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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
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Classic Methods for Polyphasic Taxonomy

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

Technique

Restriction fragment length pelymorphism {RFLP)
Low frequency restriction fragment analysis (LFRFA, PFGE)
Ribotyping

DNA amplification (AFLP, AP-PCR, rep-PCR, DAF, RAFD,
ARDRA)

Phage and bacteriocin typing

Serological (moneclonal, polyclonal} techniques
Zymograms (multilocus enzyme polymorphism)
Total eellular protain electrophoretic patterns
DNA-DNA hybridizations

% G+C

{DNA-PCR

Chemotaxonomic markers {polyamines, quinones)
Cellular faity acid fingerprinting (FAME)

Cell wall structure

Phenaotype (classical, AP, Biolog...)

rRNA sequencing

DNA probes

DNA sequencing

Strain

Alaborious

Atime consuming

Atechnically demanding
Astandardization required
Anot suitable for all organisms

Chemotaxonomy:

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

Vandamme et al. 1996



D@ LeibnizInstitut DSMZDeutsche Sammlung von Mikroorganismen und Zellkulturen GmbH
[ Iy

From Combination of Single Marker Molecules and
Physiological Features to the Analysis of Whole Genomes

Limitations of 16S rRNA,
the dominant marker molecule

limited sequence space
interoperon differences 0 -9%
interstrain differences 0  -16%
seq. identity // strain identity

To T I o

ca. 0,1%

16S rRNA
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Number of genomes

Growth of Microbial Genome Sequences

September 26%" 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

[ AAS Colloquium
3001 Fall 2006 l

400

300} Genomes

1IJIJ-— ]
Genera | |

71997 1/1/2000 7172002 1/1/2005 717200
Dates

Modified from


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

pale blue:
no genome sequenced

green: _
only few representatives
sequenced

red:
plenty of genome
sequences known

Proteobacteria
Firmicutes
Actinobacteria

N.C. Kyrpides & P. Hugenholtz
The Primer, 2007
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Diversity of Cultivated Strains and Publicly Available
Genome Sequences

Proteobacteria (31597)

Strains

in culture collections

Euryarchaeota(1000)
~ JOther (1493)
Spirochaetes (964)
Cyanobacteria (2274)

Bacteroidetes (2889)

Firmicutes (15059)

Actinobacteria (12460)
Proteobacteria (727)

Genomes

1 databases Crenarchaeota (16)

| EUryarchaeota (47)
-~} other (101)

Chlamydlae 20
wochaetes 5(
Cya obacteria (51)
Bacteroidetes (53)
Actinobacteria (130)

Firmicutes (364)
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Proposed Solution for the Uneven Sampling
of Genome Sequences:

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

w

Key 1 dea of GEBAOG

Take rRNA Tree of Life A /

Overlay finished and in progress

genome sequencing projects onto it DDA By he Pranch lengths
Rank phylotypes by how they fill Strain selection for GEBA main project
Into gaps o the tree Dongying Wu, JE, PH, NCK, HPK

Phylogenetic Distance (PD) procedure

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 I?/sis, (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 -> |llumina -> PacBio -> ...
Genome sequence assembly PHRAP, NEWBLER, VELVET,
Closure of sequencing gaps pri mer wal ki ng, PCR, s
Seqguence 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 [JSEM, PubMed
Completion of metadata tables following GSC sugigestions_

Chemotaxonomy and EMimage cel | wal | 1 pids, quirr
Insight into the genome stories genomic basis of reported phenotypes
Whole-genome phylogenies truly owhol e genomraséd

Phenotype-genotype correlation Pathway reconstructions and BIOLOG
Drafting the Genome Report or 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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Quantification gel of the genomic DNA isolated from Microorganisms
Veillonella parvula (DSM 2008T)

Input of DSMZ to GEBA

Quality controlled high
molecular DNAs from
type strains

Lane 1: c(x-Marker)= 15 ng Lane 9: DSM 20758, Selenomonas sputigena; 5 pl, 1:50
Lane 2: c(x-Marker)= 30 ng Lane 10: DSM 12940, Halorhabdus utahensis; 5 pl, 1:50
Lane 3: c(k-Marker)= 50 ng Lane 11: DSM 1135, Leptotrichia buccalis; 5 pl, 1:50
Lane 4: DNA Molecular Weight Marker Il (Roche 236250) Lane 12: DSM 12286, Halomicrobium mukohataei; 5 pl, 1:50
Lane 5: DSM 17242, Alistipes finegoldii; 5 pl, 1:50 Lane 13: DNA Molecular Weight Marker Il (Roche 236250)
Lane 6: DSM 20460, Megasphaera elsdenii; 5 pl, 1:50 (2-Marker)= 125 ng
Lane 7: DSM 5511, Haloterrigena turkmenica; 5 pl, 1:50 Marker)= 250 ng
Lane 8: DSM 2008, Veillonella parvula; 5 pl, 1:50 Lane 16: c(-Marker)= 500 ng
I
Lengths of Genomic DNA Determined by Pulsed Field Gel Microorganisms

