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BRCs in the era of omics 

The English-language neologism omics refers to a field of study in biology  
ending in -omics, such as 
 
• Genomics 
• Proteomics 
• Metabolomics 
• Lipidomics 
• Transcriptomics 
• Metagenomics 
 
 
 
 
The related suffix -ome is used to address the objects of study of such fields, 
such as the genome, proteom, metabolom, respectively.  
 
omics aims at the collective high-throughput characterization and quantif- 
ication of pools of biological molecules that translate into the structure,  
function, and dynamics of an organism or organisms. 

 
• What is ‘Culturomics’? 
• and how does ‘Culturomics’ fit to other omics fields of studies? 
 
 

 
 



Microbial culturomics: paradigm shift in the human gut 
microbiome study 

 
 

Lagier et al., Clin Microbiol Infect 18:1185-94 (2012) 

Seminal paper by Jean-Christoph Lagier and 

the team around Didier Raoult at Aix-Marseille 

Université, September 2012 



Culturomics background 

      Cultivation: 
• Human microbiota first described via bacterial cultures (considered outdated) 
• Metagenomics now more frequently used, but ignore minority  
      bacterial populations (dark matter) 
• Replicated natural environments to reduce the “great plate count anomality” 
      (difference between microscopic and culture counts) 

 

      Analysis techniques: 
• 16S rRNA sequences enabled accurate identification of novel species 
• MALDI –TOF allows rapid high-throughput identification of rare and new species 

 

      Aims: 
• to generate levels of identification of cultures equivalent to those of  
      pyrosequencing by combining novel culture conditions with rapid identifications 
      via MALDI-TOF  
• To create a major complement to metagenomics 
 
 

 
 

The rebirth of culture in microbiology through the example of culturomics to study human gut microbiota 
 

Lagier et al., Clin Microbiol Rev 28:237-64 (2015) 



Challenges of culturomics and specific answers including 
techniques used to limit the overgrowth of common bacteria 

 
 

The rebirth of culture in microbiology through the example of culturomics to study human gut microbiota 
 

Lagier et al., Clin Microbiol Rev 28:237-64 (2015) 

212 culture conditions 
used in initial study 



Examples for culture conditions used for culturomics 
standardisation 

 
 

The rebirth of culture in microbiology through the example of culturomics to study human gut Microbiota 
 

Lagier et al., Clin Microbiol Rev 28:237-64 (2015) 

• 70 of 212 tested culture conditions were sufficient to grow 100% of all clones 
• 20 top culture conditions enabled growth of 73% of the clones 



Improving bacterial culture due to diffusion chambers 

 
 

The rebirth of culture in microbiology through the example of culturomics to study human gut Microbiota 
 

Lagier et al., Clin Microbiol Rev 28:237-64 (2015) 

32,000 colonies obtained 
from 212 culture conditions 
yielded 340  species from 
117 genera, including 31 
novel species never seen 
before 



Overall process from clinical samples to genomic applications  

 
 

The rebirth of culture in microbiology through the example of culuromics to study human gut Microbiota 
 

Lagier et al., Clin Microbiol Rev 28:237-64 (2015) 



Characteristics of 23 n0vel bacterial species and genera cultures 
from two Senegalese stools 

 
 

Microbial culturomics: 
paradigm shift in the 
human gut microbiome 
study 
 

Lagier et al., Clin Microbiol 
Infect 18:1185-94 (2012) 



Comparison of identification of bacteria in the human gut by 
culturomics and metagenomics 

 
 

Microbial culturomics: paradigm shift 
in the human gut microbiome study 
 

Lagier et al., Clin Microbiol Infect 18:1185-94 
(2012) 

987 

Culturomics identified 11 new 
bacterial species from a single 
anorexia nervosa stool sample 
 
Pfleiderer et al., Eur J Clin 
Microbiol Infect Dis 32:1471-
81 (2013) 



The detection thresholds of metagenomic and culturomic approaches 

 
 

Microbial culturomics: paradigm shift in the human gut microbiome study 
 

Lagier et al., Clin Microbiol Infect 18:1185-94 (2012) 

The detection threshold of metagenomic 
methods correlates with the concentration 
of bacteria in the investigated sample 
divided by the number of generated 
sequences.  
 
