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What is reversibility?
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e Can’t find a root — “pulley principle”
* Biologically unrealistic
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Questions

* Should we be using non-reversible models?

— Nucleotides?
— Amino Acids?

* How do we quantify reversibility?



Quantifying Reversibility

From data: estimate Q"N, non—reversible model, and Q°'R,
reversible model

A. Likelihood Ratio Test statistic between Q"N and Q°™®



Quantifying Reversibility

From data: estimate Q"N, non—reversible model, and Q°'R,
reversible model

B. Deviation from the detailed balance equation
zi,j |T[i QUNi,j_ T[j QUNj,I |
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Quantifying Reversibility

From data: estimate Q"N, non—reversible model, and Q°R,
reversible model

C. Distance between QYN and Q°™®
I, zi,j |QUNi,j_ QGTRi,j |
i3I Q- Q5T |

06/06/2013



Quantifying Reversibility

From data: estimate QYN, non—reversible model, and Q°™,
reversible model

D. Distance between QYN and closest rev model QREY
min Z;; |1, QUNi’j_ nREV. QREV

i |
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Quantifying Reversibility

From data: estimate Q"N, non—reversible model, and Q°'®,
reversible model

A. Likelihood Ratio Test statistic between Q"N and Q°¢™R

B. Deviation from the detailed balance equation
2 17 Q= Q7Y

C. Distance between QYN and Q®™®
. Zi,j |QUNi,j_ QGTRi,j |

T |7t QUNi,j_ neTR QGTRLJ_ |

D. Distance between QYN and closest rev model QREV
min Zi,j |T[i QUNi,j_ T[REVi QREVi,j |
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Quantifying Reversibility

From data: estimate Q"N, non—reversible model, and Q°'R,
reversible model

B. Deviation from the detailed balance equation

Zi’j |T[i QUNi’j— T, QUNj’l | ﬁ

equivalent

min Z;; [ QUNi’j— TREY, QREY, | 4

J
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Quantifying Reversibility

From data: estimate Q"N, non—reversible model, and Q°'R,
reversible model

B. Deviation from the detailed balance equation

Zi’j |T[i QUNi’j— T, QUNj’l | ﬁ

equivalent

i UN _ +GTR GTR
.2 | QN - QP |

min Z;; [ QUNi’j— TREY, QREY, | 4

J
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Quantifying Reversibility

From data: estimate Q"N, non—reversible model, and Q°'®,
reversible model

A. Likelihood Ratio Test statistic between Q"N and Q°¢™R

B. Deviation from the detailed balance equation
2 17 Q= Q7Y

C. Distance between QYN and Q®™®
. Zi,j |QUNi,j_ QGTRi,j |

i. 2, | QN —nSTR QTR |



Practicalities

* Datasets
— Pandit - http://www.ebi.ac.uk/goldman-srv/pandit/

— 38 mammals
ML models estimated in HyPhy
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Results — Nucleotides

Measures

A. -2(L(Q°TF)-L(Q™M))/n

B. %, |m Q™ —m Q7 |

C. i zi,j |O~UNi,j_ QGTRi,j |
i. zi,j |T[i QUNi,j_ T[GTRi QGTRi,.
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Results — Nucleotides
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Results — Amino Acids

Measures

A. -2(L(Q°TF)-L(Q"M))/n |

B. 5, |m QU —mQW | 3 ‘,”

C.i. z,|Q" - Q°™, | e
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Conclusions

Non-reversible models often give a better fit for nucleotide 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
better

There are many ways to quantify reversibility

— Zi,j |T[i QUNi,j_ T[j ClUNj'| |
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