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Portfolio of Tools and Services 
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Since 2013, IF >10 

9x Nature          3x Science 

4x Cell               1x Nat. Str. Mol Bio           

5x Nat. Com.     1x Cell Stem Cell  

1x Nat. Med.      1x Nat. Micro. Review 

2x Nat. Meth.     5x Nat. Genetics 

2x Nat. Biotech. 1x Nat. Rev.Immunol. 

10x Mol. Cell      16x PNAS, 

4x Gen. Res.      6x Gen. Bio.  

1x Circ. Res.       1x J. Clinic. Investig. 

1x Genes Dev.    6x Embo J. 

 

 



Service 
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• knowledge transfer in RNA bioinformatics 

 • we can‘t do all analysis 
ourselves! 

• solutions: 

• Galaxy 

• standard workflows 

• FR server: 600+ users 

• virtualization 

• distribute computation 

• training, training, training 

 



Galaxy: Accessible Research 
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reproducibility 

- experimental details  

- transparency 

scalable 

easy deployment 

- tools available to users 

- minimal installation 
overhead 

 



What is Galaxy? 

● Omics data analysis 
platform 

● Accessible via normal 
web browser 

 

● Every single step is recorded 
and reproducible 

● 5000 citations so far 
● 150.000 known user 

 



already integrated: >4000 tools, ~800 by RBC 

- We are one of 3 groups worldwide with direct Galaxy 

commit 

 

RNA-specific  

    tools and  

    packages: 60+ 

 

RBC-specific: 

- Vienna RNA package, doRiNA, Freiburger RNA Tools 

 

Galaxy RNA Workbench 
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General 
• Build, Test, Use, Share, FAIR 
 

RNA-seq 
• Quality Control 
• Differential Expression Analysis 
 

ChIP-seq, MethylC-seq 
 

Additionally 
• Exome-seq 
• Proteomics, Metabolomics 
• Imaging, Textmining 
 
 

Workflows 

Services of Freiburg Galaxy Server 



Impact Measurements 

• users • jobs run 
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Building a sustainable virtualized infrastructure 



Building a secure virtualized infrastructure 

● Isolate every single tool 
○ from all other data 
○ from other tools 
○ from the Operating System 

● Isolate the analysis workbench 



adjustable reproducibility and security 
Least 

reproducible 

Most 

reproducible 

Easy 

Hard / 

Impossible

? 

Less secure Most secure 

Easy 

Hard / 

Impossible

? 



Linux Containers for advanced isolation 

If there is no standard*, embrace new technologies and make them 
interconvertible. 

* Open Container Initiative (OCI) has released 1.0 of the container and runtime specification 3 days ago. 
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provides software 
for biomedical 
research. 
 
 
 
  

14,400 commits on 
GitHub 
287 contributors 
>2,700 packages 

provides system-
agnostic executable 
environments for 
bioinformatics tools 
 

Uses Docker & rkt 
>2,800 Images 
Automatic builds 
from BioConda 

Galaxy is an open 
web-based platform 
for data intensive 
research 
 

29,500 commits 
163 contributors 
RBC is one of the 

  biggest  instances   
    

Our achievement: Cloud-Ready, all integrated into Galaxy 

Sustainable community-based infrastructure 



Biocontainers 

• build out of conda packages 

• all tested automatically 

• bioconda-utils / galaxy-lib 

By Ryan Dale 



Community 

             330 Contributors         6200 merged PR 
 in 2 years 

by Johannes Köster 
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1. Conda 
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2. Containers 
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Virtual Machine 

3. Virtualization 



Galaxy in Docker 

• Idea: tools to data, not data to tools -> virtualization 
 
 
 

 
 
 
 
 
 
 

• drag & drop based Galaxy flavor generator 
• Widely used: >28.000 downloads, ELIXIR (Tjenester for 

Sensitive Data 2.0 Norway), Cancer Center Amsterdam … 
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Isolate the analysis workbench! 

