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Biochemical diversity amongst 
bacteria is remarkable, and in-
cludes alternative pathways for 
carbon dioxide fixation, such as 
the hydroxypropionate pathway.

Ivan A. Berg, Daniel Kockelkorn, Wolfgang Buckel, Georg Fuchs (2007) A 3-Hydroxypropionate/4-

Hydroxybutyrate Autotrophic Carbon Dioxide Assimilation Pathway in Archaea. Science 318:1782–1786.
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Figure 7. Evolution of C4 photosynthesis in Flaveria (Asteraceae; Monson 1996). 
The colors along each branch of the phylogeny represent a hypothesized 
reconstruction of the evolution of photosynthetic pathways based on phylogenetic 
parsimony methods (i.e., the reconstruction that requires the fewest evolutionary 
transitions leading to the observed present-day distribution of photosynthetic 
types). The hatched bar indicates an uncertain reconstruction. If this branch is 
inferred to be C3, there are three independent origins of C3–C4 intermediate 
pathways (including F. angustifolia); alternatively, if this branch is reconstructed 
as C3–C4 intermediate, there is one origin of C3–C4 and one subsequent 
reversal to C3. The C4 pathway is inferred to have evolved independently three 
times, and in at least two of these cases, the C3–C4 type represented an 
intermediate evolutionary stage. A more recent molecular phylogeny of Flaveria, 
for 12 of the 20 species shown here, suggests at least two independent origins of 
C4 photosynthesis (Kopriva et al. 1996). Redrawn with permission from Monson 
(1996). Bioscience 50(11):979–995. 
 




















