
Bacterial taxonomy: 
Current developments

George M. Garrity

Sunday, January 31, 16



John W. Tukey
1915 - 2000

Peter H.A. Sneath
1923 - 2011

Samuel T. Cowan
1905 - 1976

Sunday, January 31, 16



“The greatest value of a picture is when 
it forces us to notice what we never 
expected to see. ”

John Tukey
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“Certainly many systematists (with the 
exception of microbiologists, who had few 
preconceptions about bacterial evolution) gave 
me the impression that because our proposal 
did not presuppose phylogenetic judgements, 
they must be anti-evolutionary. They seldom 
understood that these proposals could lead to 
techniques by which one could actively explore 
phylogeny.”

Peter Sneath
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“Sam Cowan was determined to show that it 
was possible to distribute cultures that were 
authentic, pure and typical: the fact that this is 
now broadly accepted as the normal practice is 
a measure of his success.”

“The proposal to make a new start for bacterial 
names in 1980 gave Cowan much quiet 
satisfaction.”

“He had the unusual ability to make taxonomy 
interesting to other people.”

Peter Sneath
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Crowdsourcing the global prokaryotic taxonomy

The	  current	  16S	  rRNA	  based	  taxonomy

In	  development	  for	  35	  years
Work	  product	  of	  >	  17,500	  authors
>	  20,600	  taxonomic	  descripGon
12,195	  effecGve	  publicaGons
Earliest	  taxa	  >	  175	  yrs	  	  
Average	  age	  16.8	  yrs
13.8%	  synonyms
	  7.8%	  explicitly	  emended
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Dispelling commonly held perceptions

Taxonomic proposals and names
Hypotheses, not facts
Falsifiable

Valid taxa, valid names and an official taxonomy
Only nomenclature is governed 
The concept of validly published names
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Validly published named prokaryotes used in the analyses

Source - NamesforLife, LLC, based on validly published named prokaryotic species, subspecies and higher taxa as of August 5, 2015; 
adjusted for synonyms, basonyms, orthographic corrections and rejected names arising from Judicial Opinions.

Rank Validly
Published

Coverage
(16S)a

Genomes OutliersSingleton 2	  to	  3 4	  to	  9 ≥10

species 12,981 11,800 4092d 274 11,800 0 0 0

genus 2,716 2422 1333 131 1,166 616 437 203

family 389 451b 343 86 121 71 79 180

order 174	   202b 161 47 52 28 34 90

class 83 85b 69 19 23 13 14 35

phylum 0	   34c 33 9 4 4 6 20

domain 0 2 2 2 0 0 0 2
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Nature 512, 247–248 (21 August 2014) 
doi:10.1038/512247a
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Recovering shapes from data
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Lessons learned
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Refinement of the underlying taxonomy
Improved version of the Self-Organizing Self Correcting Classifier
Goal - smooth classification while protecting taxonomic structure

Input 

13,125 HQ full-length 16S rRNA sequences
Aligned to Greengenes alignment (Release 13.5)
Jukes-Cantor model, computed using Mothur
Output filtered to N4L-exemplar DOIs to select for validly published 
named species/subspecies

Outliers are identified at species level for members with four or more 
members based on within group distribution as represented in the 
lower triangle of each corresponding sub-matrix (2 σ), output 
visualized as heatmaps, phylograms, (APE) and histograms.

207/11,800 HQ 16S sequences were were flagged as outliers and 
excluded from further analysis 
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Taxonomic parameters revisited: Tarnished Gold 
Standards, Stackebrand, E. and Ebbers, J. Micro , 
may 06, 152-157
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Challenges

Taxonomic ranks in current use based on 16S rRNA similarity
Significantly overlap
Validly named taxa may be over-specified

Rank of order may not be justifiable by a single measure
Reclassification and re-naming of at least species may be justified

One or more additional measures could help resolve taxa above the genus level
Projection along orthogonal axis or plane

Obvious candidates
Methods that classify on other genes, sequences, amino acids or proteins
Candidates

Average nucleotide identity
Average amino acid identity
K-mers
Latent semantic analysis of DNA sequences

Operational limits
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Experimental plan
Assemble a reasonable sized collections of type strains with 
sequenced genomes

Strains representing the type (genus) of 170/202 validly 
named orders

Varying quality (finished, high quality draft, draft)
Sequenced/assembled by different groups
Collaborators perform analysis using preferred method 
for all strains
Visualized against 16S sequence similarly data for same 
strains

NamesforLife -  Charles Parker
DOE JGI - Nikos Kyrpides, Neha Varghese
ORNL - Dave Ussery, Miriam Land, Se-Ran Jun, Intewat     
Nookaew,Visanu Wanchai
Univ. Nebraska, Lincoln - Khalid Sayood, Ufuk Ubantagalu
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ANIa, JGI, n=18716S rRNA sequence subset
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ANI, Oak Ridge National Laboratories16S rRNA sequence subset

166 type strains, with conditioning of AAI signal
cor = -0.46807
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16S rRNA sequence subset AAI, Oak Ridge National Laboratories

166 type strains, with conditioning of AAI signal
cor = -0.6631114

Sunday, January 31, 16



16S rRNA sequence subset Latent Semantic analysis, 50 words. 
Univ. Nebraska and NamesforLife

166 type strains, with conditioning of LSA signal
cor = -0.02849482
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Type strain genomes reordered according to LSAType strains reordered according to LSA classification
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Results 
Taxonomic resolving power of 16S rRNA
Taxonomic resolving power of ANI, AAI and LSA

Operational details
Adequacy of metadata for downstream analyses/
interpretation

Surprises
Standards 

Naming and taxon calling
Persistence and linked to relevant literature

Data quality
Weighting schemes
Validation methods

Models
Software
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