Jan. 19, 2006
· Endosymbiosis

· Approximately 1 bil. years ago a cyanobacteria was ingested by a bigger bacteria and a vacuole formed (that would typically digest it), however, at times the cyanobacteria wasn’t ingested right away and since it started producing nutrients for the bigger bacteria (through photosynthesis) the cyanobacteria was incorporated into the larger cell and became a chloroplast that was no longer able to live on its own. 

· Lyn Margoulis put this idea forward in modern times (1960s) but was laughed at.  In the 1970's it was found to be true.
· Lyn Margoulis also thought up Gaia hypothesis

· Primary endosymbiosis: eukaryote captures a prokaryote
· Two distinct lineages: red algae and green algae
· green algae line became land plants 

· red lineage is red algae

· Secondary endosymbiosis: eukaryote captures eukaryote

· red algae captured by host cell—gave rise to dinoflagellates (this has happened 3x)

· Kingdom Chromista: all dominant algae in oceans today: diatoms, kelps coccolithopores

· Red lineage

· functional zoogenes in chloroplast

· Key genes: Rubisco protein (key in photosynthesis)
· Green lineage

· not as many functional genes in chloroplasts (rubisco is in nucleus though)

Time line
· Permian Extinction 290 mya 

· up until then the oceans were dominated by Prasinophytes (green algae)

· after extinction new niches were opened for other organisms
· Around 250 mya (dinosaurs on land) coccolithopores were dominant in the oceans

· 200 mya (angiosperms on land) dinoflagellates were dominant in the oceans 

· 150 mya diatoms were dominant (silica cell walls)
· 5 mya kelps were dominant

· Chlorophyll c : chlorophyll b 
                           3.4 : 1
· Today pytoplankton 1% biomass, 45% annual productivity (CO2 fixation)
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Diatoms: armored (grazing resistant) with SiO3 cell walls

Run-off from grasses made diatoms most dominant in oceans.  As diatoms died C sank to the bottom of the ocean so the atmosphere lost C.  The C4 plants arose.
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