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            Abstract
DNA microarray studies have shown that hundreds of genes are transcribed periodically during the mitotic cell cycle of humans1, budding yeast2,3, fission yeast4,5,6 and the plant Arabidopsis thaliana7. Here we show that despite the fact the protein complexes involved in this process are largely the same among all eukaryotes, their regulation has evolved considerably. Our comparative analysis of several large-scale data sets reveals that although the regulated subunits of each protein complex are expressed just before its time of action, the identity of the periodically expressed proteins differs significantly between organisms. Moreover, we show that these changes in transcriptional regulation have co-evolved with post-translational control independently in several lineages; loss or gain of cell-cycle-regulated transcription of specific genes is often mirrored by changes in phosphorylation of the proteins that they encode. Our results indicate that many different solutions have evolved for assembling the same molecular machines at the right time during the cell cycle, involving both transcriptional and post-translational layers that jointly control the dynamics of biological systems.
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                    Figure 1: 
                        Periodic expression is poorly conserved.
                      


Figure 2: 
                        Protein complexes are regulated through different subunits in each organism.
                      


Figure 3: 
                        Cyclin-dependent kinases preferentially phosphorylate dynamic proteins.
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Hundreds of genes are transcribed periodically during the cell cycle. The protein complexes involved are much the same among all eukaryotes, but comparison of large-scale microarray data sets from humans, yeasts and plants shows that many different solutions have evolved for assembling the same molecular machinery at the right point in the cell cycle. Transcriptional and post-translational controls evolve in tandem and change is surprisingly rapid in evolutionary terms — over periods of just a few hundred million years. This implies that even within vertebrates, regulatory systems can differ considerably.
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