ARB workshop 

Tutorial 3: Creating a phylogenetic comparison of sequences

NOTE: Throughout the tutorials, items requiring actions from you are denoted by >> and items which you should select or click on are bolded.

BACKGROUND AND PURPOSE:

Once you are satisfied with the alignment of your sequences, you can add your sequences to the big tree.  The comparison of your new sequences to other species in the database tree will allow you to identify the most closely related species to your sequences. You can then use these nearest neighbors to help you refine the alignment of your sequences.

ADDING SEQUENCES TO THE BIG TREE

>> Mark the sequences you want to add to the tree using SPECIES | SEARCH and QUERY.  Search for the sequences using the identifying term you assigned to the sequences (your last name, ‘tutorial’, etc.).  Next, select Mark Listed Unmark Rest. 

>> To add your sequences to the big tree, select Tree | Add Species to Existing Tree | ARB parsimony (quick add marked).  Select the ‘tree_LTP_s95’.  Select the ali_16s alignment and press the button beside Filter and scroll to highlight the pos_var_Bacteria_93 filter.  Select Close.  For weight, choose none.  Start the program by pressing GO. 

A question box may appear stating that this action will require a lot of memory.  Choose Yes to continue.  It may take several minutes to add your sequences to the tree – be patient!

>> To find your sequences, go to Tree | Collapse/Expand tree | Group all except marked.  Next, use the scroll at the right side of the screen to locate your sequences in the tree.  They should appear in yellow color. 

REFINING SEQUENCE ALIGNMENTS

>> It is a good idea to refine the alignment of your sequence.  To do this, first scroll throughout the big tree to find your first sequence in the tree. Unmark all sequences by selecting Species | Mark Species | Unmark all Species. Next, manually mark your one sequence and also mark several species surrounding that sequence.

>> Open the alignment window, and scroll across the sequence to compare your sequence to the sequences in the database.  Move any basepair positions in your sequence which may fit better in a different alignment.  If you identify mistakes in the reference sequences, you will need to increase the protection level to make any changes (generally, it is best to leave the references sequences in a well-aligned database such as the Living Tree Project alone, but you may find mistakes in the SILVA or Greengenes databases).

>> Once you have refined the alignment of your sequence, mark ONLY your sequence (to unmark the other sequences, click on the box beside the sequence name).  Close the alignment window.

>> Now that your alignment is refined, you need to remove it from the tree and then add it back to the tree to view its new position on the tree.  Go to Tree | Remove Species from Tree | Remove marked.  Next, add the sequence back into the tree using Tree | Add Species to Existing Tree | ARB parsimony (quick add marked).  If you changed the alignment of your sequence, the sequence should now be placed tighter or move completely in the tree compared to the surrounding species.

>> For this exercise, practice refining the alignment of 5 additional sequences or sequence groups.  If you were working with real data, you may spend hours to days refining alignments, depending on the purpose of your work.
CREATING A PHYLOGENETIC TREE WITH YOUR SEQUENCES

To produce your own phylogenetic tree, you must take into consideration what you are attempting to communicate to your audience.  For the purpose of this exercise, you will create a phylogenetic comparison of all 20 of the sequences you imported and aligned in ARB.

>> To create a phylogenetic tree of your sequences, mark some neighboring sequences to your sequences which are located immediately near your sequences.  You should choose ~50 sequences for this exercise.  Choose one sequence as an outgroup, typically a sequence which is basal to the phyla or groups which you are describing.  

It is important to utilize only WELL ALIGNED SEQUENCES in your phylogenies, so you will want to double-check the alignment of all reference sequences before creating the tree (note: you may not have time for this exercise, but keep this in mind for the future).
You must now choose a phylogenetic method to compare the selected sequences.  Choose one of the three described methods in the following pages and construct a tree!

NEIGHBOR JOINING
This is rapid computational method which joins the closest neighbors.  It does not make the assumption of a molecular clock.

>> MARK (using mark tool in left-hand tool bar) sequences in database you wish to build a tree from.

>> Choose Tree | Build Tree From Sequence Data | Distance matrix methods | ARB Neighbor Joining. This opens the NEIGHBOR JOINING window.

Choose the following parameters:

>> Select Filter.  If you have built a filter, select the name of your filter, otherwise choose the pos_var_Bacteria_93 filter. 

>> For Correction, choose the autotect button.  

>> For Use as new tree name, type a name (e.g. tree_tutorial_NJ). 
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>> Select CALCULATE TREE.  Press OK if you receive an error message. Close the Neighbor Joining window. Note: you can also calculate a bootstrapped tree with this option.  For this exercise, if you want to calculate a bootstrapped tree select a small number of bootstraps (10-20).  A publishable tree typically contains 1000 bootstraps.

