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Computational Genomics at CeBiTec — N

e The Bioinformatics Resource Facility (BRF) provides
e Large scale hardware and software infrastructure for
(microbial) genome research
e Sequence analysis and genome annotation
e Storage and analysis of gene expression data
e Training courses

e The Junior Research Group for Computational Genomics
develops new tools and software applications for
e Multi-Omics data storage and analysis
e Visualization
e Data Integration

e IIT Biotech Informatics GmbH
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High-throughput Sequencing >

454 GS FLX™ Sequencer Solexa™ Genetic Analyzer
(Roche Diagnostics) (llumina)

Currently 0.5 Gbp/10 hour run Currently 55 Gbp/10 days run
(400 bp reads) (100 bp reads)

~ 2 - 8 bacterial genomes or 1 ~ a mammalian genome at
yeast/fungus at 25fold coverage 15fold coverage
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High-throughput Transcriptomics

Microarray Fabrication and Analysis
at the CeBiTec

- New Microarray Scanner (Agilent)

- 2um resolution, up to 2.000.000 features/slide

- applicable for standard or microfabricated arrays
(Agilent, NimbleGen)

L
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High-throughput Proteomics

Protein Gel Electrophoresis and Mass
Spectrometry at the CeBiTec

New mass spectrometry equipment:
* Bruker UltrafleXtreme — MALDI-TOF/TOF

- |latest technology for LC-MALDI applications
* Bruker microTOF-QI

* general purpose instrument for small molecules
(proteomics & metabolomics)

r
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High-throughput Metabolomics — N

Metabolite Harvesting and Analysis by Mass
Spectrometry at the CeBiTec

maximally controlled parallel cultivation
proprietory cell harvesting methods

2D gas-chromatography/mass spectroscopy
LC-coupled mass spectrometry for hydrophilic metabolites
HPLC separation for amino acid and keto acid analysis
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Main Tasks of the Technology Platform Bioinformatics — N

e Provide large scale hardware and software infrastructure for
(microbial) genome research

e Sequence analysis, genome annotation, and metagenomics

e Storage and analysis of gene expression data

e Develop new tools and software applications for
“multi-omics” data storage and analysis in close
collaboration with in-house users and project partners

e Data Visualization

e Data Integration

e General Support

e Training courses
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The BRF User Environment — N

e 4 Central SunRay Terminal-Servers
e Disk-less Clients (everywhere!)
e Standard Desktop (KDE)

e Local access to more than 300
bioinformatics tools & sequence
databases

e Dedicated application servers

o Compute-Cluster
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The BRF Hardware Infrastructure

Tape-Storage
Capacity: ~280 TB

Disk-Storage
Capacity: ~54 TB

11
(1
I 1 g

6 x Infrastructure
| |/ Server (NIS, LDAP,
DNS, DHCP, Backup,
Kerberors, Radius,
Monitoring, SGE)

2 x
1, Database

Cluster /
Compute Server
(> 400 CPUs)

Virtual
Private
Network
Gateway

Webapplication
| | | Server

—

Internei -

(encrypted
connection)

300 Sanay Terminals

~ 100 TB disc storage

~ 280 TB tape storage

~ 800 CPUs

(> 2200 CPU cores)

~ 17 TFLOPS (Rpeak)

compute capacity

investment of 850.000 EUR
in 2009 / 2010
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Compute and Storage Resources —

* 128 x SunFire V20z

* 28 x SunFire 2200 M2

* 76 x SunFire X2250

* 34 x PRIMERGY RX200S5
* 8 x SunFire V880/V890

* 7 x SunFire X4600

* 4 x Sun T2000

* 2 X SunFire X4440

* 9 x PRIMERGY RX600S5

* Sun StorEdge 351x and
J4500 JBOD

» 2 x Sun StorEdge L700
* 1 x Quantum ATL P7000
* 1 x DeCypher SeqCruncher
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BRF System Administration 57—
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Development of Resources

Storage Capacity

< BRF
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The BRF Software Suite — N

Visualization

Data Mining Data Integration

BRIDGE

Bekel et al., 2009 Neuweger et al., 2008 Becker et al.. 2009
Meyer et al., 2003  Dondrup et al., 2009 Albaum etal., 2009 ~ Oehmetal, 2008 " ~~ "%
Blom et al., 2009 Neuweger et al., 2009 ”

