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Summary

Introduction to the Genomic Encyclopaedia 
of Bacteria & Archaea

The GEBA production pipeline: Collection & DNA Bank part

Metadata and disemmination of results: SIGS, Standards in 
Genomic Sciences (Genomic Standards Consortium)

First results and status of GEBA: Chapter 1 published

Perspective: The Microbial Earth Project
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Recommendations of the American Academy of Sciences 
Colloquium on Reconciling Microbial Systematics & Genomics

... to coordinate an international efford to construct
draft genome sequences of each of the roughly 6500
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
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Classic Methods for Polyphasic Taxonomy

are based on the analysis of DNA, RNA, proteins, 
chemotaxonomic markers and expressed features

• laborious
• time consuming
• technically demanding
• standardization required
• not suitable for all organisms

Chemotaxonomy:

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

Vandamme et al. 1996
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From Combination of Single Marker Molecules and 
Physiological Features to the Analysis of Whole Genomes 

ca. 0,1%

16S rRNA

Genome

Limitations of 16S rRNA,

the dominant marker molecule

• limited sequence space

• interoperon differences 0-9%
• interstrain differences 0-16%

• seq. identity // strain identity
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Growth of Microbial Genome Sequences

September 26th 2010: 1143 bacterial and 94 archaeal
completed genome sequences from obout 280 genera
4942 ongoing bacterial genome sequencing projects

data from www.genomesonline.org/gold

Genomes

Genera

Modified from www.ncbi.nlm.nih.gov/genomes/MICROBES/microbial_growth.html

AAS Colloquium

Fall 2006

automated 
Sanger Sequencing

Pyrosequencing 

http://www.ncbi.nlm.nih.gov/genomes/MICROBES/microbial_growth.html
http://www.ncbi.nlm.nih.gov/genomes/MICROBES/microbial_growth.html
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Our Aim:

Use of whole-genome sequences to infer the 
phylogenetic position of organisms in order 
to support the taxonomic assessment of species

Figure: molecularbiotechnology.ugent.be
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Phylogenetic Tree of the Bacteria Indicating 
the Status of Known Genome Sequences 

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
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Diversity of Cultivated Strains and Publicly Available
Genome Sequences (Draft and Finished, 2009)

Genomes
in databases

Strains
in culture collections
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Proposed Solution for the Uneven Sampling

of Genome Sequences:

Strain selection for GEBA main project
Dongying Wu, JE, PH, NCK, HPK
Phylogenetic Distance (PD) procedure

Use a phylogenetic tree 
for the selection of new 
genomes to be sequenced

‘Key idea of GEBA’

Approach

Take rRNA Tree of Life

Overlay finished and in progress
genome sequencing projects onto it 

Rank phylotypes by how they fill
into gaps of the tree

Use phylogenetic diversity as 
measure for strain selection
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The GEBA Genomes Production Pipeline

Selection of target strains phylogeny-driven
Growth of cell paste small scale, 1-3 g, (ATCC 2%)
Extraction of high molecular gDNA about 20 variations for cell lysis, (ATCC 2%)
QC, confirmation of identity 16S rRNA sequencing & pulse field (ATCC 2%)
Construction of sequenc. libraries small and large insert size
Production of draft sequences Sanger -> var. 454 -> Illumina -> PacBio -> ... 
Genome sequence assembly PHRAP, NEWBLER, VELVET, …
Closure of sequencing gaps primer walking, PCR, subcloning, …
Sequence editing CONSED
Gene finding/ORF calling PRODIGAL
Annotation of genes Oak Ridge annotation pipeline, manual curation
Maintenance of databases IMG
Deposition of genome with INSDC after final annotation
Deposition of genome with GOLD after release by GenBank
Description of organisms biology original description in IJSEM, PubMed
Completion of metadata tables following GSC suggestions
Chemotaxonomy and EM image cell wall, lipids, quinones, …
Insight into the genome stories genomic basis of reported phenotypes
Whole-genome phylogenies truly ‘whole genome’, protein and DNA-based
Phenotype-genotype correlation pathway reconstructions and BIOLOG
Drafting the Genome Report for SIGS and other journals
Provide gDNA to colleagues about 250 DNAs on stock

Collection (DSMZ), DNA Bank (DSMZ), Sequencing Center (JGI), jointly JGI-DSMZ
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Input of DSMZ to GEBA

Quality controlled high
molecular DNAs from
type strains

Input of DSMZ to GEBA

Systematic collection of 
metadata including classi-
fication and phylogentic 
analysis (rRNA and whole-
genome based). 
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The DNA Bank Network     http://www.dnabank-network.org/
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DNA Bank Data Flow
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The GEBA Genomes Production Pipeline

