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Motivation for Integrative Data Management

* Observation

— data lies around: huge volumes, often unstructured,
inherently distributed, usually file-based

— heterogeneous systems
— applications with no or poor interfaces

— no or weak interaction within instruments/applications

— processes shredded in scripts & command line tools
— experts needed to handle the workflows

* Consequences
— no reuse of research results
— no reproducibility/tracking of research
— no semantic search
— no data quality assurance

* Required

— Data management system linking together all relevant
data and applications
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B-Fabric - The FGCZ Approach to Project and Data Management
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;S FGCZ / B-Fabric / Welcome to B-Fabric .., | + ‘

i b} http://fgez-bfabric.uzh.ch/bfabric/userlab/welcorne htrml?cid=6252

<)

Login Name |

Password

Secure Transparen
Data Storageé

Welcome to B-Fabric Project

B-Fabric Project is an open infrastructure for data and application integration in the life sciences. At the FGCZ, it allows to store
and access all experimental data generated at the center together with its semantic and scientific context. B-Fabric Project
connects the data generating instruments with the data analysis tools of FGCZ, including warkflow, annotatien, and dat

0 visualization support.

O B-Fabric Project key features include:

s Data capturing and provisioning: All experimental data is captured with its semantic context and is provid

o instrument parameters

Reliability: All data 1= continuously backed up
Security: User's data is stored in an access controlled repository

Enter B-Fabric Project with your FGCZ login and password!

User Manual [ FAL | Credits

Data Capture
and Annotation

Unified Web-base'- ‘
Data Access/Provis!

Reproducibility: Analytical results can be reproduced since all original data is stored together with the n
Uniform access: All data is accessible and searchable through a uniform web portal

Diata search: All FGCZ public data can be searched and used to carry out inter-experiment analysis
Transparency: Location of data storage is managed by the system without interaction neceszary by the u

| Report techmical problems to support | © 2018 Functienal Genomics Center Zurich

Ad-hoc Transpare
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B-Fabric Deployment @ FGCZ

Running since Februar 2007

Users
Institutes
Organizations
Companies

Orders

Projects

Extracts
Workunits
Resources
Database Tables

Data Repository
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Facts as of August 24, 2011

Application
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87842 Project =
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B-Fabric Philosophy: Be generic enough to capture any relevant data

Data Reduction /
Conversion

Sample/Extract
Preparation

“Database™ Search

Search Preparation

Register Register Create Workunit: Create Workunit:
Extract Orbitrap Experiment ProteinSearch

573 9:¢-z b-Fabilc 3 9z 5736 Projecs 3750
Add sample Add Extract Run ORBI_1 Import Run MS Parser : Select Resources
Pl
Admin hémin admin 0 admin 0
o s i ¢ ame + " e e - .
ks ot + @03 S e Project » 03 nformatic Test Projst osks Resources  cpanse_20060226_14/20051104_12RAW Bvallable Resources in Resource Baskst
Tyve « [Bologcal Sampte Parent Type « [Sompe =l Action 1d ¢ Name « Projects Worknit o Extracts
Frojectans & swecies +[wa EE— | Project 403 Parent Sample » (7271 - new_sample 2 = [ Fropetats [ Fropetara I I I I
—= o Strain [Selectiom—=]_addnew ) Trno « [T e 2 )
Sex [Selectitem = 1P Target [ Select item =] addnew |
Soved Queries Saved Queries 1 o Saved Queries 1 Saved Queries 1
Individual 1d Coll Compartment [ EEEET— e 4] Available Resources in Context Project (65)
Genotype Separation Techalques (8 Action |14 Namsle Projects Workanit
projects C10 Gonetic Modification brofects 10 A% el eloorohoresis — Projects 10 Projects 10 T I T
Gal locrophorests m sele
bt veere e [SoeTo 51, attom o eda Bibopin st 010, | et 70| soerseoresseam 478 cxr-omsosararsn
Development Stage [Select ftem =] add tew ZiTip pySelect FILE~sh 072806, co Kere_rod ot
Exracts 10 e — | add tiew | Etracts 10 e nerscion hromstarophy | posae Extracs 10 Eotracts 10 OBreiaaie  PRGZ005. Stady (ot
Workunits £ oo — Vorkunits arunts = % coon il [micopyl [Aremeval [ZiReeve Workunts £3 Select | 44638 20090312/r070LIBdet 474 ar- oo e
0 Age unit 9 Ton sxchange chromatagraphy W Deselect Al Workunits C16) 0 / PUE=o0050707 54 E1p 1 Hoz.mat;
Experiment Defintions (10 Initial Time Point  [Select ftem =] add New Experiment Definitions 10 oz = Experiment Definitions 10 Experiment Definitions 10 Cireiescentoei 3R TAIRS Sobsbs fa
Growth Conditions [ < >
ecoures pasket [ esource Basket - S S Select | 4637 200s0312/rOTeL0 At 474 oAT- 200s0312/FO7EL20 dot
Resource basket O A — Resourcs Bshet O oo Resource Basket ) Resource Basket C1 ALe-zo0m10.10 00 1 et
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A little deeper look into the B-Fabric Architecture
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Eviarnal \
. Instrument PCs D Evtarnal Jr— Computin
Userpes S 3 == - Attymetrix GeneChip p|  Fxtema T Clusters
* Data Evaluation * ABI MALDI TOF/TOF Data Storages E i . 1 i
I - LTQ-Orbitrap I g —— Sun Grid Engine
Frontend E | Agilent QCReport | E
—t * Web Portal ! !
[ . Workflow : | ANOVA Analysis | :
* Messaging @ . | |
* Logging \ T / Registered ! | Affymetriximport | !
Applications \__________________ |
B-Fabric
Workhorses
. / Database \
* Messaging (
« Copier —L }_’_)—‘ Internal
S f
« Indexer ( i B-Fabric
« Searcher Data Repository
* Grid Engine Worker
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Importing Data