30 publications from 2008 and 2009
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Genome analysis with SAMS, GenDB, Carmen and EDGAR —

Ultrafast Genome Sequencing and Annotation

e Analysis of short contigs (< 1000 bp) & single reads using
SAMS

eLong contigs are linked and imported into GenDB

e Complete automatic annotation for 3 MBin4 h

e High quality gene prediction: Reganor, Gismo

e Consistent function annotation: Metanor

e Annotation based on reference genome

e Distributed manual annotation via web interface

e Functional Classification: KEGG, COG, GO

* API can be used to easily implement new analysis scripts
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GenDB - Distributed genome annotation

" -~ https://www.cebitec.uni-bielefeld.de - GenDB 2.2: Main Window - Mozilla Firefox

Contigs

Edit View  Classification Preferences

Logout

GenDB_C.glut._ZFG-2.2 (Chief)y  Switch

Region:! —|Search

Visible range: 3200044 - 3220044 /3210044 _Jumpto |

current zoom (in bp): 20000 &l El

trpCF trpA acrag
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= = Start: 3213107
A Stop: 3212100
-
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annotated

ameplo ane e ame ick on the boxe
Search Select < > |region type | CDS | region state | any | function s13t9| any =l
uick navigation k |
328270 656540 984810 1313080 1641350 1969620 2297890 2626160 2954430 L
3
Action for region: 2
Contig status: R = “
Name £g3359 cozsee
- start 3206711
€g_genome_unibi Stop 3208267 s@Annotate region
Length 1557 :
Length 3282708 s 3 @ Show observations
GCcontent 53.84 Status function autornatically annotated EaAdd Alias
Subregion Status: Status region attention needed i Show region report
Detailed information about CDS Associated =
putative 232 | | agiases CAF18969, NCql2927, Cgl3028, orf1915 I —
attention needed 33 Start/Stop Codon atg i tga “SRezstamuols on region
autornatically annotated 3114 %GC 57.547 BTool status |
status 1 0 e e S@To0l status
status 2 24 | | #an 518 |- emShow sequence
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Numbers of other regions / cta1152 E-value: 0.61, Score: 29, Identity: 24% Show observation /
Done | www.cebitec.uni-bielefeld.de =

‘l—

e Automatic & manual
annotation

e CDS, tRNA, rRNA,
IS elements, oligos,
mutations, operons,
terminators,

* KEGG, COG, GO

e genome maintenance
and re-annotation

Manual genome annotation by distributed teams via web interface.

F. Meyer, A. Goesmann, A. C. McHardy, D. Bartels, T. Bekel, J. Clausen, J. Kalinowski, B. Linke, O. Rupp, R. Giegerich, A. Pihler (2003)
GenDB--an open source genome annotation system for prokaryote genomes.
Nucleic Acids Res 31(8): 2187-95.
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GenDB access control via GPMS

GPMS - A General Project
Management System

User Roles Projects Databases
| agoesman Annotator
N
Developer |——>| GenDB_CG |—| GenDB_CG
mdondrup | Guest
: Annotator
_\
ndiaz | Developer |—=> | GenDB_SM |—>| GenDB_SM i
Guest ////7
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Applications

GenDB

EMMA

MeltDB
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Ultrafast genome sequencing & annotation

2000 kb/

'

Corynebacterium
kroppenstedtii

DSM44385

} —
1800 kb

\= : 2.4 Mbp

—

Overview of the C. kroppenstedtii
DSM44385 pyrosequencing project

FLX sequencing runs 1
Shotgun reads 560,248
Detected bases 110,018,974
Mean read length 196 bp
Assembled contigs 6

(including 1x 16S-23S-5S rDNA)
Size of assembled contigs
850,812 478,533
546,376 400,026

152,811 5,784 (rrn consensus)
Assembled bases 2,434,342
Mean G+C content 57.5 %
Predicted coding sequences 2119
Coding density 88.1 %
Average gene length 1016 bp
Average intergenic region 163 bp
Ribosomal RNAs 4x (16S-23S-5S)
Transfer RNAs 46
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One run — Done! 54—
* training
— end of September, 2007
ol
* paper su bmitted fouenal o Blctaceolagy xxx (2008) xex-
_ December’ 2007 ._:( ,.’\ Contents lists :lv:nl:jblcatSmmochrea
PR Journal of Biotechnology

journal homepage: www.elsevier.com/flocate/jbiotec

* paper accepted
Ultrafast pyrosequencing of Corynebacterium kroppenstedtii DSM44385
— March, 2008 revealed insights into the physiology of a lipophilic corynebacterium
that lacks mycolic acids