● Every single component can be isolated 
and hardened  

● Microservices that communicate with 
each other 

● Can run in an isolated network without 
Internet 

● executes analysis jobs in own isolated 
containers 

Galaxy in Docker: Microservices 



● central Galaxy server 
● job submission to a hardened 

HTCondor pool 
● Galaxy server runs in Docker 
● every single job runs in Docker 
● every job is isolated from all 

other data 
● one job has only read access 

to the input data it needs 
● entire stack can run in an 

isolated network 

Real world deployments with sensitive data:  Version 1 



● 2 factor Authentication into 
virtual machines (VM) 

● VMs are isolated 
● every VM starts its own 

Galaxy instance 
● data is saved encrypted to 

the local network 
● Users can not interact with 

each other (share 
workflows, histories etc ...) 

● every VM can run Version 1 
as well 

Real world deployments with sensitive data:  Version 2 
 



Building a sustainable infrastructure 





Conclusion 

• Galaxy 
• Every single step is recorded and reproducible 

• 5000 citations so far, 150.000 known user 

• Freiburg Server: largest in Europe with 600 users. 

 

• Deployments with Sensitive data. 
• Reproduciblity stack:  

OS -> Packages -> Containers -> VM 

• Galaxy Docker Flavour Concept  

• Community-based effort: 
Bioconda, Biocontainers & Galaxy 
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Thanks! 

Johannes Köster 
Ryan Dale ... 

Yasset Perez-Riverol 
Felipe Leprevost ... 

Björn Grüning & the RBC team 



Thank you for your attention 
 



Impact Measurements 

• users • jobs run 
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Measurement (from SIG2 report) Total 

Citations/links to website/acknowledgements 9,589 

Supporttickets / GitHub issues 4,942 

Number of downloads 3,474,974 

Web app & database hits 170,411 



Overcoming computational limitations 

• Idea: tools to data, not data to tools -> virtualization 

 

 

 
 

 

 
 

 

 
 

• drag & drop based Galaxy flavor generator 

• Widely used: >28.000 downloads, ELIXIR (Tjenester for 
Sensitive Data 2.0 Norway), Cancer Center Amsterdam … 
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Cloudlaunch – Multi-Cloud Application Launcher 
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• Usable clouds: 
• Amazon 

• de.NBI-cloud (FR) 

• .... 

• Our contributions: 
• Virtual container via the flavor generator 

• Can be started world-wide 

• Interface to RBC Galaxy server (user with account can use it) 

 

 

 



Masterplan 
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Training 
 

 

 

 

 

 

 
 

 

 



Training by RBC 

2016 events 

2017 events 

• 28 training courses, ~500 participants 

• 12 locations across the world 

 

 



Galaxy Tours – Bioinformatics Training 2.0 
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Galaxy Tours 

• Analysis in a box  

• Real execution of code  

• User can just use the tour 

      or change parameters/input 

 



Thank you for your attention 
 



Galaxy Tours – Bioinformatics Training 2.0 
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De.NBI cloud  
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• Recently opened: Supercomputer NEMO 

 

• we got  • 1,500,000 € hardware extension for GALAXY 

• Additionally 5% of existing NEMO resources 

• IMPORTANT: cloud knowledge of BW-CLOUD  

• 15,000 cores, position 214 in TOP 500 



Trainings -Material 

• 11 topics with 68 tutorials for 3 different target 
audiences 

• 51 contributors, 3 contribution feasts 
• Online in October 2016 

• Cambridge in May 2017, organized with ELIXIR and GOBLET 

• Montpellier in June 2017 during the Galaxy Community 
Conference 

• Integration with ELIXIR’s training platform 
(TeSS)  



Conclusion 

• RNA-Bioinformatics Center (RBC):  
• RNA-mediated post-transcriptional regulation 

• integrates all international renowned German RNA 
bioinformatics groups 

 

• Important aspects of our service: 
• RNA workbench based on Galaxy 

• Virtualization for distribution of computational burden 

• Strong interaction with ELIXIR 

• training, training, training (user, user, user) 

            future: eLearning!! 
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Areas of Expertise 
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Since 2013, IF >10 

5x Nature        1x Science 

4x Cell             2x Nat. Genetics 

1x Nat. Med.   1x Nat. Micro. Review 

3x Nat. Meth.   4x Nat. Com.  

6x Mol. Cell,    3x PNAS, 

3x Gen. Res.   7x Gen. Bio.  

1x Circ. Res.   1x J. Clinic. Investig. 

1x Genes Dev. 1x Embo J. 

 

 


