
Biology 559R: Introduction to Phylogenetic Comparative Methods 

Topics for this week (Feb 10 & 12): 

 
• Chronogram estimation:  
   BEAST 

• Tree visualization, plotting 
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Chronogram estimation: BEAST 
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• One of the most widely used software to estimate chronograms and  
most recently species trees 
 
Drummond AJ, Suchard MA, Xie D & Rambaut A (2012) Bayesian phylogenetics with 
BEAUti and the BEAST 1.7 Molecular Biology And Evolution 29: 1969-1973  
 
http://beast.bio.ed.ac.uk/ 
 
From the authors:  
 
BEAST is a cross-platform program for Bayesian analysis of molecular sequences using 
MCMC. It is entirely orientated towards rooted, time-measured phylogenies inferred using 
strict or relaxed molecular clock models. It can be used as a method of reconstructing 
phylogenies but is also a framework for testing evolutionary hypotheses without 
conditioning on a single tree topology. BEAST uses MCMC to average over tree space, so 
that each tree is weighted proportional to its posterior probability. We include a simple to 
use user-interface program for setting up (BEAUTi) standard analyses and a suit of 
programs for analysing the results.  



Chronogram estimation: BEAST 

3 

• This software has detailed manuals and tutorials: 
 
http://beast.bio.ed.ac.uk/tutorials 
 
• After installation, you will also require the extensive set of auxiliary programs. Most of 
them are included in the BEAST package, but others require independent installation. 
 
Bayesian Evolutionary Analysis Utility (BEAUti): GUI application for the preparation of the 
BEAST XML files. 
 
LogCombiner: Program that allows you to combine log and tree files from multiple 
independent runs of BEAST. 
 
TreeAnnotator: Program that assists you in summarizing the information from a sample of 
trees produced by BEAST. 
 
Tracer: is graphical tool for visualization and diagnostics of MCMC output. It can read 
output files from MrBayes and BEAST (Not in BEAST package):    
http://tree.bio.ed.ac.uk/software/tracer/ 
 
FigTree: You know this one. 



Chronogram estimation: BEAST 
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• This is very important, you need to install BEAGLE  
 
BEAGLE is a high-performance library that can perform the core calculations at the heart of 
most Bayesian and Maximum Likelihood phylogenetics package. It can make use of highly-
parallel processors such as those in 3D graphics boards found in many PCs.   
 
 
http://beast.bio.ed.ac.uk/BEAGLE 
 
MACs: 
https://code.google.com/p/beagle-lib/wiki/MacInstallInstructions 
 
Windows: 
https://code.google.com/p/beagle-lib/wiki/WindowsInstallInstructions 
 
  



Preparing run for BEAST using a starting tree 
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• You need to create a folder with a nexus file with the sequences and  
the chronogram that we estimated using ‘ape’. 
 
Folder: RAG1_BEST  
 



Preparing run for BEAST using a starting tree 
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• Edit and add the chronogram at the end of the nexus file (I have  
added the edited file to the courser website): RAG1_nucleotide_chrono.nex 
 

Our chronogram 

Partitions by codon (if you have multiple genes) 



Preparing run for BEAST using a starting tree 
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• Open BEAUti v1.8.1 and import the nexus file with chronogram 
 



Preparing run for BEAST using a starting tree 
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• Open BEAUti v1.8.1 and import the nexus file with chronogram 
 

Our data file 

Our starting 
chronogram and 
partitions (e.g., 
genes,  codon 
positions) 



Preparing run for BEAST using a starting tree 
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• We are going to change the partitions defaults for codon positions in 
a single gene, but you can do the same procedure for multiple genes. You need to do the 
following to allow to run a partitioned dataset: 
 
1) On the partitions tab select all partitions or genes 
 
2) We like to analyze each partition/gene under separate substitutions models, while assuming 
the clock and tree are linked 
         Highlight all three partitions/genes 
         Unlink Subst. Models 
 
3) Rename Partition Clock Model. Changes are done by highlighting all partitions 
         Highlight all three partitions/genes 
         Link Clock Models 
         Rename this to Rag1_clock 
 
