
Phylogenetic consistency is a frequently cited criterion for biologically meaningful basic units of microbial diversity 

[1-3]. In this view, ‘good’ diversity unit definitions, complying with evolutionary theory, should provide clusters 

which are monophyletic, rather than paraphyletic or polyphyletic.

To assess the phylogenetic consistency of OTUs, we analyzed a global dataset of 42,024 near-full length archaeal 

16S sequences (see main text and Text S1). We generated a Maximum Likelihood tree assuming a generalized 

time-reversible (GTR) model using FastTree2 [4]. To this tree, we mapped OTUs obtained from complete 

linkage clustering to different similarity thresholds. As a measure of phylogenetic consistency, we calculated an 

OTU monophyly index with respect to the reference tree. We considered an individual OTU as ‘100% 

monophyletic’ if (i) all its members shared a single common ancestor, and (ii) no members of the same 

monophyletic group clustered with any other OTU. To account for different patterns of paraphyly or polyphyly 

in individual OTUs, we defined Panc as the most recent common ancestor of all sequences pertaining to that 

OTU. We then calculated ‘local monophyly’ of the focal OTU as the ratio of sequences belonging to the focal 

OTU (NOTU) relative to all sequences descending from the most recent common ancestor Panc (Ndesc) in an 

approach similar to Koeppel & Wu [5]. For example, an OTU containing 9 sequences which form a paraphyletic 

group with one additional sequence clustered to another OTU was considered ’90% monophyletic’. The overall 

monophyly index for an entire OTU set was then calculated as the average of the local monophyly of non-

singleton OTUs. Note that singleton OTUs (containing only one sequence) are monophyletic by definition, and 

were not considered when calculating average monophyly, but could locally break monophyly within larger 

OTUs.

We observed a monophyly index of around 80% for clustering thresholds ≥84% sequence similarity (see data 

table).  These levels of monophyly are remarkably high, in particular when considering that the reference tree 

itself is probably a close approximation, rather than perfect representation, of the ‘true’ phylogeny of the tested 

dataset. We conclude that complete linkage hierarchically clustered OTUs are generally, though not perfectly, 

phylogenetically consistent.

% Sequence
Similarity

80 82 84 86 88 90 92 94 96 98 99

Total number
of clusters

589 745 958 1,200 1,525 1,973 2,644 3,677 5,381 9,160 13,685

Non-singleton
clusters

327 419 544 671 868 1,067 1,392 1,835 2,548 3,670 4,470

Monophyly
Index in %

73.1 74.7 80.4 79.7 80.4 80.6 80.3 81.1 82.1 81.3 80.1

Table 1: Phylogenetic Consistency of complete linkage OTUs. 42,024 archaeal 16S sequences were clustered into OTUs and monophyly 
was assessed with respect to a maximum likelihood phylogenetic tree as described in the text.
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