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The basic building blocks of life
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CGCTGAAATCCAAGACAGGCAACAGAAACCGCCTTTCGAAAGTGAGTCCTTCGTCTGTGACTAACTGTGCCAAATCGTCTTGCAAACTCCTAATCCAGTTTAACTCACCAAATTATAGCCATACAGA
CCCTAATTTCATATCATATCACGCGATTAGCCTCTGCTTAATTTCTGTGCTCAAGGGTTTTGGTCCGCCCGAGTGATGCTGCCAATTAGGACCATCAAATGCACTTGTTACAGGACTTCTTTTAAAT
ACTTTCTTCCTGGGGAGTAGCGGATGTTAATGGATGTTGCCAGCTGGTATGGAAGCTAACAGCACCGGTGGGAGCCTAATGTGCCGTCTCCACCAACACAACGCTATCCGGTCGTAGCACCACCGCG
GGCGGCTGACGAGGGACTCACACCGAGAAACTAGACAGTTGCGCGCTGGAAGTAGCGCCGGCTAAGAAAGACGCCTGGTACAGCAGGACTATGAAACCCGTACAAAGGCAACATCCTCACTTCGGTG
AATCGAAACGCGGCATCAAGGTTACTTTTTGGATACCTGAAACAAAACCCATCGTAGTCCTTAGACTTGGGACACTTTCACCCCTAGGGCCCATATCTGGAAATAGACGCCAAGTTCAATCCGTACT
CCGACGTACGATGGAACAGTGTGGATGTGACGAGCTTCATTTATACCCTTCGCGCGCCGGACCGGGGTCCGCAAGGCGCGGCGGTGCACAAGCAATTGACAACTAACCACCGTGTATTCGTTATGGC
ACCAGGGAGTTTAAGCCGAGTCAATGGAGCTCGCAATACAGAGTTTACCGCATCTTGCCCTAACTGACAAACTGTGATCGACCACAAGCCAAGCCATTGCCTCTTAGACACGCCGTTACAGTGATTA
TGAAAACTTTGCGGGGCATGGCTACGACTTGTTCAGCCACGTCCGAGGGCAGAAACCTATCCCCATTTGTATGTTCAGCTATCTTCTACCCATCCCCGGAGGTTAAGTAGGTTGTGAGATGCGGAAG
AGGCTCTCGATCATCCCGTGGGACATCAACCTTTCCCTTGATAAAGCACCCCGCTCGGGTATGGCAGAGAGAACGCCTTCTGAATTGTGCTATCCTTCGACCTTATCAAAGCTTGCTAATAAGATTC
CGCAATGGGGTTACCAAAAGGCAGCCTTAACGATATCGGGGACTTGCGATGTACGTGCTTTGGTTCAATACATACGTGGCCCAGTAGTTATCCAATATCGGAACATCAATTGTACATCGGGCCGGCA
TAATCATGTCATCACGGAAGTAGCCGTAAGACAAATAATTCAATAAAGATGTCGTTTTGCTAGTTTACGTCAAGGTGTCACGCGCCATCTCTGAGCAGGTGGGCCGACGAGACATTATCCCTGATTT
TTTCACTACTAATAGTACTCACGGCGCAATACCAGCACAGCCTAGTCTCGCCAGAATGCTGGTCAGCATACGAAAGAGCTTAAGGCAGCACTGTCAGGGTCACTTGGGTGTTTAGCACTACCGACAG
