Handbook of Research
on Computational
Methodologies in Gene
Regulatory Networks

Sanjoy Das
Kansas State University, USA

Doina Caragea
Kansas State University, USA

Stephen M. Welch
Michigan State University, USA

William H. Hsu
Kansas State University, USA

Medical Information Science | MEDICAL INFORMATION SCIENCE REFERENCE
Hershey - New York



Table of Contents

PrefAcCE ......oooeniieiiiiiee ettt st e e a e e sr e s s et s ba e et e et s et e e abeseans s vane s
AcKnOWIEdZMENT...........ooiiiii ettt s st
Section 1
Introduction
Chapter 1
What are Gene Regulatory Networks? ..........cccoocvvevinnecinniennenicenene eeereesreeveeesaeanteseta e sneees

Alberto de la Fuente, CRS4 Bioinformatica, Italy

Chapter 2

INtroduction £0 GRINS.....oi oottt ettt et et e e et tetees s e tereeeseseresesraersaessereraeserenerees

Ugo Ala, Universita di Torino, Italy
Christian Damasco, Universita di Torino, Italy

Section 2
Network Inference

Chapter 3

Bayesian Networks for Modeling and Inferring Gene Regulatory Networks ...

Sebastian Bauer, Charité Universitdtsmedizin Berlin, Germany
Peter Robinson, Charité Universitdtsmedizin Berlin, Germany

Chapter 4

Inferring Gene Regulatory Networks from Genetical Genomics Data..........coccovveevriiinvnennne

Bing Liu, Monsanto Co., USA
Ina Hoeschele, Virginia Polytechnic Institute and State University, USA
Alberto de la Fuente, CRS4 Bioinformatica, Italy

Fan

........... 1



Chapter 5
Inferring Genetic Regulatory Interactions with Bayesian Logic-Based Model..............c.ccccceverunnnne. 108
Svetlana Bulashevska, German Cancer Research Centre (DKFZ), Germany

Chapter 6

A Bayes Regularized Ordinary Differential Equation Model for the Inference

of Gene Regulatory NEtWOTKS ......cccoiiiiiiiiii ettt eee s 139
Nicole Radde, University of Leipzig, Germany
Lars Kaderali, University of Heidelberg, Germany

Section 3
Modeling Methods
Chapter 7
Computational Approaches for Modeling Intrinsic Noise and Delays
in Genetic Regulatory NetWOrks.........c.ocviiiiiiiiiiiiiii e 169

Manuel Barrio, University of Valladolid, Spain

Kevin Burrage, The University of Oxford, UK

Pamela Burrage, The University of Queensland, Australia
André Leier, ETH Zurich, Switzerland

Tatiana Mdrquez Lago, ETH Zurich, Switzerland

Chapter 8

Modeling Gene Regulatory Networks with Delayed Stochastic Dynamics..........cccccoiciviiiniiennen., 198
Andre S. Ribeiro, Tampere University of Technology, Finland
John J. Grefenstette, George Mason University, USA
Stuart A. Kauffman, University of Calgary, Canada

Chapter 9

Nonlinear Stochastic Differential Equations Method for Reverse Engineering

of Gene Regulatory NEtWOTK ......c.cocoiirii et e 219
AdrianayClimescu-Haulica, Université Joseph Fourier, France '
Michelle Quirk, Los Alamos National Laboratory, USA

Chapter 10

Modelling Gene Regulatory Networks Using Computational Intelligence Techniques..................... 244
Ramesh Ram, Monash University, Australia
Madhu Chetty, Monash University, Australia



Section 4
Structure and Parameter Learning

Chapter 11

A Synthesis Method of Gene Regulatory Networks based on Gene Expression

DY NEtWOTK LEATNING ........vvoveoeeerveeeeretsvcs st esesessessstsesessasaasssssessssbessesssssesbensssssssssasasessnssssssanssessans 266
Yoshihiro Mori, Kyoto Institute of Technology, Japan
Yasuaki Kuroe, Kyoto Institute of Technology, Japan

Chapter 12
Structural Learning of Genetic Regulatory Networks Based on Prior Biological Knowledge
and Microarray Gene Expression Measurements ... 289
Yang Dai, University of lllinois at Chicago, USA
Eyad Almasri, University of lllinois at Chicago, USA
Peter Larsen, University of lllinois at Chicago, USA
Guanrao Chen, University of Illinois at Chicago, USA

Chapter 13

Problems for Structure Learning: Aggregation and Computational Complexity .........coccevviiinnnne. 310
Frank Wimberly, Carnegie Mellon University (retired), USA :
David Danks, Carnegie Mellon University and Institute for Human & Machine Cognition, USA
Clark Glymour, Carnegie Mellon University and Institute for Human & Machine Cognition, USA
Tianjiao Chu, University of Pittsburgh, USA

