Active Learning Exercise 2 Phylogenetic Trees – BSC2011, Spring 2020
In-Class Active Learning Exercise: 
Interpreting Data Represented in Phylogenetic Trees

Introduction:
Adaptation and natural selection result in speciation when two populations of a single species evolve separately and adapt to different environments for millions of years. In turn, populations of the two resulting species keep on adapting as the individuals with the highest fitness are still continuously being selected for. As such, over time, the process of evolution has led to the enormous biodiversity of all life on earth that can be traced back to the Last Universal Common Ancestor (LUCA). Certain species are more closely related to each other because they diverged from a common ancestor species in the more recent past. Other species are more distantly related because they share a common ancestor in the more distant past. All these evolutionary histories can be organized and visualized in phylogenetic trees. 

Real-world application:
Phylogenetic trees are not just informative to biologists. They have some real-world applications too! Ever wondered if the fish in your sushi, the meat in your burger, or the plant-based protein in your veggie sausage is really coming from the organism advertised? Using DNA information, the principle of homology, and carefully constructed phylogenies, we can answer that question and hold companies accountable for what they are selling their consumers.

Objectives:
· Build the skills to interpret data in phylogenetic trees
· Realize how different data alter the hypothesis represented by phylogenetic trees
· Understand that evolutionary relationships are based on ancestry

Preparation related to the two assignments on this worksheet:
· Read Chapter 20 sections 20.1 and 20.2
· Answer the pre-lecture questions on Chapter 20
· Attend the lectures on Chapter 20 and actively participate in iClicker questions

Terminology practiced:
· Branch point / node, branch / evolutionary lineage, clade
· Common ancestor
· Taxa (sister, basal)
· Monophyletic / Paraphyletic / Polyphyletic
· Genetic data
· Parsimony

Grading:
You have ~20 minutes to work through this worksheet in small groups.
Afterwards, you’ll get 10 iClicker questions that you will have to answer individually.
Each question is worth 0.75 point for a correct answer and 0.25 point for an incorrect answer.
These points contribute to your overall iClicker score, which is 5% of your final grade.


Assignment 1: What are the evolutionary relationships among bears? (~10 mins)
Researchers have long debated different hypotheses for the phylogeny and classification of species in the bear family, Ursidae. In 2008, researchers obtained complete mitochondrial DNA (mtDNA) genome sequences for the eight living species of bears. Based on these data, the researchers constructed a phylogenetic tree for the family Ursidae. 
[image: page1image19024]
1.A: Which branch point represents the most recent common ancestor of all bears?

	a) branch point 1

	b) branch point 2

	c) branch point 3

	d) The most recent common ancestor to all living bears is not shown in this tree.



1.B: Which branch point represents the most recent common ancestor of the sloth bear and the spectacled bear?

	a) branch point 1

	b) branch point 2

	c) branch point 3

	d) The sloth bear and the spectacled bear do not share a common ancestor.



1.C: Which branch point represents the most recent common ancestor of the Asian black bear and the brown bear?

	a) branch point 2

	b) branch point 3

	c) branch point 4

	d) branch point 5





1.D: Which species is the basal taxon in this tree?

	a) the giant panda

	b) the polar bear

	c) the spectacled bear

	d) the sloth bear



1.E: Identify the sister taxon to the polar bear.

	a) the Asian black bear

	b) the ancestor represented by branch point 7

	c) the brown bear

	d) the American black bear



1.F: According to this tree, is the sun bear more closely related to the sloth bear or the polar bear?

	a) the sloth bear

	b) the polar bear

	c) The sloth bear and the polar bear are equally distant relatives of the sun bear.



1.G: The tree includes the most recent common ancestor of all living species of bears (branch point 1). What does this tell you about this phylogenetic tree?

	a) The Ursidae family is a paraphyletic group.

	b) This phylogenetic tree is rooted.

	c) The Ursidae family is a polyphyletic group.

	d) This phylogenetic tree contains homoplasies.



1.H: Which of the following groups of species is a monophyletic group, or clade?

	a) [bookmark: _GoBack]Giant panda, speckled bear, sloth bear, ancestral species 1 and ancestral species 2

	b) sun bear, Asian black bear, American black bear, ancestral species 5, ancestral species 6

	c) brown bear, polar bear, ancestral species 4, ancestral species 7

	d) sun bear, sloth bear, spectacled bear





Modifying the phylogenetic tree based on different data
A study published in 2000 sequenced part of the mitochondrial cytochrome b gene from 61 brown bears from two sites in Alaska. One population of brown bears lives on the coastal mainland of Alaska, while a separate population lives on the ABC islands in southeastern Alaska.
Mainland and ABC brown bears differ by 11 fixed nucleotide substitutions in the cytochrome b gene. This suggests that the two brown bear populations represent genetically unique clades.
The researchers compared the cytochrome b sequences of the two clades of Alaskan brown bears to those of 55 polar bears. The analysis showed that polar bears and ABC brown bears differ at only three nucleotides in this gene, whereas polar bears and mainland brown bears had more differences.  

1.I: Based on the results of the 2000 study, how should the portion of the tree extending from branch point 7 be altered?

	a) 
[image: The figure shows node 7 of a phylogenetic tree. Its branches lead to the mainland brown bear, ABC brown bear, and the polar bear.] 

	b) 
[image: The figure shows node 7 of a phylogenetic tree. Its first branch leads to the polar bear. The second branch divides into two other branches. The first one leads to the ABC brown bear and the second one leads to the mainland brown bear.  ] 

	c) 
[image: The figure shows node 7 of a phylogenetic tree. Its first branch leads to the ABC brown bear. The second branch divides into two other branches. The first one leads to the polar bear and the second one leads to the mainland brown bear.  ] 

	d) 
[image: The figure shows node 7 of a phylogenetic tree. Its first branch leads to the mainland brown bear. The second branch divides into two other branches. The first one leads to the ABC brown bear and the second one leads to the polar bear.]



