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Welcome Messages 
 
InCoB2010 - The 9th International Conference on Bioinformatics   
 
International Conference on Bioinformatics (InCoB) is hosted every year in another country 
of the Asia-Pacific region. Asia-Pacific Bioinformatics Network (http://www.apbionet.org/), 
the founder of this growing bioinformatic event, awarded the winning 2010 conference bid 
to Japan.  

This year’s collaboration with Chem-Bio Informatics Society (CBI) (http://www.cbi.or.jp) of 
Japan and International Immunomics Society (IIMMS) (http://www.iimms.org/) and support 
of the Japanese Society for Bioinformatics (http://www.jsbi.org) attracted a diverse 
spectrum of submission including papers on synthetic biology, biocomputing, systems 
biology, computational immunology/vaccinology and disease informatics.  Some of the 
topics will be covered in depth on the third conference day when IIMMS and CBI hold their 
3rd Conference of Basic and Clinical Immunogenomics and Immunomics and CBI 
Workshop on Synthetic Biology, Molecular Robotics and Translational Bioinformatics. 

For the first time, InCoB received more than one hundred research paper submissions. 
Thorough peer reviewing resulted in 50 (46.3%) accepted papers out of 108 submissions. 
Submissions from Japan, R.O. Korea, P.R. China, Australia, Singapore and U.S.A totaled 
43.8% and contributed to 61.2% of accepted papers. Manuscripts originating from Taiwan 
and India added up to 42.8% of submissions and 32.6% of acceptances. Most accepted 
papers will appear shortly before and after the conference in supplement issues of BMC 
Bioinformatics, BMC Genomics, and Immunome Research. A few papers will be published 
as regular papers in IPSJ Transactions on Bioinformatics and Bioinformation.  

 

Welcome to Tokyo, have a fruitful conference and a pleasant stay. 

 
Christian Schönbach and Kenta Nakai   Shoba Ranganathan    Tin Wee Tan 
InCoB2010 Co-chairs      APBioNet President    APBioNet Secretariat 
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CBI Workshop on Synthetic Biology, Molecular Robotics and 
Translational Bioinformatics 

 

Chem-Bio Informatics (CBI) Society, established in 1981, has been active in the 
interdisciplinary scientific area including chemistry, biology, and informatics with the 
express goal of seeking solutions to problems with real-world applications such as in drug 
discovery and personalized medicine. CBI’s main concerns are information technology 
related to drug design and toxicology which include, but are not limited to: molecular 
computing, molecular recognition, bioinformatics, genome-wide experimental data analyses, 
information and computing infrastructure for drug design and toxicology, disease 
mechanism and control model.  

 

This workshop focuses on the emerging new technologies that are not categorized in the 
above areas but are important for members of the CBI society: synthetic biology, molecular 
robotics, translational bioinformatics, computational biology in peta-scale and grid 
dimensions as well as molecular modeling and protein-protein interactions. We hope this 
workshop will be a good opportunity for participants to discuss the Society’s roadmap 
toward the year 2040 by foreseeing what areas of change and progress may be coming in 
the next three decades. 

 

Let’s share our knowledge and experiences. 
Welcome to CBI Workshop.  
 

Akihiko Konagaya 
CBI Workshop Chair 
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3rd Conference of Basic and Clinical Immunogenomics and Immunomics 
(3rd BCII 2010) 

 
In the days of Jenner, Pasteur and Koch, immunology was a curiosity of medicine 
associated with vaccination. Driven by scientific and technological advances immunology 
has developed into a fully blown scientific and clinical discipline. Immunology provides key 
knowledge for our fight against disease: vaccines are key medical interventions for 
protection against infectious disease while immunotherapy is emerging as essential 
treatment for autoimmunity, cancer, immunodeficiency, and allergy. However the enormous 
combinatorial diversity of human immune systems combined, for example, with similarly 
huge diversity of pathogens or with unpredictable cancer-related mutations makes the 
design and optimization of vaccines and immunotherapies a difficult task. To address these 
challenges, immunology is emerging as a multidisciplinary field that embraces modern 
biotechnologies such as genomics, proteomics, and bioinformatics and related 
instrumentation. These advances pave the way for improvement of human health through 
improved diagnostics and optimized immune intervention. The therapies of the future need 
to be tailored to both the individual and the disease – better targeted, optimized, and 
personalized. The 3rd BCII 2010 conference brings together immunologists, 
bioinformaticians, clinicians, and engineers to a forum where they will present and discuss 
the latest developments in genomics, proteomics, bioinformatics, and instrumentation, and 
their application to basic and clinical immunology. On behalf of the organizers and the 
International Immunomics Society I extend a warm welcome to the delegates who came to 
Tokyo to exchange ideas and help shape the future of immunology. 
 
 
Vladimir Brusic 
3rd BCII 2010 Chair 
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InCoB2010 Venue Access 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

18  Center for Scholarly Information, Central Library and International Conference Center 
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Conference Dinner Restaurant Access  
 
Gonpachi  
14F. E.Space Tower, 3-6, Maruyama-cho Shibuya-ku, Tokyo 150-0044, Tel 03-5784-2011 
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Instructions for Oral Presentations 
 
Presenters using their own laptop: The projector has a resolution of 1024 x 768 (VGA). 
MacBook AIR users kindly note that VDI is not supported. To avoid unnecessary delays 
from booting/starting laptops, please keep your laptop in “sleep mode” before the talk. 
 
Presenters using PCs of the conference center: Bring your presentation prepared as 
Microsoft Powerpoint 2003 compatible file on an USB memory stick. PCs at the venue run 
on Windows XP (English) and have Windows Office Professional 2003 installed. Files left 
on the hardisk will be deleted at the end of the conference day. 
 
Each session room is equipped with a projector, screen, microphone and a laserpointer. 
Overhead projectors are not available. If you present a video please bring your own laptop.  
Internet connection for speakers is available. Both session time and bandwidth are limited, 
therefore we strongly recommend Demo session speakers to avoid lengthy on-line 
searches.  
 
All speakers are requested to keep to their allotted times. 
 
Oral presentation [min]   Talk time [min] Q&A [min] 
30 min (accepted papers)    25 min   5 min  
25 min (late-breaking)   20 min   5 min  
15 min (demonstration, late-breaking) 12 min   3 min  
10 min (oral poster)      8 min   2 min 
 

Instructions for Poster Presentations 
 
Each poster has been assigned a presentation number (1-49) which is shown in the 
program. The posters must not exceed the poster board space of 1,200 mm (w) x 1,800 
mm (h). Materials to affix the posters will be provided.  
 
Mounting:  Sep. 26, 9:15-13:30 
 
Viewing:   Sep 26, 13:30-18:00 and Sep 27, 9:15-16:15 
 
Poster Session: Sep 27, 10:45-11:45 at least one author must be present 
   (Chair: Igor Kurochkin, Bioinformatics Institute, A*STAR, Singapore) 
 
Removal:   Sep 27, 16:15-16:45 
 
 
 
 

 
 

General Information 
 
ATM  
All post office and 7-Eleven convenience stores ATMs allow you to withdraw cash using 
banking cards that are affiliated with Plus, VISA, Mastercard, Maestro, Cirrus, American 
Express or JCB. An English user menu is available. 
 
Audio/Video Recording and Photograpy Policy 
Taking photos or make audio/video recordings during sessions is not allowed. Official 
photographers have been designated by the organizers. 
 
Badges 
All delegates are required to wear their InCoB2010 badge to gain entry to the sessions. 
Lost badges will be replaced after payment of the full conference fee. 
 
Cloak Room 
The cloak room is located in the lobby area. Kindly note that the cloak room is not staffed. 
Valuables can be locked into one of the 4F rooms. 
 
Dress Code 
The suggested dress code for all conference and social events is casual. 
 
Electric Plugs, Sockets and Voltage 
Plugs have two pins (US type). The voltage in Japan is 100V. In Eastern Japan, including 
Tokyo the frequency of the electric current is 50 Hertz. Kindly bring your own adaptor if your 
laptop power cable has a different plug. 
 
Information Disclaimer 
All information is provided "as is". All warranties of any kind, express or implied and non-
infringement of proprietary rights are disclaimed. 
 
Internet 
All conference rooms and the lobby have wireless access. SSID and WEP key are included 
in the coference bag. Ichijima board room has PCs with internet connection. One PC is 
reserved for speakers without laptop.  
 
Liability  
The organizers, sponsor or exhibitors are not liable for any damages or injuries of any type, 
for any reason, however caused, or under any theory of liability 
 
Lunch and Beverages 
Lunch boxes (seafood, chicken or beef) will be provided in exchange of a voucher. 
Bevarges (coffee, tea, water, juice) are available during coffee breaks.  

 
 

Medical Assistance and Emergency 
For non-emergency medical assistance contact the registration desk. Staff will assist or 
make necessary arrangements for you. In case of a medical emergency call 119 
(Ambulance). Emergency Interpretation Service (Tel. 03-5285-8185) is provided by Tokyo 
Metropolitan Health & Medical Information Center. 
 
