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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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B Disease gene network
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Outline

 How to build networks
« Experimental methods (e.g., Y2H)

« Computing methods
« Example 1 — Gene co-expression

 Informatics methods
« Example 2 - STRING
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Gene Co-Expression

Non-basal like Basal like
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Gene Co-Expression

PCC=1.0 PCC =-1.0

mRNA
mRNA

Samples Samples

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

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. ~ |
@lﬂ Wexner Medical Center




Gene Co-Expression Network to Infer Disease Gene

PCC=1.0
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Compare Frequent Co-expression Networks

Cancer tissue merged networks Normal tissue merged networks
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Predict New Gene Functions

siRNA: KIAA0101 siRNA: KIF23 siRNA: KIF14
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Predict Survival Outcome
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Protein-Protein Interaction Network
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Protein-Protein Interaction Network - STRING
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Databases and Resources

« KEGG, BioCarta

 MIMI - integrated many different PPl and
molecular interaction databases

 STRING - multiple evidence based integration
* Ingenuity Pathway Analysis (commercial)
 MetaCore (commercial)

 Many others — http://www.pathguide.org
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Outline

« Databases and resources
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KEGG PATHWAY Database

Wiring diagrams of molecular interactions, reactions, and relations
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Pathway — What’s out there?

Address (@) http: /fwww pathguide .org/

v iGoea BN~ v Bookmarks~ Sb4905 blocked

Naviaation

Protein-Protein
Interactions

Metabolic Pathways
Signaling Pathways
Pathway Diagrams

Transcription
Factors / Gene
Regulatory Hetworks

Protein-Compound
Interactions

Genetic Interaction
Hetworks

Protein Sequence
Focused

Other

€ the pathway resource list

7 Checdl

]
-

Complete Listing of All Pathguide Resources

Organisms

Search » |

All v

25 Find i
Pathguide contains information about hiological pathway resources. Many
Click on a link to go to the resource home page or 'Details' for a description are an
page. Databases that are free and those supporting BioPAX, CellML, PSI-MI
or SBML standards are respectively indicated. Gettl
Detaile
. . statist
If you know of a pathway resource that is not listed here, or have other
questions or comments, please send us an e-mail.
Protein-Protein Interactions
Database Name (Order: alphabetically | by web popularity @) Full Rs
3DID - 3D interacting domains Det:
ABCdb - Archaea and Bacteria ABC transporter database Det:
AfCS - Alliance for Cellular Signaling Molecule Pages Database Det:
AllIFuse - Functional Associations of Proteins in Complete Genomes Det:
ASEdb - Alanine Scanning Energetics Database Det:



Outline

* Analyzing and mining the networks
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What can we learn from networks?

* Relationships

 Community information

* Logical or dynamic information
 (Sometimes) 1+ 1> 2in networks

* Need new theories from physics,
mathematics, statistics, ...
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Metabolic network
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H. Jeong, B. Tombor, R. Albert, Z.N. Oltvai, and A.L. Barabasi, Nature, 407 651 (2000)

Organisms from all three domains of life are
scale-free networks!
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Implications: Hubs and Robustness

Complex systems maintain their basic functions
even under errors and failures

(cell — mutations; Internet — router breakdowns)
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Oscillation
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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
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Graph Pattern Mining - Clique Enumeration and
Merging

= NetMerge guarantees

subnetwork densities. A
* NetMerge runs very fast. )
¢

CC: extracellular matrix

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)
I
2 46 7 8
111 1 1 1 1
31111 1 1
T6111'?1
81 11 1 1
(a)

F(i,j) = Tl — 1)« (|I| -1
(id) =, max (7]~ 1)* (1] = 1)

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.

@2\
@[ﬂ Wexner Medical Center




Bipartite Graphs

Can you think of any biomedical applications
that can be formulated using bi-partite (or
multi-partite) graphs?

@2\
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Graph Indexing for Unified Medical Language
System (UMLS): Conceptual Knowledge Construct

CRC Data Maopin Ontology Constructive | Conceptual Knowledge
Repository pping Construct Induction Constructs (CKCs)

Phenotypic 1\ | _ _ _ _ _ - e - Phenotypic Phenotypic
Data Element Concept Data Element
Relationship A Relationship A

e e
Intermediate ‘ Intermediate
Concept Concept

Relationship B Relationship B
~, N
Bio-molecular \ | _ _ _ _ _ - - - Bio-molecular Bio-molecular
Data Element Concept Data Element
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Graph Indexing: UMLS
kDLS vs BFS or DFS
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Y. Xiang, K. Lu, S. L. James, T. B. Borlawsky, K. Huang, P.R.O. Payne, JOUI’W of Biomedical
Informatics. 2012, Vol 45, Issue 2, pp 323-336. @M Wexner Medical Center