Section 5
Analysis & Complexity
Chapter 14
Complexity of the BN and the PBN Models of GRNs and Mappings
for ComplexXity REAUCTION.......c.ccoivireiciiiiriereret ettt aea s 334

/ Ivan V. Ivanov, Texas A&M University, USA

Chapter 15

Abstraction Methods for Analysis of Gene Regulatory Networks ......c....ccccvevcnmivcninncnnee eereeeeeenens 352

Hiroyuki Kuwahara, Carnegie Mellon University, USA; Microsoft Research - University of Trento
CoSBi, Italy

Chris J. Myers, University of Utah, USA -



Chapter 16
Improved Model Checking Techniques for State Space Analysis
of Gene Regulatory NEIWOTKS ..........ccceiiiiriiereneireere ettt s 386
Hélio C. Pais, Cadence Research Laboratories, USA and INESC-ID/IST, Portugal
Kenneth L. McMillan, Cadence Research Laboratories, USA
Ellen M. Sentovich, Cadence Research Laboratories, USA
Ana T. Freitas, INESC-ID/IST, Portugal
Arlindo L. Oliveira, Cadence Research Laboratories, USA and INESC-ID/IST, Portugal

Chapter 17
Determining the Properties of Gene Regulatory Networks from Expression Data...............ccoeuen..ee. 405
Larry S. Liebovitch, Florida Atlantic University, USA
Lina A. Shehadeh, University of Miami, USA
Viktor K. Jirsa, Florida Atlantic University, USA
Marc-Thorsten Hiitt, Jacobs University, Germany
Carsten Marr, Helmholtz Zentrum Miinchen, Germany

Chapter 18

Generalized Boolean Networks: How Spatial and Temporal Choices

Influence Their DYNAMICS .....c.covirieiiireneieiteteietese st ettt st sinesesessae st e s e e e e saseneesananas 429
Christian Darabos, University of Lausanne, Switzerland; University of Turin, Italy
Mario Giacobini, University of Torino, Italy
Marco Tomassini, University of Lausanne, Switzerland

Section 6
Heterogenous Data

Chapter 19
A Linear Programming Framework for Inferring Gene Regulatory Networks
by Integrating Heterogeneous Data ...........cccceiririeririeierirerissieeee et teesteeece st e e sve st saess e sessennens 450
Yong Wang, Academy of Mathematics and Systems Science, China
Rui-S},zeng Wang, Renmin University, China
Trupti Joshi, University of Missouri, USA
Dong Xu, University of Missouri, USA
Xiang-Sun Zhang, Academy of Mathematics and Systems Science, China
Luonan Chen, Osaka Sangyo University, Japan s
Yu Xia, Boston University, USA

Chapter 20 8
Integrating Various Data Sources for Improved Quality in Reverse Engineering ‘
of Gene Regulatory NEtWOTKS .........cceiviriiriiiiirteestentece ettt ettt ettt n e 476
Mika Gustafsson, Linkdping University, Sweden
Michael Hornquist, Linkoping University, Sweden



Section 7
Network Simulation Studies

Chapter 21
Dynamic Links and Evolutionary History in Simulated Gene Regulatory Networks......................... 498
T. Steiner, Honda Research Institute Europe GmbH, Germany
Y. Jin, Honda Research Institute Europe GmbH, Germany
L. Schramm, Technische Universitaet Darmstadt, Germany
B. Sendhoff, Honda Research Institute Europe GmbH, Germany

Chapter 22

A Model for a Heterogeneous Genetic NEtWOTK. .......coivveereieriiiirrtenieiereeee e eereee e esee s ere s eneae 523
Angela T. F. Gongalves, Darwin College, UK
Ernesto J. E Costa, Polo II- Pinhal de Marrocos, Portugal

Section 8
Other Studies
Chapter 23
Planning Interventions for Gene Regulatory Networks as Partially Observable
Markov DeciSion PrOCESSES .......c.iiiiirririircrieeciicet ettt et 546

Daniel Bryce, Utah State University, USA
Seungchan Kim, Arizona State University, USA

Chapter 24

Mathematical Modeling of the A Switch: A Fuzzy Logic Approach...........cccccovccnivnninninnccnnn. 573
Dmitriy Laschov, Tel Aviv University, Israel
Michael Margaliot, Tel Aviv University, Israel

Chapter 25 ,
Petri Nets and GRN MOGEIS ......couoiiiiiriiieinenieeecresecttrcsete et esesce e n et s srs e sas b s essestnenes 604
Ina Koch, Beuth University for Technology Berlin, Germany,; Max Planck Institute for
Molecular Genetics, Germany

Compilation of References ................cccooiiiiiniiciiininineeen et et e be s 638

ADOULE the CONIEADUEONS ........ooevieiiiiiiiiieeiiieiiiteiittieettterestteresssssssttssesssssssssssrassssssarersees Keerrererereeesenaeees 688