GTACGCTAGTATGCGTTCTTCCTACCAGAGGTCTGTGGCCGCGTGGTCAAAAGTGCGGCTTTCGTATTTGCTGCTCGTGTTTACTCTCACAAACTTGACCTGCACGCCAAAGAGATGCTTCTTGTGG
AACTCGACAACGCAACAACGCGACGGATCTACGTCACAGCGTGCATAGTGAAAACGGAGTTGCTGACGACGAAAGCGACATTGGGATCTGTCAGTTGTCATTCGCGAAAAAATGCCGCAGTACCAGA
CCTGGGAGGAGTTCAGCCGCGCTGCCGAGAAGCTTTACCTCGCTGACCCTATGAAGGCACGTGTGGTTCTCAAATATAGGCATTCTGATGGGAACTTGTGTGTTAAAGTAACAGATGATTTAGTTTG
TTTGGTGTATAAAACAGACCAAGCTCAAGATGTAAAGAAGATTGAGAAATTCCACAGTCAACTAATGCGACTTATGGTAGCCAAGGAAGCCCGCAATGTTACCATGGAAACTGAGTGACATCCGTCC
CCGAGGCGGACACTGATTGACGCGGTTTTGTAGAAGGTTAGGGGAATAGGTTAGATTGAGTGGCTTAAGAATGTAAAATCTGGGATTATAGTGTAGTAATCTCTGATTAACGGTGACGGTTTTAAGA
CAGGTGTTCGCAAAATCAAGCGGGGTCATTTCAACAGATATTGCTGATGGTTTAGGCGTACAATGCCCTGAAGAATAATTAAGAAAAAAGCACCCCTCGTCGCCTAGAATTACCTACCGCGGTCCAC
CATACCTTCGATTATCGCGCCCACTCTCCCATTAGTCGGCAGAGGTGGTTGTGTTGCGATAGCCCAGTATGATATTCTAAGGCGTTACGCTGATGAATATTCTACAGAGTTGCCATAGGCGTTGAAC
GCTACACGGACGATACGAATTTACGTATAGAGCGGGTCATCGAAAGGTTATACTCTCGTAGTTAACATCTAGCCCGGCCCTATCAGTACAGCAGTGCCTTGAATGACATACTCATCATTAAATTTTC
TCTACAGCCAAACGACCAAGTGCATTTCCAGGGAGCGCGATGGAGATTCATTCTCTCGCCAGCACTGTAATAGGCACTAAAAGAGTGATGATAATCATGAGTGCCGCGCTAAGGTGGTGTCGGAACA
AAGCGGTCTTACGGTCAGTCGTATTCCTTCTCGAGTTCCGTCCAGTTGAGCGTGTCACTCCCAGTGTACCTGCAAGCCGAGATGGCTGTGCTTGGAGTCAATCGCATGTAGGATGGTCTCCAGACAC
CGGGGCACCAGTTTTCACGCCTAAAGCATAAACGACGAGCAGTCATGAAAGTCTTAGTACTGGACGTGCCGTTTCACTGCGAATAATACCTGGAGCTGTACCGTTATTGCGCTGCATAGATGCAGTG
CTGCTCTTATCACATTTGTTTCGACGACAGCCGCCTTCGCAGTTTCCTCAGACACTTAAGAATAAGCGCTTATTGTAGGCAGAGGCACGCCCTATTAGTGGCTGCGGCAAAATATCTTCGGATCCCC
TTGTCCAACCAAATTGATCGAATTCTTTCATTTAAGACCCTAATATGTCATCATTAGTGATTAAATGCCACTCCGAAAATACCGCCTAGAAATGTCTAAGATCGGTCCACTAAAGTTGTTTAAAACG
ACTGCTAAATCCGCGTGATAGGGGATTTGAAGTTTAATCTTCTATCGCAAGGAACTGCCGATCTTAATGGATGGCCGGAGGTGGTATGGAAGCTATAAGCGCGGGTGAGAGGGTAATTAGGCGTGTT