No Drinking & Eating in Ibuka Masaru Hall and Lobby Areas (1F, 2F and 3F) 
You are allowed to drink and eat in conference rooms 1-3, Ichijima board room and outside 
the conferene center. Carrying drinks and food through the lobby is of course permitted. 
 

 
 
 
 
 
 
 
 

Ichijima board room       Conference room               Ibuka Masaru Auditorium 
 
 
Smoking Policy 
Smoking is not allowed except at designated smoking areas outside the conference center. 
 
Tipping  
Japan does not have a tipping custom. In restaurants and hotels service charges are 
included in the bill. 
 
Vouchers 
Your conference bag contains four notes of game money. Three 1,000 JPY game money 
notes are for lunch boxes on days 1-3. The 5,000 JPY game money note is your “voucher” 
for the conference dinner. 
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1. InCoB2010 Keynotes                  p 18 
 
Ibuka Masaru Auditorium 
 
Clyde A.   Building a synthetic cell, Sep. 26, 10:00-11:00 
Hutchison III            
 
Hiroaki Kitano Systems drug discovery and software platform for healthcare 

research and services, Sep. 27, 11:45-12:45 
 
Yoshiyuki Nagai Technology innovation in pathogen identification in the Asian-

African research network for infectious diseases     
Sep. 27, 16:45-17:45 

 

2. InCoB2010-CBI Workshop Invited Talks            p 18 
 
Conference Room 1 
 
Dennis P. Wall False positives in personalized genomics 

Sep. 28, 9:35-10:30, Translational Bioinformatics          
 
Chun-Hsi Huang  Peta-scale computing in network biology  

Sep. 28, 13:30-14:25, Computational Biology in Peta-Scale and Grid 
Dimensions                

 

3. InCoB2010-3rd BCII Invited Talks                                                           p 18 
 
Conference Room 2 
 
Nebojsa Jojic  HLA targeting of viruses  

Sep. 28, 9:20-10:15, New Software Algorithms for Immune 
System/Infectious Disease Modelling      

 
Nikolai Petrovsky Challenges in intelligent vaccine design; the swine flu story  

Sep. 28, 13:30-14:25, Next Generation Vaccine Design          
 

4. CBI (Chem-Bio Informatics Society) Invited Talks                              p 19 
 
Conference Room 1 
 
Young Joo Kim StrokeMed: an integrated literature database for stroke and the 

differentiation of stroke syndrome                                  
Sep. 28, 10:35-11:05, Technical Session 

 
 

4. CBI (Chem-Bio Informatics Society) Invited Talk (Continued)  p 19−20 
 
Marjan Trutschl Semantic visualization of high-dimensional biomedical  

data, Sep. 28, 11:35-12:05, Technical Session 
 
Conference Room 1 
 
Keun Woo Lee Molecular modeling study of glucokinase (GK) and its  

activators 
Sep. 28, 14:50-15:20, Molecular Modelling and Protein-Protein 
Interactions 

 
Satoshi Murata  Extending robotics to the molecular scale 

Sep. 28, 16:50-17:20, Synthetic Biology and Molecular Robotics  
 
MasahiroTakinoue  Biophysical approach to cell-sized molecular robots 

Sep. 28, 17:20-17:50, Synthetic Biology and Molecular Robotics 
 
Ibuki Kawamata Traceable and sharable database of biological experiments in 

synthetic biology  
Sep. 28, 17:50-18:20, Synthetic Biology and Molecular Robotics  

 

5. IIMMS (International Immunomics Society) Invited Talk                     p 20 
 
Conference Room 2 
 
Vladimir Brusic Mining the influenza A proteome for adaptive mutations linked to 

human transmissibility  
Sep. 27, 14:15-14:45, Proteome Analysis: Mutations to Interactions 

 

6. Sponsored Talks                p 21  
 
Conference Room 2 
 

GenoCon (Gold Sponsor) 
 

Tetsuro Toyoda GenoCon: an international rational-genome-design contest on a 
freemium semantic-web platform associating business and 
educational communities in synthetic biology 
Sep. 26, 14:50-15:20, Biological Databases and Software Tools I  
 

 
 

 
 

6. Sponsored Talks (continued)                  p 21−22 

 
Computational Biology Research Center, AIST (Platinum Sponsor) 

 
Kazuhiko Fukui SPLP: life science integrated DB Project: development of web and 

active workflow             
Sep. 27, 15:20-15:30, Biological Databases and Software Tools I 

 
Conference Room 1 
 
Kiyoshi Asai  Software for next-gen sequencer analysis 

Sep. 27, 13:05-13:20, Luncheon Session, Conference Room 1 
 
 PDBj (Platinum Sponsor) 
 
Akira R. Kinjo  An exhaustive structural classification at atomic resolution 

reveals that geometric similarities of protein-protein interfaces are 
confined within homologous families 
Sep. 27, 13:20-13:40, Luncheon Session 

 
Conference Room 2 

    
   EpiVax, Inc. (Luncheon Session Sponsor) 
 
Anne S. De Groot Putting immunoinformatics to work to develop better vaccines 

and protein therapeutics  
Sep. 28, 12:15-13:15, Luncheon Session 

 
7. Accepted Research Paper Abstracts – Oral Presentations           p 22−23 
 
Sep 26, 10:00-12:00 Synthetic Biology, Ibuka Masaru Auditorium    
                                                p 22 
Shotaro Ayukawa Construction of a genetic AND gate under a new standard for 

assembly of genetic parts (BMC Genomics), 11:30-12:00 
  
Sep 26, 13:30-15:30 Evolution  and Sequence Analysis I, Ibuka Masaru Auditorium   
                         p 22−23  
Kohji Okamura Gradual transition from mosaic to global DNA methylation 

patterns during deuterostome evolution (BMC Bioinformatics), 
13:30-14:00  

 
Ting-wen Chen DODO: an efficient orthologous genes assignment tool based on 

domain architectures (BMC Bioinformatics), 14:00-14:30   
 

 
 

7. Accepted Research Paper Abstracts (continued)                       p 23− 
 
Atsushi Ogura In vitro homology search array comprehensively reveals highly  

conserved genes and their functional characteristics in non-
genome sequenced species (BMC Genomics), 14:30-15:00 

 
Lev Yampolsky Evolutionary patterns of amino acid substitutions in 12 

Drosophila genomes: data mining in phylogenetic context (BMC 
Genomics), 15:00-15:30 

  
Sep 26, 13:30-15:30 Prediction of Subcellular Protein Locations and Protein-Protein  

Interactions, Conference Room 1 
                         p 23−24 
Hong Qu  PathLocdb: a comprehensive database for subcellular localization 

of metabolic pathway and its application for multiple localization 
analysis (BMC Genomics), 13:30-14:00 

 
S. Ranganathan Network analysis of human protein location (BMC Bioinformatics), 

14:00-14:30  
 
Min Wu  Integrating diverse biological and computational sources for 

reliable protein-protein interactions (BMC Bioinformatics), 14:55-
15:25 

 
Sep 26, 16:00-18:00 RNomics and Next-Generation Sequencing, Ibuka Masaru  

Auditorium 
               p 24−25 
Yutaka Saito Robust and accurate prediction of noncoding RNAs from aligned 

sequences (BMC Bioinformatics), 16:00-16:30 
 
Yijun Meng RNA editing of nuclear transcripts in Arabidopsis thaliana (BMC 

Genomics), 16:30-17:00 
 
Sung-Chou Li Discovery and characterization of medaka miRNA genes by next 

generation sequencing platform (BMC Genomics), 17:00-17:30 
 
Tarini Ghosh DiScRIBinATE: A rapid method for accurate taxonomic 

classification of metagenomic sequences (BMC Bioinformatics), 
17:30-18:00 

Sep 26, 16:00-18:00 Structure-based Drug Discovery and Design, Conference Room 1 
                                    p 25 
T. U. Sumo Friend  Identification of a better HDAC Class II inhibitor through binding 

energy calculations and descriptor analysis (BMC Bioinformatics), 
16:00-16:30 
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Sep 26, 16:00-18:00 Structure-based Drug Discovery and Design (continued)   

   p 25−26 
Ae Nim Pae  IKKβ inhibitor identification: a novel multi-filter driven scaffold 

(BMC Bioinformatics), 16:30-17:00 
 
Durai Sundar  Probing anti-cancerous potency of the prospective herbal drug 

Withaferin A: a case study on two Mammalian 20S Proteasomes 
(BMC Genomics), 17:00-17:30 

 
Daniel Clinciu  TSCC: Two-Stage Combinative Clustering for Virtual Screening 

Using Protein-ligand Interactions and Physical-Chemical Features 
 (BMC Genomics), 17:30-18:00 
 

