Creating Phylogenies Exercise

The purpose of this exercise is to get familiar with creating phylogenies using MEGA6. 

Note of caution about MEGA, including MEGA7:

· MEGA works better on PCs than Macs.
· MEGA works only if the sequences are converted to a MEGA format.

For more information on MEGA there are a number of tutorials on the mega site at:
www.megasoftware.net

A number of examples in “Molecular Evolution and Phylogenetics” by Masatoshi Nei and Sudhir Kumar (Oxford University Press) have been created using MEGA. 

In addition “Phylogenetic Trees Made Easy: A How-To Manual” (4th edition) by Barry G. Hall (Sinauer Associates, Inc.) uses MEGA to illustrate tree building.  

Learning Goals:
· Become familiar with MEGA 7 and be able to use it to make phylogenies
· Be able to interpret the phylogenies created in MEGA

1. Using MEGA to create a multiple sequence alignment. 

Open the MEGA program and click on the ‘Align’ tab and choose ‘Edit/Build Alignment’. 
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A new ‘Alignment Editor’ window will open with three options. Since we are creating a new alignment for this exercise, choose the ‘Create a new alignment’ option. In the next ‘Data type for alignment’ window choose the ‘Protein’ option.

[image: ]

After you have made your initial selections for the alignment, the multiple sequence alignment will be created in the ‘Alignment Explorer’ window. In the ‘Alignment Explorer’ window, click on the ‘Data’ tab, followed by the ‘Open’ and then ‘Retrieve Sequences from File’ button. From your Notebook (Word or Text file), grab your sequences in FASTA format and paste into the ‘Alignment Explorer’ window (CTRL+V for Windows/ Command+V for Mac).   All the sequences from your file should now be loaded. To create the alignment, make sure all the sequences are selected in the explorer window. 

[image: ]

In the explorer window, click on the ‘Alignment’ tab and choose the ‘Align by MUSCLE’ option. A new window with information on the default scoring parameters for MUSCLE will open. Click on the ‘Compute’ button and the program will create a multiple sequence alignment of the sequences.

[image: ]

Because MEGA uses it’s own formatting for files, you will need to save the alignment in a format that MEGA recognizes. Once the alignment is created, click on the ‘Data’ tab and select ‘Save Session’. Save the file by giving it a unique name.  MEGA will attach the correct suffix. Close the ‘Alignment Explorer’ window. When prompted, tell MEGA to save your current alignment session as a separate .mas file.  Remember where you’ve put it! 

If you’ve closed your file, go to ‘File’ – then click on the menu item that says ‘Open a File/Session’ and re-open the .mas file. When asked how you would like to open the MAS file : Choose the Align option

[image: ]

2. Finding the best substitution model for an alignment:
  
While tree building is probably not that familiar to most of us trained as biochemists or molecular biologists, it’s important to remember that there are criteria for choosing which algorithm to use.  One way is built into MEGA – click on “Models” then “Find Best DNA/Protein Models” – then in the dialog box click on your *.mas file. (For a Windows computer you will need to select the All files option to see your file with the .mas extension)

[image: ]  

Using the default parameters in the box that comes up next, click on “Compute” at the bottom of the box.  In a few minutes, the program will calculate the BIC (Bayesian Inference Criteria) values – a measure of the posterior probabilities, which come from learning something about the data (Hall).  According to MEGA “Models with the lowest BIC scores are considered to describe the substitution pattern the best.”

[image: ]

Based on the return, choose that variation to construct your tree – the method that provides the lowest BIC is at the top of the chart. Here’s a link to explain more: http://www.bioinf.man.ac.uk/leaphy/Modelling/Modelling.htm. 

However, as implied by the fact that the BIC values for many of the different parameters are similar, you get nearly the same maximum likelihood tree for this data set no matter how the data are calculated.  This may not be true for other data sets!  

For this dataset the best model was JTT + G

3. To create a tree, click on ‘Phylogeny’ then click on ‘Construct/Test Maximum Likelihood Tree’ (top menu choice).  Based on the model test, choose the parameters that are appropriate for your data set then hit compute.  If all goes well, you should see a tree in the ‘Tree Explorer’ window.

[image: ]

For this data set, what do you notice?  What inferences might you make about the evolutionary history of this protein?  Play around with some of the other tree building programs in addition to maximum likelihood.  Are the big clusters always the same?  What might this tell you?  

Phage proteins form one clade, whereas bacterial homologs form a separate clade.


