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Correlation of states in a discrete-state model
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A simple model: Brownian motion
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A simple case to show effects of phylogeny
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Two uncorrelated characters evolving on that tree
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Identifying the two clades
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A tree on which we are to observe two characters
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This turns out to be statistically equivalent to ...
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Contrasts on that tree
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Plot standardized contrasts against each other
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Gene copies in a population of 10 individuals
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Going back one generation
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... and one more
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showing ancestry of gene copies
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The genealogy of gene copies is a tree
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Genealogy of gene copies, after reordering the copies
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Ancestry of a sample of 3 copies

Time

Genealogy of a small sample of genes from the population
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Here is that tree of 3 copies in the pedigree
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Kingman’s coalescent
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Coalescent trees of gene copies within species (Kingman, 1982)

Random collision of lineages as go back in time (sans recombination)

Collision is faster the smaller the effective population size
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Coalescence is faster in small populations

Change of population size and coalescents
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The parameters of the growth curve for   Ne  can be inferred by
likelihood methods as they affect the prior probabilities of those trees
that fit the data.
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Migration can be taken into account
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Recombination creates loops

Recomb.

Different markers have slightly different coalescent trees
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We want to be able to analyze human evolution
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coalescent and “gene trees” versus species trees
Consistency of gene tree with species tree

coalescence time
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If the branch is more than Ne generations long ...

Gene tree and Species tree
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What to do with coalescents?
They are poorly estimated (often only a modest number of sites is
available for each tree).
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Our interest is not in the coalescent tree itself, it is in the population
and genetic parameters (population size, mutation rate, migration
rate, population growth rate, rate of recombination).
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What to do with coalescents?
They are poorly estimated (often only a modest number of sites is
available for each tree).

Our interest is not in the coalescent tree itself, it is in the population
and genetic parameters (population size, mutation rate, migration
rate, population growth rate, rate of recombination).

So we want to sum up likelihoods over our uncertainty about the
tree, or do the equivalent in Bayesian terms.

Got that? Our objective is not to “get the tree”! We don’t end up with
a tree!
This can be done by Markov Chain Monte Carlo (MCMC) methods,
in programs such as LAMARC, BEAST, MIGRATE, IMa or BEST
(there are others too).

... and more approximately by Approximate Bayesian Computation
(ABC) methods. Faster but not necessarily as efficient statistically.
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Topics for the future ...

Use of many loci
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Use of SNP data on a large scale (if relevant)

Use of whole-genome sequences (in the longer run)

Integration of between-species and between-population studies with
multiple loci across multiple species. IMPORTANT: If you are within
a species, not all loci will have the same tree (we have just explained
why, in the discussion of recombination). So you ought to consider
coalescents that differ between loci, between SNPs and not just infer
“the tree”. (Also, please do not do phylogenies of individuals).
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Topics for the future ...

Use of many loci

Use of SNP data on a large scale (if relevant)

Use of whole-genome sequences (in the longer run)

Integration of between-species and between-population studies with
multiple loci across multiple species. IMPORTANT: If you are within
a species, not all loci will have the same tree (we have just explained
why, in the discussion of recombination). So you ought to consider
coalescents that differ between loci, between SNPs and not just infer
“the tree”. (Also, please do not do phylogenies of individuals).

Integration of between-species and between-population studies with
QTL mapping

Integration of between-species and between-population studies with
morphological characters.
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