>> Select your newly made tree using Tree | Tree Admin.

>> Select the outgroup.  Use the S.ROOT tool in left vertical tool bar, and click on your outgroup sequence to set the root.

>> To beautify the tree, select Tree | Beatify Tree  - use the top option (ladderise left).

MAXIMUM LIKELIHOOD
This method uses each position in an alignment and evaluates all

possible trees. It calculates the likelihood for each tree and seeks the one with the maximum likelihood.
>> MARK (using mark tool in left-hand tool bar) sequences in database you wish to build a tree from.
>>  Go to Tree | Build tree from Sequence Data | Maximum Likelihood methods | AxML + FastdnaML. 

>> Select Filter.  If you have built a filter, select the name of your filter, otherwise choose the pos_var_Bacteria_93 filter. 

>> Select the program to use.  Choose either AxML or FastdnaML. 

>> At the top of the screen, select GO. The tree may take several minutes to run.  If you get an error message, choose OK.
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>> Select and examine your newly made tree using Tree | Tree Admin.

>> Select the outgroup (use the S.ROOT tool in left vertical tool bar).

>> To beautify the tree, select Tree | Beautify Tree  - use the top option (ladderise left).

PARSIMONY 
Parsimony is a non-parametric statistical method for estimating phylogenies.  Parsimony generally chooses the tree requiring the least evolutionary change to explain the data. 
>> MARK (using mark tool in left-hand tool bar) sequences in database you wish to build a tree using.

>> Select Tree | Build Tree From Sequence Data | Phylip DNAPARS.  This opens the parsimony window.

>> Under filter, select pos_var_Bacteria_93.

>> Under How many bootstraps?, choose 10 bootstraps (use 1000 for real data). 
>> Choose GO (close all new windows afterwards).  Click OK if you receive an error message.  This method may take several minutes to run your tree.  Close the Maximum Parsimony window when the tree is completed.

>> Select your newly made tree using Tree | Tree Admin.

>> Select the outgroup (use the S.ROOT tool in left vertical tool bar).

>> To beautify the tree, select Tree | Beautify Tree  - use the top option (ladderise left).

EXPORTING TREES FROM ARB
>> To export your tree, go to Tree | Export Tree to Xfig.  Select Export All, Remove Handle.  Uncheck Export colors. Make the destination file go to your desktop, and give the file a name.  Select GO XFIG
Note: Xfig is an external graphical program that is installed on MacOSX machines along with ARB.  For Linux machines, it may need to be installed.

The Xfig program should launch.  In Xfig, trees can be modified, printed, or exported to many formats (postscript, pdf, jpeg).  It is usually best to export as an EPS file and open in Adobe Illustrator to further beautify the tree, but many modifications can also be made using Xfig.

CREATING TREES USING WEB-BASED RESOURCES
The Cyberinfrastructure for Phylogenetic Research (CIPRES) project maintains a portal which focuses on the inference of large trees using Maximum Likelihood, RAxML.  However, the portal it also works really well for constructing smaller trees and does produce bootstrapped trees using the RAxML method.

>> From ARB, output your selected sequences to a phylip format.  To do this, select File | Export | Export sequences to foreign format.  Under select a format, choose the phylip.eft format.  Either choose the pos_var_Bacteria_93 filter, or your own if you have made one for these sequences.  Name the file and select GO to export.
>> Go to the CIPRES portal:
http://www.phylo.org/sub_sections/portal/
Choose Go to Portal Now

>> In the portal, upload your file and select Yes for Running RAxML with Bootstrapping? Click Submit

>> The file selection menu allows you to designate an outgroup sequence and select the number of bootstrap runs, among other features.  Read more about these features on the website.

When the file is ready, a notice can be e-mailed to you or you can click on the given link.

>> Download the tree and choose the bipartions file.

>> To look at the tree file, import the bipartions tree into the Interactive tree of life (ITOL) website:

http://itol.embl.de
>> From the menu at the top of the page, select Data Upload. 

>> Upload the tree calculation file in the Newick format.  Only the biparitions tree will contain the bootstrapping values.  

>> After uploading the tree, select go to the main display page.

>> Using the Basic controls, you can view the tree in normal or circular view.  Under Advanced controls, you can view bootstrap values and branch lengths.  Be sure to select Update tree after changing any features.  The tree can be exported into an eps or pdf file.  You may want to further beautify the tree using Adobe Illustrator.
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