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Genotype

Phenotype

Networks !!

Complex Systems
Systems Biology
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Algorithmic
developments

Applications to 
human diseases

Dynamical Network Modeling

Large-scale Network Mining

A B

C

NSBD



Interactome: The set of known & 
possible protein-protein interactions

How to extract relevant biological 
information ?

~ 60 000 binary undirected 
interactions
~ 12 000 human proteins
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Binary interaction Functional modules Interaction Networks

Comprehensiveness
Precision

Inspired from P. Aloy, 
ECCB 2014



Community identification algorithms

Topology : Density, 
Modularity optimization

Overlapping / Disjoint

Spinelli et al. (2013)



PathwaysCo-exprPPI Complexes

Many Biological Networks

~250 000 edges~1 400 000 edges~60 000 edges ~40 000 edges

How do we combine many network/
interaction sources?



Communities from many Networks

Union, Sum

Intersection

Consensus



Multiplex framework

Multiplex, Multi-layer, Multi-slice

Co-Expression



Multiplex framework

Multiplex-modularity

Co-Expression



Simulated networks

=> Considering many networks improves the detection of communities
=> Multiplex framework more efficient with mixed and incomplete networks 

https://github.com/gilles-didier/MolTi



Real biological networks

Union aggregation
Sum aggregation

Multiplex-modularity

Resolution parameter γ
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=> More annotated

https://github.com/gilles-didier/MolTiDidier et al. (2015)



• 6 anonymous networks
• 2 sub-challenges: 

monoplex and multiplex
• Modules enriched in 

GWAS-significant genes

Molti 2.0 => randomization, recursion Consortium paper in prep.



Prostate Cancer

Diabetes Mellitus

Fatty acid metabolism 
Circadian rhythm

Disease-Community data integration

• Processes deregulated / 
impacted in diseases

• Predict new disease-
associated genes

• Study disease-disease 
relationships
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Orphan

Rare
Multigenic

Monogenic Complex

Common

Mendelian

Polygenic



Rare genetic diseases

• Mono/Oligo-genics 

• Mendelian inheritance / de novo 

• Also very complex …



Clinical heterogeneity
Ex: Laminopathies
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LMNA interactome



Locus heterogeneity
Ex: Premature Aging Syndromes



Premature aging interactome



Random Walk with Restart

Seed	Protein

Adapted	from	http://slideplayer.com/slide/5223771/ Alberto Valdeolivas



Random Walk with Restart

• RWR estimates the probability that 
the particle visits each node when 
time tends to infinity  

• It is a measure of proximity to the 
seeds
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Random Walk with Restart in Multiplex 
and Heterogeneous Networks
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Alberto Valdeolivas



Extension	of	RWR	to	Multiplex	
Networks	(RWR-M)	

Pathways	

Co-expression	

PPI	

Parameters	to	tune:		
δ and τ	



Heterogeneous	Networks	

Protein	Network	

Disease	Network	

Bipartite	Network	



Extension	of	RWR	to	Multiplex	and	
Heterogeneous	Networks	(RWR-MH)	

Pathways	PPI	

Disease-Disease	Network	

Parameters	to	tune:		
λ and η 	



Leave-One-Out Cross Validation

Multiplex versus monoplex Multiplex-heterogeneous

Valdeolivas et al. bioRxiv 2017.



Disease-disease	
network

Application: Explore Network 
vicinity of disease and disease gene

Random Walk 
with Restart

Top 50
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Disease-disease	
network

Application: Explore Network 
vicinity of disease and disease gene
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OTOPALATODIGITAL 
SYNDROME, TYPE II; 

OPD2 

GROWTH FACTORS, 
COMBINED DEFECT OF 

MANDIBULOACRAL 
DYSPLASIA WITH TYPE B 
LIPODYSTROPHY; MADB 

SHORT SYNDROME

WERNER SYNDROME; 
WRN 

FRONTOMETAPHYSEAL 
DYSPLASIA 1; FMD1 

COL3A1

ITGB5 ITGB3
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HYPERMOBILITY TYPE 
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AUTOSOMAL DOMINANT 
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ADAM9

