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Exponential growth 

Elektronics Sensors Data 

Exponentially cheaper devices 

Moore’s 
law 



Oxford Nanopore 
100Mb,$900 

CCD! 
- 2006 X Prize 10M, 100 genoms 
30 days, $10k - cancelled 
- Microarray 
- Mass spectroscopy 
- Digital microscopy 
- … 

Moore’s law in genetics 
Human genome sequencing 
1990-2003:  13yrs /2.7 Bn USD  
2016: ~days/1000 USD 
2020: ????? 



S.Spisak, K.Lawrenson,Y.Fu,I.Csabai, … M. Freedmann. Nature Medicine doi:10.1038/nm.3975 (2015)  

3.2Bn nucleotides / human genome 
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Data exploration: Traditional approach  

Data archive 

NGS reads, 
Genomes, 

…. 

User 

• Search archive 
• Download data (FTP) to 

local server 
• Install tools 
• Analyze  
• Visualize  
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Challenges 

• Big Data – downloading data is not 
optimal/possible 

• Data sharing is not enough – share data + 
complete processing pipeline + result figures, 
tables, …  
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Cloud+notebook approach  

Data archive 

NGS reads, 
Genomes, 

…. 

User 

Virtual machine / Docker   
•Search archive 

• Download data (FTP) to 
local server 

• Install Preinstalled tools  
• Analyze  
• Visualize  

• Share / publish 
results/data/code 
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Virtual machine / Docker   
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User 

Web 
browser 

Virtualization: OpenStack + Docker 

“Workflow”: Jupyter/Ipython notebook 
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Components 
• Nginx/C-HTTP-P [networking/routing, user⇔resources ] 

• Docker [compartmentalization of services and notebooks] 

• LDAP [authentication and user database] 

• NFS [persistent user workspace] 

• HUB [front page + service spawner, django powered website] 

• Gitlab [project management, versioning, collaborative forum] 

• Jupyter [dev. env., sandbox, DASHBOARDS] 

• Own Cloud [small data drag & drop, sharing ] 

• … + [workflow/pipeline services] 



Jupyter 
• Integrate: 

- Executable code 

(Python, R, Matlab, 

SQL, bash, …) 

- Notes, descriptions, 

math equations, … 

- Results, figures, 

interactions 

• Accessible from 

anywhere through 

browser 

• Runs in the cloud 



Ebola 



Global Sewage Metagenome 



Cosmology without Dark energy 



Github/Gitlab 
• project management, 

versioning,  

• collaborative forum 



Dropbox/OwnCloud 



Worksheets/Dashboard – active services 
 



CRISPR DNA Editing – Guide RNA designer 



Neural recordings - CRCNS 


