Bio440: Population Genetics and Evolution

Fall 2016
Phylogeny Lab

CONSTRUCTING PHYLOGENIES WITH SEQUENCE DATA

We will construct a phylogeny using an extraordinary public resource… the National Center for Biotechnology Information.  You will download the amino acid sequences for eight species of your choice.  Then, you will align their AA sequences and construct a tree using the freeware program ClustalX, and then you will build trees in MEGA. 

Building a Data Set:

1. Using Google Chrome, go to the National Center for Biotechnology Information at: https://www.ncbi.nlm.nih.gov/ .Read the blurb about what this center does.  It is a truly remarkable storehouse of information; from genome sequences to gene sequences to domain sequences to protein sequences.  The explosion in molecular techniques has produced an ABUNDANCE of sequence data.  This repository places much of it in the same place, so scientists can conduct comparative analyses across and within species.  These data are vital to understanding human diseases, as the web site states.  This is dramatic testimony of the PRACTICAL APPLICATION of evolutionary theory to biological problems, including human health.

2. We are going to use this database to address a rather simple question.  How are different eukaryotes related, based on similarity in amino acid sequence?

3. Pull-down the window showing 'database' and select ‘protein’.  

   Then, in the next window, enter:  Euglena [orgn] “cytochrome c”
   This will retrieve the sequence data for the cytochrome c protein from the ‘organism’ Euglena.

4. Click on the first accession number (P00076.1).  This provides a reference page for information on the sequence in Euglena gracilis.
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5. At the upper left of the white area, under "RECNAME:", click on FASTA.  This displays the amino acid sequence in a format that many bioinformatics software packages can read. Each letter corresponds to a particular amino acid:
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6.  Now, copy and paste this sequence in a txt document (suffix/extension =  .txt). (You can just open a document file and save as a text file at the end). Save in a folder called 'sequences'.  After you name it and trim off the descriptive material, create a data line that looks like this:

>Euglena

GDAERGKKLFESRAAQCHSAQKGVNSTGPSLWGVYGRTSGSVPGYAYSNANKNAAIVWEEETLHKFLENP

KKYVPGTKMAFAGIKAKKDRQDIIAYMKTLKD

7.  Now, in the window next to ‘protein’, enter: “cytochrome c” .  This will access all the sequence data for this commonly sequences protein and sequences that are similar to it (3,071,231 entries as of 2:08 pm, Oct 3, 2016!)
8. Pick 8 eukaryotes to sequence, including one you will use as the outgroup.  Distribute the species with some forethought.  You can pick species within a narrow taxonomic group (primates), and then include an appropriate outgroup (rodent or other mammal).  Or, pick a wider group (“Animals”), with a different outgroup (a fungus).  Or, pick a variety of multicellular eukaryotes across animals, plants, and fungi, and then include a protist as an outgroup (but be careful which protist group you use!  If you have animals and plants in your sample, a choanocyte protest will not be a good outgroup, as it is the sister group to animals.). IF you are working on a particular taxon for your paper, you MIGHT want to run analyses on this taxon and include the results in your paper!

You can use the menu to the upper left under ‘species’.  Either click on a kingdom and scroll through sequences, or hit “customize…” and a species window will open.  When you start typing part of a name, entries will appear to choose from.  So, you could already know a name like “white-faced capuchin” and type it in, or you could type in “monkey” and species with this word in the name will appear. Of course, since “monkey” is not in the name for “white-faced capuchin”, this species won’t appear in the list, even though it is a monkey! So you may need to do 5 minutes of research first to decide what species to use. This new species will appear in that list in the upper left.  If you click on it, the cytochrome c information should show up.  Do not use sequences for ‘subunit II’ information – that’s a different protein.
  The eukaryotes will have around 110-120 amino acids in their sequence. Enter the name of the genus on one line in your data file and the sequence in the next, as above with Euglena.  It should look like this:

>Arabidopsis

MASFDEAPPGNPKAGEKIFRTKCAQCHTVEKGAGHKQGPNLNGLFGRQSGTTPGYSYSAA

NKSMAVNWEEKTLYDYLLNPKKYIPGTKMVFPGLKKPQDRADLIAYLKEGTA

>Euglena

GDAERGKKLFESRAGQCHSSQKGVNSTGPALYGVYGRTSGTVPGYAYSNANKNAAIVWED

ESLNKFLENPKKYVPGTKMAFAGIKAKKDRLDIIAYMKTLKD

>Hippo

GDVEKGKKIFVQKCAQCHTVEKGGKHKTGPNLHGLFGRKTGQSPGFSYTDANKNKGITWG

EETLMEYLENPKKYIPGTKMIFAGIKKKGERADLIAYLKQATNE

…etc., 5 more species…
Save this file as a ‘plain text’ file. Again, save it in a new folder called ‘sequences’.
YOUR SEQUENCE FILE IS COMPLETE.

