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Cyanobacteria Homework
Today we begin a tour through taxonomy, phylogeny, and natural history of organisms ultimately leading to higher plants. We begin with organisms involved in the establishment of the chloroplast as a photosynthetic organelle unique to plants.

While no substitute for observation of living specimens, the organisms we are considering are shown on the website or can be found in Google image. 

	Microcystaceae
Microcystis
Chroococcaceae
Gloeocapsa
Eucapsis
Merismopedium
Oscillatoriaceae
Oscillatoria
Arthrospira (or Spirulina)
Lyngbya
	Nostocaceae
Anabaena (or Nostoc)
Cylindrospermum
Rivulariaceae
Gloeotrichia
Calothrix
Scytonemataceae
Tolypothrix (or Scytonema)
Stigonemataceae
Fisherella



Important note:
In making your sketches, it will be critical to show those features that are typical of the group. So while you should use cell sub-structure labels on all the diagrams, there are a host of other labels that you must also use as you find other features. These labels are the apomorphic character states named in the row headers of the data matrix on page 3! The eight sketches required below have been selected for you to be able to show and label! all of these apomorphies. 5 points each.
	Microcystis (an archetype species?)
	Eucapsis, or Merismopedia

	Oscillatoria
	Arthrospira or Spirulina

	Anabaena or Cylindrospermum
	Gloeotrichia

	Scytonema or Tolypothrix
	Fischerella


Analysis of your study:
Now with some idea of the range of cells, cell associations, patterns of branching, tapering, and organization, motility, sheathing, etc. in your experience, try your hand at classification and phylogeny.
Because a cladogram is only as useful as the data matrix behind it is completely accurate, I am providing the data matrix for you below. I have used those characteristics that could have been directly observable by you in laboratory, organized a grid of characters and character states, and polarized the character states considering Microcystis (a unicellular coccoid cyanobacterium) as the out-group. 

	character (apomorphic state)
	OG. Microcystis
	A. Gloeocapsa
	B. Cylindrospermum
	C. Merismopedia
	D. Lyngbya
	E. Oscillatoria
	F. Eucapsis
	G. Tolypothrix
	H. Fischerella
	I. Anabaena
	J. Arthrospira
	K. Gloeotrichia

	1. filamentous/strepto-
	0
	0
	1
	0
	1
	1
	0
	1
	1
	1
	1
	1

	2. colonial
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0

	3. sheet
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0

	4. spiral
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	5. motile
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	6. branched
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0

	7. true branch
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	8. tapered filament
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	9. sheath present
	0
	1
	1
	1
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	0
	1
	1
	1
	1
	0
	1

	10. heterocyst present
	0
	0
	1
	0
	0
	0
	0
	1
	1
	1
	0
	1

	11. akinete present
	0
	0
	1
	0
	0
	0
	0
	1
	1
	1
	0
	1



Your task is to apply this data matrix to constructing a cladogram of the cyanobacteria. I encourage you to make the exercise authentic by communicating with your peers on what you are analyzing, how the work is proceeding, and gleaning from each other new ideas perhaps on how best to distinguish these species and to reconsider which characters are most suitable for any needed homoplasies. Doing rough drafts on separate sheets is a good idea for avoiding a mess on the page showing your final cladogram!
Using the data matrix above, provide below a most-parsimonious cladogram for all 12 extant genera by using the corresponding letters OG and A-L for the cyanobacteria. Be sure to mark evolutionary steps with numbers (use #1-11 as coded in the data matrix), and circle all homoplasies (both forward and reversal steps). Make sure your homoplasies are most parsimonious (remember about reversals)! Also, be sure to twist branches so that you show most of the steps toward the right on each dichotomy. Sketch your final most-parsimonious cladogram on the back of this sheet, and use a straight edge to make a high-quality cladogram! The underlined aspects in this paragraph are hints to maximize your score on this project!

Cladogram of Cyanobacteria (final sketch)
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