CACCTACGCTACGCTAACGGGCGATTCTATAAGATTGCACATTGCGTCAACTCATAAGATGTCTCAACGGCATGCGCAACTTGTGAAGTGTCTACTATCCTTAAACGCATATCTCGCACAGTAACTC
CCGAATATGTCGGCATCTGATGTTGCCCGGGCCGAGTTAGTGTTGAGCTCACGGAACTTATTGTATGAGTAGTGATTTGTAAGAGTTGTCAGTTAGCTCGTTCAGGTAATAGTTGCCCACACAACGT
CAAAATAAGAGAACGGTCGTAACATTATCCGTGATTTTCTCACTACTATCAGTACTCACGACTCGACTCTGCCGCAGCCACGTATCGCCTGAAAGCCAATGCAGCCCCGGACACAGCCCCTAGCCCA
AACCCTACCCTTCTTCCTCGGAGGGGCCCCTCGAGACACTGGGCTGCGGGTGCCTGTCATTAAGATGGGCACAGGGTGGGAGGGCTTCCAGCGGACCCTGAAGGAAGTCGCCTACATCCTCCTCTGC
TGCTGGTGTATCAAGGAACTGCTGGATTAAGTCAGCGTTAAGGAGTGCTCTGAGCAGGACAACTCGCGTAGTGAGAGTTACATGTTCGTTGGGCTCTTCCGACACGGACCTGAGTTGGCCAACGTCC
CACCTGAGGTCTGTGCCCCGGTGATGAGAAGTGTGCATCTCGTTCTTGCAGCTCGTCAGTACTTTCAGAATCATGGCGTGCATGGTAGAATGACCCTTATAACGGACTTCGACATGGCAATAACCCC
CCGTTTCTACTTCTAGAGGAGAAAAGTATTGACATGAGCGCTCCCGGCACAAGGGCCAAAGAAGTCTCCAATTTCTTATTTCCGAATGACATGCGTCTCCTTGCGGGTAAATCACCGACCGCAATTC
ATAGAAGCCTGGGGGAACAGATAGGTCTAATTAGCTTAAGAGAGTAAATCCTGGGATCATTCAGTAGTAACCATAAACTTACGCTGGGGCTTCTTCGGCGGATTTTTACAGTTACCAACCAGGAGAT
TTGAAGTAAATCAGTTGAGGATTTAGCCGCGCTATCCGGTAATCTCCAAATTAAAACATACCGTTCCATGAAGGCTAGAATTACTTACCGGCCTTTTCCATGCCTGCGCTATACCCCCCCGCTTATC
CGTCCGAGCGGAGGCAGTGCGATCCTCCGTTAAGATATTCTTACGTGTGACGTAGCTATGTATTTTGCAGAGCTGGCGAACGCGTTGAACACTTCACAGATGGTAGGGATTCGGGTAAAGGGCGTAT
AATTGGGGACTAACATAGGCAGGTTTAACATTGAATAGCAAGGCACTTCCGGTCTCAATGAACGGCCGGGAAAGGTACGCGCGCGGTATGGGAGGATCAAGGGGCCAATAGAGAGGCTCCTCTCTCA
CTCGCTAGGAGGCAAATGTAAAACAATGGTTACTGCATCGATACATAAAACATGTCCATCGGTTGCCCAAAGTGTTAAGTGTCTATCACCCCTAGGGCCGTTTCCCGCATATAAACGCCAGGTTGTA
TCCGCATTTGATGCTACCGTGGATGAGTCTGCGTCGAGCGCGCCGCATTTATTGCATGAGTAGGGTTGACTAAGAGCCGTTAGATGCGTCGCTGTACTAATAGTTGTCGACAGACCGTCGAGATTAG