Selection of target strains phylogeny-driven
Growth of cell paste small scale, 1-3 g, (ATCC 2%)
Extraction of high molecular gDNA about 20 variations for cell lysis, (ATCC 2%)
QC, confirmation of identity 16S rRNA sequencing & pulse field (ATCC 2%)
Construction of sequenc. libraries small and large insert size
Production of draft sequences Sanger -> var. 454 -> Illumina -> PacBio -> ... 
Genome sequence assembly PHRAP, NEWBLER, VELVET, …
Closure of sequencing gaps primer walking, PCR, subcloning, …
Sequence editing CONSED
Gene finding/ORF calling PRODIGAL 
Annotation of genes Oak Ridge annotation pipeline, manual curation
Maintenance of databases IMG
Deposition of genome with INSDC after final annotation
Deposition of genome with GOLD after release by GenBank
Description of organisms biology original description in IJSEM, SAM, PubMed
Completion of metadata tables following GSC suggestions, MIGS
Chemotaxonomy and EM image cell wall, lipids, quinones, …
Insight into the genome stories genomic basis of reported phenotypes
Whole-genome phylogenies truly ‘whole genome’, protein- and DNA-based
Phenotype-genotype correlation pathway reconstructions and BIOLOG
Drafting the Genome Report for SIGS and other journals
Provide gDNA to colleagues about 250 DNAs on stock

Collection (DSMZ), DNA Bank (DSMZ), Sequencing Center (JGI), jointly JGI-DSMZ
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Standardisation and Dissemination
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The GEBA Report Series in Stand Genomic Sci
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Novel Approach Towards Research Coordination
Genomics Standards Consortium

GSC Mission

Community-driven standards have the best chance of success 
if developed within the auspices of international working groups. 
Participants in the GSC include biologists, computer scientists, 
those building genomic databases and conducting large-scale 
comparative genomic analyses, and those with experience 
of building community-based standards.

The mission of the GSC is to work with the wider community towards:

* the implementation of new genomic standards
* methods of capturing and exchanging metadata
* harmonization of metadata collection and analysis 

efforts across the wider genomics community 
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Chapter I (December 24th 2009)
Maximum-likelihood phylogenetic 
tree based on 31 concatenated 
conserved protein-coding genes
in 56 genomes

Status September 26th 2010

published:     65
submitted: 12
finished:        44
in closure:     46
in sequencing: ~100

total: ~300
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First 56 GEBA Genomes Published …
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Results: Effect of 16S rRNA Tree-Based Selection
of Organisms on Comparative Genomics Metrics
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Results: A Bacterial Homologue of Actin

a) Genomic context of the bacterial actin-related protein (BARP) gene within the genome of 
the marine Deltaproteobacterium H. ochraceum. Red, gene encoding BARP; white, genes 
encoding hypothetical proteins; black, genes with functional annotations.

b) RT–PCR demonstration of expression of the gene encoding BARP in H. ochraceum. 

c) Ribbon plot of the putative structure of BARP. 

d) Alignment of BARP with actin from Dictyostelium discoideum with similarities in black 
shaded text. Secondary structure elements (arrows, beta-strands; bars, alphahelices) are 
colour-coded as in c
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For each of four groupings (species, different strains of Streptococcus agalactiae;
family, Enterobacteriaceae; phylum, Actinobacteria; domain, GEBA-Bacteria), all
proteins from that group were compared to each other to identify protein families. Then
the total number of protein families was calculated as genomes were progressively
sampled from the group (starting with one genome until all were sampled). This was
done multiple times for each of the four groups using random starting seeds; the average
and standard deviation were thenplotted.

Results: Rate of Discovery of Protein Families as 
a Function of Phylogenetic Breadth of Genomes
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Whole-genome-sequence analysis software
Extremely Well Supported Phylogenies 
From Genome Sequences and Proteomes
- generated by automated data handling pipelines

Halobacteriaceae
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Results: Estimation of Number of Genomes to be
Required for a Overview on Genomic Diversity
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Perspective: The Microbial Earth Project

A systematic, genomic exploration 
of all validly-named species 

of bacteria and archaea.

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

* given an international effort and current technologies

Nikos Kyrpides George GarrityPhilip Hugenholtz



Leibniz-Institut DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH

Status: Genome Project Coverage of 
Bacterial and Archaeal Type Strains
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What we Need to Change ...

… with a systematic approach.
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Graphical Representation of a Tree of DSMZ strains with 
(red) and without (green) genome sequencing projects

 

Victor Kunin

MEP (JGI)
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Binning Changes in the Soil Metagenome 
on Adding GEBA Genomes

Binning changes in the Soil metagenome on adding GEBA genomes

# 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/MEP 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. 
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The Already Identified Partners
For the Microbial Earth Project

-> members of WFCC
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What the MEP needs 
from Culture Collections

Quality controlled high
molecular DNAs
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What the MEP needs 
from Culture Collections

Metadata of type strains
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What the MEP gives back
to Culture Collections

Genomic data of type strains

Genomic data of type strains

Basis for metabolic reconstruction
phenotyping improved culture conditions
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The GSC Biocomputing Consortium
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JGI GEBA Team
Walnut Creek, CA

Jim Bristow
Jan-Fang Chen
Jonathan A. Eisen
Lynne Goodwin
Philip Hugenholtz
Nikos C. Kyrpides
Alla Lapidus
Victor  Markowitz
Tanja Woyke

DSMZ GEBA Team
Braunschweig

Birte Abt
Evelyne Brambilla
Markus Göker
Sabine Gronow
Elke Lang
Rüdiger Pukall
Johannes Sikorski
Stefan Spring
Brian Tindall Jonathan Eisen

Nikos Kyrpides Philip Hugenholtz


