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Regardless of whether you study languages, animal behavior, human material culture, 
or morphology, you will need to produce publication-quality trees.  The goal of this 
exercise is to introduce the 10kTrees website, and to manipulate the presentation of 
trees downloaded from the website (or any other trees) to suit different needs.

Specifically, this lab has the following learning goals:  
- Learn how to download primate phylogenies from the 10kTrees website
- View and manipulate the phylogenies in FigTree, R and Mesquite
- Add trait data to the trees for further analysis.

10kTrees and Primate Phylogeny

Phylogeny is now considered an essential component of comparative research, yet the 
true evolutionary history of a group of organisms is never known with certainty.  This is 
true both in terms of topological relationships (i.e., the branching structure of 
relationships), and in terms of the lengths of branches that connect the nodes on the 
tree.  Some researchers have used phylogenetic uncertainty as a justification for not 
controlling for phylogeny, or for setting the branches to be equal.  

Q. If we fail to incorporate phylogeny, what sort of branching structure are we 
actually assuming?  

Q. If we set branch lengths to be equal, what are we assuming about the evolution of 
the trait?  

Q (more challenging!):  How might we test the validity of these simplifying 
assumptions?

It is desirable to incorporate the current level of uncertainty for specific nodes and 
branch lengths.  Indeed, different trees have been shown to produce different results in 
comparative analyses.  

The 10kTrees website is a new web resource for primate phylogeny that allows users to 
incorporate phylogenetic uncertainty into their analyses in a principled way.  It builds on 
major developments in phylogenetics research to control for phylogenetic uncertainty 
(see Pagel and Lutzoni 2002 article on the wiki).  These Bayesian methods provide a 



way to sample a set of trees in proportion to their posterior probabilities using Markov 
chain Monte Carlo (MCMC).  This allows researchers to run analyses on an entire set of 
trees rather than using a single tree; thus, results are no longer conditioned on a single 
tree being correct.  In addition, we can begin to understand the degree to which 
phylogenetic uncertainty affects the results of comparative studies of primates – maybe 
it has no effect, but we canʼt say for sure one way or the other yet!

With the 10kTrees website, users can download up to 10,000 primate phylogenies 
sampled from a Bayesian tree inference.  The website provides a variety of options, 
which are described on the website.  The website is designed so that it can be easily 
updated as new data or methods become available.  Thus far, we have produced two 
versions of the tree.  We recommend using the latest version of the tree, and it is 
important to state in the paper which version is used.  We also request that people cite 
the paper describing the 10kTrees approach and website (Arnold et al., on the wiki).  

Letʼs begin by going to the 10kTrees website:  http://10ktrees.fas.harvard.edu/.

Take a few minutes to click through the main tabs at the top of the page.  Notice that 
under ʻDataset,ʼ the full genetic dataset is available, and we provide graphical 
representations of the consensus tree in various formats.  We also provide an 
availability matrix showing which genes are available for which species.  

Q.  Using this matrix, how many genes are available for Cercopithecus diana?  
Which species has the most genes sampled?

We will be using Version 2 of 10kTrees.  Note, however, that you can use earlier 
versions.  The details for the latest version are provided under “Dataset”, but detailed 
data for the earlier versions is available under the “Archive” tab.  We aim to update the 
set of trees every 6-12 months, depending on the availability of new data or methods.

Go to “Download Trees.”  Here you can select whether to download a consensus tree, a 
tree block sampled from the posterior probability distribution, or a combination of these.  

Q.  What is a consensus tree?  Can you think of reasons why you might want to 
have a consensus tree in addition to a tree block?

We will download a tree block of 10 trees and a consensus tree of all 10,000 trees 
stored on the site.  Select 10 from the pulldown menu in “How many trees do you want 
to download?”  Notice that you can also type in exactly how many trees you desire.

The website also allows the user to switch between different taxonomies.  For this 
exercise, letʼs switch to the Wilson and Reeder taxonomy by clicking on the button next 
to that option.  