Elec“c'phores's (PFGE) 8T) was taken from the German Collection of Microorganisms and Cell Cultures (DSMZ). The
ng the Qiagen Genomic 500 DNA Kit (Qiagen 10262). The genomic DNA was 20-150 kb in size as
| Electrophoresis (PFGE). The bulk of DNA had a size of 50-100 kb (see attached PFGE image).
ng/ul as estimated from the gel. Sp ph i its yielded a DNA concentration
DNA are shipped (87,5pg).

% ' - - Lane 1: T7 DNA Mass Marker (60 ng)
ETTETRAN ey kb Lane 2: DNA Molecular Weight Marker Il
Lane 3: Mid Range Marker Il n p u O O

| ‘ Lane 4: DSM 17242, Alistipes finegoldii
3 2425 Lane 5: DSM 20460, Megasphaera elsdeni
: 194.0 Lane 6:DSM 5511, Haloterrigena turkmenica
|4 1455 Lane 7:DSM 2008, Veillonella parvula
- Lane 8: DSM 20758, Selenomonas sputigena
- 9
w

W
e
e

Lane 12: Mid Range Marker Il

o e e metadata including classi -
fication and phylogentic

analysis (rRNA and whole -
genome based).

- .
me O SEMRS M Systematic collection of
Lane 10: DSM 1135, Leptotrichia buccalis
- 5 “ Lane 11: DSM 12286, Halomicrobium mukohataei

PFGE of the genomic DNA of the strains was performed in a contour-clamped homogeneous electric field (CHEF) system on a
CHEF-DR IIl device (Bio-Rad Laboratories, Hercules, Calif.) with 1% agarose gels and modified 0.5 TBE buffer (45 mM Tris, 45
mM boric acid, 0.1 mM EDTA) at 14°C. PFGE times used at 200 V (6 V/em) were 1 to 15 s for 18 h.
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The DNA Bank Network

DNA Bank
Network
I =]

Home

Search & Preorder
DNA & Tissue
Deposition

The Network

About Us
Background

Staff

Data Architecture
Data Flow

DNA Module
ABCDDNA

Join The Network
General Information
IT Requirements
More Information

DNA Bank Network
ications

DNA

Citations

Other DNA banks

Banking DNA for Biodiversity Genomics

The main focus of the DNA Bank Network is to enhance taxonomic,
systematic, genetic, conservation and evolutionary studies by providing:

» at-cost availability of non-human DNA material,

= high quality, long-term storage of DNA material on which molecular studies
have been performed. so that results can be verified, extended, and
complemented,

» complete on-line documentation of each sample. including the provenance
of the original material, the place of voucher deposit, information about DNA
quality and extraction methodology, digital images of vouchers and links to
published molecular data if available.

DNA Bank .
Network DNA Bank Network - Main Menu
NFE
Loggedinas GDroege Looos
w &
”z + S
.
S S
o a
'V,"A -
g
& e
§ Data clearin

LeibnizInstitut DSMZDeutsche Sammlung von Mikroorganismen und Zellkulturen GmbH

http://www.dnabank

|

Advanced Search

Counts

Total DNA Samples 36075
Total Taxa 11908
News

September 15, 2010

Congress "Tools for Identifying
Biodiversity: Progress and Problems™in
Paris, France more...

May 20, 2010
SPNHC & CBA-ABC Joint Conference in
Ottawa, Canada more...

May 18, 2010
GEO Day of Biodiversity 2010 mare...

Funded by

DF Deutsche
Forschungsgemeinschaft

Initiated by GBIF.de

N

-network.org/

Deutscha
Sammlung won
Mikroorgonismen

und Zellkulturen GmbH
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DNA Bank Data Flow

Munich Bonn Berlin Braunschweig

Specimen #} BIODAT ‘ .
databases

Animals Fungi Animals Plants Microorganisms + DNA
Wrappers ] ] ]
ABCD/DwC | A | [ ]
DNA
databases |
and index | __

]

Wrappers —
ABCDDNA

web index web portal




DSM@ LeibnizInstitut DSMZDeutsche Sammlung von Mikroorganismen und Zellkulturen GmbH
[ I

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 |?/SIS,_ (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 -> |llumina -> PacBio -> ...
Genome sequence assembly PHRAP, NEWBLER, VELVET,
Closure of sequencing gaps pri mer wal ki ng, PCR, s
Seqguence 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 [JSEM, SAM, PubMed
Completion of metadata tables following GSC sugigestio?s,_ MIGS