Sep 26, 16:00-18:20 Disease Informatics I, Conference Room 2    
                                                                                                                 p 26−27 
S. Nagaraj  The interplay between evolution, regulation and tissue specificity 

in the Human Hereditary Diseasome (BMC Genomics), 16:00-16:30 
 
Byungwook Lee Gerontome: a web-based database server for aging-related genes 

and analysis pipelines (BMC Genomics), 16:30-17:00 
 
A. Kouznetsov  Algorithms and semantic infrastructure for mutation impact 

extraction and grounding (BMC Genomics), 17:20-17:50 
 
Pramod K. Prasad  PCR-based molecular characterization and in-silico analysis of 

food-borne trematode parasites Paragonimus westermani, 
Fasciolopsis buski and Fasciola gigantica from Northeast India 
using ITS2 rDNA (Bioinformation), 17:50-18:20 

 
Sep 27 9:15-10:45 Systems Biology: Biological Networks and Signaling Pathways, 

Ibuka Masaru Auditorium   
              p 27−28 

Haijun Gong  Analysis and verification of the HMGB1 signaling pathway (BMC 
Bioinformatics) 

 
Durai Sundar  Inhibition of the NEMO/IKKβ association complex formation, a 

novel mechanism associated with the NF-κB activation 
suppression by Withania somnifera's key metabolite withaferin A  
(BMC Genomics) 

 
Timothy H. Wu  Modularity of Escherichia coli sRNA regulation revealed by sRNA-

targets and protein network analysis (BMC Bioinformatics 

 
 

Sep 27, 9:15-10:45 Biological Databases and Software Tools II, Conference Room 1 
         p 28 

Tarini S. Ghosh ProViDe: A software tool for accurate estimation of viral diversity  
in metagenomic samples (Bioinformation), 9:15-10:45 

 
Sep 27, 9:15-10:45 Systems Biology: Gene Regulatory and Biochemical Networks,  

Conference Room 2  
         p 28 

Yu Chen  Qualitative Reasoning of Dynamic Gene Regulatory Interactions 
from Gene Expression Data (BMC Genomics), 9:15-9:45 

 
Georg Summer  Functional Data Analysis for Identifying Nonlinear Models of Gene 

Regulatory Networks (BMC Genomics), 9:45-10:15 
 
Wu-Hsiung Wu  Sensitivity analysis of dynamic biological systems with time-

delays (BMC Bioinformatics), 10:15-10:45 
 
Sep 27, 14:15-16:15 Disease Informatics II, Masaru Ibuka Auditorium    

              p 29−30 
Koichi Hagiwara  A quantitatively-modeled homozygosity mapping algorithm, 

qHomozygosityMapping, utilizing whole genome single nucleotide 
polymorphism genotyping data (BMC Bioinformatics), 14:15-14:45 

 
Kazuro   iCOD: an integrated clinical omics database based on the 
Shimokawa   systems-pathology view of disease (BMC Genomics), 14:45-15:15 
 
Changning Liu  dbDEMC: a database of differentially expressed miRNAs in human 

cancers (BMC Genomics), 15:15-15:45 
 
Tin Wee Tan  T3SEdb: Data warehousing of virulence effectors secreted by the 

bacterial Type III Secretion System (BMC Bioinformatics), 15:45-
16:15 

 
Sep 27, 14:05-16:15 Sequence Analysis II, Conference Room 1     
                     p 30 
Chung-Yen Lin  UPS 2.0: Unique Probe Selector for Probe Design and 

Oligonucleotide Microarrays in Pangenomic/ Genomic Level (BMC 
Genomics), 14:05-14:35 

 
Manhong Dai  NGSQC: Cross-Platform Quality Analysis Pipeline for Deep 

Sequencing Data (BMC Genomics), 14:35-15:05 
 
Ngoc Tu Le  Sequence-dependent histone variant positioning signatures (BMC 

Genomics), 15:15-15:45 

 
 

 
Sep 27, 14:05-16:15 Sequence Analysis II, Conference Room 1 (continued)   

          p31 
Thomas Wong  Refining orthologue groups at the transcript level (BMC Genomics), 

15:45:16:15 
 
Sep 27, 14:15-16:15 Proteome Analysis: Mutations to Interactions, Conference Rm 2  

         p 31 
Daron Standley  Intrinsically disordered domains deviate significantly from 

random sequences in innate immune and generic mammalian 
proteins (BMC Bioinformatics), 14:45-15:15 

 
Yu-Feng Huang  Predicting RNA-binding residues from evolutionary information 

and sequence conservation (BMC Genomics), 15:15-15:45 
 
Changning Liu  Exploring Hierarchical and Overlapping Modular Structure in the 

Yeast Protein Interaction Network (BMC Genomics), 15:45-16:15 
 
Sep 28, 10:35-12:05 Technical Session, Conference Room 1      

         p 32 
T. Takai-Igarashi On Experiences of i2b2 (Informatics for Integrating Biology and 

the Bedside) database with Japanese clinical patients’ data 
(Bioinformation), 11:05-11:35 

 
Sep 28, 09:20-12:05New Software Algorithms for Immune System/Infectious Disease 

Modelling, Conference Room 2 
         p 32 

Dimitri Perrin  Model refinement through high-performance computing: an agent-
based HIV example (Immunome Research), 10:35-11:05 

 
Paul D Yoo  Hierarchical Kernel Mixture Models for the Prediction of AIDS 

Disease Progression Using HIV Structural gp120 Profiles (BMC 
Genomics), 11:05-11:35 

 
Patrizia Nanni  Modeling the competition between lung metastases and the 

immune system using agents (BMC Bioinformatics), 11:35-12:05 
 
Sep 28, 14:50-16:30 Molecular Modelling and Protein-Protein Interactions, 

Conference Room 1 
                    p 33 
Hsin-Nan Lin  Improving protein secondary structure prediction based on short 

subsequences with local structure similarity (BMC Genomics), 
15:30-16:00 

 

 
 

Sep 28, 14:50-16:30 Molecular Modelling and Protein-Protein Interactions, 
Conference Room 1 (continued) 

         p 33 
Po-Ting Lai  A dynamic programming re-ranking approach to enhance PPI 

interactor extraction (IPSJ Transactions on Bioinformatics), 16:00-
16:30 

 
Sep 28, 15:00-16:00 Structural Immunoinformatics, Conference Room 2     

         p 33 
Zhiwei Cao  Stacking and Energetic Contribution of Aromatic Islands at the 

Binding Interface of Antibody Proteins (Immunome Research), 
15:00-15:30 

 
Javed Khan  pDOCK: a new technique for rapid and accurate docking of 

peptide ligands to Major Histocompatibility Complexes 
(Immunome Research), 15:30-16:00 

 
Sep 28, 16:30-18:00 Immunoinformatics Applications, Conference Room 2   

         p 34 
Zhiliang Chen  Clustering-based identification of clonally-related immunoglobulin 

gene sequence sets (Immunome Research), 16:30-17:00 
 
Joo Chuan Tong  SVM-based prediction of linear B-cell epitopes using Bayes 

Feature Extraction (BMC Genomics), 17:00-17:30 
 
Joo Chuan Tong  TAP Hunter: a SVM-based system for predicting TAP ligands 

using local description of amino acid sequence (Immunome 
Research), 17:30-18:00 

 

8.Late-breaking Abstracts – Oral Presentations                               p 34−35 
 
Conference  Room 1 
 
Kenta Nakai Prediction of Subcellular Locations of Proteins: Where to 

Proceed? 
Sep. 26, 14:30-14:55, Prediction of Subcellular Protein Locations and 
Protein-Protein Interactions  

 
Hideo Matsuda  A Metadata Management System for Composing Bioinformatics 

Workflows  
Sep. 28, 14:20-14:45, Computational Biology in Peta-Scale and Grid 
Dimensions (CBI Workshop) 
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9. InCoB2010 Database and Software Demonstration Abstracts    p 35−37 
 
Sep. 26, 13:30-15:20 Biological Databases and Software Tools I, Conference Room 2 

  p 35-36 

Chang W et al.  PheMaDB: A web-based database management system for 
storage, retrieval, visualization, and analysis of OmniLog 
phenotypic microarray data (13:30-13:50) 

Ishiwata R et al. BioCichlid: central dogma-based 3D visualization system of time-
course microarray data on a hierarchical biological network 
(13:50-14:10) 

Woodcroft B et al.  ApiLoc: an orthology-linked database of subcellular protein 
localisations (14:10-14:30)  

Rajarajan S et al. A comprehensive and an update database on human and animal 
vaccines (14:30-14:50 

 
Sep. 27, 9:15-10:45 Biological Databases and Software Tools II, Conference Room 2 

  p 36-37 

Chen K-T et al. An improved tool of pairwise alignment of RNA tertiary structures 
(9:15-9:30) 

Tiwari A et al.  OpenHTS: an integrated tool for the analysis of hormone 
concentration time-series data (9:30-9:45) 

Yang C-H et al. OGtree2: A tool for reconstructing genome trees of prokaryotes 
using overlapping genes (9:45-10:00)  