The blue pointed shapes show the detect-
ion depth of different published metageno-
mic analyses of the human gut micro-
biome. The upper dotted red line shows the 
detection threshold of the most powerful 
available metagenomic methods, the 
middle line shows the detection threshold 
of PCR, and the lower line shows the 
detection threshold of culturomics. The 
latter two thresholds were determined by 
detection of Staphylococcus aureus that 
was added to the samples in varying 
concentrations (indicated by green pointed 
shapes). Among the 340 cultivated bacterial 
species, 29 were identified only after 
several days of incubation in an anaerobic 
blood culture bottle, so their 
concentrations in the original samples 
could not be estimated. Among the 
remaining 311 bacteria, 203 (65%) were 
found at concentrations of <106 CFU/g of 
stool, i.e. below the detection threshold of 
metagenomic methods 



Phylogenetic tree representing the new bacterial species and 
genera obtained by culturomics 

 
 

Microbial culturomics: paradigm shift in the human gut microbiome study 
 

Lagier et al., Clin Microbiol Infect 18:1185-94 (2012) 

Phylogenetic tree representing the new 
bacterial species and genera obtained by 
culturomics. 
  
Red labels indicate the new species 
found in the Senegalese patients and 
obese patient. Dark labels indicate the 
closest neighbour species defined as 
isolates and type in the RDP-II database.  
 
Tree branches in red, dark green, purple 
and blue represent the phyla 
Bacteroidetes, Proteobacteria, 
Actinobacteria, and Firmicutes, 
respectively. Green squares denote new 
species found in the obese patient.  



Growing importance of new bacterial species isolated from human 
gut via culturomics 

 
 

Culturomics identified 11 new bacterial species from a single 
anorexia nervosa stool sample 
 

Pfleiderer et al., Eur J Clin Microbiol Infect Dis 32:1471-81 (2013) 



Culturomics will benefit form further progress in omics 
technologies 

 
 

http:genome.gov/sequencingcosts 

• Continued decrease in costs for sequencing as driver for further progress 
in omics fields  
 

• The availability of cultures not only enables genome sequencing, 
comparative analysis, and functional genomics, but all downstream 
(biotechnological) applications  



State of the art third generation single molecule sequencing 
technologies 

 
 
PacBio: sequencing by direct observation of synthesis 

Oxford Nanopore: sequencing without synthesis of DNA 



Phylogenomics analysis pipeline 

automated data handling pipeline 
 
Scheuner and Goeker, unpublished 



Phylogenomic trees with extremely high bootstrapping support  

phylogenies  from genome sequences and proteomes 
- generated by automated data handling pipelines 

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



DNA-DNA Hybridization: the classical golden standard in 
species description  



Digital alternatives to wet lab DNA-DNA hybridization: 
ANI and GGDC digital DDHs 

Lack of congruency 
⟹ inconsistencies in microbial 
taxonomy 

http://ggdc.dsmz.de 

GGDC is based on GBDP 

• established ten years ago  
    (Henz et al., 2004) 
• devised for assessing  
    genome-based phylogenies 
• most accurate known whole  
    -genome phylogeny method  
    (Patil and McHardy, 2013) 



Comparability with wet lab DDHs 
Correspondence to wet lab DDHs 

Direct comparability with wet lab DDHs seems important 
• microbiologists are used to the established DDH scale and thresholds 
• digital DDH alternatives operate on a scale of their own (drawback) 
• GGDC predicts digital DDH on the well-known DDH scale 
• mimicking DDH on average as good as possible without mimicking its error rate is the aim 

modified from Meier-Kolthoff et al. 
(2013) 

