Neuroscience and Behavior 201

Spring 2009

Homework Assignment

16S rRNA phylogenetic tree construction and analysis
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One current use of the vast molecular, genomic and protein database information resulting from the sequencing of hundreds of genomes is to construct a phylogenetic tree using sequences with a “strong” phylogenetic “signal.” Phylogenetic signal is a measure of the statistical dependence among species' trait values due to their phylogenetic relationships. Although phylogenetic signal is a measure of pattern (statistical dependence), there has nonetheless been a widespread propensity in the literature to attribute this pattern to aspects of the evolutionary process or rate. This may be due, in part, to the perception that high evolutionary rate necessarily results in low phylogenetic signal; and, conversely, that low evolutionary rate or stabilizing selection results in high phylogenetic signal (due to the resulting high resemblance between related species). So, in order to construct an evolutionary phylogenetic tree from a DNA or protein sequence, it is important to select a sequence that you have strong reason to believe is NOT under selection. Or, at the very least, the sequences you are comparing across taxa should be under the SAME selection, evolving at the same rate.

In this homework, you will get some additional practice with the software tools used to generate phylogenetic trees. Here you will create a tree using a sequence widely held to have a strong phylogenetic signal, 16S rRNA. This ribosomal RNA forms part of the prokaryotic ribosome. It is found in all prokaryotic organisms, as well as mitochondrial genomes. In this exercise, for simplicity, you will compare 16S rRNA sequences in a selection of 17 different prokaryotes.

An important aspect of this kind of analysis is that the various software tools “CARE” about the format of the information. Most programs require you to provide a text file (not a Word document) with the DNA (or protein) sequences in FASTA format. Often, it is essential that the sequences not contain extraneous spaces or carriage returns. So, to get you started, we have provided you with a text file that is formatted properly. The file name is “16SrRNA17seqNEUR201b.txt.” It can be found on our blackboard site.

You will need the following software tools to perform your analysis:

1. Clustal X (These instructions have been written for version 1.83.2) This program is free and can perform alignments and construct trees, even taking into account (excluding) gaps in the sequence.

2. TreeViewX This program is also free and works very well with Macs. There is also a version for PCs, but these instructions are written with a Mac in mind.

Here are your goals:

1. Construct a phylogenetic tree of the selected prokaryotes, using the 16S rRNA sequence as your signal.

2. Analyze your tree by answering the following questions (below).

3. You will TURN IN a picture of your tree, plus the answers typed and stapled to the picture.

Specific instructions

1. Download the text file containing the 17 different 16S rRNA sequences.

2. Double-click on the ClustalX icon to boot the program. In the file menu, select “Load sequences”. Select your text file. You should see in the view box a list (in color) of sequences. The left side should have a list of the 17 different organisms and the right side should contain a list of nucleotides.

3. Be sure your program is in “Multiple Alignment Mode”. Select “Do complete alignment”. This takes about a minute and will generate a “.aln” file. Be sure to save the sequence “Save sequence as Clustal”

4. Before building the tree, take a look at the alignment by sliding the bottom bar to the right. Do you see gaps in the alignment? Large gaps create problems in making reliable phylogenetic trees (refer to the article by Sandra Baldauf). It is essential to build the tree without gaps.

5. Now, using the tree menu, select “Exclude positions with gaps”, select “Bootstrap NJ tree” [this means neighbor-joining tree] and set the number of bootstrap trials to 500. Leave the other settings unchanged. The tree will generate a file with the .phb ending. 

6. Drag this file onto the program TreeViewX. Then, select the icon that represents a “phylogram” representation. This representation shows relative branch lengths, that represent differences in time (or sequence divergence). Enlarge this image as much as you can and take a screen shot picture (command-shift-4 on a Mac).

7. Print out your tree. This is part of your assignment. Use your tree and the Baldauf article to answer the following questions.

Questions to answer:

1. Based on your reading of Baldauf 2003, what do you think gaps in alignments represent? Why might gaps make accurate tree construction difficult?

2. What kind of a phylogenetic method is the “neighbor-joining method?”

3. Carefully look at your tree and analyze it. How many groupings do you see? Based on your tree, how many major diversifications have occurred?

4. Describe the relationship between Mycobacterium and Clostridium.

5. Describe the relationship between Shigella and Salmonella.

6. Based on this tree, how likely do you think it is that an antibiotic might be effective in treating both Salmonella and Chlamydia. Why or why not? 