Kumar GR and  Genomics Fox Tool (GFT): An Interface for Comparative and  
Palanikannan K Functional analysis of microbial genomes (10:00-10:15)  
 

10. InCoB2010 Poster Abstracts – Short Talks                                        p 37 
 
Conference Room 2 
 
Lin SJ et al.  Using a gene-set based analysis of expression profiles to guide 

pathway analysis of GWAS: A study in Alzheimer’s Disease  
Sep. 26, 17:00-17:10, Disease Informatics I 

 
Schramm S and Biomarkers of survival after melanoma  
Mann G  Sep. 26, 17:10-17:20, Disease Informatics I   
 

 

 
 

10. InCoB2010 Poster Abstracts – Short Talks (continued)                     p 38  
 
Maeda K et al.  An integrative strategy for optimizing large-scale biochemical 
systems 

Sep. 27, 10:30-10:45, Gene Regulatory and Biochemical Networks 
 
Conference Room 1 
 
Kim S and Kim W Alternative splicing pattern recognition in NGS transcriptome data 

of C. elegans developmental stages   
Sep. 27, 15:05-15:15, Sequence Analysis II 

 
Ohue M et al. In silico prediction of PPI network with structure-based all-to-all 

docking  
Sep. 28, 15:20-15:30, Molecular Modelling and Protein-Protein 
Interactions (CBI Workshop) 

 
Moriya T et al.  Material fabrication with BioBrick standardized genetic parts 

Sep. 28, 18:20-18:30, Synthetic Biology and Molecular Robotics (CBI 
Workshop) 

 

11. InCoB2010 Poster Abstracts – Poster Display                            p 38−50 
 
Conference Room 3 
 
Biomedical Informatics                    p 38−40x  
 
1  Hsu C-T et al. Explore the possible synergistic effects on survival in breast 

cancer patients  
2  Mittal V et al. Identification of potential apicoplast associated therapeutic 

targets in human and animal pathogen Toxoplasma gondii ME49- A subtractive 
genomics approach  

3 Yamaguchi Y et al. Clinical trial map to explore clinical trials registry, 
ClinicalTrials.gov 

4 Akanuma H et al. Bayesian network analysis of chemical toxicities for health 
risk assessments  

5 Tiwari A et al. Dual estimation of hormone secretion profiles from salivary 
hormone measurements  

6 Sawai H et al. A knowledge based prioritization for risk genes for bipolar 
disorder 

7 Hsiao C-C et al. Pathway integration reveals molecular interaction preferences 
of diseases  

 

 
 

Biomedical Informatics (continued)                     p 40−41 
 
8 Kwon J-S et al. Gene-set-based genome-wide association analysis of bone 

density  
9 Waki K and Masuya H. The search system for experimental mice using disease 

and ontology information  
10 Tsai Y-S et al. Combination of clinical factors with histological grading 

improves molecular classification of breast cancers  (CANCELLED) 
11 Toh SH et al. Discriminative microarray analysis in paired samples reveals 

global reprogramming of the transcriptional profile in lung adenocarcinoma  
 
Proteomics and Protein-Protein Interactions                   p 41−43     
 

12 Ohtsuka S et al. The connectin-like protein gene of amphioxus striated muscle 
13 Bao Y et al. Amphioxus striated muscle has beta-actinin and tropomodulin  
14 Katam R et al. Leaf proteome analysis of water deficit stress responses in 

peanut  
15 Inoue K and Kurata H. A novel spectral clustering of protein interaction 

networks  
16 Ku J et al. Hidden bottleneck proteins in yeast protein-protein interaction 

networks  
17 Patil A et al. HitPredict: A database of high confidence protein-protein 

interactions  
18 Wu J-W et al. Predicting protein-protein interactions using a hybrid approach  
19 Chien T-Y et al. Prediction of DNA-binding profiles by protein-DNA complexes  
20 Hsueh C-H et al. Predicting DNA-binding proteins using disorder information 
21 Kikuchi M et al. A global structure and evolutionary constraint of functional 

modules in the protein interaction network 
22 Gupta A et al. Training a Network of Hypothetical Proteins: Problems and 

Challenges  
 
Sequence-based Analyses           p 44−45 

 
23 Ghatani S et al. Molecular phylogenetic analysis of pouched amphistome 

parasites (Trematoda: Digenea: Gastrothylacidae) using ribosomal ITS2 
sequence and secondary structures 

24 Kim S and Kim W. KBOL: Korea Barcode of Life Database and Species 
Identification System  

25 Hong, S et al. Shape-based retrieval of CNV regions in read coverage data  
26 Murakami K et al. Motif Distribution Viewer: a Web-based tool for finding 

localized promoter motifs  
27 Kurochkin I et al. Defining long non-protein coding RNAs associated with 

neuronal differentiation  
28 Schönbach C. Prediction and analysis of splicing regulatory signals 

 
 

Sequence-based Analyses (continued)                p 45 

 
29 Ishikawa M et al. A method for isoform-level gene expression analysis using 

RNA-Seq data 
 
Protein Structure Analysis         p 45−46x 
 
30 Wako H et al.  ProMode-Elastic: database of elastic-network-model based 

normal mode analysis 
31 Yura K and Nagai Y. Correlation between binding mode of ATP and its usage in 

proteins  
32 Yamanaka M. A new classification method of protein secondary structure 
 
Structure-based Drug Discovery and Design      p 46−48x 
 
33 Singh M et al. Inhibitory activity of coumarins on HIV-1 PR: a virtual screening 

and molecular docking study  
34 Choubey J et al. Comparative docking study of nitrogen containing 

bisphosphonate with human fernasyl pyrophosphate synthase for treatment of 
osteoporosis 

35 Kumar S et al. Modeling of the envelope protein (E) of tick-borne encephalitis 
virus and their screening of potent drugs using molecular docking approach  

36 Mallick M et al. Docking analysis of trypanothione reductase inhibition in 
Leishmania donovani  

37 Yagi Y et al. Computational study of HIV-1 protease using fragment molecular 
orbital Method  

38 Kumar S et al. 1,3-DHA, a drug molecule for S. aureus infection by targeting 
HtsA receptor  

39 Matsuda K et al. Analysis of structural aspect of chemical compounds using 
InChI formats  

40 Kagawa H et al. Structure deviation analysis of proteins complexed with 
various ATP analogs  

 
Systems Biology             p 48−49               
 
41 Tomita T et al. Qualitative inference rules for analyses of biological object 

interactions  
42 Verwoerd W. Interactive extraction of subnets: the Netsplitter software 

implementation  
43 Bhattacharjee B et al. Mapping of natural appetite regulating compounds in the 

appetite regulatory receptor network – an systems biology approach  
44 Minamida H et al. Exploring huge parameter space of a large-scale model of 

biochemical networks  
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Systems Biology (continued)                     p 49−50 
 
45 Tabata S et al. Development of elementary mode-based algorithms for 

designing a metabolic system  
46 Chatsurachai S et al. De novo pathway design platform for exploring 

biosynthetic capacity in genome scale model of microorganisms as cell 
factories  

47 Konishi T et al. Principal component analysis for designed experiments 
48 Ito S et al. Possible behaviors analysis of gene regulatory networks by linear 

temporal logic  
49 Miyachika H. et al. An MCMC algorithm for gene regulatory network prediction 

with Bayesian network 
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1. InCoB2010 Keynotes 

 
Building a Synthetic Cell          
 
Clyde A. Hutchison III 

 
J. Craig Venter Institute, San Diego, CA, USA 

 
Using a computer analogy, one can think of a cell's cytoplasm as the hardware and the genome as 
the operating system. A synthetic cell is created by designing and synthesizing a genome and 
installing it into a recipient cytoplasm. Original components of the recipient cytoplasm are replaced 
in subsequent divisions and the synthetic cell takes on a phenotype determined by the synthetic 
genome.  
 
We chose Mycoplasma genitalium as our model for a synthetic cell. It is the smallest known 
bacterium that can grow independently in the laboratory. Its genome is 580kb in size with 485 
protein coding genes and 43 RNA genes. Overlapping DNA cassettes were chemically synthesized 
to completely span the natural M. genitalium genome. These were assembled up to 1/4 genome 
size using an in vitro assembly reaction. Final assembly was accomplished using yeast 
recombination, and the complete genome was propagated as a yeast centromeric plasmid.  

To produce a synthetic cell, the synthetic genome must be introduced into a suitable 
cytoplasm where it can be expressed. To do this we developed methods for transplanting a natural 
genome from one mycoplasma species into recipient cells of a related, but easily distinguishable, 
species. Because of the slow growth of M. genitalium we developed transplantation using two more 
rapidly growing species: donor genomes isolated from M. mycoides are transplanted into M. 
capricolum recipient cells. 
 
Genomes prepared from donor mycoplasma cells under conditions that minimize mechanical shear 
are mixed with recipient cells, using a procedure optimized for transformation with plasmid DNA. 
Selection for a marker on the donor genome routinely yields several hundred transplant colonies per 
experiment. The resulting cells are genotypically and phenotypically identical to the donor strain. 
Controls in which donor genomes or recipient cells are omitted are consistently negative.  