GGDC yields very high correspondence to wet lab DDHs 



Improved Phylogenetic Reliability 

• GBDP primarily from phylogenomics 
• branch support with pseudo-bootstrapping 
• essential for phylogenetic analysis 

Meier-Kolthoff et al. (2013) 

Genome-based GEBA tree 



Taxonomic use of G+C Content in the Genomic Age 

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

Meier-Kolthoff et al. (2014) Confirmed in 9279 genome-sequence pairs 



Availability of cultures also allows to analyse phenotypes  
• via high throughput phenotyping 
• based on pathways reconstructed from the genome sequence  

Phenotype MicroArray-Technology for GEBA strains of model organisms  



The Genomic Encyclopaedia of Bacteria and Archaea, GEBA 

A systematic, genomic exploration  
of all species of bacteria and archaea 

with validly published names  
 

The ambitious but assuredly tractable goal of the project is to sequence the 
genome of at least one representative (type strain) of every bacterial and 
archaeal species that has a validly published name in conformance with the 
Bacteriological Code. 

• standardized methods for DNA extraction, 
sequencing & annotation 

• standardized dissemination of sequence data 
& metadata 

• development of tools for species discrimina-
tion (dDDH) and genome-scale phylogenies 

• taxonomic emendation of species & genus 
descriptions 



First chapters - published 5 years ago  



         

# Bins that remained 
the same

61%

Other
39%

# Bins that got 
shallower on adding 

GEBA genomes
7%

# Different bins with 
same depths

7%

# Bins that got deeper 
on adding GEBA 

genomes
25%

 

Effect of the availability of  
reference genomes  on the analysis  
of metagenomic datasets Without the GEBA framework,  

the exploration of our microbial planet  
is equivalent to navigation without a 

compass, a map or stars by which one 
can fix their position.  

Second chapter - published last year 



GEBA pilot project w. extension (2007-2012)  Jonathan Eisen   
250 phylogenetically selected type strains. Complete genomes.  
all sequences finished; about 175 published 

GEBA phase I [KMG-1] (2011-2014) Nikos C. Kyrpides 
1000 phylogenetically selected type strains. Draft genomes.  
all sequences finished; about 20 published 

GEBA phase II [KMG-II] (2012-2015) Hans-Peter Klenk 
100 phylogenetically selected type strains; 800 type strains to complete genera 
and families; 100 candidate type strains for sp. nov. 
Draft genomes. DNA production ongoing 

GEBA phase III [KMG-III] (2013-2016) William Whitman 
1000 type strains from various culture collections and candidate type strains 
for sp. nov. from various researchers. Draft genomes. DNA production ongoing 

GEBA ‘phase IV’ [Actino-1000] (2014-2017) Hans-Peter Klenk 
100o selected type strains; Draft and PacBio genomes. DNA production ongoing 

Third chapter – ready for submission 



Planctomycetales – two genera become five genera 



Escherischia coli and subspecies 

Suggested dDDH threshold 
for differentiation of 
subspecies: 79-80%   



Growth of number of validly published species names since 
1980 – might dramatically increase through culturomics 



 
• The collective high-throughput characterization and quantification of pools of 

cultures makes ‘Culturomics’ a true -omics technique 
 

• The poor overlab of strains identified via Culturomics and metagenomics 
makes culturomics a valuable complement to current analysis methods 
 

• Only cultures allow efficient downstream functional analyses and 
biotechnology 
 

• When combined with state of the art sequencing technologies culturomics 
allows higly efficient and informative analyses of unexplored biodiversity 

 

• Culturomics might push the speed of accessig microbial biodiversity 
 

• Within the next few years wet lab DNA-DNA-hybridizations (DDHs) will be 
replaced by digital DDHs (depending on the progress in GEBA) 

 

• Soon we will see more and more whole genome sequence-based phylogenies 
and less 16S rRNA trees 

 

Summary 
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