Ooops, did you notice that the settings you just made have now changed?  The 
website still has a few bugs... we are fixing them.  We donʼt know of any bugs 
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related to the trees themselves.  For now, just be sure to double check all your 
settings before actually downloading the trees.

Go back to reset your option to 10 trees.  

You may have noticed that information on settings can be obtained by placing your 
cursor over the phrases next to purple questions marks.  Try this for the “Branch 
Lengths” option.  You will see that the phylogram option gives branch lengths 
proportional to the number of substitutions, while the chronogram option gives branch 
lengths proportional to time.  Letʼs stick with the chronogram option for now.

Next, you can select the species to be included on your tree; the program will prune the 
trees to just those species that you selected.  All 213 species in the dataset that are 
recognized in Wilson and Reeder taxonomy are selected by default (note, however, that 
the taxonomy includes more than 213 recognized species).  

Scroll down, and notice that some species are “grayed” out.  These are species that are 
not recognized in the selected taxonomy.  They can be selected if you would like to 
override the taxonomic selection of species; simply click on the box and it will be 
included in the trees that are delivered to your computer.

For this exercise, letʼs imagine that we are doing a comparative study on colobines 
(Colobus, Nasalis, Piliocolobus, etc., under Colobinae).  Use the check boxes to include 
all these species.  Also include an outgroup.  For this purpose, letʼs select Papio 
hamadryas.

Glance back over the list of species and your settings to be sure they are correct.  
Notice that if you used the correct settings, you should see that “21 species currently 
selected” at the top of the box “Which species should be included in the trees?”

We are ready to download the set of 10 trees.  Scroll back to the bottom and click 
“Download Trees.”  

On the next screen that comes up, we will first download the tree block.   Find this file 
on your computer and rename it “colo10chronotrees.nex”.

Next, download the consensus tree and name it “colo-consensus.nex”.

Finally, notice that you can save the current selected species and settings in a separate 
file.  Go ahead and do this, and we will see how it works later (the file will be saved 
automatically in the location where you download files).  This is actually very useful, for 
example in situations in which you might add or subtract a species at a later stage in the 
analysis, or change the other settings.  It saves the trouble of re-selecting all the 
species (which can actually be quite time consuming when you are matching a list of 
species in your data to the list of species on the website).  



Letʼs take a look at the files you just downloaded, which are in “nexus” format.  Open 
colo10chronotrees.nex in a text editor.  Notice that it is declared to be a nexus file, and 
then provides a tree block, which first includes translation of the species names into 
numbers.  This is more efficient than using the full species names.  As you scroll down 
the text file, notice that the trees are identified as “tree 1 =” etc., down to 10 trees.

Q. Do you see how the translation system works?  Which species number 
corresponds to the species Semnopithecus entellus?  

Q (more challenging!).  In the first tree, what is the branch length leading to that 
tip species?

The nexus file format ends with “END;” (notice the semicolon).  Note also that this 
nexus file does not yet have a Data Block.  We will add one after viewing the trees.  

Now, open the consensus tree saved as colo-consensus.nex.  Notice that it has the 
same structure, but it contains only a single tree.  

When you are finished, close your browser.

Viewing the Trees Graphically

FigTree:  FigTree (http://tree.bio.ed.ac.uk/software/figtree/) is a very useful program for 
viewing and printing trees, especially for publication quality graphics.  Open the 
program, and then open the colo10chronotrees.nex (your tree block of 10 trees).  

Chances are that the tree will need formatting, and many options exist in FigTree for 
doing this.  

First, using the options in the left panel, letʼs change the “Tip Labels” to be larger and 
italicized (choose the “font” option, select Arial with font size 12 and italicized).  Now you 
can actually see the names, which is obviously useful!

