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Maximum likelihood phylogenies
inference with codon models

Maria Anisimova
ETH Zurich

MCEB 2013, France

' 011, ° p
o, 2
/ 7 S N °,
Eidgendssische Technische Hochschule Ziirich o ,§' \"?)

. . : %S : s
Swiss Federal Institute of Technology Zurich e S o, Swiss Institute of
Sl % Bioinformatics



Why codon models?

Better models for protein-coding genes:

* Incorporate structure of genetic code
(unlike DNA models)

* Include synonymous substitutions
(unlike AA models)

* Allow to model selection on protein
(unlike AA & DNA models)



The many faces of codon models

* Detecting selection

* Changes in time and space
e Studies of codon bias

* Predicting codon regions

* Inferring phylogenies

* Dating speciation events

* Ancestral reconstruction

* Improved alignment

* Inferring gene features
(phyloHMMs, netHMMS)

* Simulation of protein-coding

Site model
with 3 classes
(3 selective regimes)

mouse 2

genes Anisimova & Kosiol 2009, Mol Biol Evol
Kosiol & Anisimova 2012, Springer book chapter



Antigenic / genetic evolution of influenza A

Smith et al. 2004 Science

Selection affects tree shape

I -

H |_:|1 Phylogeny of HIV-1 subtypes
Archer and Robertson 2007, AIDS

Positive selection No selection

Effect of selection on the topology of genealogical trees

Leonardo P. Maia, Alexandre Colato, Jos¢ F. Fontanari™®




tg CodonPhyML

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

Inheritance from PhyML

*  Fast tree search heuristics (NNI + SPR)

* High accuracy, nice convergence properties

e  Fast branch support (Anisimova et al 2011, Syst Biol)

High performance computing
. BLAS, LAPACK, OpenMP

*  Heuristic using exp(Qt) via Taylor

*  Blocking heuristic (FixQ)

Gil, Zanetti, Zoller, Anisimova, 2013, Mol Biol Evol



CodonPhyML: Simulations

100 Taxa — NNI

100 1000
sequence length

100 taxa 1000 codons
in <1 hour

10000

laistance 1rom tne true vaiuel

0.0
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04 06 038
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100 Taxa — NNI

M tree length
O kappa
[J omega
@ RF distance

100 1000 10000
sequence length

Nice convergence
properties

Zanetti, Gil, Zoller, Anisimova, submitted



CodonPhyML:
Model comparison on real data

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

PDNA ] . Worse
LikeIiLood difference :
(AICc) .
E codon
' Same
P codon . Better

DNA AA codon codon codon DNA AA codon codon codon
Gil, Zanetti, Zoller, Anisimova, 2013, Mol Biol Evol



Human-mouse or human-dog?

A

Tree B: Primates with Carnivores

Janke et al (1994)
Reyes et al (2000)
Arnason et al (2002)
Misawa & Janke (2003)
Jorgesen et al (2005)
Kullberg et al (2006)
Cannarozzi et al (2007)
Huttley et al (2007)

Tree A: Primates with Rodents

Shoshani & McKenna (1998)
Murphy et al (2001)

Lin et.al (2002)
Amrine-Madsen et al (2003)
Thomas et.al (2003)

Bashir et.al (2006)

Lunter (2007)

Unpublished data, Hanulova, Gil, Anisimova



22 species
Orthologs from OMA

Set 1: 72 proteins with NO opossum
Set 2: 64 proteins with opossum

Ref. Tree from Schneider & Cannarozzi 2009 MBE



Comparison by distance to reference tree

Best fit BesF L
(NO oposs) S
0poss)
Codon
MO 70/72 62/64
AA
LG+T 0/72 0/64
DNA
GTR+T 2/72 2/64

Frequency of splits matching Ref. Tree

ENO
opossum

EWITH
opossum

AA (LG+G+F) codon (MO+F) codon (M3+F sign only)
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For details on aBayes see: Anisimova et al. 2011, Syst Biol



Support for human-mouse

1019 1SAS ‘TT0Z °|E 19 eAOWISIUY :23s saAege uo s|ie1ap 404

M3

Mo

LG+G+F

:meﬂm_.

R N N B B
09 09 Or 0 Oc Ol

Aouanbaig

0

d

[ [ [ [ [ [
09 05 Oy 0€ 0Oc Ol

Aouanbaig

0

[ [ [ [ [ [
09 0§ Oy 0g€ 0Oc¢ Ol

Aousnbaig

|
0

O

0.9

0.5 0.7

0.3

0.9

0.7

0.5

0.3

0.9

0.7

0.5

0.3

4

-

£
3
7]
7]
(o]
o
(o]
£
=
£
(o0)
=
| 1 T 1 |
09 05 Oy 0 02 OF O
Aouanba.g
[ I W
£ :
7]
7]
o m
o
o
s
E ;
o
= f
[in
| T 1 T T 1
09 05 Oy 0 02 OFL O
Aousnbai4
£
3
7]
7]
(o]
o
(o]
M i
S
[TH i
+
(O]
+ f
(O]  — —
- | T 1 T T 1

09 09 Oy 0€E 0Oc OF O

Aouanbal4

g »

- B8

0.9

0.7

0.5

0.3

0.7 0.9

0.5

0.3

0.9

0.7

0.5

0.3



25 1

20 -

15

10

5

0

Tree shape statistics

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 %5 -

With more relaxed
201 selection (average):
Mean=-0.84

5 4 3 -2 -1 0 1 2

Difference in #cherries between AA & codon models

3 4 5 5 4 3 -2 -1 0 1 2 3 4 5



Tree shape statistics (other datal)

All data: Bactgrial GALA (type Il effectors) |
acquired from host plants by LGT:
Mean =-1.51 residues under positive selection
are found on the convex side of
horse-shoe & involved in binding

Difference in #cherries between codon & aa models



http://sourceforge.net/projects/codonphyml

Summary Files Reviews Support Wiki Discussion Donate Code Bugs

@®®2 codonPhyML

L9 s anisimova, laduplessis, mgil_, mszanetti, stefanzoller

¥ 6 Recommendations Download
¥ 85 Downloads source code

(31 Last Update: 4 hours ago
fl'l” ‘d M_ & Browse All Files

W Tweet < 0 g +1/< 0 EiLike 0
Description

codonPhyML uses Markovian codon models of evolution in phylogeny reconstruction. Given a set of
species characterized by their DNA sequences as input, codonPhyML will return the phylogenetic tree that
best describes their evolutionary relationship. Our paper describing codonPhyML has been accepted for
publication in the journal "Molecular Biology and Evolution". For more details, follow the link:
http://mbe.oxfordjournals.org/content/early/2013/02/23/molbev.mst034.short.
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