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The origin of eukaryotic algae

Russian nesting dolls Matrioshkas

Endosymbiosis
Heterotrophic cells, which already had nuclear envelopes and 

other organelles, acquired chloroplasts by incorporating cyanobacteria 
as endosymbionts (Sze 1998)

Evidence:
• Chloroplast DNA resembles 
prokaryotic DNA (circular and 
lacking histones)

• Chloroplast ribosomes are similar 
to ribosomes of prokaryotic cells 
(small type)

• Ribosomal DNA (rDNA) gene from 
cyanobacteria is similar to rDNA 
gene from chloroplasts

The two closely associated membranes of the chloroplast envelopes 
of green algae and plants, red algae, and glaucophytes indicate that 
their chloroplasts originated directly from a symbiotic cyanobacteria
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But plastid DNAs are highly reduced when 
compared with cyanobacteria, both in size 

(18-30 times) and in number of genes 
(12-26 times)!

How can this happen?

Plastid genomes are reduced by  

a)  Gene loss (I.e., cell wall)
b)  Substitution (redundant 

genes)
c)  Transfer (rbc Spacer region)

3 lineages of Primary Plastids:

1)  Green lineage: green algae and 
plants

2)  Red lineage: Red Algae

3)  Glaucocystophyte lineage

Secondary Endosymbiosis

Primary Endosymbiosis

Tertiary Endosymbiosis

Green algae and plants 
Red Algae  
Glaucocystophytes

Euglenoids and 
Chlorarachniophytes

Cryptophytes, 
Haptophytes, 
Dinoflagellates and 
Stremanopiles

Dinoflagellates
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Kleptoplastids

•  Heterotrophic organism may obtain 
autotrophy from plastids from digested prey �

•  Such plastids are known as kleptoplastids, 
since they are “stolen” by their hosts �

•  Chloroplasts are harvested from algae by 
many heterotrophs, including dinoflagellates, 
ciliates, and ascoglossans �

•  Plastids are unable to synthesize all of the 
proteins needed for their maintenance, and 
foreign hosts generally lack the suite of genes 
necessary to compensate, thus these 
associations are more or less temporary

•  Some experts consider that primary 
endosymbiosis has occurred 
independently in the rhizarian 
amoeba Paulinella chromatophora, 
an inhabitant of pond and lake 
sediments �

•  Paulinella’s photosynthetic 
organelles possess a cyanobacterial 
wall, and are derived from 
cyanobacteria related to modern 
Synechococcus and 
Prochlorococcus

Endosymbiosis evolution in action today!

Recipe for how to make a successful eukaryotic biosphere:
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You are here  *

An explosion of life forms!!!

*

Nature came up with a great idea:

Developing new life forms by nesting pre-existent ones

Nothing was created de novo! 

Recycling old parts!
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GLAUCOPHYTES

•  The glaucophytes, also known as 
glaucocystophytes, are a small group of 
freshwater microalgae 

•  Contain blue-green plastids often referred to as 
cyanelles 

•  Plastids resemble cyanobacteria and differ from 
plastids of other algae in having a peptidoglycan 
wall 

•  Chlorophyll a and phycobiliproteins phycocyanin 
and allophycocyanin, as well as β-carotene

•  The plastids contain polyphosphate granules
•  Central structures like cyanobacterial 

carboxysomes
•  Sexual reproduction is not known, but non-

flagellate forms may produce flagellate asexual 
reproductive cells (zoospores)

Other Glaucophytes or Glaucocystophytes