Chemotaxonomy and EMimage cel | wal | pi ds, quir
Insight into the genome stories genomic basis of reported phenotypes
Whole-genome phylogenies truly o6whol e -cpedblAmsed

Phenotype-genotype correlation Pathway reconstructions and BIOLOG
Drafting the Genome Report or 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

Standards in
Genomic Sciences

An Open Access Journal of the Genomic Standards Consortium
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Complete genome sequence of Acidimicrobium ferrooxidans type strain
T
(ICP )

Alicia Clum', Matt Nolan', Elke Lang®, Tijana Glavina Del Rio', Hope Tice', Alex Copeland’, Jan-Fang
Cheng', Susan Lucas', Feng Chen', David Bruce’, Lynne Goodwin®, Sam Pitluck', Natalia Ivanova',
Konstanti tis', Natalia Mikhailova', Amrita Pati', Amy Chen*, Krishna Palaniappan®, Markus
Goker’, Stefan Spring’, Miriam Land*, Loren Hauser’, Yun-Juan Chang’, Cynthia C. Jeffries’, Patrick Chain"
Jim Bristow', Jonathan A. Eisen", Victor Markowitz*, Philip Hugenholtz', Nikos C. Kyrpides', Hans-Peter
Klenk’, Alla Lapidus”

Mavr

' DOE Joint Genome Institute, Wialnut Creek, California, USA

2DSMZ - German Collection of Microarganizms and Cell Cultures GmbH, Braunschieig, Germany
2 Los Alamos National Laboratory, Bioscience Division, Los Alamos, Hew Mexico US4

| Data M t and Technol

% Dak Ridge National Labaratory, Dak Ridge. Tennessee, USA

YRl

Center, Lawrence Bekeley National Laboratory, Berkeley, California, USA

® Lawrence Livermore National Laboeratory, Livermore, Califomia, US4

T University of California Davis Genome Center, Davis, California, USA

Corresponding suthor: Allalapidus

Print publication date: July 20, 2009

Abstract o

Acidiricrobium ferooxitans (Clark and Mortis 1996) is the sole and type species of
only genus within the actinohacterial family Acidimicromizceae and in the order Acid we
pyrite during autotrophic growth in the absence ofan enhanced CO; concentration is
we describe the features ofthis organism, together with the complete genome sequ
complete genome sequence of the order Acidomicroblzies, and the 2,158,147 bp ol
protein coding and 94 RMNA genes is part of the Genomic Encyciopedia ofBacteria ar,

100]

90y

100,

Stand Genomic Sci

Table 1. Classification and general features of A. ferrooxidans ICPT based on MIGS recommendations [11]

Evidence
MIGS ID Property Term code™
Domain  Bacteria
Phylum  Actinobacteria TAS[12]
Class Actinobacteria TAS13]
. I Order Acidimicrobiales TAS[13]
Current classification ) e .
Suborder Addimicrobineae
Family  Acidomicrobiaceae TAS[13]
Genus  Acidimicrobium TAS 1]
Species  Acidimicrobium ferrooxidans TAS[1]
Type strain ICP
positive TAS [1]
rod shaped TAS 1]
motile TAS[1]
nonsporulating TAS 1]
e range moderate thermophile, 45-50°C TAS[1]
mperature 48°C TAS 1]
not reported
LR uirement aerobic TAS[1]
Carbon source CO, fautotrophic), yeast extract theterotrophic)  TAS [1]
autotrophic: oxidation of ferrous iron with
Energy source oxygen as the electron acceptor; TAS[1]
heterotrophic: yeast extract
MIGS-6 Habitat warm, ;1f_'i(| -, iron-, sulfur-, or mineral-sulfide TAS 1]
rich environments
MIGS-15 Biotic relationship free living NAS
MIGS-14 Pathogenicity none NAS
Biosafety level 1 TAS [14]
Isolation hot springs TAS 2]
MIGS-4 Geographic location Krisuvik geothermal area, Iceland TAS 2]
MIGS-5 Sample collection time before 1993 TAS[1]
m:g:ij; Latitude - Longitude 63.93,-22.1 TAS 2]
MIGS-4.3  Depth not reported
MIGS-4.4  Altitude not reported

Evidence codes - IDA: Inferred from Direct Assay (first time in publics
Statement (i.e., a direct report exists in the literature); NAS: Non-traceable Author Statement (i.e., not
directly observed for the living, isolated sample, but based on a generally accepted property for the
species, or anecdotal evidence). These evidence codes are from the Gene Ontology project [15]. If the
evidence code is IDA the property was directly observed for a live isolate by one of the authors or an
expert mentioned n the acknowledgements.