To establish procedures for installing synthetic genomes propagated in yeast, we cloned the 
M. mycoides genome in yeast, and then successfully transplanted it back into M. capricolum. The 
power of yeast genetics can be applied to the mycoplasma genome during propagation in yeast. 
This opens a new approach to engineering bacterial genomes, and also a tool for synthetic genome 
installation.  

 
 
 
 
 
 

 
 

Systems Drug Discovery and Software Platform for Healthcare Research and 
Services 
 
Hiroaki Kitano 
 
The Systems Biology Institute, Tokyo, Japan  
Okinawa Institute of Science and Technology, Onna-son, Japan (concurrent affiliation) 

 
Discovery of drugs and appropriate therapeutic interventions are complex enterprises. It is 
inherently complex as biological systems evolved to be complex in order to cope with broad range 
of perturbations and to maintain various functionalities. Multiple coordinated interventions are key 
for successful drugs to coming decades.  

However, designing multi-component multi-target drugs requires powerful computational 
approach to overcome its combinatorial explosion problems. it also requires principles that guides 
the discovery process. Nevertheless, lack of common platform hinders efficient development of tools 
that can potentially speed up drug discovery process. This talk outlines principles for systems drug 
discovery and efforts to develop unified and versatile software platform to enhance the process. 

 
 
Technology Innovation in Pathogen Identification in the Asian-African Research 
Network for Infectious Diseases 

 
Yoshiyuki Nagai1, Kazuhisa Okada2, Yoshihide Hayashizaki3 and Toshihiro Horii 
 

1Center of Research Network for Infectious Diseases, RIKEN, 2Thailand-Japan Research Collaboration 
Center on Emerging and Re-emerging Infections, 3Omics Science Center, RIKEN, and 4Research Institute for 
Microbial Diseases, Osaka University 
 

 

While infectious diseases heed no national borders, there are borders in research on infectious 
diseases. In order to enhance collaboration across the borders, Japan's Ministry of Education, 
Culture, Sports, Science and Technology (MEXT) launched the Program of Founding Research 
Centers for Emerging and Reemerging Infectious Diseases as a five-year project (2005-2009). As of 
the end of FY 2009, 12 research centers were established on a bilateral collaboration basis in 8 
countries (6 in Asia and 2 in Africa) by the participation of 8 universities and 2 institutions of Japan. 
They were connected to create the Asian-African Research Network for Infectious Diseases. This 
network is expected to remain active for at least another 5 years (2010-2014). The network's 
missions are to (1) enhance our understanding on infectious diseases of regional/global importance, 
(2) spur technological innovation in diagnosis, therapy and prophylaxis, and (3) foster human 
resources in the research field. 

We will illustrate here the applications of state-of-the-art biotechnologies within our network, which 
include isothermal gene amplification by LAMP (loop-mediated amplification) and SmartAmp for 
rapid and accurate detection of pathogens on-site. We will also report our preliminary experiments 
with RAPID (robotics assisted pathogen identification) system that uses a high throughput 
sequencer and a strong database of pathogen genomes and will be useful to narrow down the 
candidate causative agents on a disease outbreak. 

 
 

2. InCoB2010-CBI Workshop Invited Talks 

 
False Positives in Personalized Genomics 
 
Dennis P. Wall 
 
Computational Biology Initiative Center for Biomedical Informatics, Harvard Medical School, Boston, MA, USA 

 
With the emergence of direct-to-consumer personalized genomics and the $1000 genome on the 
imminent horizon, the number of individuals undergoing genetic testing is accelerating. Concomitant 
with this rise is an increasing awareness that our methodologies and our current clinical 
knowledgebases may be inadequate to accurately measure risk of disease. Mutations that are 
marked in authoritative genetic databases as highly penetrant in causing disease congenitally or in 
early childhood are being discovered in asymptomatic, healthy adults. The number of these false 
positives findings is projected to rise dramatically because many of the current annotations for 
known mutations have not been developed for the asymptomatic, well population. In this talk, I will 
discuss our efforts to determine the frequency of false positives in present day genetic testing and 
their likely impact on the practice of personalized medicine. I will also discuss our work on clinical-
grade annotation of human genetic variation, and related efforts in educating future doctors on the 
potential of genomics on individualized healthcare. 

 

Peta-Scale Computing in Network Biology 

Chun-Hsi Huang 

University of Connecticut, Department of Computer Science and Engineering, Storrs, CT, USA 

Many levels of the biological processes can be modeled by networks. Microscopically, such 
networks can be used to model gene regulation, signal transduction, protein interaction, and 
molecular metabolism. In the macroscopic setting, there are ecological and phylogenic networks as 
well. Distinct from each other with their own special characteristics, these networks, however, share 
common properties. The analysis of large-scale biological networks usually reduces to computation-
heavy graph problems. In addition, recent advances in experimental methodology, particularly in 
genome sequencing and high-throughput technologies, have led to an unprecedented growth in 
network sizes. In this talk, we will discuss the use of efficient graph mining and partitioning 
techniques in the network analysis to identify structures or properties of biological significance. We 
will also discuss the deployment of modern distributed computing and information infrastructures in 
support of research work of this nature, namely research problems arising from life-science 
disciplines that are both computation- and data-intensive. 

 

 

 

 

 
 

3. InCoB2010-3rd BCII Invited Talks 

 

HLA targeting of viruses 

Nebojsa Jojic 

Microsoft Research, eScience Group, Redmond, WA, USA 

Over the last couple of decades, a number of studies reported that the outcomes of viral infections 
often associate with patients' HLA types. It is likely that such associations would be even more 
frequently discovered, if it were not for the fact that HLA is one of the most diverse regions of the 
human genome. Molecules encoded in the HLA region present viral peptides on the cellular surface, 
allowing immune surveillance and clearing of the infected cells. Thousands of different HLA types 
have been catalogued to this day, and as a consequence, the appropriate association studies are 
statistically possible only for a small subset of those HLA types which are found frequently enough 
in the patient population. Many HLA binding properties, however, are shared across different HLA 
types, and new HLA binding estimation techniques can thus be used to more accurately 
characterize HLA differences among the patients. In particular, I will describe how HLA targeting of 
the peptides derived from viral proteins can be used to differentiate patients, as well as viruses (50+ 
genomes of DNA and RNA viruses), and predict viral load and immune pressure points in HIV 
infections. We have demonstrated that by combining machine learning techniques and applying 
them to database entries (both viral proteomes, and collections of HLA-binding peptides) we have 
enabled high- throughput screening in real-time, with potential applications in health policy, vaccine 
design an elsewhere in immunology. 

 

Challenges in Intelligent Vaccine Design; the Swine Flu Story 

Nikolai Petrovsky 
 
Flinders Medical Centre, Bedford Park, SA, Australia and Flinders University, School of Medicine, Adelaide, 
SA, Australia 

 
The H1N1/2009 swine flu pandemic virus has so far fortunately turned out to be less lethal than 
originally foreseen. It has provided, however, a real-life opportunity to perform rigorous assessment 
of many recent claims of vaccine breakthroughs. In the end, few of these claimed breakthroughs in 
vaccine design and manufacture translated into useful vaccines, with the pandemic vaccines 
actually used almost exclusively utilising 50 year old egg-based influenza vaccine technology. So 
where were all the new and improved cutting-edge vaccines talked about before the pandemic? 
This talk will give an overview of where intelligent vaccine design is headed. 

Attempts will be made to explain why intelligent vaccine design failed to have a significant impact in 
the face of a real influenza pandemic. The key barriers that need to be overcome for smart new 
technologies in pandemic influenza vaccine design and manufacture to become a reality will also be 
discussed. 
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4. CBI (Chem-Bio Informatics Society) Invited Talks 
 
 
StrokeMed: an integrated literature database for stroke and the differentiation of 
stroke syndrome 
 
Young Joo Kim1, Young Kyu Park1 
 

1Genomic Resource Center, Korea Research Institute of Bioscience and Biotechnology, Daejeon, Korea 
 
Correspondence: yjkim8{AT}kribb.re.kr  

 
Background 
Complex diseases, such as stroke and cancer, have two or more genetic influences and are 
affected by environmental factors, which complicates them. Due to the complex characteristics of 
these diseases, we must search and study comprehensive literature-based article resources. Some 
disease-related literature databases have been developed through specialized journal issues or 
major websites. Most of them, however, are scattered throughout a website, and users encounter 
difficulties in finding accurate and comprehensive information easily and quickly. 
 
Results 
We developed StrokeMed, an integrated literature database for stroke and the differentiation of 
stroke syndrome. The system allows users to explore PubMed search results, categorized by MeSH 
(Medical Subject Headings), and the differentiation of stroke syndrome in Oriental medicine. 
StrokeMed collects data from important sites, such as PubMed, Scirus, and Scopus, automatically 
to maintain higher-quality and updated content.  