AAAATGGTACCAGCATTTTCGGAGGTTCTCTAACTAGTATGGATTGCGGTGTCTTCACTGTGCTGCGGCTACCCATCGCCTGAAATCCAGCTGGTGTCAAGCCATCCCCTCTCCGGGACGCCGCATG
TAGTGAAACATATACGTTGCACGGGTTCACCGCGGTCCGTTCTGAGTCGACCAAGGACACAATCGAGCTCCGATCCGTACCCTCGACAAACTTGTACCCGACCCCCGGAGCTTGCCAGCTCCTCGGG
TATCATGGAGCCTGTGGTTCATCGCGTCCGATATCAAACTTCGTCATGATAAAGTCCCCCCCTCGGGAGTACCAGAGAAGATGACTACTGAGTTGTGCGATCCCTGCACTTCAGCTAAGGAAGCTAC
CAATATTTAGTTTCCGAGTCTCACGTCTGACCTCGCGGGTAGATTGCCATGCGTAGAGCTTACGAGCCAGCGGAAAGTGTGAGGCGCTTTTAAGTATGGCGAGTAAGTGATCCAACGCTTCGGATGT
GACTATATACTTAGGTTCGATCTCGTCCCGAGAATTTTAAGCCTCAGCATCTACGAGTTATGAGGTTAGCCAAAAAAGCACGTGGTGGCGCCCACCGACTGTTCCCAAACTGTAGCTCTTCGTTCCG
TCAAGGCCCGACTTTCATCGCGGCCCATTCCATGCGCGGACCATACCGTCCTAATTCTTCGGTTATGTTTCCGATGTAGGAGTGAGCCTACCTGCCTTTGCGTCTTGATACCAATGAAAAACCTATG
CACTTTGTACAGGGTGCCATCGGGTTTCTGAACTCTCAGATAGTGGGGATCCCGGGTAAAGACCTATATCTGCGGTCCAACTTAGGCATAAACCTCCATGCTACCTAGTCAGACCCACCCCGCACGG
GGTAAATATGGCACGCGTCCGACCTGGTTCCTGGCGATGTCTGGCTCCTCCAGCGTCGCCGCTATGAAGAAAGTGGTTCAACAGCTCCGGCTGGAGGCCGGACTCAACCGCGTAAAAGTTTCCCAGG
CAGCTGCAGACTTGAAACAGTTCTGTCTGCAGAATGCTCAACATGACCCTCTGCTGACTGGAGTATCTTCAAGTACAAATCCCTTCAGACCCCAGAAAGTCTGTTCCTTTTTGTAGTTCTACGCTGC
CACGTGTTCATTAACTGTTGTTTGGTAGCACAAAAGTATTACCATGGTCCTAGAAGTTCGGCACAGTTAGTTCGAGCCTAATGTCACAAATGACGCAGAACGCCAATGAGTGCCAGACATTAGGTGG
AGTTCAGTTCGGTAACGGAGAGACTCTGCGGCGTACTTAATTATGCATTTGAAACGCGCCCAAGTGACGCTAGGCAAGTCAGAGCAGGTTCCCGTGTTAGCTTGAGGGTAAACATACAAGCCGATTG
AAGATGGGTAGGGGGCTTCAAATCGTCCAGCACTCCACAGTACCTCCGAGAGCAAGTAGGGCACCCTGTAGTTCGAAGCGGAACTATTTCGAGGGGCGAGCCCACATCGTCTCTTCTGCGGATGACT
TAACACGCTAGGGAGGTGGAGTCGATTCCATCGATGGTTATAAATCAAAAAATCGGAACGCTGTCTGGAGGATGAATCTAACGGTGCGTATCTCGATCGCTCAGTCGCTTTTCGTACTGCGCGAAAG
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3 billion 
base pairs

