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Microbial Systematics – Analytical Methods and Regulations 

Since decades a core duty performed at collections of microbial type material. 
 

Characterisation  -  Classification  -  Nomenclature 
 
Based on the analysis of phenotypic features, such as morphology, physiology, 
biochemistry … DNA, RNA, proteins, chemotaxonomic markers such as fatty acids, 
quinones, peptidoglycans, polar lipids and polyamines 

• laborious 
• time consuming 
• technically demanding 
• standardization required 
• not suitable for all organisms 
 
•  since late 1980s triumph of 16S rRNA 
gene sequences as Gold Standard 

Chemotaxonomy: 
 

Application of analytical methods 
to collect information on various 
chemical constituents of the cells 

Vandamme et al. 1996 
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1995: Dawn of Genomic Era – Promises to Overcome 

the Lack of Sequences that Limit Progress … 

ca. 0.1% 

16S rRNA 

Genome 

Limitations of 16S rRNA, the dominant marker molecule – but also for RNAPs … 
      
• limited sequence space 
• Inter-operon differences 0-9% 
• seq. identity ≠ strain identity 
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... to coordinate an international effort to construct 
draft genome sequences of each of the roughly 6500 (bacterial) 
type strains deposited in public strain collections. 
 

... continue with the collection of genome sequences 
as new species and type strains are described. 
 

... revise and use phenotypic tests to consider genomics 
data for an improved species definition. 

 
 

Reconciling Microbial Systematics & Genomics 
 
Buckley & Roberts, 2006 

Recommendations of the American 
Academy of Sciences Colloquium on 
Reconciling Microbial Systematics & 
Genomics (2006) 

2006 ‘The Bergey Project’ 
Reconciling Microbial Systematics and Genomics 



Availability of Microbial Genome Sequences at the Beginning of 
Systematic Genome Sequencing [2007 

N.C. Kyrpides & P. Hugenholtz 
The Primer, 2007 

pale blue:  
no genome sequenced 
 

green: 
only few representatives 
sequenced 
 

red: 
plenty of genome 
sequences known 
 

Proteobacteria 
Firmicutes 
Actinobacteria 
 

Much higher coverage  
required as basis for 
systematics 



Growth in the Number of Validly Published Species Names 
[1980-2013] - Only About 1% of Expected Diversity Covered 

Over the last few years  
the no. of newly described type strains  

surpassed the no. of sequenced type strain genomes … 



Aim: Use of Whole-Genome-Sequences (Drafts) to Infer the 
Phylogenetic Position of Organisms for Taxonomic Assessment 
of Species all Over Diversity 

Figure: molecularbiotechnology.ugent.be 

A systematic, genomic exploration of all species of Bacteria and Archaea 
with validly published names extended by diversity of fungi 



Completion of GCM 2.0 [202x] 

Only a complete Catalogue of bacterial and archaeal genomes will enable us 
the navigate microbial diversity as safely as we can navigate the oceans by 
following the stars. Let’s aim for this! 
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Key Project Requirements for Success  
[current status]  

• Sufficient financial resources for draft sequence generation 

• Access to production facilities for sequence drafts 

• Adequate procedures for draft assembly and automated annotation 

• Open access databases for data storage (INSDC) ° 

• Taxonomic journals to request genome sequences for description of sp. nov.° 

• Standardised procedures for efficient exchange of genomic data (GSC) 

• Tools for inference of high quality whole genome phylogenies * 

• Reliable tools for strain discrimination (ANI/dDDH) * 

• Platform for dissemination of research results (‚SIGS‘)* 

• Access to cultures of all type stains (botteneck) 
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Genome Sequence-based Taxonomy 
Recognized by Sequence Databases 
GenBank Microbial Taxonomy Workshop 
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Genome Drafts Demanded for Description  
of Novel Species 
By the editors of IJSEM 

OGRIs: a form of similarity or distance were coined as the overall genome related index 
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Workflow for Genome-based Classification 
at Species Level – Including OGRI 

Phylogenomic tree required 
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Genome Sequence-based Methods for 
Species Discrimination 
Superior to wet lab procedure 

 

 

70% criterion for wet lab DDHs 

Beginning in 2005 with Konstantinidis & Tiedje’s publica-
tion of ANI and continued with Auch et al.’s 2010 dDDH 
and the recent AF, gANI paper by Vargese et al. (2016) 
modern digital procedures surpass the accuracy of long 
established wet lab procedures for species discrimination 
e.g. by providing confidence intervals for distance 
functions (Maier-Kolthoff et al. 2013). 



Taxonomic use of G+C Content in the Genomic Age [2014] 

Within-species difference in G+C content <1% calculated from genome 
sequences 

Meier-Kolthoff et al. (2014) 
Confirmed in 9279 genome-sequence pairs 
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Phylogenomics Analysis Pipeline 
Complex Bioinformatics to Infer Highly-reliable Phylogenies 

automated data handling pipeline 



Phylogenomic Trees with Extremely High  
Bootstrapping Support GBDP procedure 

phylogenies  from genome sequences and proteomes 
- generated by automated data handling pipelines [TYGS-Server] 

Insights into the diversity of catabolic metabolism from 10 haloarchaeal genomes  
Anderson et al. (2011) PLoS ONE 6:e120237 
 



Dissemination of Results: Metadata! [2009-yesterday] 

The Genome Report Series in Stand Genomic Sci 

Indexed in PubMedCentral,  
ISI, SCOPUS (2011) 
Impact Factor (2014) 3.17 
Since 3/2014  @ BMC 
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Impact from Pilot Projects: Genome-Based 
Taxonomic Classification of Bacteroidetes [2016] 

About 90 emendations from  
189 novel genome sequences 
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Impact from Projects: Genome-Based 
Taxonomic Classification of Actinobacteria [2018] 

Based on 1,030 Actinobacteria genomes of the  
Genomic Encyclopaedia and from GenBank 
 
2 ord. nov., 10 fam. nov., 17 gen. nov., >150 comb. nov. 
Emendations of 2 classes, 5 orders, 19 families,  
11 genera 
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Genome-Based Taxonomic Classification of 
Actinobacteria – part 2 of 6 [2018] 

Whole-genome phylogenies proved to 
be much better resolved than 16S rRNA 
phylogenies  
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Genome-based Taxonomic Classification  
of Actinobacteria [2018] 
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Genome-Based Taxonomic Classification of 
Actinobacteria [2018] 

119 pages (printed) – including 
Emendations – all validated in 
IJSEM 
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High Impact Through Validation of Names  
in Taxonomic Journal [2018] 
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Filling the Gaps from Uncharacterised Collection 
Holdings: Mycobacteriaceae [2018] 

Transfer of Hoyosella and Tomitella to Nocardiaceae 



Genome BLAST Distance Phylogeny GBDP  
procedure an also be Applied for Fungi 
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One Thousand Phylogenetically-selected Genomes: 
Dramatic Progress in Phylogenetic Coverage 



Current Status Type Strain Sequencing [2018] 

Current status: the database of microbial type strain genome sequences has 
too  many gaps and therefore is difficult to navigate for taxonomists. 
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