
Network biology



Examples of network biology

• Genetic
• Co-expression
• Protein interaction
• Metabolic
• TF binding
• Phosphorylation



TF binding net



Protein interaction net



Phosphorylation net



Metabolic net



Genetic (synthetic lethality)



Bi-partite nets: The diseasome

Proc Natl Acad Sci U S A. 2007 May 22;104(21):8685-90



Other bi-partite nets

• Drug target net (Yildirim et al. Nat Biotechnol. 
2007 Oct;25(10):1119-26.)

• Drug interactions (Campillos et al. Science. 
2008 Jul 11;321(5886):263-6)

• Drug repositioning (Keiser et al. Nature. 2009 
Nov 12; 462(7270):175-81.)

• Disease-symptoms (Zhou et al. Nat Commun. 
2014 Jun 26;5:4212. )



First GWAS in multiple sclerosis (MS)
1000 cases



The problem



Posterior odds of GWAS associations

Sawcer SJ, Brain. 2008
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Hypothesis: Overlapping statistical evidence of 
association with physical evidence of interaction 

should discover modestly associated genes

Human protein interaction network





Reading assignment
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Hierarchical organization of biological complexity



Data -> information -> Knowledge



Imagine…



1,538 approved 
small molecule compounds

136 complex diseases
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47,031 nodes (11 types)
2,250,197 relationships (24 types) 



Hetionet v1.1 characteristics
Metanode Abbr Nodes 

Anatomy A 402 

Biological Process BP 11,381 

Cellular Component CC 1,391 

Compound C 1,552 

Disease D 137 

Gene G 20,945 

Molecular Function MF 2,884 

Pathway PW 1,822 

Pharmacologic Class PC 345 

Side Effect SE 5,734 

Symptom S 438 

 

metaedge Abbr Edges 
Anatomy–downregulates–Gene AdG 102,240 

Anatomy–expresses–Gene AeG 526,407 

Anatomy–upregulates–Gene AuG 97,848 

Compound–binds–Gene CbG 11,571 

Compound–causes–Side Effect CcSE 138,944 

Compound–downregulates–Gene CdG 21,102 

Compound–palliates–Disease CpD 390 

Compound–resembles–Compound CrC 6,486 

Compound–treats–Disease CtD 755 

Compound–upregulates–Gene CuG 18,756 

Disease–associates–Gene DaG 12,623 

Disease–downregulates–Gene DdG 7,623 

Disease–localizes–Anatomy DlA 3,602 

Disease–presents–Symptom DpS 3,357 

Disease–resembles–Disease DrD 543 

Disease–upregulates–Gene DuG 7,731 

Gene–covaries–Gene GcG 61,690 

Gene–interacts–Gene GiG 147,164 

Gene–participates–Biological Process GpBP 559,504 

Gene–participates–Cellular Component GpCC 73,566 

Gene–participates–Molecular Function GpMF 97,222 

Gene–participates–Pathway GpPW 84,372 

Gene→regulates→Gene Gr>G 265,672 

Pharmacologic Class–includes–Compound PCiC 1,029 

 

11 node types 24 edge types



Pipeline summary
• Created Hetionet v1.0 — an integrative network 

with 2,250,197 relationships of 24 types. 

• Extracted features from the network (to 
quantify the prevalence of specific path types between 
each compound and disease). 46.8M paths!

• Fitted regularized regression model (to 
translate from network-based features to a probability of 
treatment for a given compound–disease pair).

• Permuted the network (to reduce false positives)



Feature contribution



Top predictions

Between 30-300 fold increase over null!



Prediction Performance
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SPOKE Applications Coming Soon

Patient Stratification

Multiple Sclerosis Disease Course Drug Signatures

Disease Patterns Disease Prediction



Pharma-
cological

Class

Symptom

CC

BP

MF
PW

Compound

SideEffect

Disease

Gene

Anatomy

Hetionet -> SPOKE - Scalable PrecisiOn Medicine 
Knowledge Engine 

Charlotte Nelson

Krish Bharat

1,941,858 nodes (12 types) 
2,464,273 relationships (26 types)



0

0

0

0

0
0

-1

-1

-1

-1
-1

-2

-2

-2

-3

-4

-5 -6 -7

Network Signature for Patient i at time point j

EHR SPOKE

Genotype

Microbe

subject

Lab Test

Diagnosis

Medication



Medication Orders
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Most Similar Diseases to the Average PTSD Patient at UCSF

Bipolar Disorder Nicotine Dependence Intracranial Aneurysm Nephrolithiasis Anemia

Endogenous Depression Schizophrenia Pancreatitis Alcohol Dependence Panic Disorder

PTSD (n~4000) Least Similar: Atopic Dermatitis 



Pixels That are Significantly Intense & Unique to PTSD



137 diseases





Cytoscape Apps

• jActive modules
• MCODE
• BINGO
• GeneMANIA
• PINBPA
• iCTNet



BINGO: Gene ontology analysis



MCODE
(Clusters a given network based on topology to find densely 

connected regions)



jActive modules 
Finds clusters where member nodes show significant 

changes in expression levels



GeneMANIA
Imports interaction networks from public databases from a list of 

genes with their annotations and putative functions.



PINBPA
Protein-interaction-network-based Pathway Analysis of 

GWAS



iCTNet:
assembles human disease, tissue, gene and drug-target 

interactions



Reading assignment





Fig 1





Questions
• 1- What is the difference between bridging centrality and betweenness 

centrality?
• 2- Can you identify whose position might represent a node of high 

betweenness centrality in a large, hierarchical organization such as UCSF?
• 3- Why nodes with high degree tend not to be important for information 

flow?

• Challenge question 1: What is the difference between the concept of 
“cascade number” and network controllability?

• Challenge question 2: Would the results of this analysis change 
significantly if authors used controllability instead of cascade number to 
identify essential reactions? Why?


