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Comparative Anatomy: Phylogenetics Assignment

Answer questions and complete assignments; a hardcopy must be in my mail bin outside my office door by 11:59 pm Friday March 6th. You may use your notes from lecture, laboratory materials, handouts, your textbook, and peer reviewed journals to answer questions, but you MUST WORK INDEPENDENTLY.

Part I. Short Answer Questions (4 pts. each, 32 pts.) Please limit your answers to the space provided (you may also type your answers in Word and print it out)

1. What are the basic processes that result in genetic variation at the level of DNA?

2. Explain what neutral theory of molecular evolution is, and where in the genome do we see evidence of neutral theory?

3. What is a “molecular clock,” and how is it relevant to phylogenetic analyses 

4. Why would a duplication in the teleost genome lead to increased species diversity?

5.  What are pros and cons to determining phylogenetic hypotheses based on molecular vs. morphological data?

6. What are the basic differences between the constructing trees based on evolutionary distances vs. maximum parsimony analyses?

7. What is homoplasy, and why is this problematic but also potentially very interesting in phylogenetic analyses?

8. The goal of this module was to give you hands on experience conducting a phylogenetic study to help you understand how it is truly an integrated science (really, I wasn’t trying to be sadistic).  (a) In your own words, why would you call phylogenetic analysis an “integrated science,” and (b) if you were to plan this module again which aspects did you think should be repeated but what would you change?  

Part II.  Materials and Methods (20 pts.)

Write a formal Materials and Methods section of a manuscript describing all the activities we did over the past few weeks to address the question, “What are the phylogenetic relationships among the actinopterygiian fishes?”  Use the Material and Methods sections of the papers we’ve read in class (e.g., Teletchea et al. 2007) as a model for the format/kinds of information you need to include. Provide actual procedural accounts, product names when relevant, and justifications for why we chose to do things a certain way where appropriate, and analyses.  There is no page limit for this, but be concise, use paragraphs, and subheadings if you like. Please type and double-space this answer on a separate sheet of paper.

Part III. Critique of a Phylogenetic Study (20 pts.)

Attached is a phylogenetic study from the scientific literature. Answer the following questions based on this paper (type and double-space your answer on a separate sheet of paper):

1. What is the evolutionary question posed by the study?

2. What are the general methods did this group chose to employ to answer this question?

3. Critique the methods based on what you’ve learned in this module and propose additional (or alternative methods) that would make this study better (sky is the limit on what you propose—make believe you have access to anything and have lots of money and time and help).

Part IV. Conducting a Phylogenetic Analysis (28 pts.)

For this part of the assignment, you must complete the final analyses of our phylogenetic analysis of the Actinopterygii (the ray-finned fishes).  While we have one evolutionary hypothesis of the phylogenetic relationships among the fishes we examined by morphological analysis (MacClade parsimony tree), and two hypotheses (one from Neighbor-joining algorithm and the other from maximum parsimony) derived from sequence data from the 28s rRNA gene of the mitochondrial genome, both did not resolve satisfactory relationships among our fishes for various reasons.  The goal of this section is for you to try one more time to generate a better estimate the phylogenetic relationships among these fishes. You must do the following analyses and answer the questions listed on the next page.

Phylogenetic comparison of the cytochrome b (cytb) gene among rayfinned fishes. Download from GenBank sequences of this gene found in the mitochondrial genome from fishes that match or closely match those we used in our study from GenBank into a MEGA alignment file (don’t forget to include at least one outgroup). You must include at least 10 different taxa in your tree in addition to the outgroup, but you may include additional species if you can find the sequence and if you think they are particularly interesting to include. You may have to Google the latin genus/species names of the fishes in the GenBank files to be able to match them to our species (see attached sheet for currently known taxonomy of the fishes we used). You must align the sequences by eye, trim sequences to an appropriate length, and export the data to a Mega file (*.meg) for phylogenetic analyses.

Part IV. Please report the following information as directed:

1. How many base pairs of sequence did you include in your cytb analysis? (2pts)

2. How many taxa are included (did you include all or omit taxa or add taxs—please explain rationale behind your choices)? (3 pts)
3. How many parsimony informative characters are in your dataset? (2 pts)

4. Print out a distance matrix in which you include all characters in the calculations. From looking at the distances, answer the following questions (6 pts):

a. Is there any reason to think that the dataset you are using will not be useful in determining phylogenetic relationships among taxa? Write your answer on the bottom of the print out.

b. Also indicate on the print out which taxa are most closely related? Which taxa are the most distantly related?

5. Conduct both a neighbor joining and maximum parsimony analysis on these data with bootsrapping. Print out these trees (consensus for the parsimony) to hand in and base the answers to the following questions on them (10 pts):

a. Compare your NJ and parsimony consensus trees. What is the overall consensus in the hypothesized evolutionary relationships resolved between the two? 

b. Compare your trees to the generally accepted phylogeny presented in the Tree of Life website or in your text book. What are the similarities and differences?

c. Compare your tree to the tree you constructed from the 28S rRNA gene you made earlier in the week. Which gave a more robust hypothesis (and why), and explain why the two genes may have resolved different hypotheses?

d. In the consensus parsimony tree, are there any polytomies, and what is your interpretation of these them?

6. Go back to your MacClade taxa matrix and edit it to include the taxa you used in your cytb phylogenetic analysis. Generate a tree and manipulate it by hand to look like the tree produced from the maximum parsimony consensus tree you generated with MEGA. Trace your morphological characters on that tree and do the following (5 pts):

a. Report one character you had in your original dataset that you would be useful in some way to include in a morphological analysis of evolutionary relationships of these fishes (and explain why; also print a trace of this character on a tree and write your answer on this sheet).

b. Report one character that is one character you had in your original dataset that you should definitely not include in a morphological analysis of evolutionary relationships of these fishes, and explain why; also print a trace of this character on a tree and write your answer on this sheet). 

