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Bigger dot = 
more reads

3%

Radius 3% = 
species

Centroid, ideally should 
be most abundant = most 

likely to be biological.

Differs from rep. seq.  due to: 
• Sequencing error
• Biological variation



Which OTU?

Ambiguous assignments



Abundant sequences <3% different

2%



Abundant sequences <3% different

2%

Arbitrary choice 
of OTU rep. seq.

Outliners create 
spurious OTU(s)



Full-length 16S gene (~1500nt)



Full-length 16S gene (~1500nt)

Next-gen reads of hypervariable region (~300nt)

Variation greater in short 
region, may be > 3%.



Variation between populations

Healthy Diseased



Variation between populations

Healthy Diseased



Bacterial 
chromosome

16S gene
Duplication > 3% 

diverged

Paralogs and segmental duplications

Two OTUs for 
one species
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Alignment variation and defining % identity

G A - T T A - C A

G A A T T A A C A

3 diffs or 5 diffs? No diffs or 2 diffs?

Program B
Program A

Different programs produce different results from
the same algorithm & same input data because 

alignments and %id definition vary. This can bias 
validation, e.g. Schloss & Westcott (2011) AEM.
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Hard to define an OTU or an optimal set of OTUs

Phylogenetic tree
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Hard to define an OTU or an optimal set of OTUs

Optimal OTUs per Schloss & Westcott’s 
MCC measure can be non-monophyletic.



 OTUs are hacks
 Do not exist in nature
 Cannot be defined and validated robustly
 But can still be useful!