4) Rename Partition Tree. Changes are done by highlighting all partitions 
         Highlight all three genes 
         Link Trees 
         Rename this to Rag1_tree  



Preparing run for BEAST using a starting tree 
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• After all of these changes you should have something like this: 



Preparing run for BEAST using a starting tree 
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• We will create the calibration nodes and identifying internal nodes 
in the Taxa tab 
 
Notice: If not enforced monophyletic, then it is possible to define a node using a pair of 
descendant taxa and use the name of the node corresponding to their MRCA (most recent 
common ancestor) to define calibration times. This procedure will reduced the time editing 
the xml BEAST file 

Click of + to start 
defining groups 
that will used to do 
calibrations 
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• We are going to use the same calibration nodes that we did in the  
Penalized Likelihood Approach!
!

(node number: 49): younger age is 15 and older age 35 

(node number: 59): younger age is 40 and older age 62 

root (node number: 34): younger age is 55 and older age 76 

Preparing run for BEAST using a starting tree 
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• We are going to use the same calibration nodes that we did in the  
Penalized Likelihood Approach!
!

(node number: 49): younger age is 15 and older age 35 

Preparing run for BEAST using a starting tree 
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• We are going to use the same calibration nodes that we did in the  
Penalized Likelihood Approach!
!

Preparing run for BEAST using a starting tree 

(node number: 59): younger age is 40 and older age 62 
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• Not necessary to worry about Tips (do not click) 
 
• Not necessary to worry about Traits tab (do not click) 
 
• On the Sites tab will select the substitution models for each partition/gene. We did this 
part for the entire RAG1 gene in jModelTest, but not for each of its codon positions. For this 
exercise, we will assume that each position has a GTR+G+I model. Notice the limited 
number of models 

Preparing run for BEAST using a starting tree 
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• On the Clocks tab will estimate the clock (click on Estimate) 
The model will be ‘Lognormal relaxed clock (Uncorrelated)’ which is 
 fit for more distantly related taxa and low taxon sampling. 

Preparing run for BEAST using a starting tree 
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• On the Trees tab will  we are going to select a tree prior and  
starting trees 
Tree Prior -> Speciation: Birth-Death Incomplete Sampling (also Yule process is useful) 
Random starting tree if you do not have an starting tree 

Preparing run for BEAST using a starting tree 
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• Not necessary to worry about States (do not click) 
 
• On the Priors tab will input some a priori information to allow us find our time calibrated 
chronogram 

Preparing run for BEAST using a starting tree 

Node upper 
and lower ages 

parameters for the 
clock model 
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• Nodes with an upper and lower within an uniform distribution 

Preparing run for BEAST using a starting tree 
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• Parameter for the clock model 

Preparing run for BEAST using a starting tree 

I trust the theoreticians and 
this values for this prior 
seems to work well  
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• On the tab Operators left them as they are, the software is going  
‘Auto optimize’ while searching for the optimal chronogram. 
 
• On the MCMC tab will like to have a really long chain > 90 million (depends on the 
computational disponibility and time). 
 
• I usually run at least 4 independent starts (based on random numbers) 
 

Preparing run for BEAST using a starting tree 
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• Generate the BEAST file. But, DO NOT CLOSE BEUTi, this will  
allow you correct mistakes easily in case something needs a  
quick fix 
• A tab about un changed defaults priors will appear, just click ‘Continue’ 
 

Preparing run for BEAST using a starting tree 
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• BEAST has tends to split long trees into pieces that need to put  
in a single line: 
 
 
 
 
 
It should be like this: 
 
 
 
 
 
 
• During a test run I found that one of the lower bound of the uniform distribution of the 
Corytophanidae node was to high and I have to fix it to a lower value. It is very likely that 
you will have to review the BEAUTi file for such changes. 

Fixing the BEAUTi file 
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• If you made a good job, then BEAST will run for a long time and 
will produce several intermediate files. I recommend to create a folder 
for each run and have at least 4 independent starts. 
 
