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BIO 211 Lab 2		Fall 2014
Lab 2: Cadistics – creating phylogenetic trees

Objectives:
1. Use the cladistic approach to construct phylogenetic trees.
2. Test evolutionary hypotheses based on a phylogenetic reconstruction.
Cladistics 
Cladistics - hypothesizing relationships among organisms through the construction of phylogenetic trees (cladograms) that represent the letaive relateness of organisms.  
· Cladograms are based on the presence or absence of species characters or traits
· The particular variations in each character are called character states. 
· Traits may be morphological (e.g. beak size, plumage color), behavioral (e.g. song), or genetic (e.g. nucleotide sequences).
Ancestral and derived traits - When the form (or state) of a character changes in the course of evolution, the initial condition is deemed ancestral and the new condition is considered derived
· A given species invariably has a mixture of both ancestral (shared with its ancestor) and derived (not shared with its ancestor) character states
· Derived traits help us understand evolutionary relationships.
· Ancestral traits are determined relative to an outgroup, a species or group of species that are closely related to the organisms you are classifying but not directly related.
· For instance, if you were doing a cladistic analysis of birds, you might choose a lizard as your outgroup. 
· [image: ]Time is measured from the nodes or branch points which represent past common ancestors, out toward the terminal species (A-D below)
· Cladograms are designed to identify clades - groups of organisms that all share a common ancestor.  
· Three are three clades in this cladogram:
1. A,B,C & D 
2. B, C & D 
3. C & D

Assumptions - There are three basic assumptions in cladistics: 
1. Change in character states occur in lineages over time. 
2. Any group of organisms is related by descent from a common ancestor. 
3. There is a dichotomous branching pattern of lineage-splitting.  
a. Multiple lineages may have arisen from a single originating population simultaneously, or so close in time to be indistinguishable with current methods. 
b. Hybridization and lateral gene transfer also violate this assumption. 


Convergent evolution and evolutionary reversal

[bookmark: _GoBack]Convergent evolution – a similar trait can evolve independently. For example, flight evolved in insects,  pterosaurs, birds, and bats but none of these groups share a common ancestor that could fly.  
Evolutionary reversal - a derived trait can revert back to the primitive condition. For example, the terrestrial tetrapod mammals that returned to the water and lost their hind limbs.

[image: https://bcrc.bio.umass.edu/courses/fall2010/plsoilin/plsoilin190e/review/20101118/reptiles&homology.JPG][image: ]This phylogenetic tree shows flight evolving three separate times in pterosaurs, birds, and bats.  All three evolved from a common reptilian ancestor which could not fly.


Convergent evolution of flight in insects, pterosaurs, birds, and bats.  They did not share a common ancestor that could fly.

Creating phylogenetic trees

The Parsimony Principle guides construction of trees. 
· Remember that cladograms are hypotheses
· The best hypothesis is the one that requires the fewest evolutionary changes
· We choose the simplest tree, unless there is evidence otherwise (fossils, DNA).
· For example, flight evolved multiple times based on fossil evidence 
· The example below examines vertebrate relationships (from http://evolution.berkeley.edu/evolibrary/article/phylogenetics_08 )
[image: Hypothesis requiring six evolutionary changes]          [image: Hypothesis requiring seven evolutionary changes] 
· Hypothesis 1 requires 6 evolutionary changes while Hypothesis 2 requires 7, with a bony skeleton evolving two times (convergent evolution). 
· Although both hypotheses fit the available data, the parsimony principle says that Hypothesis 1 is better 

Exercise 1: Developing a Phylogeny for hypothetical Moon Frogs 
This group consists of a defined outgroup (O) and an ingroup of six species (frogs A-F) for which we want to build a cladogram. We will build the phylogeny using the list of characters and character states on the following page.  (Based on a laboratory exercise developed by Stacey Lance)
[image: ]


1. Based on the characters and frog pictures, Complete the character matrix below. In each box indicate whether the species has the trait (yes/no).

	Character
	Outgroup
	A
	B
	C
	D
	E
	F

	Claws
	No
	Yes
	Yes
	Yes
	Yes
	No
	Yes

	Chin scales
	
	
	
	
	
	
	

	Horn
	
	
	
	
	
	
	

	Tail
	
	
	
	
	
	
	

	Spikes
	
	
	
	
	
	
	

	4 front digits
	
	
	
	
	
	
	

	Spots
	
	
	
	
	
	
	

	Tympanum1
	
	
	
	
	
	
	

	Lateral Fold2
	
	
	
	
	
	
	

	Nostril
	
	
	
	
	
	
	

	Total No. Derived Traits
	
	
	
	
	
	


1 a hearing organ/gland in frogs and toads, a flat red oval on both sides of a frog's head
2 groove along the side of body

2. Determine which states are ancestral and derived based on the outgroup. 
a. Circle the derived traits and write the total number of derived traits for each species in the boxes at the bottom of the table. 
b. The species that is most closely related to the outgroup will have the fewest number of derived traits, while the species most distantly related to the outgroup will have the largest number of derived traits.
3. Fill out the following table indicating how many derived traits are shared for each species pair – i.e. those that the outgroup doesn’t have.  Just fill in the white boxes (the gray boxes are redundant).  For example A and B share claws, chin scales, lateral fold, and a tail. 

