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1 Appendix A: Tree Inference

1.1 Morphological character states

To obtain a realistic value for the probability of having k characters states for each

simulated morphological character, we randomly selected 100 morphological matrices,

each with more than 100 characters each, from TreeBASE (http://treebase.org/). We

only selected matrices published between 1985 and 2013 and covering 19 taxonomic

classes (Chordata, Arthropoda, Annelida, Angiosperm, Gymnosperm and

Pteridophyta). This resulted in a total of 22563 characters that had between two and 10

character states. We then extracted the proportion of characters with each number of

states (two to 10) to give us an empirical estimate of the average number of character

states for each character, as shown in Figure A1. Most characters have two or three

states, therefore we only simulate characters with two or three states, and sample these

in proportion to their occurrence in our empirical data (probability of 0.85 for two

states characters and 0.15 for three state characters). The code used for this section is

available at https://github.com/TGuillerme/Total_Evidence_Method-Missing_data/

blob/master/Analysis/MorphologicalCharacterStates.R.

1.2 Effect of the starting tree on Bayesian inference

We used the “true” tree as a starting tree for the two MCMC chains in the Bayesian

inference to decrease the computing time needed. To assess if this had an effect on the
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Figure A1: The proportion of morphological characters with between two and 10 char-

acter states extracted from 100 randomly selected empirical matrices downloaded from

TreeBASE.
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topology of the “best” tree, we ran a sub-sample of trees using a different random

starting tree for the two MCMC chains (default MrBayes option; Ronquist et al., 2012).

We tested this effect on five trees with the five levels of missing data (i.e. first tree:

ML=0%, MF=0% and NC=100 (i.e. 0% “missing”); second tree: ML=10%, MF=10% and

NC=90, etc.) on the first 20 simulation chains. We then compared the trees inferred

using a random starting tree to the “best” tree using the normalised Robinson-Foulds

and Triplets metrics in an identical way as described in the main text (figure A2). We

used a two-way ANOVA to test any significant effect of the starting tree (“true” or

random) on the normalised Robinson-Foulds and Triplets metrics. The code used for

this section is available at https://github.com/TGuillerme/Total_Evidence_

Method-Missing_data/blob/master/Analysis/Starting_tree.R. We found no

significant effect of using the “true” instead of a random tree as a starting tree on our

ability to recover the “best” tree (tables A1 and ??).

1.3 Morphological rates estimates results

To test the sensitivity of the Bayesian prior on the morphological rates distribution

shape (α = 0.5), we compared the shape of the distribution of our generated

morphological characters (αTRUE) to the shape of the distribution of morphological

character rates estimated by the Bayesian inference (αEST). The αTRUE parameter was

estimated by fitting a gamma distribution to the 100 individual morphological rates

(randomly sampled from a gamma distribution with α = 0.5) using the fitdistr
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Figure A2: Effect of using the “true” tree (black) or a random tree (red) as the starting

tree for the Bayesian inference. The x axis, represents the amount of missing data ()
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Table A1: Test of the effect of using either a random tree or the “true” tree as a starting

tree on two Normalised Robins-Foulds (RF) and Triplets (Tr) metrics using a two-way

ANOVA.

metric terms Df Sum Sq Mean Sq F value Pr(>F)

RF starting 1 0.00 0.00 0.01 0.9125

Residuals 198 2.97 0.01

Tr starting 1 0.01 0.01 0.07 0.7887

Residuals 198 34.57 0.17

function from the MASS R package (Venables and Ripley, 2002). We measured the

difference as:

∆α = αEST − αTRUE (1)

We then calculated the mode and the 95% and 50% confidence intervals over the 50

chains using the hdr function from the hdrcde R package (Hyndman et al., 2013). The

code used for this section is available at https://github.com/TGuillerme/Total_

Evidence_Method-Missing_data/blob/master/Analysis/Rates_estimates.R.
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Figure A3: Differences between the simulated rate of each morphological character (α

parameter) and the Bayesian estimates for the trees with missing data. The x axis shows

the percentage of missing data from 0% (white) to 75% (black) for the two parameters:

ML (upper line), MF (middle line) and number of characters from 100 to 25 for the

parameter NC (lower line). Positive values shows overestimation of the parameter and

negative values shows underestimation. One unit of difference means that the estimated

rate is twice as big/small than the true rate. The graph shows the modal value (points),

and the 50% (thick solid lines) and 95% (thin dashed lines) confidence intervals of the

distributions of the rates estimates.
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1.4 Tree Inference Software settings

For clarity we have provided the exact settings used in our tree building below.

1.4.1 Maximum Likelihood: RAxML version 8.0.20 Stamatakis (2014)

• Molecular data: GTR + Γ4 (-m GTRGAMMA)

• Morphological data: Mkv + Γ4 (-K MK)

• Support: Rapid Boostrap algorithm (LSR), 1000 replicates

1.4.2 Bayesian: MrBayes version 3.2.1 Ronquist et al. (2012)

• Priors: Molecular data

– Rates distribution shape (α) = 0.5

– Transition/Transversion ratio = 2 (β(80,40))

– Starting tree: ”True” tree topology with each branch length = 1

• Priors: Morphological data

– rates distribution shape (α) = 0.5

• Models

– Molecular data: HKY + Γ4

– Morphological data: Mkv + Γ4
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• MCMC

– Two runs

– Four chains per run

– Generations < 5×107

– Sample frequency = 1.05×104

– ASDS diagnosis frequency = 5×14

– ASDS < 0.01

– ESS >> 200

– Burnin = 25%
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