• The same xml file will run in the cluster, so check that it runs in your computer before you 
send it to the cluster 
 
• Click on BEAST v1.8.1, select you xml file and 
run. 
 
• For independent starts, change the  
      Random Number Seed 

Running BEAST 
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• Check the performance of the run and wait until it finishes 

Running BEAST 
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• The run will finish with a report about the operators 

Running BEAST 
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• Open Tracer and explore the results of the course website: 
 RAG1_nucleotide_chrono.log.zip 
 

BEAST: Visualizing the results in Tracer 
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From the Manual: On the left 
hand side is a list of the 
different quantities that 
BEAST has logged. There are 
traces for the posterior (this is 
the log of the product of the 
tree likelihood and the prior 
probabilities), and the 
continuous parameters.  
 
Selecting a trace on the left 
brings up analyses for this 
trace on the right hand side 
depending on tab that is 
selected.  

• Open Tracer and explore the results of: 
 RAG1_nucleotide_chrono.log 
 
 

BEAST: Visualizing the results in Tracer 
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From the Manual: On the left 
hand side is a list of the 
different quantities that 
BEAST has logged. the 
posterior (this is the log of the 
product of the tree likelihood 
and the prior probabilities),  
and the continuous 
parameters.  
 
Burn-In: We need to discard 
early very bad estimates that 
usually do not add information 
to our parameter estimation. 
These wrong estimates are 
usually visualized using the 
Trace Tab 

Burn-In:  

• Open Tracer and explore the results of: 
 RAG1_nucleotide_chrono.log 
 
 

BEAST: Visualizing the results in Tracer 
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• Tracer will display summary statistics (e.g., means) and in the  
estimates in each parameter as the run progresses (graph).  
 
• We are interested in Effective Sample Size (ESS). This value indicates the size of a set of 
independent data points with the same information.  
 
• If ESS is good if it is high enough (i.e., > 100) it will also be indicated in black.  
 
• A low ESS (e.g., < 100) means that even though we may have sampled many data points, 
our search is rejecting most of its proposals (e.g., node ages) and thus may not represent 
the posterior distribution well. Other reason is that the proposals it accepts are all very 
close together so that it is not moving freely across the surface. 
 
• Tracer will color Effective Sample Size (ESS) statistic under 100 as RED indicating a run 
which is too short. We need to run longer our chains (as many times the lowest ESS to get 
> 100 ESS for that parameter: if ESS = 25 you should run > 4 times the chain). 
 
• It is suggested to have ESS > 200 to be confident in our estimates. For more information 
read:http://beast.bio.ed.ac.uk/analysing-beast-output 

BEAST: Visualizing the results 
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• Let’s explore the results of our nodes that we assigned calibration 
dates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• This BEAST search look in general good, so lets estimate our summary chronogram. 

BEAST: Visualizing the results 
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• If you have more than 1 run, you need to be combined the tree and log files using 
LogCombiner v1.8.1 (see Manual).  
 
• Use Tracer to determine if your total runs are long enough to get a high ESS   
 
• Then, open TreeAnnotator v1.8.1 and select the file from the course website:  
 
RAG1_nucleotide_chrono.trees.zip 
 
to create a summary tree for the graphs make sure: 
 
   1) to define the number of trees to burn-in with at least stationary posterior, in our case 
        5000000 
   2) posterior probability limit at 0.0  
   3) set to maximum clade credibility tree  
   4) set to Mean or Median heights  

BEAST: Summary Tree 
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BEAST: Summary Tree 
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BEAST: Summary Tree 

We will get in our folder the annotated tree: 
 
RAG1_nucleotide_chrono_summary.tre 
 
 
We can now visualize our chronogram in 
FigTree and this can be used for 
comparative analyses 
 



• We can explore this tree or the one in the course website: 
 
RAG1_nucleotide_chrono_summary.tre 
 
and see the nodal 95% HPD (highest posterior density interval) which represents the most 
compact interval on the selected parameter that contains 95% of the posterior probability.  
 
• These 95% HPD can be thought of as a Bayesian analog to a confidence interval. 
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BEAST: Summary Tree 
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BEAST: Summary Tree 


