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Preface

This volume is based on papers presented at the 12th International Meeting
on DNA Computing (DNA12), which was held during June 5-9, 2006 at Seoul
National University, Seoul, South Korea. DNA computing is an interdisciplinary
field across computer science, mathematics, molecular biology, chemistry, physics,
and nanotechnology. The central theme is to develop novel computing paradigms
based on DNA. The annual meeting on DNA computing provides a major forum
for scientists to present and discuss their latest results and promotes interactions
between experimentalists and theoreticians.

The DNA12 Program Committee received 72 submissions and the current
volume contains a selection of 34 papers from the preliminary proceedings.
All selected papers were significantly revised by the authors according to the
discussion during the meeting. It is our intention to cover all major areas in DNA
computing, including demonstrations of biomolecular computing, theoretical
models of biomolecular computing, biomolecular algorithms, in vitro and in
vivo computational processes, analysis and theoretical models of laboratory
techniques, biotechnological and other applications of DNA computing, DNA
nanostructures, DNA nanodevices, DNA error evaluation and correction, in
vitro evolution, molecular design, self-assembly systems, nucleic acid chemistry,
and simulation tools. However, some papers on experimental works are not
included because the authors would like to publish their works in more
traditional journals.

We have organized the current volume by classifying 34 papers into
8 categories whose topical section headings (and breakdowns) are: Molecular
and Membrane Computing Models (6), Complexity Analysis (3), Sequence and
Tile Designs and Their Properties (5), DNA Tile Self-Assembly Models (4),
Simulator and Software for DNA Computing (4), DNA Computing Algorithms
and New Applications (4), Novel Experimental Approaches (3), and Experimental
Solutions (5).

The editors would like to thank all participants, referees, the Program
Committee, the Organization Committee, all assistants, and all sponsors for
making this conference and this volume possible.

September 2006 Chengde Mao
Takashi Yokomori



Steering Committee

Lila Kari (Chair)
Loenard Adleman

(Honorary member)
Anne Condon
Masami Hagiya
Natasha Jonoska
Chengde Mao
Giancarlo Mauri
Satoshi Murata
Gheorghe Paun
John H. Reif
Grzegorz Rozenberg
Nadrian Seeman
Andrew Turberfield
Erik Winfree

Program Committee

Yaakov Benenson
Junghuei Chen

Anne Condon

Robert M. Corn

Max H. Garzon
Hendrik Jan Hoogeboom
Natasha Jonoska

Lila Kari

Thomas H. LaBean
Chengde Mao (Co-chair)
Satoshi Murata
Gheorghe Paun

Nadrian C. Seeman
Dipankar Sen

William M. Shih
Friedrich C. Simmel
Lloyd M. Smith

Petr Sosik

Milan N. Stojanovic
Erik Winfree

Organization

University of Western Ontario
University of Southern California

University of British Columbia
University of Tokyo

University of South Florida
Purdue University

University of Milan, Bicocca
Tokyo Institute of Technology
Romanian Academy and Sevilla University
Duke University

University of Leiden

New York University

University of Oxford

California Institute of Technology

Harvard University

University of Delaware

University of British Columbia
University of California, Irvine
University of Memphis

Leiden University

University of South Florida
University of Western Ontario
Duke University

Purdue University

Tokyo Institute of Technology
Romanian Academy and Sevilla University
New York University

Simon Fraser University

Harvard Medical School
University of Munich

University of Wisconsin, Madison
Opava University

Columbia University

California Institute of Technology



VIII Organization

Masahito Yamamoto Hokkaido University

Hao Yan Arizona State University
Takashi Yokomori (Co-chair) ~ Waseda University

Bernard Yurke Lucent Technologies
Claudio Zandron University of Milan, Bicocca
Byoung-Tak Zhang Seoul National University

External Reviewers

A. Alhazov S. Kashiwamura J. Schaeffer
F. Bernardini M. Hagiya A. Suyama

D. Besozzi A. Kelemenov S. Sahu

R. Brijder S. Kobayashi F. Tanaka

L. Cienciala K. Komiya D. Tulpan

P. Dario H. Ono M. Yamamura
C. Ferretti A. Leporati M. Yamashita
R. Freund U. Majumder P. Yin

T. Fujii A. Paton

A. Kameda K. Sadakane

Sponsoring Institutions

Center for Bioinformation Technology (CBIT) of Seoul National University
CT & D, Inc.

Digital Genomics, Inc.

GenoProt, Inc.

Japan Ministry of Education, Sports and Culture and Sciences (MEXT)
Korea Information Science Society (SIG Bioinformation Tech.)

Ministry of Industry, Commerce and Energy of Korea

Ministry of Science and Technology of Korea (KOSEF/NRL Program)
Nano Systems Institute (NSI) of Seoul National University

Research Foundation of Seoul National University

Super Intelligence Technology Center (SITC) of Inha University

US Air Force Research Laboratory (AFRL/IFTC)



Table of Contents

Molecular and Membrane Computing Models

Computing with Spiking Neural P Systems: Traces and Small

Universal Systems. . ... 1
Mihai Ionescu, Andrei Paun, Gheorghe Pdun,
Mario J. Pérez-Jiménez

Minimal Parallelism for Polarizationless P Systems .................... 17
Tseren-Onolt Ishdorj

P Systems with Active Membranes Characterize PSPACE.............. 33
Petr Sosik, Alfonso Rodriguez-Paton

