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Cladistics Laboratory Exercise

I assume that previous courses allow you to understand cladistic analysis and have read the pertinent pages on the website before class. To summarize we will be following five steps for Phylogenetic Analysis:

1. Select a monophyletic ingroup for study (taxa A-E in  3 examples)

2. Select characters and define states (numbered in examples)

3. Polarize the character states (ontogeny helps! 0 = plesiomorphic)

4. Build a data matrix

5. Construct a cladogram based on synapomorphy and parsimony.

A First Example


Character Number


Taxon
1
2
3
4
5
6
7
8
9
10

OG
0
0
0
0
0
0
0
0
0
0


A
0
0
1
1
1
0
0
1
0
1


B
1
0
0
1
0
0
1
1
0
0


C
0
1
1
1
0
1
0
1
1
1


D
0
0
1
1
0
1
0
1
1
1


E
1
0
0
1
0
0
0
1
0
0

A Second Example

Character Number


Taxon 
1
2
3
4
5
6
7
8
9
10

OG
0
0
0
0
0
0
0
0
0
0


A
0
0
1
1
1
0
0
1
0
1


B
1
0
0
1
0
0
1
1
0
0


C
0
1
1
1
0
1
0
1
1
1


D
0
0
1
1
0
1
0
1
1
1


E
1
0
0
1
0
1
0
1
0
0

A Third Example

Character Number


Taxon
1
2
3
4
5

OG
0
0
0
0
0


A
1
0
0
0
0


B
1
1
0
1
0


C
1
1
0
1
1


D
1
1
1
0
1


E
1
1
1
0
1

Software for Phylogenetic Analysis

A computer can assist you in finding the most-parsimonious tree from a data matrix. We will attempt to use some simple computer software to do this. The software we use is free and available at:

http://evolution.genetics.washington.edu/phylip/getme.html

Scroll down that page to find your combination of hardware and operating system. Then download both the documentation and the executables files for your computing system. This software is much more primitive (faster) than you are probably used to using, and the documentation is quite opaque in my opinion. Basically the executables are a series of short programs that work on a source file (your data matrix!) that you place in the same folder (subdirectory). My website has the one executable file that we need: Penny. So if you are working on a Macintosh, just go to plantphys.info and control-click on Penny, Example 1, and Example 2. The software should download the three files you need. Penny will unzip automatically to be rendered as an application. The files need to be in the same folder/subdirectory.

Creating the Phylip Source File
The source file is a plain text file that has the following structure. The first line of the file has three spaces, the number of taxa, three spaces, then the number of characters. Each subsequent line in the file has 10 characters or spaces for the taxon and then one character for each state for the characters used. It will make your work easiest if the out-group is the first taxon. Thus the source file for our First Example looks like:

...6...10¶

OG........0000000000¶

A.........0011100101¶

B.........1001001100¶

C.........0111010111¶

D.........0011010111¶

E.........1001000100¶

¶
I have used a . symbol to indicate the spaces and the ¶ symbol to show the end of the line (where you hit return or enter). In Microsoft Word select Word-Preferences; under its View tab you can check the non-printing characters: spaces and paragraph marks. This will make Word show you the file structure above. This needs to be a plain-text file, so when you save it to the hard-drive you need to specify that format in the Save-As dialog box in Microsoft Word. On a Macintosh, Text Edit may be an easier word-processor for creating this file. If you are a Wintel operator, maybe you need Notepad? Just be sure to use Courier font to align the text.
Using the Phylip Source File

Now that your source file is saved in the same folder (subdirectory), and is in the correct conformation, double-click the Penny executable file to analyze the data matrix.

Finding the Most-Parsimonious Tree. The executable Penny will create the most-parsimonious tree very quickly. When it opens a window, it will first ask you for the filename of your source file...it is a primitive dialog box and the > symbol is basically a prompt. Just type the filename (with any extension) for your source file and hit return or enter. If your matrix has the out-group as the first taxon, you can avoid taking the options and just hit a Y key and then return or enter. The software will find the most-parsimonious tree and create an outfile and an outtree file in the folder (subdirectory). These files can be sent via email, opened, and printed out.