[bookmark: _GoBack]Trees can be saved as PDF files by Clicking on the Image and saving in the desired format.  A description of the process and a picture of the resulting tree(s) should be saved in the Laboratory Notebook.  
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Table. Maximum Likelihood fits of 56 different amino acid substitution models
Model Parameters BIC Al WL () (6 f8) B AN D) AO) AQ fB) AG) ) A A K A AH AP AS) D AWV f

TTT+G 12 1097.106 1044403 -509.946 na 0.44 0.077 0.051 0.043 0.051 0.020 0.041 0.062 0.075 0.023 0.053 0.091 0.060 0.023 0.041 0.051 0.068 0.059 0.014 0.
WAGHG 12 1100446 1047.743 -511.616 na 0.48 0.087 0.044 0.039 0.057 0.019 0.037 0.058 0.083 0.024 0.048 0.086 0.062 0.020 0.033 0.046 0.070 0.061 0.014 0.
T+ 12 1101876 1049.173 -512.331 034 na 0.077 0.051 0.043 0.051 0.020 0.041 0.062 0.075 0.023 0.053 0.091 0.060 0.023 0.041 0.051 0.068 0.059 0.014 0.
LG+G 12 1103428 1050.725 -513.107 n/a 037 0.079 0.056 0.042 0.053 0.013 0.041 0.072 0.057 0.022 0.062 0.099 0.065 0.023 0.042 0.044 0.061 0.053 0.012 0.
JTT+GH 13 1103.540 1046.489 -509.946 0.00 0.44 0.077 0.051 0.043 0.051 0.020 0.041 0.062 0.075 0.023 0.053 0.091 0.060 0.023 0.041 0.051 0.068 0.059 0.014 0.
WAGH 12 1104.642 1051.939 -513.714 034 na 0.087 0.044 0.039 0.057 0.019 0.037 0.058 0.083 0.024 0.048 0.086 0.062 0.020 0.033 0.046 0.070 0.061 0.014 0.
T 11 1104962 1056.614 -517.091 nla nfa 0.077 0.051 0.043 0.051 0.020 0.041 0.062 0.075 0.023 0.053 0.091 0.060 0.023 0.041 0.051 0.068 0.059 0.014 0.
Dayhoff+G 12 1105784 1053.081 -514.285 na 0.47 0.087 0.041 0.040 0.047 0.034 0.038 0.050 0.089 0.034 0.037 0.085 0.081 0.015 0.040 0.051 0.070 0.059 0.011 0.
WAG 11 1106.064 1057.716 -517.642 nla na 0.087 0.044 0.039 0.057 0.019 0.037 0.058 0.083 0.024 0.048 0.086 0.062 0.020 0.033 0.046 0.070 0.061 0.014 0.
CcpREV+G 12 1106.610 1053.907 -514.698 na 0.34 0.076 0.062 0.041 0.037 0.009 0.038 0.050 0.084 0.025 0.081 0.101 0.050 0.022 0.051 0.043 0.062 0.054 0.018 0.
WAG+G+ 13 1106881 1049.829 -511.616 0.00 0.48 0.087 0.044 0.039 0.057 0.019 0.037 0.058 0.083 0.024 0.048 0.086 0.062 0.020 0.033 0.046 0.070 0.061 0.014 0.
Daghoff+1 12 1108.019 1055316 -515.402 048 n/a 0.087 0.041 0.040 0.047 0.034 0.038 0.050 0.089 0.034 0.037 0.085 0.081 0.015 0.040 0.051 0.070 0.059 0.011 0.
LG+GH 13 1109.844 1052.792 -513.097 0.08 0.43 0.079 0.056 0.042 0.053 0.013 0.041 0.072 0.057 0.022 0.062 0.099 0.065 0.023 0.042 0.044 0.061 0.053 0.012 0.
LGH 12 1110364 1057.661 -516.575 034 na 0.079 0.056 0.042 0.053 0.013 0.041 0.072 0.057 0.022 0.062 0.099 0.065 0.023 0.042 0.044 0.061 0.053 0.012 0.
Dahoff+G+1 13 1110701 1053.650 -513.526 0.00 0.47 0.087 0.041 0.040 0.047 0.034 0.038 0.050 0.089 0.034 0.037 0.085 0.081 0.015 0.040 0.051 0.070 0.059 0.011 0.
Dayhoff 11 1111.868 1063.520 -520.544 nla n/a 0.087 0.041 0.040 0.047 0.034 0.038 0.050 0.089 0.034 0.037 0.085 0.081 0.015 0.040 0.051 0.070 0.059 0.011 0.
CcpREV 11 1113.169 1064822 -521.195 nla nfa 0.076 0.062 0.041 0.037 0.009 0.038 0.050 0.084 0.025 0.081 0.101 0.050 0.022 0.051 0.043 0.062 0.054 0.018 0.
LG 11 1114127 1065779 -521.673 nla nfa 0.079 0.056 0.042 0.053 0.013 0.041 0.072 0.057 0.022 0.062 0.099 0.065 0.023 0.042 0.044 0.061 0.053 0.012 0.
CcpREV+ 12 1116.058 1063355 -519.422 0.56 na 0.076 0.062 0.041 0.037 0.009 0.038 0.050 0.084 0.025 0.081 0.101 0.050 0.022 0.051 0.043 0.062 0.054 0.018 0.
(o TREVSG 12 1116120 1063417 519453 na 036 0065 0.045 0.038 0.042 0011 0.061 0.061 0.064 0027 0.068 0.102 0.075 0015 0029 0.068 0.049 0.062 0025 0.¥
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