1.J: Based on the revised branch of the tree, what kind of group do brown bears plus ancestral species 7 represent?

	a) a paraphyletic group

	b) a monophyletic group

	c) a polyphyletic group


Assignment 2: Visualizing phylogenetic relationships (~10 mins)
The evolutionary history of a group of organisms can be represented in a branching diagram called a phylogenetic tree. Phylogenetic trees are, thus, visual representations of evolutionary relationships between organisms. The figure below summarizes how the way a tree is drawn conveys information.


[image: ]



2.A: Use the following terms to fill in the blanks and complete the sentences. Each term is used once.
branch point
evolutionary lineage
sister taxa
taxon
Each branch tip on a phylogenetic tree represents a specific group of organisms known as a(n)_________________.

The horizontal line indicating a branch on a phylogenetic tree represents ancestral forms of the named taxon, thereby illustrating the ___________________________  leading to that taxon.

______________________are groups of organisms that share a unique common ancestor not shared by any other groups.

The point at which two or more lineages diverge from their common ancestor is called a(n) _______________________ or node.


2.B: The branching pattern of a phylogenetic tree indicates whether taxa are closely or distantly related relative to other taxa in the tree.  Use this phylogenetic tree to determine whether each statement is true or false.

[image: A phylogenetic tree. The main branch divides into two branches 2a and 2b. Branch 2a divides into two branches 3a and 3b. Branch 3a leads to Frogs. Branch 3b divides into two branches 4a and 4b. Branch 4a divides into two branches that lead to Humans and Chimps, respectively. Branch 4b leads to Lizards. Branch 2b leads to Fishes.]

The taxon that shares the most recent common ancestor with frogs is fishes. True / False ?

Fishes and chimps have no common ancestors. True / False ?

Lizards are the sister taxon of the lineage that includes humans and chimps. True / False ?

Frogs and humans are more distantly related than are lizards and humans. True / False ?


Answer the following two questions based on this tree: 

[image: A phylogenetic tree of six taxa labeled from A to F. The main branch leads to node 1 where it divides into two branches 2a and 2b. Branch 2a leads to node 2 where it divides into two branches 3a and 3b. Branch 3a leads to node 3 where it divides into two branches 4a and 4b. Branch 4a leads to taxon A. Branch 4b leads to node 4 where it divides into two branches that lead to taxon D and taxon C, respectively. Branch 3b leads to node 5 where it divides into two branches that lead to taxon D and taxon E, respectively. Branch 2b leads to taxon F.]

2.C: Select the correct statement:
	a) Taxon A is the sister taxon of the lineage that includes Taxa B and C.

	b) Taxon F is the common ancestor to all other taxa shown.

	c) Branch point 2 indicates a common ancestor for Taxa A, D, and E, but not B or C.

	d) The sequence of evolution represented on the tree leads to Taxon A, shown at the top of the tree.



2.D: Determine whether each statement is true or false.

Branch point 2  is the common ancestor shared uniquely by Taxa A, B, and C. True / False ?

Branch point 1 represents the common ancestor of Taxa A-F. True / False ?

Taxa D and E arose from a common ancestor and are sister taxa. True / False ?

Rotating the tree at branch point 2 would change the relationship between Taxa D and A. True / False ?



2.E: Turtles are not shown on this tree. Turtles are evolutionarily more closely related to lizards than they are to frogs.

[image: A phylogenetic tree. The main branch divides into two branches 2a and 2b. Branch 2a leads to Fishes. Branch 2b divides into two branches 3a and 3b. Branch 3a leads to Frogs. Branch 3b divides into two branches 4a and 4b. Branch 4a leads to Lizards. Branch 4b divides into two branches that lead to Chimps and Humans.]

Select the phylogenetic tree that best represents the position of turtles relative to the other taxa shown.

	a) 
[image: A phylogenetic tree. The main branch divides into two branches 2a and 2b. Branch 2a leads to Fishes. Branch 2b divides into two branches 3a and 3b. Branch 3a leads to Frogs. Branch 3b divides into two branches 4a and 4b. Branch 4a divides into two branches that lead to Turtles and Lizards. Branch 4b divides into two branches that lead to Chimps and Humans.]

	b) [image: A phylogenetic tree. The main branch divides into two branches 2a and 2b. Branch 2a leads to Fishes. Branches 2b divides into two branches 3a and 3b. Branch 3a divides into two branches that lead to Turtles and Lizards. Branch 3b divides into two branches 4a and 4b. Branch 4a leads to Frogs. Branch 4b divides into two branches that lead to Chimps and Humans.]

	c) [image: A phylogenetic tree. The main branch divides into two branches 2a and 2b. Branch 2a leads to Fishes. Branch 2b divides into two branches 3a and 3b. Branch 3a divides into two branches that lead to Frogs and Turtles. Branch 3b divides into two branches 4a and 4b. Branch 4a leads to Lizards. Branch 4b divides into two branches that lead to Chimps and Humans.]

	d) 

[image: A phylogenetic tree. The main branch divides into two branches 2a and 2b. Branch 2a leads to Fishes. Branch 2b divides into two branches 3a and 3b. Branch 3a divides into two branches 4a and 4b. Branch 4a leads to Frogs. Branch 4b divides into two branches 5a and 5b. Branch 5a leads to Lizards. Branch 5b divides into two branches that lead to Chimps and Humans. Branch 3b leads to Turtles.]
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A phylogenetic tree visually represents a hypothesis of how a group of organisms
are related. This figure explores how the way a tree is drawn conveys information.
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