First Example

Use the supplied First Example text file (or create your own), run Penny on that file, and observe the branching system it provides. Note: the numbers in the Penny Outfile are arbitrary numbers showing the cladogenesis events, they are not your character numbers! In the space below, draw a proper cladogram showing the 6 extant taxa at the top, the branching pathways of evolution below that, and mark and label the locations for the state change for all 10 characters. Use a straight-edge! Be sure your taxa are all extant! Twist branches appropriately.

/16

The in-group is ____(#) distinguishable taxa.
/20

The cladogram analyzes ____(#) characters.

The cladogram has ____(#) evolutionary steps including ____(#) homoplasy pairs.

The order of step pairs: ___-___,  ___-___,  and  ___-___  cannot be determined until 

more _______________________ are evaluated.

These steps are synapomorhies of the entire in group: ____, ____.

These steps are synapomorphic to exactly two taxa: ____, ____, ____.

These steps are autapomorhic: ____, ____, ____

The taxon with the most apomorphies: ____.

The ingroup taxon with the fewest apomorphies ______.

The taxon with no apomorphies ______.

Is there a more-parsimonious cladogram possible?   yes    no  

/36
Second Example

Edit the supplied First Example text file (change one number), run Penny on that file, and observe the one branching system it provides. In the space below, draw two proper cladograms showing the 6 extant taxa at the top, the branching pathways of evolution below that, and mark and label the locations for the state change for all characters. Use a straight-edge! Mark homoplasies (multiple forward steps and/or reversals) by circling their symbol. Make sure all species are extant! Twist branches appropriately.

/20

The cladogram (above left) has the fewest total steps = ____(#).
/12

In that case there is/are ____(#) homoplasy pair(s) in character ____(#).

The left cladogram is likely most-parsimonious if the homoplasious character is   simple   complex  
The alternative cladogram is shown (above right). The cladogram on the right has ____(#) more step(s) than the one on the left. However, rather than two identical complex apomorphies evolving, this cladogram evolves the apomorphic state only once but then follows up with ____(#) reversal(s). The taxa with the most apomorphies are ____ and ____. This cladogram with more steps could be more biologically parsimonious if the homoplasious character is   simple    complex  .

Among tetrapod animals, the tetrapod leg evolved early but was reversed twice in later evolutionary examples. That was in ____________(amphibian) and ____________(reptile).

Lacking further knowledge of the homoplasious character shown above, the cladogram with the   most    fewest   homoplasies is more parsimonious.


/32

Third Example

Create your own text file for the Third Example, run Penny on that file, and observe the two branching systems it provides. In the space below, draw the two different equally-parsimonious cladograms showing the 6 extant taxa at the top, the branching pathways of evolution below that, and mark and label the locations for the state change for all characters. Use a straight-edge! Mark homoplasies (multiple forward steps and/or with reversals) by circling their symbol. Remember that one forward and one reversal step is more biologically parsimonious than two forward steps for both simple and complex traits! Be sure to rotate branches at the nodes properly so that a branch with the most evolutionary steps is to the right of one with fewer steps.

/22

What needs to be done to distinguish taxon D from taxon E?
/8

What needs to be done to distinguish the sequence of evolution of character 2 and the forward step of the homoplasious character in both cladograms?

In the left cladogram, the taxon with the most apomorphies has evolved through ____(#) steps.

In the other cladogram, the most advanced taxon evolved through ____(#) steps.

How might a biologist decide which of these two cladograms is the most-parsimonious? (hint: what would need to be compared?)

If
then choose the left cladogram.

If
then choose the right cladogram.


/30

Legume Seed and Seedling Cladogram
In a previous semester students grew various legume plants and observed their characteristics through development (ontogeny!). Your experience with legume anatomy should give you sufficient data about the various characters to polarize states and produce a cladogram (phylogeny) of the various kinds of legumes. Because data accuracy is critical, the data matrix is provided for analysis with Phylip.
	Legume  Name


