Assignment VI and VII
Trees
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The figure above shows a phylogenetic tree for a gene called ABBA. The ABBA genes in human and wheat are orthologous. All the ABBA genes in wheat, human and C. elegans are listed in the tree. (a) Which of the ABBA genes in C. elegans are orthologous to the genes in human and wheat. (b) Can all the genes in C. elegans be orthologous to one another? (c) Can any of the genes in C. elegans be orthologous to one another? Hint: Human and C. elegans are animals; wheat is not. (20 points)

Answer: (a) None. (b) No. (c) No.

If one of the C. elegans genes would be an ortholog of the human and wheat genes, we would expect it to be within their clade, reflecting the known relationships between human, worm and wheat.  

2. Can orthologous genes be used to assess evolutionary relationships among species? (10 points)


Answer: Yes. 


3. Are gymnosperms (orange branches in the figure below) monophyletic? (10 points)
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Answer: No. The most recent common ancestor to all gymnosperms gave rise to angiosperms (which are not gymnosperms). 

4. Turn the character-state statement “Dan is 6’3” and Robert is 6’1” into a distance statement (10 points) 


Answer: The height difference between Dan and Robert is 2 inches.

5. The following rooted tree was constructed using a distance matrix. 
a. Is the tree ultrametric? (10 points)
b. Is the tree additive? (10 points)
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Answer:
In additive trees, the sum of the branches between any pair of OTUs equals the distance between them. Trees are ultrametric if all the OTUs have the same distance from the root.

a. No.

b. Yes.

6. Choose ten complete 18S ribosomal DNA sequences from Magnoliophyta. Infer phylogenetic relationships among the sequences using Neighbor-Joining and Maximum-Parsimony (with default parameters). 
a. Report query and database used to acquire sequences. (10 points)

b. Provide the phylogenetic trees labeled with the species names. (10 points)
c. How many MP trees did you get? (5 points) 
d. Are the tree topologies congruent? (10 points)

d. Choose one pair of sister taxa on the NJ tree. Which of the two evolves faster? (5 points)   
a) One way to get the data is to search in Genome database for Magnoliophyta[Organism] 

You may wish to limit the search to “Sequencing status: complete” and “Mitochondrion”

b)

Maximum Parsimony
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Neighbor-Joining
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d) No
e) Between Carica papaya and Brassica napus, Brassica napus evolves faster.
2. Which of the following trees is the most parsimonious? (10 points)
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Answer:
The tree on the left is the most parsimonious. It requires at least two changes. The tree on the right requires at least three changes.
3. Use the following alignment to construct all the possible unrooted trees for sequences 1-5, and identify the most parsimonious tree(s). (20 points)

Seq1: AAAG


Seq2: ATGC


Seq3: GAAG

Seq4: GTTC


Seq5: GTCG
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Answer:

Only sites 1, 2 and 4 are informative. The most parsimonious tree requires at least four changes:
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4. Use Fitch’s method for inferring nucleotides at internal nodes, to reconstruct the ancestral character state in ancestor of all the OTUs in the following tree. (20 points)
a. What is the predicted ancestral character state? 
b. What is the minimum number of substitutions according to this reconstruction? 
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Answer:The ancestral character state is A. The minimum number of substitutions in this reconstruction is 3.  
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