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An upper bound for the number of extant OTUs at steady state

In the following we derive an expectation for the number of OTUs (/N,) expected under steady state condi-
tions, i.e. assuming that global prokaryotic cell counts (/V) are fairly constant and subject to random (phy-
logenetically uncorrelated) turnover at some constant rate (which is both the average per-capita birth rate
as well as the average per-capita death rate, measured in generations per time). Simple cladogenic models
predict that under these conditions the number of extant lineages (where each cell represents a distinct new
lineage) that can be traced back to any past time point (known as “lineages through time”) is given by

~ N
N(n) = 14+n’
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where n is the expected number of generations from that time point (per-capita birth rate x time) [1, 2].
Assuming that the 16S rRNA gene evolves neutrally at some constant drift rate r (measured in substitutions
per site per generation), an OTU (defined by a divergence threshold of 3%) corresponds to a set of organisms
(clade) that diverged n ~ 0.3/(2r) generations ago. Hence, the expected number of OTUs is approximately
N, = N(n) = 2rN/0.3. Assuming = 4 x 1075 x 10~ (based on mutation rates estimated for various
bacterial loci [3, 4]) and assuming N = 103° cells [5], one obtains the estimate N, ~ 3.3 x 10%?-2.7 x
1023, Note that in reality prokaryotic cell deaths are not phylogenetically uncorrelated, i.e. closely related
organisms (e.g. sister cells) are more likely to die together or survive together, because they are usually found
in similar locations and exhibit similar traits. Such phylogenetic correlation in birth/death events would lead
to a higher probability of older clades (e.g. at the OTU level) becoming extinct, and hence N, is only an
upper bound for the number of extant OTUs. In fact, our finding of much smaller global OTU diversity
suggests that phylogenetically correlated cell turnover is a major driver in prokaryotic ecology and evolution.
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