Modeling molecular evolution with tast adaptive divergence at speciation

11\/[a,rc Manceau', Hélene Morlon®, Amaury Lambert’, COLLEGE
College de France, 11 place Marcelin-Berthelot, Paris 5éme DE FRANCE
2 Ecole Normale Supérieure, 46 rue d'Ulm, Paris S5eme 1930
Motivation
m [here is a long-standing debate as to whether molecular evolution m [ he fanciest relaxed clock models assume that the substitution rate changes
proceeds in a punctuated versus gradual way at the macro scale. through time [2].
m However, models of molecular evolution assume that sequences evolve B Recent studies suggest that there is signal in biological data supporting both
gradually. Statistical tests that have been performed [1] are not model- "auto-correlated" and "non-auto-correlated" rates of molecular evolution [3].

based and might be subject to phylogenetic reconstruction artifacts.
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How could we model the "non-auto-correlated part" in a more process-based fashion 7
In particular, this signal could be better captured by punctuated events at the macro scale, capturing episodes of fast disruptive selection at speciation.

Model Inference
B We couple the birth-death FROM THE WHOLE PROCESS... ..TO THE RECONSTRUCTED TREE m \We want to compute the
process of cladogenesis with likelihood of the reconstructed
spikes of mutations occurring tree with spikes in order to
at branching events. speed up simulations and allow

inference from biological data.

m When a spike occurs, each
nucleotide in the sequence
mutates with a given
probability.

m On the reconstructed tree,
spikes may occur both at
speciations and along lineages
when d is non-zero.

b speciation rate
Let u(t) be the probability that the

descendance of a species extant at time t
be extinct before the present.

d extinction rate
6/  basal substitution rate
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K probability of substitution at spike per nucleotide The spike rate on a lineage of the reconstructed tree is 2bru(t)
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On a lineage extending from t, to t;, the number of spikes is Poisson distributed with parameter / 20vu(s)ds = 2bv(top —t1) —2vin
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O d Looking specifically for loci supporting fast positive selection
= o e ¢ at speciation events.
P(A|T,S) PS | T) P(T) Comparing the fit of the model to other molecular clocks.
’ Trying to nest distinct models in one in order to perform model
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