Conclusions 
Currently, the system indexes more than 20,000 PubMed abstracts that are related to stroke, stroke 
etiology, and Oriental medicine. The system provides valuable literature information to the scientific 
and medical fields in stroke.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Semantic Visualization of High-Dimensional Biomedical Data 

 
Marjan Trutschl1,2,5, Urska Cvek1,2,5, Evan Boswell4, Phillip Kilgore1, Charles McCarthy1, John Wessler1, 
Rona Scott1,2,3, Robert Rhoads4, John Clifford4 
 
1Laboratory for Advanced Biomedical Informatics, LSU Shreveport, Shreveport, LA, USA, 2Center for 
Molecular and Tumor Virology, LSU Health Sciences Center, Shreveport, LA, USA, 3Department of 
Microbiology and Immunology, LSU Health Sciences Center, Shreveport, LA, USA, 4Department of 
Biochemistry and Molecular Biology, LSU Health Sciences Center, Shreveport, LA, USA, 5Department of 
Bioinformatics and Computational Biology, LSU Health Sciences Center, Shreveport, LA, USA 
 
Correspondence: mtrutsch{AT}lsus.edu 

 
Background 

Large amounts of high-dimensional biomedical data not only create the need for the analysis of data 
and interpretation of results, but also the need for the development of tools and methods that can 
handle such data. Many techniques commonly used to analyze such data are graphical in nature 
with low intrinsic dimensionality - ability to unambiguously represent the data dimensionality. In fact, 
they can represent only a small number of variables at a time, requiring users to discard potentially 
useful data. 

Results 

The algorithms we have developed are based on a self-organizing map algorithm where the 
(dis)placement of records in a neural-network augmented plot is directed by all (or a subset of) 
dimensional values, which significantly improves the treatment of dimensional values. Therefore, 
users no longer have to choose which dimensions to use in order to visualize the data in a classic 
low-dimensional visualization. Moreover, these techniques reveal non-trivial patterns and 
correlations in data as well as organize large datasets of multi-dimensional records. Records 
exhibiting similar patterns across multiple dimensions map in proximity of each other, while 
preserving their original dimensional values and positions along the primary mapping coordinates in 
classic, well understood visualizations. 

Conclusions 

Neural network augmented visualization techniques enhance knowledge extraction, targeting 
complex data and providing for a very small, if any, loss of information. Our user studies, where 
users were tasked to find relationships in different datasets, showed increased insight with minimal 
or no user training. Additionally, it is interesting to note that most users indicated that they could 
clearly see patterns that were not intuitively obvious using original low-dimensional visualization 
techniques. 

 
 
 
 
 
 
 

 
 

 
Molecular Modeling Study of Glucokinase (GK) and Its Activators 
 

Yuno Lee, Songmi Kim, Shalini John and Keun Woo Lee 

Division of Applied Life Science (BK21 Program), Environmental Biotechnology National Core Research 
Center (EB-NCRC), Plant Molecular Biology and Biotechnology Research Center (PMBBRC), Gyeongsang 
National University, 900 Gazwa-Dong, Jinju 660-701, Korea 

Correspondence: kwlee{AT}gnu.ac.kr 

Glucokinase (GK) is an emerging target for the treatment of diabetes mellitus as this is the major 
enzyme that catalyzes the phosphorylation of glucose in to glucose 6-phosphate. There are many 
synthetic activators are available for GK activation. But still there is a need for the development of 
potent GK activator. Furthermore, more structural and chemical feature information of GK activators 
was needed to study further rational activator design. In order to understand the dynamical behavior 
of GK and its known activators, molecular dynamics (MD) studies were carried out with GK 
structures of the several states. Molecular docking calculations were performed to select the initial 
structure used in MD simulation. In this study, structural features and key interacting residues were 
investigated based on comparative analysis of GK activator docked configurations.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Extending Robotics to the Molecular Scale 

Satoshi Murata1 
 

1Graduate School of Engineering, Tohoku University, Aoba-yama 6-6-01, Sendai, Japan 
 

Correspondence: murata{AT}molbot.mech.tohoku.ac.jp 
 
Background 
Biological cells are ultimate molecular machinery that the long history of evolution invented. Most of 
functional or structural elements in the cell such as nuclei or cytoskeletons are mainly composed of 
various types of proteins. The process of protein synthesis is however so complicated that almost 
prohibit us to intervene or engineer it. Compared with this, the nucleic acid is much easier to 
engineer because of its simpler chemical composition. This is the reason why we think the nucleic 
acid is the most feasible material among the available chemicals to build molecular machineries. 
The emerging new field called “DNA Nanoengineering” is focused on making various molecular 
devices out of DNA. DNA has already established itself as an important building block for the 
bottom-up self-assembly in nanotechnology, with numerous nanostructures and nanodevices. The 
field is heading towards building complex functional systems in which sensing, information 
processing, and actuation, all realized within DNA-based devices are integrated.  

Results 
In order to make such robots on molecular scale, we must integrate four molecular functions into 
either the molecule itself, they are sensing, information processing, actuation and structure to hold 
those functional devices. In principle, DNA provides us with all of them, and we should be able to 
build a functional system out of nucleic acids. There are several approaches to realize this vision. 
The approach we have adopted is to mimic the structure of living organisms, namely the cellular 
structure. The key technology we use here is the special method to grow DNA nanostructure on a 
surface of templates such as micro-sized gel bead, called substrate-assisted self-assembly. This 
method enables us to build capsules made of DNA with known base sequences. The capsules not 
only can contain various DNA molecular devices, but also integrated with various channel devices 
which functions as interface for the molecular robot like channel proteins on the lipid bilayer. 
 
Conclusions 
Molecular Robotics is in its initial stages of development. However, fundamental methodologies to 
build large-scale complex nanosystems have been already well established. Increasing number of 
researchers has joined this field over the past several years, and this trend will lead us to the new 
era of Molecular Robotics. 
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Biophysical Approach to Cell-sized Molecular Robots 
 
Masahiro Takinoue1 
 
1Institute of Industrial Science, The University of Tokyo, Meguro-ku, Tokyo, Japan 
 
Correspondence: takinoue{AT}iis.u-tokyo.ac.jp 
 
Background 
In recent years, artificial biomolecular systems and devices with functions and structures have 
attracted much attention, for example, autonomous DNA/RNA information processing machine, 
DNA/RNA nanostructures, DNA nanodevices, RNA-protein (RNP) systems, etc. Integration of these 
systems will enable us to build up more complex artificial biomolecular systems such as cell-like 
functional micro-system/device and micro-devices with much higher performance than existing living 
system. Here, let me call such the functional micro-systems “cell-sized molecular robots”. From a 
physical point of view, there are three important concepts to construct cell-sized molecular robots: 
(1) a molecular-level system with some functions such as information processing and mechanical 
motion; (2) a cell-sized (i.e., about several dozen micrometers in diameter) capsule that can 
separate an inner system from the exterior environment such as micrometer-sized liposome, 
semipermeable microcage, and water-in-oil microdroplet; (3) autonomy and spontaneity of the 
system based on nonequilibrium open condition such as autonomous information processing and 
spontaneous mechanical motion. If a microcapsule including inner autonomous molecular system 
spontaneously moves, autonomously processes information, and communicates with other 
microcapsules, it will be just a cell-sized molecular robot. In this presentation, I will show a 
biophysical approach to construct cell-sized molecular robots based on the three concepts. 
 
Results 
To date, I have developed various fundamental systems to construct cell-sized molecular robots 
based on the above concepts: (i) an autonomous DNA/RNA logic gate that can autonomously 
process information using DNA/RNA molecules, proteins (this system is corresponding to (1) and 
(3)); (ii) a DNA microcapsule constructed with a DNA nanostructure (corresponding to (2)); (iii) a 
water-in-oil droplet system for the capsule of cell-sized molecular robots (corresponding to (2) and 
(3)); (iv) spontaneously moving microdroplet (corresponding to (2) and (3)). These realized partial 
functions of a cell-sized molecular robot. 
 
Conclusions 
I have developed various systems that are used for fundamental parts in constructing cell-sized 
molecular robots. Next, I will integrate these systems and will propose a cell-sized molecular robot. 
In the future, the robots will improve biotechnology (for example, super drug delivery system) and 
provide useful tools to study life system from a physical point of view. 
 

 

 

 

 

 

 
 

Traceable and Sharable Database of Biological Experiments in Synthetic Biology  
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1Department of Computer Science, Graduate School of Information Science and Technology, University of 
Tokyo, Tokyo, Japan, 2Department of Computational Intelligence and System Science, Interdisciplinary 
Graduate School of Science and Engineering, Tokyo Institute of Technology, Kanagawa, Japan, 3Department 
of Biophysics and Biochemistry, Graduate School of Science, University of Tokyo, Tokyo, Japan 
 

Correspondences: ibuki{AT}is.s.u-tokyo.ac.jp, kiga{AT}dis.titech.ac.jp, arita{AT}bi.s.u-tokyo.ac.jp, fumi95{AT}is.s.u-
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Background 
Databases such as OpenWetWare and Registry of Standard Biological Parts allow researchers to 
share genetic parts and methods in synthetic biology and conduct further experiments based on 
only the information stored in those databases. However, such databases do not contain raw 
experimental data but allow making changes without tracing back to related experimental results. 
 