	1. pigmented seed coat=1 or  colorless=0
	2. circumhilum pigmentation=1 or plain=0
	3. saddle pigmentation=1 or not=0
	4. mottled coat pigmentation=1 or uniform=0
	5. raphe with ridge=1 or generally smooth=0
	6. cotylespermous=1 or not=0
	7. monocotyledonous=1 or dicotyledonous=0
	8. isocotylous=1 or not=0
	9. kidney-shaped cotyledon=1 or other=0
	10. antitropous radicle=1 or syntropous=0
	11. cotyledon incumbent=1 or accumbent=0
	12. embryo bent=1 or linear=0
	13. hypogeous (cryptocotylar)=1 or epigeous=0
	14. primary leaf petiole long=1, short or sessile=0
	15. primary leaves alternate=1 or opposite=0
	16. secondary leaf compound=1 or simple=0
	17. secondary leaf hairy=1 or hairless=0
	18. primary nyctinastic movement up=1 or down=0
	19. primary leaf shape cordate=1 or ovate=0
	20. stem pigment red=1 or green=0

	A. Black
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1

	B. Black-eye
	1
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	0
	0

	C. Canary
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	0

	D. Cowpea
	1
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	1
	1
	0

	E. Dominican
	1
	1
	0
	1
	0
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	0

	F. Great Northern
	0
	0
	0
	0
	0
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	0

	G. Kidney
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	0

	H. Lima
	0
	0
	0
	0
	0
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	0

	I. Mung
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	J. Pigeon
	1
	1
	0
	1
	0
	1
	0
	1
	0
	0
	0
	1
	1
	0
	0
	1
	1
	1
	0
	0

	K. Pinto
	1
	1
	0
	1
	0
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	0

	L. Roman
	1
	1
	0
	1
	0
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	0

	OG
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


In the spaces at the top of the matrix, we need to agree on the polarization of states for each character...remember: 0=plesiomorphic, 1=apomorphic. We may need to repolarize a character! We might delete a row or a column for certain reasons…which ones?

Once the chart is completed and reduced to its base simplicity, use your computer to find the most-parsimonious tree and print it out. For this exercise, you need to construct the most-parsimonious tree for the legume data matrix. Your legume tree should be carefully drawn with a straight-edge showing all extant taxa names and all the important original character state changes by number. Homoplasies need to be circled; be sure you have maximum parsimony! Twist the branches appropriately so that the taxon with the most apomorphies (including reversals!) is to the right. Remember that one forward and one reversal is more parsimonious than two forwards. Additional reversals might lead to a judgment call on your part (and mine!)!

Legume Seed and Seedling Cladogram
Create your own text file for the condensed/repolarized legume data matrix, run Penny on that file, and observe the branching systems it provides. In the space below, draw one of the equally-parsimonious cladograms Penny provides. Show all 11 of the extant ingroup taxa by letters A-L at the top with the outgroup (OG), the branching pathways of evolution below that, and mark and label the locations for the state change for all original-numbered characters (1-20) that are meaningful. Use a straight-edge! Mark homoplasies (multiple forward steps and/or with reversals) by circling their symbol. Remember that one forward and one reversal step is more biologically parsimonious than two forward steps for both simple and complex traits! Be sure to rotate branches at the nodes properly so that a branch with the most evolutionary steps is to the right of one with fewer steps.

/40

For the legume cladogram (over), repolarizing Character 18 was justified because:

(hint: use your legume seedling observations!)

1.


2.


These characters from the data matrix were discarded as not useful: ____ ____ ____ ____ ____

This cladogram shows ______(#) steps in total including ______(#) homoplasies (count all forward and all reversal steps).

Characters 1 and 2 are examples of   simple    complex   characters that are   more    less   likely to be homoplasious than the opposite kind of gene.

Character 4 is a gene involving ____________________ so this is   more    less   likely to be an example of two forward steps rather than one forward and several reversals.

Characters 9, 14, and repolarized-18, though different traits, have similar patterns of distribution in the taxa. This makes them   more    less   likely to be involved with a homoplasy.

Characters 6, 8, 12, and 16 are   apomorphic    synapomorphic    autapomorphic   to the entire ingroup.

Which character(s) are truly autapomorphic (exclude homoplasies!)?


Including all steps (even homoplasious ones), which 

taxon/taxa appear(s) to have the most apomorphies?


Which ingroup taxon/taxa appear(s) to have the fewest apomorphies?



/18