	Species
	A
	B
	C
	D
	E
	F

	A
	
	4
	
	
	
	

	B
	
	
	
	
	
	

	C
	
	
	
	
	
	

	D
	
	
	
	
	
	

	E
	
	
	
	
	
	

	F
	
	
	
	
	
	


4. Use the above matrix to draw a cladogram depicting the phylogenetic relationships among all seven species and the evolutionary events that occurred. 
a. Start by grouping the pairs that have the most shared derived traits and then linking groups together (working backwards from species with the most shared derived charactes to least shared derived characters). 
b. Mark the evolutionary events on the tree where they occurred





















1. How many evolutionary changes occurred in your phylogeny? 

2. Did convergent evolution occur? For what trait and in what species?

3.  Were there any evolutionary reversals? For what trait and in what species?


Exercise 2: Constructing a Cladogram of Bird Species
Construct the phylogeny of 6 bird species(below),using a California Gull as an outgroup for your comparisons.  Images of the birds are contained in the separate pdf file.
Species:	A) Cassin’s Vireo
B) Red Fox Sparrow
C) Cape May Warbler
D) Cedar Waxwing
E) Golden-Crowned Kinglet
F) Pyrrhuloxia
Outgroup: 	G) California Gull
1. Using the following characters and character states create a character matrix below for the 6 species and the outgroup. This should have the characters listed on the left side and species across the top.

	Character
	Character States

	1.Bill Color
	Yellow (Y)
	Black (B)

	2. Bill bent at end
	Bent (B)
	Sharp pointy tip (S)

	3. Crest on head of male
	Yes (Y)
	No (N)

	4. Legs
	Pink (P)
	Not pink (N)

	5. Black stripe THROUGH eye
	Yes (Y)
	No (N)

	6. White bar or patch across wing coverts1
	White patch (W)
	None (N)

	7. Distinct ring at least ¾ way around eye
	Ring (R)
	None (N)


1small feathers that cover the bases of the wing feathers



2. Below are three hypotheses – which is most parsimonious?
a. Map the evolutionary changes of the traits in the matrix, label each change with the number of the character. The first character has been done for you on the first tree.
b. Make sure you use the most parsimonious mapping for each character (each character should change the minimum number of times). Sometimes a character will have two mappings that are equally parsimonious – in this case just choose one.

a) [image: ]

[image: ]
b) 


c) [image: ]

3. Count up the number of evolutionary events for each tree; which is the most parsimonious?




4. Now add two new traits to these trees.
a. Sexual dimorphism - males and females have different plumage.  In sexually dimorphic birds, males typically have brightly colored plumage while females have dull or drab feather colors. 
b. Whether males feed the nestlings.  In some species, only the females spend time feeding and raising the young after the eggs hatch.
5. We can use a phylogenetic tree, and the relative timing of evolutionary events to answer new hypotheses about the evolution of particular traits.
a. For example, imagine that you observe that sexually dimorphic males tend to not feed nestlings.  There are two hypotheses for how this may have evolved:
i. Sexual dimorphism evolved first – Showy males with bright plumage spend their time and energy in performing breeding and territorial displays, competing with other males, and defending their territory.  Therefore, they do not have time to feed young.  Thus, males not feeding young evolve later as an adaptation to sexual dimorphism.
ii. If males don’t feed young in a species, it will allow them time to spend displaying, defending their territory, and competing with other males.  Thus sexual dimorphism would be an adaptation to males not feeding young.
To begin to address this question, map the character changes in dimorphism and male feeding young onto your most parsimonious tree above.

	Character
	Sexual Dimorphism
	Males feed young

	Cassin’s Vireo
	N
	N

	Red Fox Sparrow
	Y
	N

	Cape May Warbler
	N
	N

	Cedar Waxwing
	N
	Y

	Golden-Crowned Kinglet
	N
	Y

	Pyrrhuloxia
	Y
	N

	California Gull 
	N
	Y


**This data is fictional

6. Which hypothesis is supported by the phylogenetic tree?  In other words, which evolved first, sexual dimorphism or males feeding young?
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