Andreas Tauch®, Jessica Schneider®?, Rafael Szczepanowski®, Alexandra Tilker<,

Prisca Viehoever?, Karl-Heinz Gartemann®, Walter Arnold¢, Jochen Blom?, Karina Brinkrolf* !,
Iris Brune?, Susanne Gotker?, Bernd Weisshaar?, Alexander Goesmann®,

Marcus Drige?, Alfred Piihler"”

one training — one run — one genome — one publication
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In silico reconstruction of metabolic pathways ==

!
pg.éfyﬂ M’){"\, -
G 5\«'.,'5"-"?‘} =

|
Automatic and manual annotation using GenDB after sequencing and assembly

Curated model mapping De novo model generation

New genome information will be mapped on a
curated template model based on bidirectional —>
best BLAST hits

De novo reconstruction of metabolic networks
will be done based on EC numbers from GenDB;
reaction and position data taken from KEGG

—

—ZmMmZ >0 —

SBML file - *

N
- -
e RO
Tt /\

Organism-specific model visualised by the CellDesigner software

Alexander Goesmann — Computational Genomics/BRF/CeBiTec 20/33




Z 4 —

<. BRF
L,

In silico reconstruction by curated model mapping

C. aurimucosum
genome sequence

o ‘ G
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Curated model of C. kroppenstedtii
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In silico reconstruction by curated model mapping S — N
C. aurimucosum
genome sequence i
=
+
N
L& o

o 7

Do s o gD
o o

CARMEN :

D

Curated model of C. k. tedtii
Hrated modet o roppensieati Carbohydrate metabolism of C. aurimucosum

Alexander Goesmann — Computational Genomics/BRF/CeBiTec 22 /33



Technology Platform Bioinformatics B
< BRF

Core genome and pan genome analysis with EDGAR — N

EDGAR Welcome to EDGAR! * based on Blast score

— ratios

T Please choose one of the
available projects on the right and
continue

e * precomputed data for
o | | 582 genomes across
Score Ratio Value Plots SN S T—— 75 genus groups

Core Genome

Singletons

* Venn diagrams

» Synteny plots

wwwwww

ne o
rved hypothetcal protein, putatve pseudogene o o 0 60 & o0 [ O re g e n O m e
uuuuuuuuuuuuuuu ‘ :
..... proton,
s - v v v

* Singletons

nnnnnnnnnnnnnnnnnnnnn

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

* Pan genome

dehydrogenase. decarborylasng 11144
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e N
Gecorboxylating 11144
NMO0002 NMA0261
Kawh 3 Kotk 2
ransiersse 2
| { | 1
mwosoos | wmcast NMBO013 NMAO260
eeeeeeeeeeeee i
NMOD0O4 NMC2150 NMBO012 NMA0259 B
putasve vansor protein TerC 20

« Comparative Viewer

http://edgar.cebitec.uni- blelefeld de - Phylogenetic Tree

EDGAR: A software framework for the comparative analysis of prokaryotic genomes.
J. Blom, S.P. Albaum, D. Doppmeier, A. Puhler, F.J. Vorholter, M. Zakrzewski, A. Goesmann
BMC Bioinformatics. 2009 May 20;10(1):154.
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CARMEN and EDGAR - Core genome mapping '/l—

CARMEN

Core genome of C. kroppenstedtii, C. diphtheriae, C. aurimucosum, C. jeikeium,
C. urealyticum and C. glutamicum based on EDGAR
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EMMA 2 — High-throughput Transcriptomics Software — N

@ - 00 uni-bielefel i-bi g =18LIST=18&CL; Observation 5_/] © Go [[GL.

[) CeBiTec () MGE Course () Bioinformatik

| Wantmors nformation about 2 spot? Clck.Load spotinformaton , thn cick the plotsymbals. ° M A G E C 0 m p a tl b I e
e Separate LIMS (ArrayLIMS)

e Completely web-based

52 Hide Spot information
2 Export image

2 Export and wait

& Reconfigure Job

© Retum to View Results
© Retum to Experiment.

