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What	  is	  reversibility?	  
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Ques5ons	  

•  Should	  we	  be	  using	  non-‐reversible	  models?	  
– Nucleo5des?	  
– Amino	  Acids?	  

•  How	  do	  we	  quan5fy	  reversibility?	  



Quan5fying	  Reversibility	  
From	  data:	  es5mate	  QUN,	  non–reversible	  model,	  and	  QGTR,	  
reversible	  model	  	  
	  
A.  Likelihood	  Ra5o	  Test	  sta5s5c	  between	  QUN	  and	  QGTR	  
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Σi,j	  |πi	  QUN

i,j
	  –	  πj	  QUN

j,I
	  |	  
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Quan5fying	  Reversibility	  
From	  data:	  es5mate	  QUN,	  non–reversible	  model,	  and	  QGTR,	  
reversible	  model	  	  
	  
C.  Distance	  between	  QUN	  and	  QGTR	  

i.  Σi,j	  |QUN
i,j
	  –	  	  QGTR

i,j
	  |	  

ii.  Σi,j	  |πi	  QUN
i,j
	  –	  πi	  	  QGTR

i,j
	  |	  
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Quan5fying	  Reversibility	  
From	  data:	  es5mate	  QUN,	  non–reversible	  model,	  and	  QGTR,	  
reversible	  model	  	  

	  

D.  Distance	  between	  QUN	  and	  closest	  rev	  model	  QREV	  	  	  	  	  	  	  	  
min	  Σi,j	  |πi	  QUN

i,j
	  –	  πREV

i	  	  QREV
i,j
	  |	  
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Prac5cali5es	  
•  Datasets	  
–  Pandit	  -‐	  hgp://www.ebi.ac.uk/goldman-‐srv/pandit/	  
–  38	  mammals	  	  

•  ML	  models	  es5mated	  in	  HyPhy	  	  
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Results	  –	  Nucleo5des	  
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Measures	  
A.  -‐2(L(QGTR)-‐L(QUN))/n	  
B.  Σi,j	  |πi	  QUN

i,j
	  –	  πj	  QUN

j,I
	  |	  

C.  	  	  i.  Σi,j	  |QUN
i,j
	  –	  	  QGTR

i,j
	  |	  

ii.  Σi,j	  |πi	  QUN
i,j
	  –	  πGTR

i	  	  QGTR
i,j
	  |	  
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Measures	  
A.  -‐2(L(QGTR)-‐L(QUN))/n	  
B.  Σi,j	  |πi	  QUN

i,j
	  –	  πj	  QUN

j,I
	  |	  

C.  	  	  i.  Σi,j	  |QUN
i,j
	  –	  	  QGTR

i,j
	  |	  

ii.  Σi,j	  |πi	  QUN
i,j
	  –	  πGTR

i	  	  QGTR
i,j
	  |	  
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Conclusions	  
•  Non-‐reversible	  models	  ojen	  give	  a	  beger	  fit	  for	  nucleo5de	  data	  
•  The	  branch	  lengths	  of	  the	  trees	  are	  not	  significantly	  changed	  by	  using	  a	  

non-‐reversible	  model	  
•  Even	  for	  small	  gene	  datasets	  non-‐reversible	  amino-‐acid	  models	  can	  be	  

beger	  
•  There	  are	  many	  ways	  to	  quan5fy	  reversibility	  

–  Σi,j	  |πi	  QUN
i,j
	  –	  πj	  QUN

j,I
	  |	  
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