All NP-Problems Can Be Solved in Polynomial Time by Accepting
Networks of Splicing Processors of Constant Size...................... 47
Florin Manea, Carlos Martin-Vide, Victor Mitrana

Length-Separating Test Tube Systems ......... ... ... ... .. ... ..... 58
Erzsébet Csuhaj-Varji, Sergey Verlan

Gene Assembly Algorithms for Ciliates ......... ... . ... . ... ... 71
Lucian Ilie, Roberto Solis-Oba

Complexity Analysis

Spectrum of a Pot for DNA Complexes ............ ..., 83
Natasa Jonoska, Gregory L. McColm, Ana Staninska

On the Complexity of Graph Self-assembly in Accretive Systems ........ 95
Stanislav Angelov, Sanjeev Khanna, Mirké Visontai

Viral Genome COmMpPression. .. . ...ttt et 111

Lucian Ilie, Liviu Tinta, Cristian Popescu,

Kathleen A. Hill

Sequence and Tile Designs and Their Properties

DNA Codes and Their Properties ......... .. ... ... 127
Lila Kari, Kalpana Mahalingam



X Table of Contents

In Search of Optimal Codes for DNA Computing ..................... 143
Maz H. Garzon, Vinhthuy Phan, Sujoy Roy, Andrew J. Neel

DNA Sequence Design by Dynamic Neighborhood Searches............. 157
Suguruy Kawashimo, Hirotaka Ono, Kunihiko Sadakane,
Masafumi Yamashita

Sequence Design for Stable DNA Tiles.......... ..., 172
Naoki Iimura, Masahito Yamamoto, Fumiaki Tanaka,

Atsushi Kameda, Azuma Ohuchi

Hairpin Structures Defined by DNA Trajectories ...................... 182
Michael Domaratzki

DNA Tile Self-assembly Models

Design and Simulation of Self-repairing DNA Lattices ................. 195
Urmi Majumder, Sudheer Sahu, Thomas H. LaBean, John H. Reif

On Times to Compute Shapes in 2D Tile Self-assembly ................ 215
Yuliy Baryshnikov, Ed Coffman, Boonsit Yimwadsana

Capabilities and Limits of Compact Error Resilience Methods
for Algorithmic Self-assembly in Two and Three Dimensions............ 223
Sudheer Sahu, John H. Reif

A Mathematical Approach to Cross-Linked Structures in Viral

Capsids:Predicting the Architecture of Novel Containers for Drug

Delivery ... 239
Thomas Keef

Simulator and Software for DNA Computing

A Framework for Modeling DNA Based Molecular Systems............. 250
Sudheer Sahu, Bei Wang, John H. Reif

Uniquimer: A de Novo DNA Sequence Generation Computer
Software for DNA Self-assembly ......... . ... .. i ... 266
Bryan Wei, Zhengyu Wang, Yongli Mi

A Probabilistic Model of the DNA Conformational Change ............. 274
Masashi Shiozaki, Hirotaka Ono, Kunihiko Sadakane,
Masafumi Yamashita



Table of Contents

Simulations of Microreactors: The Order of Things ....................

Joseph Ibershoff, Jerzy W. Jaromczyk, Danny van Noort

DNA Computing Algorithms and New Applications

DNA Hypernetworks for Information Storage and Retrieval ............

Byoung-Tak Zhang, Joo-Kyung Kim

Abstraction Layers for Scalable Microfluidic Biocomputers .............

William Thies, John Paul Urbanski, Todd Thorsen,
Saman Amarasinghe

Fuzzy Forecasting with DNA Computing. .............. ... ... .......

Don Jyh-Fu Jeng, Junzo Watada, Berlin Wu, Jui-Yu Wu

“Reasoning” and “Talking” DNA: Can DNA Understand English? ......

Kiran C. Bobba, Andrew J. Neel, Vinhthuy Phan, Max H. Garzon

Novel Experimental Approaches

A New Readout Approach in DNA Computing Based on Real-Time

PCR with TagMan Probes . ....... ... .. .

Zuwairie Ibrahim, John A. Rose, Yusei Tsuboi, Osamu Ono,
Marzuki Khalid

Automating the DNA Computer: Solving n-Variable 3-SAT Problems. . . .

Clifford R. Johnson

Local Area Manipulation of DNA Molecules for Photonic

DNA Memory . ..ot e e e e

Rui Shogengi, Naoya Tate, Taro Beppu, Yusuke Ogura,
Jun Tanida

Experimental Solutions

Unravel Four Hairpins! ......... ... .. .

Atsushi Kameda, Masahito Yamamoto, Azuma Ohuchi,
Satsuki Yaegashi, Masami Hagiya

Displacement Whiplash PCR: Optimized Architecture

and Experimental Validation .......... ... ... ... . . i,

John A. Rose, Ken Komiya, Satsuki Yaegashi, Masami Hagiya

XI

337

360

381



XII Table of Contents

MethyLogic: Implementation of Boolean Logic Using

DNA Methylation . . ... ..o

Nevenka Dimitrova, Susannah Gal

Development of DNA Relational Database and Data Manipulation

Experiments. . . ...

Masahito Yamamoto, Yutaka Kita, Satoshi Kashiwamura,
Atsushi Kameda, Azuma Ohuchi

Experimental Validation of the Statistical Thermodynamic Model
for Prediction of the Behavior of Autonomous Molecular Computers

Based on DNA Hairpin Formation ................................

Ken Komiya, Satsuki Yaegashi, Masami Hagiya, Akira Suyama,
John A. Rose

Author Index . .. ... o





