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Photosynthesis is a central biological process that 
has a long and complex evolutionary history. The pho-
tosynthetic machineries found in the existing groups of 
phototrophs have both common and divergent charac-
ters, suggesting an evolutionary process that combines 
de novo gene appearance, gene duplication, gene and 
pathway recruitment and loss, with both vertical and 
horizontal genetic transfer. The earliest phototrophs 
were almost certainly anoxygenic and were in exis-
tence on Earth by at least 3.4 billion years ago and 
possibly somewhat earlier. Oxygenic phototrophs were 
undoubtedly in existence by 2.4 billion years ago when 
free molecular oxygen, the waste product of oxygenic 
photosynthesis, began to accumulate in the atmos-
phere. These organisms may have been present up to 
several hundred million years before that time. Several 
lines of evidence, including molecular evolution analy-
sis, structural comparisons, and biochemical and bio-
physical data, suggest that all modern photosynthetic 
reaction centers are derived from a single ancient 
common ancestor and that the anoxygenic phototrophs 
preceded oxygenic ones [1].  

The transition from anoxygenic to oxygenic photo-
synthesis was accompanied by a number of evolution-
ary innovations, including multiple gene duplication 
and divergence events, modification of the pigment 
biosynthesis pathways from anaerobic to oxygen-
requiring, invention of the oxygen evolution center and 
a dramatic increase in the reaction center protein 
subunit complexity [2-4].   

The evolutionary pathway that led to the current di-
versity of different types of phototrophs was not linear 
and involved significant amounts of horizontal gene 
transfer [5]. 
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