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~ The Problem

Fucikova et al. conducted separate Bayesian MCMC
analyses of 7 genes (Table 1) in Sphaeropleales. Every dis-
tinct tree sampled was unique to one gene, causing Bayes-
ian Concordance Analysis (BCA; Ané et al. 2007) to con-
clude maximum discordance. The BCA concordance tree
(Figure 1) is (in this case) identical to a majority rule con-
sensus of the pooled trees from all 7 single-gene analyses.
Many clades were common to >70% of genes, suggesting
there is more concordance than BCA indicates. Using re-
sults from only separate gene analyses precludes learning | | most genes, excluding only 28S.
whether a single tree topology can adequately fit data
\from multiple genes.

Bayesian posterior/ML bootstrap

Figure 1. Primary Concordance Tree showing Bayesian posterior probabilities and
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e Our Solution

We used Bayes Factors (BF) to assess combinability, taking
advantage of a new method for estimating marginal likeli-
hoods when tree topology is variable (Holder et al.). Our
BF approach compares the probability of the data
(marginal likelihood) when data subsets are combined
(and thus forced to have the same tree topology) to the
likelihood when subsets are separate (each having poten-
tially a unique tree topology). While BCA suggests that no
two genes can be combined, BF results favor combining

\

The Bayes Factor (BF) is a ratio Marginal likelihood The likelihood is the probability of
of marginal likelihoods computed of combined data the observed data given a model.

under competing models.

BF > 1 means that model on top p(yl Yo, -

Models include unknowns
Y k) (parameters) such as tree topology,

fits data better on average BF =
p(y1) p(y2)

BF <1 means model on bottom fits
data better on average.

nucleotide frequencies, relative rates

o P (y k) of substitution, branch lengths, etc.

The marginal likelihood is a

| Marginal likelihood weighted average of the likelihood
Usually, a log scale is used for BF. of separate data over all combinations of unknown

Thus, log(BF) > 0 favors model on top.
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Partitioning

- Protein-coding data always partitioned by codon position
- Ribosomal data always unpartitioned

parameters, where weights are
provided by the joint prior distribution.
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RESULTS
a. Ribosomal genes compatible: log(BF) = 67.5 b. Plastid genes compatible: log(BF) =132.9
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c. All genes compatible: log(BF) = 67.5

(but note 5.7:1 ratio of parameters)

d. Plastid and ribosomal incompatible: log(BF) = -118.7
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e. Combinability when 1 gene left out

BF favors combining all 3 ribosomal genes (a) and all

4 plastid genes (b). BF also favors combining all 7
genes (c), so any incompatibility between plastid and
ribosomal genes is apparently not strong enough to
overcome the dimension penalty resulting from the
fact that the separate model has 5.7 times more pa-

rameters than the combined model.

Incompatibility reveals itself when comparing plastid
to ribosomal (d), where the ratio of parameters is
only 1.6. Further experiments (e) reveal that, of the
ribosomal genes, 285 appears to be most incompat-
ible with the plastid genes. Panel (e) shows that leav-
ing out 28S from the rDNA group allows the tDNA
subset to be combined with the plastid subset.
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- Separate data sets never constrained to share tree topology study.
or branch lengths
DISCUSSION
Phylogenetic trees for different genes (gene trees) can differ from the phylogenetic marginal likelihood, where phylogenetic reters to
each other and from the species tree due to factors such as incom- the fact that it not only integrates over all substitution model pa-
plete lineage sorting and horizontal gene transfer. Even if the true rameters, but also over tree topologies. This makes possible Bayes
gene trees are identical, estimated trees can differ due to model Factors (BF) that compare the fit of a model when one tree topology
misspecification leading to (for example) long branch attraction in is assumed for all subsets (the “combined” model) to the

some gene trees and not others.

("separate”) model where each subset is allowed to have its own

tree topology (potentially different from any other subset).

If ditferent genes evolved along the same tree, the data for these

genes can be safely combined to increase the information available We found that BF favored combining all plastid genes, all rtDNA
for estimating the phylogeny. Bayesian Concordance Analysis genes, and all genes, a result distinctly different than that offered
(BCA; Ane et al. 2007) performs nonparametric Bayesian clustering by BCA. Interestingly, BF found that combining all genes was not
of data subsets into groups defined by their preference for a dis- preferable to a partition containing two subsets: a “plastid gene”
tinct tree topology. (all plastid data combined) versus an “rDNA gene” (all rDNA data
combined). It is probable that this mild incompatibility is masked
In our recent study involving data from 7 genes and 33 taxa in the when the “combined” model is compared to the “separate” model
green algal order Sphaeropleales (Chlorophyceae, Chlorophyta), a due to the unusually large number of parameters in the “separate”
BCA analysis using BUCKYy concluded that each gene fell in its model. Bayes Factors implicitly impose a dimension penalty on
own cluster: 7 different gene trees for 7 genes. Adjustment of the models, and the 5.7-fold greater number of parameters apparently
prior distribution on number of clusters had no effect because no resulted in a penalty that offset any differences in goodness-of-fit.

sampled tree topology was shared by any two genes, even though

many splits (clades) were represented in a majority of gene trees. In conclusion, using Bayes Factors to test combinability appears to
be a promising new approach, and the fact that it takes into consid-
We suspected that the behavior of BUCKy was due to the fact that eration both combined data and separate data may allow it to
BUCKY never considers more than one data subset at a time. escape the extreme results of BCA when tree samples from differ-
Holder et al. recently published a method for accurate estimation of  ent genes share many splits yet have no tree topologies in common.
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