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Taniguchi et al. Nature Reviews Molecular Cell Biology 7, 85–96 (February 2006) | doi:10.1038/nrm1837 
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Gene Regulatory Network 
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Protein-Protein Interaction Network 
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Nature Biotechnology  18, 1257 - 
1261 (2000)  doi:10.1038/82360  
A network of protein−protein 
interactions in yeast 
Benno Schwikowski, Peter Uetz 
& Stanley Fields 
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C. Elegans 

Li et al. Science 2004 

Drosophila M. 

Giot et al. Science 2003 
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Nature Biotechnology  18, 1257 - 1261 (2000)  doi:10.1038/82360  
A network of protein−protein interactions in yeast 

Benno Schwikowski, Peter Uetz & Stanley Fields 
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Article Network 
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Gene Co-Expression 

  

Kalluru et al, ICIBM, 2012.  
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Gene Co-Expression Network Gene Co-Expression 

Q: What could be the mechanisms and implications for co-
expression?  
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Gene Co-Expression Network 

CC: extracellular matrix 
BP: immune system process 
BP: cell cycle process 
BP: translational termination  
CC: cytosolic ribosome 

Y. Xiang, D. Fuhry, K. Kaya, R. Jin, U. Catalyurek, K. Huang Network Modeling Analysis in Health Informatics 
and Bioinformatics, 2012, Volume 1, Number 3, Pages 103-116. 
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Gene Co-Expression Network to Infer Disease Gene 

HMMR siRNA 
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Compare Frequent Co-expression Networks 

Zhang J, Lu K, Xiang Y, Islam M, et al. (2012) PLoS Comput Biol 8(8): e1002656.  
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Predict New Gene Functions 

KIAA0101 
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Predict Survival Outcome 
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Protein-Protein Interaction Network 
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Protein-Protein Interaction Network - STRING 



•  KEGG, BioCarta 
•  MIMI – integrated many different PPI and 

molecular interaction databases 
•  STRING – multiple evidence based integration 
•  Ingenuity Pathway Analysis (commercial) 
•  MetaCore (commercial) 
•  Many others – http://www.pathguide.org 

Databases and Resources 
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Ingenuity Pathway Analysis (IPA) 



28 

Pathway – What’s out there? 

325 
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•  Relationships 
•  Community information 
•  Logical or dynamic information 
•  (Sometimes) 1 + 1 > 2 in networks 
•  Need new theories from physics, 

mathematics, statistics, … 

What can we learn from networks?  
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Power Law  
Small World  

Rich Get Richer 
(preferential 
attachment)  
Self-similarity 

 
 

HUBS! 
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Metabolic network 

Organisms from all three domains of life are                                     
scale-free networks! 

H. Jeong, B. Tombor, R. Albert, Z.N. Oltvai, and A.L. Barabasi, Nature, 407 651 (2000) 

Archaea Bacteria Eukaryotes 
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C. Elegans 

Li et al. Science 2004 

Drosophila M. 

Giot et al. Science 2003 
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Implications: Hubs and Robustness 
Complex systems maintain their basic functions                           
even under errors and failures                                                

(cell → mutations; Internet → router breakdowns) 

R. Albert, H. Jeong, A.L. Barabasi, Nature 406 378 (2000) 
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A B 

Oscillation 

Maeda et al., Science, 304(5672):875-878, 2004 
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Coherent Feed Forward Loop (FFL) 
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Nature Genetics  31, 64 - 68 (2002)  
Network motifs in the transcriptional regulation network of Escherichia coli 
Shai S. Shen-Orr, Ron Milo, Shmoolik Mangan & Uri Alon  

Noise (low-pass) filter 
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Graph Pattern Mining - Clique Enumeration and 
Merging 

§  NetMerge guarantees 
subnetwork densities. 

§  NetMerge runs very fast. 

CC: extracellular matrix 
BP: immune system process 
BP: cell cycle process 
BP: translational termination CC: cytosolic ribosome 

Y. Xiang, D. Fuhry, K. Kaya, R. Jin, U. Catalyurek, K. Huang, "Merging Network Patterns: A General Framework to 
Summarize Biomedical Network Data", Network Modeling Analysis in Health Informatics and Bioinformatics, 2012, 
Volume 1, Number 3, Pages 103-116. 
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Bipartite Graphs 

§  Disease Gene Prioritization (Using Graph Pattern 
Mining Approaches) 

 

Y. Xiang, P.R.O. Payne, K. Huang, "Transactional Database Transformation and Its Application in Prioritizing Human 
Disease Genes", IEEE-ACM Transactions on Computational Biology and Bioinformatics (TCBB). 2012, Vol 9, Issue 1, 
pp 294-304. 
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Bipartite Graphs 

§  Can you think of any biomedical applications 
that can be formulated using bi-partite (or 
multi-partite) graphs? 
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Graph Indexing for Unified Medical Language 
System (UMLS): Conceptual Knowledge Construct 
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Graph Indexing: UMLS 
§  kDLS vs BFS or DFS 

Y. Xiang, K. Lu, S. L. James, T. B. Borlawsky, K. Huang, P.R.O. Payne, Journal of Biomedical 
Informatics. 2012, Vol 45, Issue 2, pp 323-336.  
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Network-based Ranking 

Chronic Lymphocytic Leukemia (CLL) Breast Carcinoma 
Y. Xiang, K. Lu, S. L. James, T. B. Borlawsky, K. Huang, P.R.O. Payne, Journal of Biomedical 
Informatics. 2012, Vol 45, Issue 2, pp 323-336.  



•  Network modeling is an effective way of 
studying biomedical systems. 

•  Many existing resources for biomedical 
networks.  

•  Network may exhibit complicated behavior and 
requires new theory and algorithms. 

Summary 
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Questions? 
Thoughts? 

Comments? 