* Generic approach with indepandent external storages
— Any protocoll can be handled (scp, http, smb, ...)
— Link import
O Files are just linked to B-Fabric and stay where they are on the external storage
— Physical file import
O Files are physically copied to a target storage
0 Target storage can be any data storage accessible to B-Fabric

0 Links to the files are created in B-Fabric

— a ,storage supervisor” is responsible for the communication between storage and B-Fabric

* After import, the data has to be annotated !!
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Goals of our B-Fabric based Data Analysis

cover 90% of the analysis tasks
— implementing pipelines for the remaining cases would be inefficient

analysis workflows must be robust

— use only well established, widely applicable analyses

analyses should be runnable by users
— sensible default parameters!

results should be trackable
— all information used to generate data is know to B-Fabric

Trerrrrenl
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B-Fabric Data Analysis Workflows
G <= Sfan Slale== & <= fpde== i << Fnd State==
Start Process on SGE End
* Next-Generation Sequencing (NGS) » Proteomics
— Read processing - Peptide & protein identification
- Read mapping — Protein quantification

- Read quality control — Post-translational modifications
— Read & coverage visualization —- ..

- RNA-seq: Differentially

expressed genes * Microarray

— Automated quality control
— Differentially expressed genes

— Affected GO categories and
pathways
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Ad-Hoc Executing of Data Analysis Applications
External
Data Store X
E 4
. % Sun Grid
T E
g N T (SGE) computingNode
=
Scientist 2 Scientist 1
Access
Data
Execute Execute
dataAnalysis2 dataAnalysis1 A
From X From Y ccess

Data

B-Fabric

B-Fabric
Database

dataAnalysisl

1
1
1
:
1
dataAnalysis2 :
:
1
1
1

Place\ @~~~ TTTTTTTTTTTTTTTmTmEmTmmmmmmmE

B-Fabric Repository a link
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Exporting Data

Scientist wants to ,,Download” his data

Could be done with ,remoteFilelmport”
— add the storage of the scientist to B-Fabric & add an import application
— in 99% the scientist wants the data on his ,Desktop”

External Storage has to provide a download mechanism
— huge amounts of data (NGS: several TB)
— http download direct from external storage with authentication
— use applications to generate any kind of download needed !

Example 1: Zip Download from FGCZ-data Storage

Example 2: Bittorrent Download from FGCZ- data Storage



+ 4+

| + 010101

- - | - —
- = o L) ] | +4+4+ - =

- - Lo - -
[ o | ] + -
- = - w0 en || | ++ + 101 1 - = = .
= _z e LEL s 010 0 = = =

- Il | - -

0101 10

Ad-Hoc Executing of Data Analysis Applications
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computingNode
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Wrap-Up: B-Fabric Benefits

* Trackability of results

* Easy web-based data access
* Fast access to relevant data
* Data reuse

* Reduced annotation work through
automatic export to external marts

* Access-controlled data sharing
* Increased data quality
* Generation of reports etc.

* Reproducibility of research results
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Transparent management of users, projects,
orders, ...

Ad-hoc addition of new services

Task management (user guidance)
Charging and Invoicing

Tracking centers resources/capacities

Central administration tasks automated
(user registration/synchronization, door key
request, ...)

Reduced IT admin, scientists, secretary work

Improved service support/quality

- 15
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How research centers/groups can benefit from B-Fabric?
* Request and run a project at FGCZ

* Have your own B-Fabric deployment: How?
— Download B-Fabric, customize and run it!
0 www.bfabric.org
0 Requires a programmer to maintain and customize the system for specific needs
— Rent an individual B-Fabric instance hosted elsewhere
0 Elsewhere could be «Informatikdienste» or FGCZ

0 Service and price model to be developed

* B-Fabric for Professors
— To manage their PhD Students
— PhD Students get their computer accounts with no need to go to the admin
— PhD Students import and share all their relevant documents and data
— Research becomes better documented and traceable
— Not only secondary but also primary research data gets archived

Trerrrrenl
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Many thanks to all people having contributed to the development, testing, using,
and supporting B-Fabric

Developers FGCZ External Application Developers
* Fuat Akal * Simon Barkow-Oesterreicher
e Christian Decker * Remy Bruggmann
* Michael Fetzer e Christian Panse
* Felix Knecht (Otego) * Weihong Qi
* Aleksander Markovic * Hubert Rehrauer
* Lukas Marti » Marco Schmidt gmveh':‘f”ltat
uric
* Benedikt Thelen
* Can Turker Sponsors
Eidgenéssische Tthnische Hochschule Zii-rich
Alumni Developers e UZH / ETHZ (financiers of the FGCZ) Swiss Federal Institute of Technology Zurich
* David Altorfer * SWITCH: «Generalizing B-Fabric towards an SV IT C H
« Dieter Joho Infrastructure for Collaborative Research in | | S0t
Switzerland» (June 2009-May 2011) Serving Swiss Liniversities
* Haissam Mouhasseb
. _ e SYBIT: «Infrastructure for BATTLEX»
* Giacomo Pati (Otego) (June 2010-December 2011) %
Y
. SystemsX.ch
Further Contributors i

* Ralph Schlapbach
* Etzard Stolte
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