ACTN4

FGA
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ITGB1

LIF

Physiological 
aging



ROTHMUND-THOMSON 
SYNDROME; RTS 

HYPERPROINSULINEMIA 

RESTRICTIVE 
DERMOPATHY, 

LETHAL 

OSTEOLYSIS 
SYNDROME, 
RECESSIVE 

MANDIBULAR 
HYPOPLASIA, 
DEAFNESS, 
PROGEROID 

FEATURES, AND 
LIPODYSTROPHY 

SYNDROME; MDPL 

VAN DEN 
ENDE-GUPTA 

SYNDROME; VDEGS 

PREMATURE AGING 
SYNDROME, 

PENTTINEN TYPE; 
PENTT 

ZMPSTE24
MANDIBULOACRAL 

DYSPLASIA WITH TYPE 
A LIPODYSTROPHY; 

MADA 

DB00063

DB00775
DB00048

ITGB3

COL3A1

ITGB5

EHLERS-DANLOS 
SYNDROME, 

HYPERMOBILITY TYPE 

DB00054

SYNE1

EMERY-DREIFUSS 
MUSCULAR 

DYSTROPHY 1, 
X-LINKED; EDMD1 

GZMB

TMPO

LEUKODYSTROPHY, 
DEMYELINATING, 
ADULT-ONSET, 

AUTOSOMAL 
DOMINANT; ADLD 

LMNB1

EMD

DIABETES MELLITUS, 
INSULIN-DEPENDENT, 

20; IDDM20 

OTOPALATODIGITAL 
SYNDROME, TYPE I; 

OPD1 FRANK-TER HAAR 
SYNDROME; FTHS ICHTHYOSIS--CHEEK--EYEBROW 

SYNDROME 

ACROGERIA, 
GOTTRON TYPE 

EHLERS-DANLOS 
SYNDROME, 

PERIODONTAL TYPE, 
1; EDSPD1 

OCCIPITAL HORN 
SYNDROME; OHS 

CAFFEY DISEASE

MELNICK-NEEDLES 
SYNDROME; MNS 

SPONDYLOEPIPHYSEAL 
DYSPLASIA WITH 

CONGENITAL JOINT 
DISLOCATIONS; 

SEDCJD 

HUTCHINSON-GILFORD 
PROGERIA 

SYNDROME; HGPS 

URB2
POLD1

MLIP

LMNB2

RECQL4

BANF1

DIABETES MELLITUS, 
INSULIN-DEPENDENT, 

15; IDDM15 

WERNER SYNDROME; 
WRN 

GROWTH FACTORS, 
COMBINED DEFECT 

OF 

MANDIBULOACRAL 
DYSPLASIA WITH TYPE 

B LIPODYSTROPHY; 
MADB 

OTOPALATODIGITAL 
SYNDROME, TYPE II; 

OPD2 
SHORT SYNDROME

FRONTOMETAPHYSEAL 
DYSPLASIA 1; FMD1 

EHLERS-DANLOS 
SYNDROME, TYPE IV, 

AUTOSOMAL 
DOMINANT 

SYNPOLYDACTYLY 1; 
SPD1 

NESTOR-GUILLERMO 
PROGERIA 

SYNDROME; NGPS 

SYNDACTYLY, TYPE III

SYNDACTYLY, TYPE V; 
SDTY5 

BRACHYDACTYLY, 
TYPE A2; BDA2 

BRACHYDACTYLY, 
TYPE A3; BDA3 

HEART-HAND 
SYNDROME, 

SLOVENIAN TYPE 

CHARCOT-MARIE-TOOTH 
DISEASE, AXONAL, 
TYPE 2B1; CMT2B1 

LIPODYSTROPHY, 
FAMILIAL PARTIAL, 

TYPE 2; FPLD2 
CARDIOMYOPATHY, 

DILATED, 1A; CMD1A 

EGF

LMNA

CARDIOMYOPATHY, 
DILATED, 1CC; 

