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Evolution of carbonic anhydrase in C4 plants
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Conclusions
The intracellular location of the majority of CA activity
has changed during the evolution of Cy4 plants from their

Cj3 ancestors. This has facilitated the provision of bicar-
bonate for the primary carboxylase of Cy4 plants in the
mesophyll cell cytosol, and the evolution of the C4 CCM.
Changes in coding and non-coding regions of CA genes
responsible for converting a C; CA into a C4 enzyme are
only now being identified, as are differences in contribu-
tions of CA to the CCMs of diverse Cy4 lineages. Work
thus far allows the evolution of the CA isoform important
in the C,4 pathway to be mapped on the recently described
five-stage model of C4 evolution [25]. Orthologs encoding
this CA can be identified in ancestral C3 and proto-Kranz
species and code for proteins with chloroplast transit
peptides (stages a and b [25]). C3—C,4 intermediate species
that carry out C; photosynthesis, with its photorespiratory
pump (stage c [25]), also express a chloroplast-located CA
homolog. Stages d and e [25] of the model are character-
ized by complete Cy4 acid transfer cycle activity, limitation

of Rubiscoactivitytothe BSC,andoveralloptimizationof the
C, pathway.
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