Biomedical Data Science at LCSB
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LCSB Biomedical Data Science Group

Main research goal: Interpret molecular changes in complex diseases by
exploiting prior biological knowledge and diverse sources of experimental
data via integrative statistical analyses
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Bioinformatics Services and Research Areas

» Data integration and management: Organize, store and categorize large
amounts of data (PetaByte scale). Providing access and management for large
compute farms

» Automated pipelines for large-scale statistical data analysis: Setup and
administration of reproducible workflows to extract relevant information from
heterogeneous data (R3 initiative: ensure reproducible research results)

* Network and pathway analysis: Develop and apply software tools that exploit
existing data on biomolecular interactions to investigate perturbations of cellular
signalling pathways in complex diseases

« Text-mining and visualization: Build 2D/3D visualizations tools and large-scale
literature mining methods for data exploration and hypothesis generation
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Hardware resources: High-performance computing servers

» Kirchberg Campus (2009): 14 racks, 1120 cores, 180 TB storage + 180 TB backup
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Software resources: The Parkinson‘s disease map

- An interactive, literature-curated map for data integration & exploration

Bivlogice sverviee C war

Find Trgets: 2ap vir| .\
Drugs zmiin

Deseription: ne pepaknial nesigens o in e
fradtment 0F mid b Todorate pain. I has ol nflamme ey
e arflrebis wnes dew and el we am i G
ey naras whics cmdba = b ibun o0 o Sha
b,w'm-ﬂ' of preaaghnzing. Mmb:'ac,m 3d 150

il ayg i el ol m prwnliv o
ottt st e Pt e \nmnnna The T
Pear-amesch, 30t of, p5)
Eymanyma: a1 i s ard, 7

Aulh!-l-uw._“]l-m_-ullh L Ty,

A rum -, &k
fezhin, dmiy cal sybacure, Ay cal syiobdre, Bisire. ¢
wonkiany vt v, Deanel el la odd, var oommrie A
Weskabe, P A, SR A s aseate Gapen (IO, 1A
b JEPY
Brand Almane wesmanns, Assescman Ades, Ausers
eorz, Bzver hopiie, Eazpein, Empirin, Ny ooz o Rhed)
Phr al, Sicrin, Solavien wiid, S1 Jwwasdr ducivine fur 2o,
Inan
Sources: Droylak A mil. ChEMEL {ZHEMBLIS),
Blood brai

moed pradein kinase

. Feae,
. 3ips

Marns 78 kDa glucose-rogy sand proosin
Sourcs: BECCC]1058

@ * HEMS

Rufereaces:

& 17IRALO7
LR PR

Mamee INRIFTYE Of 2 S8 EWTOr MRpea 3
e subL " T hern

: .
—f
= 0817303 .

WEESTE BL
Marrns HF-wavwa-5 inhibitor aloha :.‘;‘.‘:‘nml‘_;:
Sourcs BECCD309

UNIVERSITE DU
LUXEMBOURG

ce00 00
ceor-0oo




Developed network analysis tools

EnrichNet, a web-service to score the associations
of gene/protein lists with cellular pathways using
the graph structure of molecular networks
(Bioinformatics 2012)

«  TopoGSA, a web-application for network topological

T@ prA analysis of gene/protein lists to find candidate

" disease genes with outstanding network properties
(Bioinformatics, 2010)

- PathExpand, a web-application to extend disease-

8y o

“e . Path related pathways via graph-theoretical analyses on
; B Expand molecular networks to identify new candidate
ooy P disease genes (BMC Bioinformatics, 2010)
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Developed machine learning tools for molecular data

« PathVar, a web-application for sample clustering
“ Fal.h and diagnostic classification using pathway

information (Bioinformatics, 2012)

« GenePEN, a machine learning approach to identify

G PEN coordinated alterations of genes or proteins in
ene | B biological networks using omics data (Stat. Appl.
Nelwork Analysis ol Umics Dala Genet MOI Bi0|, 2015)

« ArrayMining.net, a server for automated analysis
. of gene expression data, including Feature selection,
Iﬂlﬂg Clustering, Prediction, Co-Expression & Pathway
Analysis (BMC Bioinformatics, 2009)
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Diseases as network perturbations (EnrichNet software)

—> Identify disease-associated network alterations in Parkinson‘s molecular data:

. Gene expression data
. Genetic data (GWAS)

O Cellular process: Synaptic
vesicle endocytosis

Mutation associated with
early-onset parkinsonism
(Quadri et al., 2013; Krebs et al., 2013)
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Integrative machine learning applied to Parkinson‘s disease

Parkinson‘s clinical feature (Smell test) Molecular features (Metabolites)
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Combining standardized molecular and clinical features for diagnostic classification

(DeNoPa Parkinson cohort, 72 metabolite samples from cerebrospinal fluid)

increases Parkinson vs. control cross-validated classification accuracy from 86% to 90%
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Summary

» Both hardware and software resources for efficient biomedical data processing and

Interpretation have been set up, enabling integrated and reproducible analyses

 Prior biological knowledge is exploited via new graph-based analysis tools to identify
disease-linked network perturbations across multiple datasets and their associations

with cellular pathways

» Machine learning methods integrating complementary data sources (e.g. clinical and
molecular data) provide prediction models with increased robustness for diagnostic

biospecimen classification
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