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Even though plastids appear to have a cyanobacterial origin, the exact nature of this
predecessor is not known. Plastid genomes show no morphological or phylogenetic similarity
to any one particular cyanobacterial group, suggesting that modern cyanobacteria have
diversified to a large degree since the primary endosymbiotic event occurred. Further
characterization of cyanobacteria and their genomes should provide researchers with more
information on this ancestor, while comparisons of these genomes to existing plastid genomes
could also provide more clues to plastid genome origin and evolution (McFadden 2001b,
Archibald and Keeling 2002, Palmer 2003, Stiller et al. 2003).

New information on plastid origin has already been provided by the use of the complete
genomes of the cyanobacteria Synechocystis (Kaneko and Tabata 1997) and Nostoc (Kaneko
et al. 2001) in a number of phylogenetic comparisons with plastid genomes (Martin et al.
1998, De Las Rivas et al. 2002, Martin et al. 2002, Maul et al. 2002). For example, the
placement of the glaucophyte alga, Cyanophora paradoxa, indicates that it is one of the
earliest diverging plastid-containing lineages (McFadden 2001a). Glaucophyte plastids have
already been found to have a higher degree of similarity in pigments, membranes and cell

walls to existing cyanobacteria than other primary plastid lineages (McFadden 2001b).

2.1.3.2.2 Primary Endosymbiosis

It is now widely accepted that only three eukaryotic lineages contain primary plastids: green
algae (including land plants), red algae and glaucophytes (cyanelles) (Palmer 2003). Two
membranes originating from the cyanobacterial ancestor surround primary plastids. The third
phagosomal membrane is believed to have been lost at some point during evolution (Cavalier-
Smith 2000). Primary plastids are found in the host cell’s cytosol and require only transit
peptides to import proteins across the plastid membranes. All photosynthetic eukaryotic
plastids and cyanobacteria use chlorophyll @ as their main light-harvesting pigment
(Bhattacharya and Medlin 1998, Archibald and Keeling 2002).

Primary plastid lineages also differ in a number of ways. While red algae and glaucophytes
contain the phycobilisomes and unstacked thylakoids found in the cyanobacterial ancestor,
green algae contain chlorophyll & but no phycobilisomes and have evolved thylakoid stacking.
Unlike red and green algae, glaucophytes have a peptidoglycan cell wall similar to that found
in cyanobacteria (Bhattacharya and Medlin 1998, Cavalier-Smith 2000, Moreira and Philippe
2001, Archibald and Keeling 2002).
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