Next, letʼs add branch lengths to the tree.  Use the “Branch Labels” option to show the 
branch lengths with two significant digits.  Notice that you could also show node ages by  
selecting that option in the pull-down menu.

Further options are available for adjusting the line weight (under appearance) or the 
scale bar.  In terms of the “layout” options, it is possible to show the tree in different 
formats.  Try the unrooted tree option (the button to the far right under “Layout”).  A bit 
hard to see... we can fix that by adjusting the “zoom” dial.  You may also want to remove 
the branch lengths, as they appear to be cluttering our picture somewhat.  Take a 



minute to identify the outgroup and where the root of the tree should be based on this 
outgroup.

Letʼs go back to the rooted tree layout by clicking the button to the far left under “layout.”  
For kicks, make the branches more “curved” with the curvature option at the top-left.  

Q.  Can you figure out how to highlight the three Colobus spp. in a “light gray” 
color?  (Check out the clade selection option at the top of the window.)  Or, you 
can highlight just the species names.

Remember that we downloaded 10 trees, and it is often interesting to compare the 
trees.  To scroll among the trees, use the “Prev/Next” arrows at the top.  Notice that the 
tree number is given in the panel at left, under “Current Tree.”  Do you see any major 
differences in the topologies or branch lengths?  You may need to “rotate” the branches 
around to make the trees more comparable; see the button at the top.  Or, under 
“Trees,” select “Order Nodes” to give more consistent representation of trees across the 
tree block.  In this case, the tree topologies are generally identical (I didnʼt check them 
all...); it is the mainly the branch lengths that differ.

Note that it is also possible to reroot the tree or even to collapse nodes (useful for 
representing large trees in Powerpoint or in publications).  Give some of these options a 
try with your file.

Finally, letʼs print a high quality image of tree 8 for publication by selecting that tree, and 
then going to the menu “File -> export graphic” and saving the tree as an eps file.  
Notice that all major options are provided for saving different file types.  Open your 
beautiful creation in the program of your choice.

Rʼs ape package:  Next, letʼs take a quick look at the trees in R.  Start up R, and load 
ape.  

Now, import the tree using the “read.nexus” function in ape.  E.g., colo10 = read.nexus(ʻ/
Users/charlienunn/Desktop/colo10chronotrees.nexʼ) – donʼt forget the quotation marks!  

Find information about particular trees by typing, e.g., colo10[[8]] for the 8th tree – note 
the double brackets!  The “summary” function gives more information about the tree... 
give it a try to answer the following question:

Q.  What is the mean branch length of tree number 6?

Q.  Does this tree have any polytomies?  How can you tell from the “summary” 
output?

Letʼs view tree #8 graphically by typing plot.phylo(colo10[[8]]).  



Try making an “all-American” tree by setting the branches of the tree to red 
(edge.color=”red”), and the tip.color to blue (tip.color=”blue”).  You can also adjust the 
width of the branches (e.g. edge.width=3), and make the text bold italics (font=4).  

Remember that you can recall previous commands (and edit them) by using the up and 
down arrows – a very useful trick to use.

Many more options are available, including adding annotations, scale bars, and placing 
multiple trees side-by-side.  The book “Analysis of Phylogenetics and Evolution in R” by 
Emmanuel Paradis gives a nice overview of the options.

Lastly, save the tree for incorporation into a presentation or publication (e.g., copy and 
paste into powerpoint, or Save as... Rplot).

Mesquite:  Finally, letʼs view the trees in Mesquite and learn about adding trait data.  

Open Mesquite, and then open the colo10chronotrees.nex file from within Mesquite.  A 
warning will appear stating that a block of trees has been read that lacks data.  Just 
click “OK”, and Mesquite will go on its merry way.  

Click on “view trees,” and a tabbed window will appear that shows the first tree.  

Hmmm... something looks weird... why arenʼt all the species names shown, and 
why the weird line from one tip to a node?

