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phosphorylated sites (Supplementary Methods). Relative divergence rates of 0.5 and 2.0, for example, respectively imply that 50
and 200 phosphorylated sites have mutated for every 100 phosphorylatable residues that have mutated. Relative divergence rates
above and below 1 indicate phosphorylation sites are, respectively,
less and more conserved than background residues that can be
phosphorylated. This analysis revealed that high-stoichiometry
phosphorylation sites were more conserved than sites of lower

To the Editor: Phosphoproteomic screens by mass spectrometry
have uncovered thousands of new phosphorylated residues (here
referred to as sites) in various organisms. Follow-up studies are
needed to assay functional effects of these sites. Knowing site stoichiometry and conservation, in addition
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sites in their data are very-low-stoichiDivergence rate of randomly selected phosphorylatable residues
ometry sites. They had found that highFigure 1 | High-stoichiometry sites were most conserved, and site stoichiometry correlated negatively
stoichiometry sites are less conserved, on
average, than low-stoichiometry ones and with divergence rate. Every point on each plot represents the divergence rate of a set of phosphorylation
versus a set of randomly selected phosphorylatable residues for each species compared in
suggest that stoichiometry does not posi- sites (residues)
Wu et al.1 except S. pastorianus. Line of best fit from the origin was computed for each site stoichiometry
tively correlate with a site being biologigroup to interpret the general divergence (or conservation) trend, with the gradient (slope) interpreted
cally essential.
as the general relative divergence rate (RD). We divided 24 species analyzed by Wu et al.1, into three
These observations by Wu et al.1 could groups based on their phylogenetic distance from S. cerevisiae. Cladograms (bottom right insets) highlight
arise if the ver y-low-stoichiometr y
phylogenetic relationships of each species group (black) to S. cerevisiae (red).
phosphorylation sites (≤5%) were overrepresented on high-abundance proteins, which are gener- stoichiometry (Fig. 1) in contrast to the results in Wu et al.1. Also,
ally very conserved in sequence2,3. We sorted phosphoproteins phosphorylation-site stoichiometry generally correlated positivecontaining high-confidence phosphorylation sites reported in
ly with site conservation, albeit in phylogenetically more related
ref. 1 into three equal groups according to their cellular abun- species (Fig. 1). These results imply high-stoichiometry sites are
dance4; ~55% of the very-low-stoichiometry (0–5% phosphor- generally more essential and suggest that sites of lower stoichoimylation) sites were in the highest protein abundance group,
etry at mid-log phase of growth tend to appear later in evolution5.
compared to ~35% of the low-stoichiometry (5–20%), ~16%
Note: Supplementary information is available on the Nature Methods website.
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Phosphorylation sites of higher
stoichiometry are more conserved
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