Phylogenetic tree module worksheet for students

Section 1

Answers to questions:
1.1	Distantly related are any combination of A and B, A and E, B and C, or C and E.  Closely related are B and D.
1.2	Same answers as for Question 1.1.  
1.3	Students may come up with many rationalizations, but the most correct is an unrooted tree.  Their reasoning should include the fact that scientists cannot determine what an “ancestral” sequence should resemble due to the dynamic and frequent changes that occur in bacteriophage genomes through random mutation, recombination with host genomes, and other processes.
1.4	
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1.5	Students should indicate branches with bootstrap values above 90 for those they are confident in.  
1.6	Least confidence should be assigned to branches with values of 50 or below.  
1.7	Rooted.  Can tell by the structure of the tree
1.8	Humans and Chimps.  Indicates close sequence similarity between their Cytochrome c proteins and a common protein ancestor in the recent past.  Is consistent with known evolutionary history for the two species.

Section 2

Exercise 2A:
Submit fasta file or paste below
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Exercise 2B:

Answers to questions:
2.1	
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2.2	Students should answer the initial split between the insect branch, the split between salmon (fish) and the other species on the upper branch, and the split between Homo sapiens and gorillas.
2.3	Students should answer the split between Bos Taurus and the grouping of Equus caballus to Orcinus orca
2.4	Rooted.  Students should be able to go beyond “the instructions told me so” for full credit
2.5	Orcinus orca is on the nearest branch to the Hs/Gg branch
2.6	Students should indicate that there are differences between the position of Homo sapiens and Gorilla gorilla on the cytochrome c tree-the web tree would indicate that one would expect to see Equus caballus, Orcinus orca and Bos taurus clustered together with Hs/Gg separated on a distinct branch.  Also, one would expect to see Bos taurus and Orcinus orca with a direct branch since the cow is an even toed ungulate and an Orca whale is a cetacean.  

Exercise 3:

Answers to questions:
3.1	[image: A close up of a logo
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3.3	
3.4	Students should point out that this tree splits insects and other eukaryotes quite distinctly, as did the earlier phylogeny.fr tree.  
3.5	Differences include the fact that now Gorilla gorilla and Homo sapiens are branched from Orcineus orca, Bos taurus and Equus caballus.  Also, Oo is branched from Bt and Ec on this diagram.

Section 3

Exercise 4:

Answers to questions:
4.1	There are many rationales here.  Common ones may include the fact that there are changes in protein sequences due to mutation and that there is no one capsid sequence for any cluster.  Including multiple phages allows for this diversity to be recognized.  Also, including more than one phage sequence per cluster can be used for internal validity of a resulting tree, or to explore hypotheses in the future about why overall phage genomes may be related, but the major capsid protein of one phage may be an outlier from the rest of the cluster.
4.2	There is a law of diminishing return in the data analysis if too many phage sequences are included.  The trees get too unwieldy with too many sequences.
4.3	Yes this is reasonable ala Question 4.2.
4.4	
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4.5	Coloring each known cluster separately would help to distinguish any anomalies. If the known clusters were not already included next to the phage name, then it would be necessary to label them on the tree.
4.6	No, Cerasum (an F1 phage) is grouped with the K1 phages.
4.7	Clusters J and F1 are predicted to be the closest as they have the shortest distance between them.
4.8	Clusters L2 and F1 are predicted to be the farthest apart based on having the longest branches separating them.
4.9	The branch separating C1 from the B1, J and F1 phages- 0.41 bootstrap value.
4.10	
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4.11	Phage clusters are determined by comparison of whole genome sequences and the purpose of this tree is to see if the major capsid protein sequence alone can be used to correctly cluster phages. The labels already indicate the phage cluster, but to more clearly represent the results, different phage clusters can be represented by different colors as seen in figure 1 in exercise 3.
4.12	No, Bxb1 appears not to be related to the other A1 phages. Also Cerasum is more closely related to K1 phages than the other F1 phages based on the capsid protein.
4.13	L2 and B1 or C1 appear to be the farthest apart though it is difficult to determine from this network.
4.14	The tree and network are similar overall in that most of the phages from the same known cluster did form distinct clades on the tree. Also, Cerasum is predicted to be more related to the K1 phages based on the capsid protein sequences.
4.15	The tree and network differed in that in the tree, Bxb1 is predicted to be more related to the other A1 phages than phages from other clusters, while in the network Bxb1 is predicted to be not related to the A1 phages.  
4.16	The major capsid protein sequence can be used to cluster bacteriophage sequences, however it is not as accurate as using whole genome sequences. The Cerasum phage capsid protein is related to the K1 phages protein used in this analysis. The Bxb1 phage capsid protein is not similar to the other A1 phages used in this analysis. Other conclusions can be drawn as well such as the cluster E, L2 and C1 phages used in this analysis clustered tightly using just the capsid protein sequence. Cluster J phages used here did not cluster tightly and may not be predicted as a single cluster when just using the capsid protein.
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