Looks like we need to do some troubleshooting.  Letʼs begin by looking at the list of 
taxa.  Click on “List & Manage Taxa” to see a listing of the species.  Notice that line 14 is 
incomplete, and line 15 has a parenthesis rather than a real name.  Aha, the formatting 
of that species might be the problem.  

Recall that some of the species had parentheses in their names.  Letʼs simply close this 
file, open colo10chronotrees.nex in a text editor, and then, in the translation table, 
systematically replace every parenthesis “(“ and “)” with an underscore (or something of 
your choice).  Save and close the file, re-open in Mesquite, and hit the button “View 
Trees.”

OK, that should look better.  However, notice that we donʼt seem to have information on 
branch lengths.  That is because the default view in Mesquite is to not show branch 
length information, or even to show branches proportional to time.  You will normally 
want to view “Branches proportional to their lengths,” which can be done by selecting 
that option under the “Drawing” menu.  

Scroll through the trees using the arrows at the upper left corner of the tree window.  
Experiment with other “drawing” options, and when you are satisfied with the way that 
Tree 8 looks, save it as a pdf under the “File” menu.



You might have noticed that with these trees, all the species line up at the tips.  These 
are “ultrametric” trees because the branches have been adjusted to reflect time since 
two species last shared a common ancestor (see 10kTrees to find out how this was 
done with fossil calibration points and the program r8s).  In many publications, trees 
often have variable lengths from the root to the tips.  While this might be expected if the 
tree has fossils, in many cases the trees do not have fossils... they are showing number 
of changes along branches rather than showing branches proportional to time.

Letʼs go back to 10kTrees to quickly view the trees before they were transformed in r8s.  
Simply open your web browser and go to the 10kTrees website again.  Under 
“Download Trees,” select the option “Load previously selected set of species” under 
“Which species should be included”.  Choose your file that saved settings from the last 
time you were at 10kTrees – it is typically a weird looking complex name, like 
“10kPrimateTrees_storedSession2010-05-28T12-03-05-04-00-1”.  Then, select “Load 
Session”.

Read the directions carefully... you close the window, and going back to the “Download 
Trees” page, refresh the page.  It should go back to your previous settings (well, it might 
already have done so, depending on your browser and the last values selected at 
10kTrees). 

Now, go to “Branch Lengths” and change the setting to Phylogram.  Download the trees,  
remove those pesky parentheses, and save the file as colo10phylogramtrees.nex.  

When you open this tree in Mesquite and view “Branches proportional to lengths,” you 
will see that the root to tip distances vary (the tree is not ultrametric).  As we will be 
discovering, there are cases when such trees are preferred to the ultrametric trees that 
we used earlier in this exercise.

Adding Trait Data in Mesquite.  There are many options for adding trait data to your 
nexus file.  To do this in Mesquite, go to the “Characters” menu and select “New Empty 
Matrix.”  Give this matrix the name “Data”, and use the default setting of 2 characters.  
Select “Continuous Data,” and click “OK.”  

A data file is available on the wiki (randomdata.txt).

A data matrix window will appear with a list of all the species.  Give the data two names 
(they are actually random values!).  

You can type in the data manually, or, if you import the text file into Excel (or some other 
spreadsheet program), you can copy and paste the data into Mesquite.  Before 
copying and pasting, just be sure that the species are in the same order in the 
two files.  Even a minor re-arrangement can wreck all subsequent analyses.  Note that 
it is possible to sort the data in ascending or descending alphabetical order in Mesquite 



with the little “beehive” icons to the left of the list of species.  Give this a try, and double 
check that your data in the data file match what is in the text file.

There are actually other ways to link up various datasets within your Mesquite project.  
The developers of Mesquite provide a number of tutorials showing how to do this.  
However, I have generally found that these procedures are more frustrating than simply 
copying and pasting the data.  Just be sure that the taxa line up perfectly in the two 
files, and do some spot checks to be sure the pasting went in successfully.

The end!  


