	
  Studies	
  of	
  codon	
  bias	
  
• 	
  PredicMng	
  codon	
  regions	
  
• 	
  Inferring	
  phylogenies	
  
• 	
  DaMng	
  speciaMon	
  events	
  
• 	
  Ancestral	
  reconstrucMon	
  
• 	
  Improved	
  alignment	
  
• 	
  Inferring	
  gene	
  features	
  
(phyloHMMs,	
  netHMMS)	
  
• 	
  SimulaMon	
  of	
  protein-­‐coding	
  	
  genes	
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Selec:on	
  affects	
  tree	
  shape	
  

PosiMve	
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Phylogeny	
  of	
  HIV-­‐1	
  subtypes	
  
Archer	
  and	
  Robertson	
  2007,	
  AIDS	
  



CodonPhyML	
  	
  

Hundreds	
  of	
  codon	
  models	
  	
  
•  Parametric,	
  empirical,	
  semi-­‐parametric	
  
•  Comparable	
  likelihoods	
  for	
  AA,	
  DNA	
  &	
  codon	
  models	
  (Seo,	
  Kishino)	
  
	
  
	
  

Inheritance	
  from	
  PhyML	
  
•  Fast	
  tree	
  search	
  heurisMcs	
  (NNI	
  +	
  SPR)	
  
•  High	
  accuracy,	
  nice	
  convergence	
  properMes	
  
•  Fast	
  branch	
  support	
  (Anisimova	
  et	
  al	
  2011,	
  Syst	
  Biol)	
  

High	
  performance	
  compu:ng	
  
•  BLAS,	
  LAPACK,	
  OpenMP	
  
•  HeurisMc	
  using	
  exp(Qt)	
  via	
  Taylor	
  
•  Blocking	
  heurisMc	
  (FixQ)	
  

Gil,	
  Zane\,	
  Zoller,	
  Anisimova,	
  2013,	
  Mol	
  Biol	
  Evol	
  



CodonPhyML:	
  Simula:ons	
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CodonPhyML:	
  	
  
Model	
  comparison	
  on	
  real	
  data	
  

Likelihood	
  difference	
  
	
  (AICc)	
  

Tree	
  difference	
  	
  
(RF	
  distance)	
  

Model	
  types:	
  DNA,	
  AA,	
  codon	
  
E	
  =	
  empirical,	
  SP	
  =	
  semi-­‐parametric,	
  P	
  =	
  parametric	
  

	
  	
  

Gil,	
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  Anisimova,	
  2013,	
  Mol	
  Biol	
  Evol	
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Human-­‐mouse	
  or	
  human-­‐dog?	
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Comparison	
  by	
  distance	
  to	
  reference	
  tree	
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  Tree	
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Codon	
  
M0	
   70/72	
   62/64	
  

AA	
  
LG+Γ	
   0/72	
   0/64	
  

DNA	
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   2/72	
   2/64	
  



“Correct”	
  vs	
  “Incorrect”	
  par::ons	
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Support	
  for	
  human-­‐mouse	
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Tree	
  shape	
  sta:s:cs	
  

Difference	
  in	
  #cherries	
  between	
  AA	
  &	
  codon	
  models	
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With	
  more	
  relaxed	
  
selecMon	
  (average):	
  
Mean=-­‐0.84	
  

Shapes	
  of	
  inferred	
  codon	
  trees	
  are	
  less	
  variable	
  
Mean	
  #cherry	
  under	
  codon	
  model	
  is	
  closer	
  to	
  “true”	
  value,	
  	
  

but	
  not	
  significantly	
  different:	
  6.0	
  (aa)	
  vs	
  6.3	
  (codon)	
  

All	
  data:	
  Mean	
  =	
  -­‐	
  0.15	
  
	
  



Tree	
  shape	
  sta:s:cs	
  (other	
  data!)	
  

Difference	
  in	
  #cherries	
  between	
  codon	
  &	
  aa	
  models	
  

All	
  data:	
  	
  
Mean	
  =	
  -­‐	
  1.51	
  

Bacterial	
  GALA	
  (type	
  III	
  effectors)	
  
acquired	
  	
  from	
  host	
  plants	
  by	
  LGT:	
  
residues	
  under	
  posiMve	
  selecMon	
  
are	
  found	
  on	
  the	
  convex	
  side	
  of	
  
horse-­‐shoe	
  &	
  involved	
  in	
  binding	
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h^p://sourceforge.net/projects/codonphyml	
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