Results 
We have created a prototype database of model experiments in synthetic biology, using MediaWiki 
as a software platform. The database consists of sharable web pages of MediaWiki, which are 
divided into three categories: material pages, experiment pages, and result pages. A material page 
contains information about the material (e.g., a DNA sequence or an actual tube), links to the 
experiment pages that constructed the material or utilized it, and so on. An experiment page 
contains information about the procedure of the experiment, the date when the experiment was 
performed, the person who carried out the experiment, a link to the result page of the experiment, 
and so on. A result page contains information about the experimental data, possibly as pictures or 
graphs, and links to the related material pages, which were obtained by the experiment. Each page 
has multiple links to other pages, by which we can regard the whole database as an elaborate 
network where a user can trace back any piece of information in the database to the related 
experimental data. We have made full use of the characteristic features of MediaWiki, compared 
with other Wiki-based systems. In particular, we prepared a template of MediaWiki for each kind of 
page, so that one can prepare a page only by specifying appropriate parameters to the template, 
which automatically creates necessary links between the related pages and guarantees traceability 
of each piece of information in the page. 
 
Conclusions 
We have successfully used MediaWiki as a software platform for creating a traceable and sharable 
database of experiments in synthetic biology. The approach we have proposed can be further 
extended to automate laboratory experiments by computers programs, which would schedule and 
perform virtual experiments on the platform. 

 
 
 
 
 

 

 
 

5. IIMMS (International Immunomics Society) Invited Talk 

 
Mining the Influenza A Proteome for Adaptive Mutations Linked to Human 
Transmissibility 
 
Olivo Miotto1,2, AT Heiny3, Randy Albrecht4, Adolfo García-Sastre4,5,6, Tin Wee Tan3, J Thomas August7, 
Vladimir Brusic8 
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Mount Sinai School of Medicine, New York, USA, 7Department of Pharmacology and Molecular Sciences, 
Johns Hopkins University School of Medicine, Baltimore, USA, 8Cancer Vaccine Center, Dana-Farber Cancer 
Institute, Boston, USA 
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Background 
Zoonotic strains of influenza A viruses, both of avian and swine origin, have caused great concern 
as potential pandemic threats. However, most avian strains appear incapable of human-to-human 
(H2H) transmission, which suggests that it requires important adaptive mutations. By performing a 
large-scale comparative analysis of proteins sequences in avian and human strains, we produced 
an extensive catalogue of mutations associated with H2H transmissibility, assessed their presence 
in human and zoonotic isolates. 
 
Results 
We constructed a dataset of influenza A protein sequences from 92,343 public database records. 
Using a method based on mutual information (MI), human-transmissible and avian sequence were 
compared, to identify characteristic sites where mutations are highly conserved in human-
transmissible isolates. A total of 68 characteristic sites were identified in eight internal proteins: 17 in 
each of the PA and PB2 proteins; 12 in NP; 1 in PB1; 3 in M1; 9 in M2; 6 in NS1; and 3 in NEP/NS2. 
Adaptive mutations in the HA and NA proteins could not be identified because of their exceptional 
variability. The distribution of characteristic sites suggests interdependence between mutations in 
RNP-related proteins. Sites are often clustered in known functional regions, suggesting their 
functional roles in cellular processes. By concatenating characteristic site residues, we defined H2H 
adaptation signatures, which summarize the adaptive potential of specific isolates. Most adaptive 
mutations appeared within the first three decades following the 1918 pandemic, remaining stable 
thereafter. Two viral lineages with stable internal protein constellations have circulated among 
humans without reassorting. This contrasts with the frequent reassortments of avian viruses such as 
H5N1, which cause both gains and losses of adaptive mutations. 
 
Conclusions 
Human host adaptation appears to be complex and systemic, involving nearly all influenza proteins. 
Adaptation signatures suggest that the ability of H5N1 strains to infect humans may be related to an 
unusually high number of adaptive mutations. However, these mutations appear unstable, making 

 
 

H5N1 an unlikely candidate for a pandemic. Adaptation signatures provide a novel tool for 
identifying zoonotic strains with the potential to infect humans. 
 
Availability and Requirements 
* Project name: Antigen Variability ANAlyzer (AVANA) 
* Project home page: http://avana.sourceforge.net/  
* Operating system(s): Platform independent 
* Programming language: Java 
* Other requirements: Java 5 or higher 
* License: Apache License V2.0 
* Any restrictions to use by non-academics: None 
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6. Sponsored Talks 

 
GenoCon: an International Rational-Genome-Design Contest on a Freemium 
Semantic-web Platform Associating Business and Educational Communities in 
Synthetic Biology 
 
Tetsuro Toyoda, Bioinformatics And Systems Engineering division (BASE), RIKEN, Japan 
 
Correspondence: toyoda{AT}base.riken.jp 

 
Synthetic biology requires both engineering efficiency and compliance with safety guidelines and 
ethics. Synthetic biology is further expected to maximize the chance of open innovation with a 
platform keeping the freedom for researchers to remix and design effective combinations among 
multiple biological components and technologies. It is also important for the platform to deal with the 
legal aspects of copyright as well as patent and safety guidelines, because intellectual work 
including genomic sequences designed rationally by human is basically copyrightable. An 
informational platform with high traceability, accessibility, auditability is required for copyright proof, 
safety compliance and incentive management for open innovation in synthetic biology. To illustrate 
an example of such a platform, we introduce GenoCon, a platform for open innovations involving 
worldwide participants from business to educational communities, as a competition to solve a given 
problem in synthetic biology by rationally designing genomic sequences. Using only a web browser, 
worldwide contestants propose a design expressed with CAD bricks or computer programs that 
generate a relevant DNA sequence, which is then experimentally evaluated by the GenoCon 
organizers intensively. CAD bricks comprising a semantic web of programs and databases will be 
well-stocked, shared and developed on the information platform termed Scientists’ Networking 
System or SciNetS/SciNeS. 
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SPLP: Life Science Integrated DB Project: Development of Web and Active Workflow             

Kazuhiko Fukui, Toshiyuki Tashiro, Yukimitsu Yabuki, Tamotsu Noguchi, Kiyoshi Asai 
 
Computational Biology Research Center (CBRC), National Institute of Advanced Industrial Science and 
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Correspondence: k-fukui{AT} aist.go.jp  

 
Background 
The amount of data in the area of Life Science/Bioinformatics has grown exponentially. In order to 
use databases, analysis/prediction tools and software more efficiently in the field of life science, 
various issues need to be addressed. We introduce workflows for efficiently processing such data, 
by defining a series of job flows, rather than processing one by one manually. The workflows 
contain many programs, each of which requires relatively long time if executed individually, and 
have been developed for mainly improving the usability for users. 
 
Results 
The workflows are developed in order to allow users to access/process relevant data and use 
bioinformatics tools more efficiently in their problem solving efforts. Using the workflows, the user 
executes distributed neither analytical software nor data base one by one but defining the flow of a 
series of analytical processing. The workflow developed here is divided roughly into a fixed type 
(WEB workflow) and a changeable/flexible type (active workflow). The WEB workflow is combining 
the processing defined beforehand, and the user can specify the parameter etc. only within the 
permitted range. On the other hand, the user can specify the combination of bioinformatics tools as 
visualized nodes in the active workflow using a platform called KNIME. We have developed three 
WEB workflows: Protein Annotation, Comparative Protein Information and Modelling workflows. 
These workflows can provide information on structurally significant regions by comparing 
homologous proteins, structures/functions of the given protein and a 3D structure, based on 
templates, with assist of modelling software.  Using the KNIME platform, we developed several 
active workflows based on CBRC software/tools with SOAP interface, so that the user can execute 
analysis on local PC accessing to the SOAP services at CBRC. 
 
Conclusions 
We have developed the integrated infrastructure for bioinformatics that leads to the efficient 
utilization of data, software, tools and the latest information technology. The WEB workflows enable 
ones to use bioinformatics tools without installing any tools nor databases on a local computer. The 
active workflows on the platform with SOAP interface aim a flexible approach towards integration of 
bioinformatics software/tools and large data analysis within GRID/Cloud computing environment. 
 