ion); TAS: Traceable Author

Ferrimicrobium acidiphifum (AF251436)
“Ferrithrix thermotolerans (AY140237)
Acidimicrobium ferrooxidans (IMG2501563489)
lamia majanohamensis (AB360448)
Bifidebacterium bifidum (U25952)
Actinomyces bovis (X81061)

Keywards: Moderate th hile. i idizing. acidophile, Acidomicrbiales.
Table 2. Genome sequencing project information
MIGS 1D Property Term
MIGS-31 Finishing quality Finished o
One Sanger library: 8kb pMCL200 01
MIGS-28 Libraries used One 454 pyrosequence standard library a9/
and one llumina library 99' |
MIGS-29 Sequencing platforms. ABI3730, 454 GS FLX, lllumina GA .
1.2 Sequencing coverage 6.8 x Sanger; 52.9 x pyrosequence a5
0 Assemblers Newbler, Arachne 100'
MIGS-32 Gene calling method i |
INSDC / Genbank 1D |
Genbank Date of Release
GOLD ID 97
Database: IMG-GEBA 2501533204
MIGS-13 Source material identifier DSM 10331

Project relevance Tree of Life, GEBA

Nitriliruptor alkaliphilus (EF422408)
Coriobacterium glomerans (X79048)

Solirubrobacter pauli (AY039806)
Thermoleophilum album (A)458462)

Rubrobacter radiotolerans (U65647)



DSMZ LeibnizInstitut DSMZDeutsche Sammlung von Mikroorganismen und Zellkulturen GmbH

C R
Novel Approach Towards Research Coordination
Genomics Standards Consortium

NAAR\A/ Genomic
Standards | _Go | _search
consortium History View source Discussion Article
|

About the GSC | Activities I Projects I Resources | Related Projects I Popular Pages I Toolbox | Personal tools |

Main Page

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 anaI%ses, 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 | (December 24 ™ 2009)
8 dhl f Maximum -likelihood phylogenetic
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OFFNEE OF SCIEMCY

Status September 26" 2010

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

total: ~300

M Gammaproteobacteria W Aquificae B Synergistetes

M Betaprotecbacteria M Bacteroidetes Thermatogae

W Alphaproteobacteria M Chiorobi B Deinococcus/ Thermus
W Dettaprotecbacteria B Chiamydiae/Verrucomicrobia W Firmicutes

W Epsilonprotecbacteria B Planclomycetes W Tenericutes

W Acidobacteria W Spirochaekes M Fusobacteria



LeibnizInstitut DSMZDeutsche Sammlung von Mikroorganismen und Zellkulturen GmbH

Filling Out the Branches . First 56 GEBA

This "genome tree” shows relationships among the
had their
project in

its first 56 species, inc

Tenericutes ¢ Firmicules i

e g Cyanobacteria

Published online 23 December 2009 | Nature | doi: 10.1038/news.2000.1161

News

Microbial encyclopaedia guided by evolution

Sequencing project reveals microbial cache of protein families.

o]

THE NFW VIRE TIMFS

€he New ork Eimes

This copy is for your personal, noncommercial use only. You can order presentation-ready

copies for distribution to your colleagues, clients or customers here or use the "Reprints” tool FRINTER:FRIENDLY FORMAT
that appears next to any article. Visit www.nytreprirts .com for samples and additional SFOMEORED BY
information. Order a reprint of this article now.

December 29, 2009

Scientists Start a Genomic Catalog of Earth’s Abundant
Microbes

Genome
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Results:  Effect of 16S rRNA Tree - Based Selection
of Organisms on Comparative Genomics Metrics

Comparatsse genomic metric GERA sot Randam sets Fold
(rumber of resampbngs) smprovement

Genome tree phylogenetic diversity!’

Bacteria {(domain) 11.0 3.2 = 0.7 {100} 2.8-4.4
Actinpbacteria (phylum} 4.3 14+ 0.3{100} 25-359
Mew protein family links A& 3= 4(5) b6 to =153
Genes in new chromosomal cassetkes 71579 16579 = 5523 (200 32-65
Mew gene fusions 433 B5 =+ 31 (20} 4.5=127

GEBA genomes were compared to equivalently sized random sefs of reference genomes o
guantity the efiect of phylogenetic selection.
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Results: A Bacterial Homologue of Actin
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Hypothetical protein

Hypothetical protein

Hypothetical protein

BARP

Phosphatase
1kb

Oxidoreductase

Consarved hypothetical protein
Hypothetical protein <
Methyltransferase

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) RTi 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

aded text. Secondary structure elements (arrows, beta -strands; bars, alphahelices) are
colour -coded asinc
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,‘.VV.
Rate of Discovery of Protein Families as
a Function of Phylogenetic Breadth of Genomes

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 familles was calculated as genomes were progressively
sampled from the group (startin 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