Network-based Ranking

rank | CUI Gene Concept | R value | percentile | PubMed ID rank | CUI Gene Concept | R value | percentile | PubMed ID

1 x C1537734 | MIR29B2 2.15541 | 0.003409% 2 % C1537910 | MIRLETT7A1 | 1.04687 | 0.006818%

2 % C1835840 | MIR29B1 2.13243 | 0.006818% 2 % C1537912 | MIRLETT7A3 | 1.04687 | 0.006818%

4,/ | C1537910 | MIRLETT7A1 | 1.83769 | 0.013637% | 19246618 3 x C0079419 [ TP53 1.04684 | 0.010227%

4,/ | C1537912 | MIRLETTA3 | 1.83769 | 0.013637% | 17989717 4 % C0919524 | ATM 1.03027 | 0.013637%

5% C0812286 | NFKB2 1.7738 | 0.017046% 54/ | C0376571 | BRCAI 1.00283 | 0.017046% | 8807330

6 * C1537797 | MIR143 1.72205 | 0.020455% 6 * C1333544 | FGFR4 0.966285 | 0.020455%

7% C1537764 | MIR106B 1.69907 | 0.023864% 74 | C0242057 | ERBB2 0.961433 | 0.023864% | 9797688

8y | C1537713 | MIR17 1.69729 | 0.027273% | 15284443 8y | C0694884 | MEN1 0.939749 | 0.027273% | 1516877

9,/ | C1334913 | NUP98 1.68912 | 0.030682% | 10929031 9y | C0162832 | APC 0.93778 | 0.030682% | 11448017

10 / | C0694880 | RB1 1.68422 | 0.034001% | 8378351 10 / | C0D694872 | CDHI1 0.934644 | 0.034091% | 11597316

11 /| C1537811 | MIR155 1.68362 | 0.0375% 21206997 11 % | C1537713 | MIR17 0.933832 | 0.037500%

12 x | C1537709 | MIR15A 1.63211 | 0.04091% 12 /| C1332802 | CTLAA4 0.914895 | 0.040910% | 16527605

13 » | C1537799 | MIR145 1.6283 0.044319% 13 % | C1336686 | TSSC4 0.91024 | 0.044319%

14 x| C1537712 | MIR16-2 1.61734 | 0.047728% 14 / | C1537734 | MIR29B2 0.899002 | 0.047728% | 19639033

15 x | C1333221 | DLEU1 1.61367 | 0.051137% 15 % | C1537859 | MIR221 0.898388 | 0.051137%

16 / | C0919524 | ATM 1.60915 | 0.054546% | 9892178 16 / | C0812241 | BRAF 0.806812 | 0.054546% | 12068308

18 » | C1537813 | MIR181B1 1.60896 | 0.061364% 17 % | C1825998 | MIR20A 0.896133 | 0.057955%

18 » | C1537814 | MIR181B2 1.60806 | 0.061364% 18 % | C1337001 | WNT3 0.893316 | 0.061364%

19 » | C1333223 | DLEU2 1.60747 | 0.064773% 19 % | C1537773 | MIR126 0.884353 | 0.064773%

20 » | C0812238 | BCL3 1.59458 | 0.068183% 20 /| C0D812265 | ERBB3 0.88357 | 0.068183% | 1333787

21 » | C1366526 | BTG2 1.58792 | 0.071592% 21 /| C1332416 | BIRC5H 0.882032 | 0.071592% | 16873289

22 /| C1367449 | BCL10 1.58539 | 0.075001% | 10583229 22 x| C0D694883 | STK11 0.882428 | 0.075001%

23 /| C1334894 | NPM1 1.58168 | 0.07841% | 18487510 23 /| C0812267 | ERBB4 0.874504 | 0.078410% | 15735025

24 » | C1413172 | CCND1 1.56103 | 0.081819% 24 x| C1836306 | MIR124-1 0.871343 | 0.081819%

25 / | C1825998 [ MIR20A 1.53931 | 0.085228Y% | 18348159 25 /| C1333206 | DDR1 0.871328 | 0.085228% | 10923103

26 C1537914 | MIRLET7C 1.51688 | 0.088637% 26 C1537715 | MIR19A 0.869182 | 0.088637% | 21059650

27 / | C1412097 | ABL1 1.51654 | 0.092047% | 16885384 27 C1537699 | MIR1-1 0.868504 | 0.092047%

28 » | C1537710 | MIR15B 1.51344 | 0.095456% 28 x| C1335274 | PTK6 0.867511 | 0.095456%

29 /| C1537711 | MIR16-1 1.49373 | 0.098865% | 18448218 20 /| C1835840 | MIR29B1 0.86677 | 0.098865% | 21359530

30 » | C1366587 | MCL1 1.49361 | 0.102274% 30 / | C0694889 | RB1 0.860263 | 0.102274% | 11108660
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. ‘W Medical Conter




Summary

 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.
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