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Comparative Anatomy: Phylogenetics Assignment

Answer questions (must fit in space provided) and complete assignments; a hardcopy must be in my mail bin outside my office door by by 5pm Friday March 9. You may use your notes from lecture, laboratory materials, handouts, your text book, and peer reviewed journals to answer questions.

Part I. Short Answer Questions (5 pts. each, 40 pts.)

1. What are the different phenomena that result in genetic variation?

GENETIC MUTATION:


Point mutations (substitutions, transitions, transversions)


Deletions


Transposons/insertions


Genome duplication


Crossing over/recombination

Genetic drift—drives genetic divergence on a population level

Sexual reproduction

Migration

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

Neutral theory is the model of molecular evolution which predicts that the evolutionary divergence rate at the molecular level is equal to mutation rate. It is based on the premise that the vast majority of mutations that become fixed in populations are neutral with respect to selection, therefore genetic drift is the primary mechanism of divergence. 

We see evidence of neutral theory in the genome in areas which we’ve shown high molecular divergence rates that are primarily non-coding regions or redundant subsitutions:

introns, 5’ and 3’ UTR

wobble-position nucleotides in codons

pseudogenes

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

A molecular clock is the relationship between rate of evolutionary change at the molecular level and time. If mutation occurs in regular time increments, then the time of divergence can be extrapolated by current sequence/aa divergence between taxa, assuming that the mutation rate and generation time is the same for each taxon.  In phylogenetic analysis, we can date divergence of species from a common ancestor or ages of clades using molecular clocks, and we can estimate the divergence of different phylogenetic levels (Phylum-level or class-level or species level) depending on the rate of evolution of the particular molecules in the analysis.

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

 A duplication results in a large amount of DNA on which molecular evolution can occur according to neutral theory because alterations in this sequence will not have negative effects on the organisms because another copy of the gene exists else where—this leaves a huge amount of raw material for accumulation of rare mutations in coding sequence or regulatory regions that can happen that may lead to differentiation in gene regulation or function, or in new proteins altogether. It is assumed that these changes in gene coding has lead to tremendous divergence of species in the teleost lineages.

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

Molecular 

Pros




Cons
Many characters


costly, smaller sample sizes (# individuals)

Variation in molecules

can’t analyze fossils, extinct species

Direct genetic divergence

fresh tissue not as available as preserved material




Morphological

Pros




Cons
Cheap




Fewer characters

Available samples, many

Environmental effects on traits obscure genetics

Include fossils



Not sure of homology all the time

Developmental chars


Inter-investigator variation in trait coding

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

Evolutionary distances are calculated usually as a proportion of number of divergences relative to all characters measured, so it’s a measure of overall similarity and uses all the data. Trees are made from making pairwise comparisons, grouping most similar taxa together and minimizing total evolutionary distances of all branches.

Parsimony uses only divergences in dataset to calculate evolutionary relationships (doesn’t use all data) and trees are constructed by producing those with the fewest evolutionary steps (character transformations) for the total tree.

7. What is the relationship between “convergent evolution” and homoplasy?

Homoplasy is defined as resemblance of traits that are not phylogenetically from the same common ancestor. Evolutionary phenomena that result in homoplasy include convergent evolution, which is the independent derivation of traits in lineages that do not have a common ancestor, but it can also result from reversals, which is the loss of a trait that had evolved within two lineages with common ancestors.

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?  

Variable answers were acceptable.

Part II.  Materials and Methods (15 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?”  Not only provide actual procedural accounts, but also justifications for why we chose to do things a certain way where appropriate.  There is no page limit for this, but be concise and follow the style of the M&M sections in the scientific papers we read. Please type and double-space this answer on a separate sheet of paper.

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

I will be giving you 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 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 (25 pts.)

Go onto Blackboard in the Assignments folder and download the file named “Cytb Sequence.”

This file is made up of mtDNA sequences of the cytochrome b gene in the same fish lineages (give or take a taxa or two) for which we analyzed the 28S rRNA gene.  These sequences were downloaded from GenBank. You may rename the identifier for each sequence by the common name of the fish (which you can find out easily by Googling the genus and species name). 

Use MEGA to align and edit the sequences to obtain the best dataset for phylogenetic analysis. Save this file as a .meg file, and report the following information:

1. How many base pairs did you include in your analysis?

2. How many taxa are included (did you include all or omit taxa—if so explain why)

3. How many phylogenetically relevant characters are in your dataset?

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

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. Which taxa are most closely related? Which taxa are the most distantly related?

5. Conduct a neighbor joining and maximum parsimony analysis on these data (do not bootstrap—I do not want your programs to crash). Print out these trees (consensus for the parsimony) to hand in and base the answers to the following questions on them:

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 tree to the generally accepted phylogeny presented in your text book based on morphology. 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 what are the reasons why the two genes resolved different hypotheses?