HEHRKQQ 0% % 0% B g &

| Stopped

» Configurable tool pipelines

e Interactive heatmap &
cluster browser

e Fine grained access control

Dondrup et al., BMC Bioinformatics, 2009
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QuPE ‘

e e Successor of ProDB, an open
= source system for high-throughput
proteomics

e Developed in collaboration with
users from Greifswald & Bochum
within the BMBF QuantPro project

e Focus on automatic and manual
annotation of mass spectra

e Java/AJAX frontend (Echo2)

* Reuse Importers/Exporters

e Simple but intelligent LIMS
system, reduced to essential
information

e Integration of algorithms for the
Albaum et al., Bioinformatics, 2009 quantitative proteome analysis
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MeltDB

« BRF

'ZI‘

A Framework for the Analysis and Integration
of Metabolomic Experiment Data

MetabolleQuantes n Expaimer armeraton CGhtmicum
Al d g F 7 FlE
DAbose Fumart Gitmss Gutsmine ~ S5 acuns L2 Aminosdpt L Avginine L Aspasgins L Asparae L Cysin

Neuweger et al., Bioinformatics, 2008
http://meltdb.cebitec.uni-bielefeld.de
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ProMeTra: Visualization of —omics data sets 7 N
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Neuweger et al., BMC Syst. Biol., 2009
http://prometra.cebitec.uni-bielefeld.de
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Work in progress: Support for eukaryotic genomes

« Extend GenDB data model for
storing eukaryotic genes

 Evaluate & integrate eukaryotic
gene prediction tools

» Adapt annotation pipeline for
eukaryotic genomes

) GenDB 2.4: Gen Structure - Mozilla Firefox

Close window I

APichia20081009_gene_3

Exon Stat  End  Length
APichia20081009_exon_3.1 3380 3393 13
APichia20081009_exon_3.2 3450 3468 18
APichia20081009_exon_3.3 3531 3566 35
APichia20081009_exon_3.4 3630 3819 189
APichia20081009_exon_3.5 3889 4764 875
APichia20081009_exon_3.6 5075 5133 58

t 1 t t

3.5k 4k 4.5k 5k

1000 I O

I Done

Exon intron structure

Pichia_Genemark_gene_3

Exon

Pichia_Genemark_exon_3.1
Pichia_Genemark_exon_3.2
Pichia_Genemark_exon_3.3
Pichia_Genemark_exon_3.4

Visualization of the detailed gene structure
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Work in progress: Read Mapping on GPUs — N

Mapping of massive amounts of short read data (Solexa,454)
by using modern graphic cards (GPUs) to speed up read
matching against reference genomes:

« SARUMAN — Semiglobal Alignment of short Reads using
CUDA and Needleman-Wunsch

 Exact algorithm, no heuristic

* Allows for deletions, insertions and substitutions

« Sample runtimes:

Organism Genome size # Reads Runtime
S. meliloti 3.6MB 6.4M 2 minutes
M. marisnigri JR1 2.4MB /6 M 44 minutes

Alexander Goesmann — Computational Genomics/BRF/CeBiTec 30/33
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MetaSAMS & other new tools for Metagenomics ==

Several new bioinformatics tools are currently developed to build a
comprehensive software platform for the taxonomic and functional
analysis of large metagenome data sets including:

« CARMA (Krause et al., 2008)

* Web-CARMA (Gerlach et al., 2009)
- TACOA (Diaz et al., 2009)

* MetaSAMS (Bekel et al., 2009)

* Metaphor
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People — N

e Stefan Albaum

e Thomas Bekel

* Regina Bisdorf

e Jochen Blom

e Tobias Jakobi

e Sebastian Jaenicke

e Lukas Jelonek

e Sebastian Jinemann
e Burkhard Linke

e Dr. Heiko Neuweger
* Oliver Rupp

e Jessica Schneider

e Martha Zakrzewski

e Student Programmers
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Group Leader “Dr AIexander Goesmann

System Administrators:

Bjorn Fischer, Torsten Kasch, Achim Neumann,
Ralf Nolte, Rainer Orth, Volker Tdlle
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The End! — N

Thanks for your attention!

e Contact: agoesman@CeBiTec.Uni-Bielefeld.DE
e Homepage: http://www.cebitec.uni-bielefeld.de/brf
e Software: http://www.cebitec.uni-bielefeld.de/brf/software/brfsoftware.htmi
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