9.  OK!   Go to: http://www.clustal.org/

Select CLustalW/ClustalX

In the first paragraph, click on "available for download here"


Download the clustalx version appropriate for your computer


Find the program and run the install.


Run the program – a window opens.
10. Click on File>load sequences. Locate your file and open it.

11.  What you see are the sequences, with colored bars where there are similar amino acids in similar positions.  Of course, many genetic changes like base insertions and substitutions can change, add, or delete an amino acid.  The ClustalX program allows you to find the maximum alignment.

12.  In ‘alignment’, select ‘do complete alignment’.  This aligned file will automatically be saved in the same place where your data file is saved, with an “.aln” extension. Now, you see the sequences in their maximal alignment.  The stars along the top of the graph show the amino acids that have been conserved across evolutionary time, once the sequences are aligned.  These are the ‘anchors’ on which the maximum alignment is based.  Similarities across all taxa are assumed to be plesiomorphies.
YOU HAVE ALIGNED YOUR SEQUENCES.  NOW WE CAN BUILD TREES.

13. Download MEGA from this site: http://www.megasoftware.net/
14. Under “align’, open ‘saved alignment session’.  Find your aligned data file, with the ‘.aln’ extension.  It will open all nice and pretty.  

15. The last row in the data set has the asterisks (plesiomorphic amino acids). Click on this row and delete it. Then use the data menu to ‘export alignment’, saving as a MEGA file.  Enter a file name when requested.
16. Select the Phylogeny menu. Select ‘construct UPGMA tree’, and select your aligned mega dataset.

When the window opens with highlighted fields, click on ‘None’ next to ‘Test of Phylogeny’. A menu window will open, and scroll down and select ‘bootstrap method’.  Type in ‘1000’ to ‘No. of bootstrap Replications’. Click ‘compute’. Your tree will appear, with branch lengths on each branch and bootstrap percentages at each node. Read the Figure Legend for a compelte summary. 

Under image, save as pdf or tif.  

17. Return to the phylogeny menu and select ‘construct neighbor-joining tree’. Modify to conduct a bootstrapping procedure, as above. Save tree as tiff or pdf.
18. Return to the phylogeny menu and select ‘construct maximum likelihood tree’. Modify to conduct a bootstrapping procedure.  This will take a bit longer to do all the computations. Save tree as tiff or pdf.
19. In the ‘models’ menu, select ‘estimate substitution matrix’.  Export this to an excel file and save.
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Assignment:

1)  Print you trees, label them, and attach them to this assignment.  
2) What do the branch lengths represent, and why would two taxa descended from the same common ancestor have different branch lengths?  Use an example from your tree. Why are branch lengths from a node the same in the UPGMA tree?
3) Describe the logic of maximizing alignment prior to analysis.  Why do this?  Think about the types of mutations that can occur, and how they might exert a disproportionate effect on sequence similarity if maximum alignment were not performed.
4) How well does your tree describe the true phylogeny among your organisms?  If you don’t know what that phylogeny is, go to ‘Tree of Life’ (http://tolweb.org/tree/) and figure it out.  Describe any inconsistencies. Why might inconsistencies occur (even if you didn’t have any?)
5) What is cytochrome c used for?

6) What is bootstrapping, and what are the 'bootstrap values' indicating?  Which clades in your tree are the most ‘robust’ (give you the greatest confidence)?
7) The Maximum Likelihood procedure creates models between a tree with given branch lengths, and a model of mutational substitutions.  The model with the greatest likelihood is selected.  You printed out the mutational substitution rates under one model (JTT).
Take a look at the ‘F’ row.  This shows the substitution probabilities for changing a phenylalanine into something else.  Find the largest value in the row, and see what column it is in.  Which amino acid is it (Compare the letter to the chart on the first page of this lab overview)? Compare the codons for this and phenylalanine and explain why this is the most likely thing for a phenylalanine codon to change into.