20,000 
genes

23 
chromosomes



The basic building blocks of life
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Putting the pieces together
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ATP5A1 ATPAF2ATP5B ATPAF1

ATP5C1 ATP5D ATP5E

ATP5O MT-ATP6ATP5F1

ATP5G1 ATP5G2 ATP5G3

The components of the ATP synthase The assembled complex The complex in action

[D. Berry & F. Tétaz; youtube.com/watch?v=OT5AXGS1aL8]



The interactome provides a map for biological functions
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The components of the ATP synthase The assembled complex The complex within the interactome

ATP5A1 ATPAF2ATP5B ATPAF1

ATP5C1 ATP5D ATP5E

ATP5O MT-ATP6ATP5F1

ATP5G1 ATP5G2 ATP5G3



Networks as maps

Neighborhoods reflect relatedness

Location matters

Global structure reflects historical 
development and environmental constraints

Distance reflects independence
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Where do we go from here?

Fundamental organizational 
principles in biology

Concrete impact on medical 
diagnosis and treatment

Open up new fields for 
network science

Pioneer new tools for 
data exploration

12



What you will see today
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Networks of autoimmunity and 
autoinflammation

The DataDiVR



Part I: Networks of autoimmunity and autoinflammation
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Networks of autoimmunity and 
autoinflammation



Inborn errors of immunity (IEI)
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> Collective prevalence ~1/1000–1/5000 

> Severe phenotypes, often from birth

> 43% have autoimmunity or autoinflammation

> Strong genotype – phenotype link

> Insights into immune homeostasis, basis of mechanistic therapies

AIM: Autoimmunity 

AIF: Autoinflammation

[Zhang et al., 2017, Thalhammer et al., 2021, Picard et al., 2017, Bousfiha et al., 2018, Haffner et al., 2006; 
Lucas and Lenardo et al., 2015, Picard et al., 2014, Leiding et al.,]

> Missing heritability

> Delayed/missing diagnosis

> Non-specific therapies

> Poorly characterized

Challenges for IEI

Standardized information

Systematic overview

430 RARE DISEASES

80% GENETIC ORIGIN



Network medicine for IEI
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Provide a systems view of IEI

[Barabasi et al., 2007, Barabasi, Loscalzo et al., 2011, Menche et al., 2015]

Identification

Prevention

Treatment

Network medicine

Connectivity of 
phenotypes

Polygenic/monogenic

Pediatric 
onset

Adult
onset

Subclusters

> Characterization > Disease classification > Disease relationships> Therapies



Monogenic AIM/AIF form a connected cluster
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> Connectivity of AIM/AIF

Interactome

186 AIM/AIF 
monogenic gene 

defects

Protein BProtein A

Physical 
interaction



Finding the AutoCore
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132

54



Subclusters within the AutoCore
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RTK (TCR and BCR) signaling

NFkB and chromatin

Proteasome complex

Transcription factors/
DNA binding

RNA remodelling

Regulation of cell death

Actin regulation

Interleukin/cytokine signaling

Complement

Steroid resistant
inflammation

Calcium

Vesicular 
traffic

19 disease 
clusters



Subclusters within the AutoCore

20

19 disease 
clusters

Clinical 
Clusters

(9) 

Molecular 
Clusters

(19) 



Autocore endotypes differentiate therapy response
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IBD patients
(n = 61)

Infliximab

Non
- responders

Responders

Differential expression

> Can the molecular endotypes inform us on response to therapy?



Using the AutoCore to investigate disease relationships

22

> AutoCore nodes are connectors of polygenic AIM AIF > Monogenic – polygenic disease network

Node size
> Betweenness 
centrality

Edge width
> Mean shortest distance

> All AutoCore nodes

Graves’ disease
Multiple Sclerosis (MS)

Inflammatory Bowel Disease (IBD)
Scleroderma

Sjörgen’s Syndrome
Systemic Lupus Erythematosus (SLE)

Type 1 Diabetes (T1D)
Rheumatoid Arthritis (RA)



Part II: The DataDiVR

The DataDiVR



Biological networks in 3D
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What you’ve seen What I you’ve 
seen 2.0

What biological 
networks look like

What working with 
biological networks 

looks like



Our vision for the future of (not only) medicine

[Pirch et al.,Nature Communications (2021)]
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Why Virtual Reality?
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Size Presence Future



DataDiVR — a Virtual Reality network exploration platform

+ Modular and open design

+ Runs on standard hardware 
or in the cloud

+ Real-time data analysis

+ Proof-of-concept rare disease 
variant prioritization

+ Exploration across scales

+ Exploration across contexts

[Pirch et al.,Nature Communications (2021)]
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Inflammation in 3D
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