CMD1CC 

CARDIOMYOPATHY, 
DILATED, 1BB; 

CMD1BB 

CARDIOMYOPATHY, 
DILATED, 1FF; 

CMD1FF 

CARDIOMYOPATHY, 
DILATED, 1EE; 

CMD1EE 

LEOPARD SYNDROME 
1; LPRD1 

DB00526
DB00958

DB00997

DB00515

DB03147

DB00163NQO1

DB00098

DB00015

DB00398

DB08912

DB00009

DB00029

DB00364

DB00170

DB00266
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S100A6

PHLDA2 ELOVL1

LIFACTN4

MUSCULAR 
DYSTROPHY, 
CONGENITAL, 

LMNA-RELATED 

MUSCULAR 
DYSTROPHY, 

LIMB-GIRDLE, TYPE 
2D; LGMD2D 

EMERY-DREIFUSS 
MUSCULAR 

DYSTROPHY 2, 
AUTOSOMAL 

DOMINANT; EDMD2 

BETHLEM MYOPATHY 
1; BTHLM1 

MUSCULAR 
DYSTROPHY, 

LIMB-GIRDLE, TYPE 
1B; LGMD1B 

GIPC1

DB00031

PLEC
S100A10

S100A11

ANXA2

ADAM9
RAB13

ACOT9

FGA

ITGB1SLC38A6

ITGA3 VCL

Application: drug repurposing



Application: diagnosis
NGS



Application: disease classification and comorbidities

Ataxia-telangiectasia

Epidermolysis bullosa 
simplex with mottled 

pigmentation 

Seckel syndrome

Dyskeratosis congenita

Rothmund-Thomson 
syndrome type 2 

Werner syndrome

Autosomal dominant cutis 
laxa 

Williams syndrome

Autosomal recessive cutis 
laxa type 1 

Acral peeling skin syndrome

Hoyeraal-Hreidarsson 
syndrome 

Cardiofaciocutaneous 
syndrome 

Ehlers-Danlos syndrome, 
dermatosparaxis type 

SHORT syndrome

Noonan syndrome with 
multiple lentigines 

Griscelli disease type 2

Geroderma 
osteodysplastica 

Transaldolase deficiency

Waardenburg syndrome 
type 2 

Wrinkly skin syndrome

Branchio-oculo-facial 
syndrome 

Autosomal recessive cutis 
laxa type 2, classic type 

Waardenburg-Shah 
syndrome 

Ehlers-Danlos syndrome, 
vascular type 

Keppen-Lubinsky syndrome

Ehlers-Danlos syndrome 
type 7B 

Waardenburg syndrome 
type 1 

Rabson-Mendenhall 
syndrome 

Peripheral demyelinating 
neuropathy-central 

dysmyelinating 
leukodystrophy-Waardenburg 

syndrome-Hirschsprung 
disease 

Acrogeria

Focal facial dermal 
dysplasia type III 

Neuroectodermal 
melanolysosomal disease 

Griscelli disease type 1

Ablepharon macrostomia 
syndrome 

Hutchinson-Gilford progeria 
syndrome 

Mandibuloacral dysplasia 
with type B lipodystrophy 

LMNA-related 
cardiocutaneous progeria 

syndrome 

Vogt-Koyanagi-Harada 
disease 

Xeroderma 
pigmentosum-Cockayne 

syndrome complex 

Autosomal semi-dominant 
severe lipodystrophic 

laminopathy 

Laron syndrome

Atypical Werner syndrome

Partial acquired 
lipodystrophy 

Mandibuloacral dysplasia 
with type A lipodystrophy 

• All ~50 diseases with “premature aging” phenotype in HPO => 
associated genes

• For each disease => Top 25 genes - subnetworks with RWR-M
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