Availability and Requirements 
* Project name: Life Science Database Integration Project 
* Project home page: http://togo.cbrc.jp 
* Operating system(s): Platform independent (WEB workflow) 
* Programming language: Java 
* Other requirements: KNIME (Active workflow) 
* License: Modeller for Protein modelling workflow 
* Any restrictions to use by non-academics: licence needed 
 

 

 

 
 

Software for Next-gen Sequencer Analysis 

Kiyoshi Asai 

Computational Biology Research Center (CBRC), National Institute of Advanced Industrial Science and 
Technology (AIST), Tokyo, Japan 

Correspondence: asai-cbrc{AT}aist.go.jp  

 

Computational Biology Research Center (CBRC) develops software tools databases in 
bioinformatics and their integrated environment. In this talk, we introduce new computational 
methods needed to fully utilize next-gen sequencer technology; including fast clustering of large 
data of short sequences, tag count correction, genome alignment, and specialized methods for the 
analysis of RNA sequences. SLIDESORT finds all similar pairs from large scale string pools in 
terms of edit distance in linear time of the number of sequences. RECOUNT statistically models the 
systematic bias in tag abundance counts introduced by sequencer error – improving the accuracy of 
estimated gene expression levels rates (RNA-Seq) or DNA binding affinity (SELEX). LAST is an 
alternative to BLAST, which is robust to biased G+C content and repetitive sequences, often 
providing similar or better accuracy in a tenth the time. LAST makes whole genome alignment on a 
desktop PC feasible. CentroidFold is a web application for RNA secondary structure prediction 
powered by one of the most accurate prediction engines. The server accepts a single RNA 
sequences or a multiple alignment of RNA sequences. 

 

 

Platinum Sponsor 

 

 

 

 

 

http://www.cbrc.jp/ 

  

 

 

 

 

 
 

An Exhaustive Structural Classification at Atomic Resolution Reveals that Geometric 
Similarities of Protein-Protein Interfaces are Confined within Homologous Families 

Akira R. Kinjo  

Protein Data Bank Japan and Institute for Protein Research, Osaka University, Japan 

Correspondence: akinjo{AT}protein.osaka-u.ac.jp 

 

To elucidate the structural basis of the diversity and universality in protein-protein interactions, an 
exhaustive all-against-all structural comparison of all known protein interfaces in the Protein Data 
Bank was performed at atomic resolution. Clustering of similar interfaces yielded approximately 
20,000 structural motifs with at least two members, out of which 3678 motifs consisted of at least 10 
interfaces. Except for some trivial interfaces involving single alpha helices, almost all motifs were 
found to be confined within single protein families. Furthermore, the interaction partners of each 
motif were found to be very limited, which lead to rather small interaction networks of the motifs 
compared to the case for small ligand molecules. These findings suggest that, at the level of atomic 
structures, protein-protein interactions are precisely designed; hence, protein interfaces with 
multiple interacting partners should involve incompletely overlapping multiple interfaces and/or 
accommodate structural changes upon binding to their targets. 

Reference: Kinjo, A. R. and Nakamura, H., J. Mol. Biol. 399:526-540 (2010). 
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Putting Immunoinformatics to Work to Develop Better Vaccines and Protein 
Therapeutics  
 
Anne S. De Groot1,2,3, Leonard Moise1,2, Tobias Cohen1, Matthew Ardito1 and William Martin1  
 
1EpiVax, 146 Clifford Street, Providence, RI 02903, USA, 2Institute for Immunology and Informatics, University 
of Rhode Island, Providence, RI 02903, USA, and 3Alpert Medical School, Brown University, Providence, RI 
02903, USA  

Correspondence: AnnieD{AT}EpiVax.com 

The contributions of effector T cell epitopes to the immunogenicity of vaccines, protein therapeutics, 
and to autoimmunity are now broadly accepted. In the context of vaccine design, efforts are now 
devoted to increasing immunogenicity by selecting proteins based on T cell epitope content; and in 
the clinical development of protein therapeutics, efforts are now directed towards modulating the 
presence of T cell epitopes in protein therapeutics by screening and deimmunizing (removing T cell 
epitopes) prior to further development of the protein for clinical use. In allergy and autoimmunity, 
efforts are directed at identifying T cell epitopes for use in cell-mediated therapy of autoimmune and 
allergic responses. T cell epitopes are also emerging as key players in the induction of tolerance; 
discovery of natural regulatory T cell epitopes in the sequence of therapeutic monoclonals 
represents a paradigm shift for protein therapeutics, allergy, autoimmunity and transplantation.  
 
For both vaccine and therapeutic design, we have developed a suite of computer algorithms; this 
suite includes EpiMatrix, ClustiMer, Conservatrix, BlastiMer, Aggregatrix, OptiMatrix, and 
VaccineCAD. Two very useful programs for vaccine and therapeutics are EpiMatrix and ClustiMer. 
EpiMatrix employs HLA class I and class II "pocket profiles" that describe HLA pocket binding 
coefficients, and applies these coefficients to the prediction of overlapping 9- and 10-mer peptide 
epitopes, while ClustiMer identifies T cell epitope "clusters" which range from 9 to roughly 25 amino 
acids in length and, considering their affinity to multiple alleles and across multiple frames, can 
contain anywhere from 4 to 40 binding motifs. Using these two programs, we have developed a 
system to score proteins based on their epitope content (both effector and regulatory) and use 
those scores to evaluate the immunogenicity of vaccines and protein therapeutics.  
 
Enhanced use of T cell epitope mapping tools may improve our ability to identify T cell epitopes that 
can be useful for vaccine development (T effector epitopes) and for therapeutics (immunogenic and 
regulatory epitopes) and enable us to harness these important mediators of immune response. 
Effective integration of these epitopes into vaccines and removal of epitopes from therapeutics will 
facilitate development of improved immunotherapies for human health.  

Luncheon Session Sponsor   
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7. Accepted Research Paper Abstracts – Oral Presentation  

 

Construction of a Genetic AND gate Under a New Standard for Assembly of Genetic 
Parts  

Shotaro Ayukawa1, Akio Kobayashi1, Yusaku Nakashima2, Hidemasa Takagi2, Shogo Hamada1, Masahiko 
Uchiyama1, Katsuyuki Yugi2,6, Satoshi Murata3, Yasubumi Sakakibara2, Masami Hagiya4, Masayuki 
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Kohoku-ku, Yokohama, Kanagawa 223-8522, Japan, 3Department of Bioengineering and Robotics, Tohoku 
University, 6-6-01 Aoba-yama, Sendai 980-8579, Japan, 4Department of Computer Science, Graduate School 
of Information Science and Technology, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, 
Japan, 5PRESTO, JST, 4-1-8 Honcho, Kawaguchi-shi, Saitama 332-0012, Japan, 6Present address: 
Department of Biophysics and Biochemistry, Graduate School of Science, University of Tokyo, 7-3-1 Hongo, 
Bunkyo-ku, Tokyo 113-0033, Japan  

Correspondence: kiga{AT}dis.titech.ac.jp 

 
Background  
Appropriate regulation of respective gene expressions is a bottleneck for the realization of artificial 
biological systems inside living cells.  The modification of several promoter sequences is required to 
achieve appropriate regulation of the systems.  However, a time-consuming process is required for 
the insertion of an operator, a binding site of a protein for gene expression, to the gene regulatory 
region of a plasmid.  Thus, a standardized method for integrating operator sequences to the 
regulatory region of a plasmid is required. 
 
Results  
We developed a standardized method for integrating operator sequences to the regulatory region of 
a plasmid and constructed a synthetic promoter that functions as a genetic AND gate.  By 
standardizing the regulatory region of a plasmid and the operator parts, we established a platform 
for modular assembly of the operator parts.  Moreover, by assembling two different operator parts 
on the regulatory region, we constructed a regulatory device with an AND gate function.    
 
Conclusions  
We implemented a new standard to assemble operator parts for construction of functional genetic 
logic gates.  The logic gates at the molecular scale have important implications for reprogramming 
cellular behavior. 

 
 
 
 

 
 

Gradual Transition from Mosaic to Global DNA Methylation Patterns during 
Deuterostome Evolution 
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Background 
DNA methylation by the Dnmt family occurs in vertebrates and invertebrates, including ascidians, 
and is thought to play important roles in gene regulation and genome stability, especially in 
vertebrates. However, the global methylation patterns of vertebrates and invertebrates are 
distinctive. Whereas almost all CpG sites are methylated in vertebrates, with the exception of those 
in CpG islands, the ascidian genome contains approximately equal amounts of methylated and 
unmethylated regions. Curiously, methylation status can be reliably estimated from the local 
frequency of CpG dinucleotides in the ascidian genome. Methylated and unmethylated regions tend 
to have few and many CpG sites, respectively, consistent with our knowledge of the methylation 
status of CpG islands and other regions in mammals. However, DNA methylation patterns and 
levels in vertebrates and invertebrates have not been analyzed in the same way. 

Results 

Using a new computational methodology based on the decomposition of the bimodal distributions of 
methylated and unmethylated regions, we estimated the extent of the global methylation patterns in 
a wide range of animals. We then examined the epigenetic changes in silico along the phylogenetic 
tree. We observed a gradual transition from fractional to global patterns of methylation in 
deuterostomes, rather than a clear demarcation between vertebrates and invertebrates. When we 
applied this methodology to six piscine genomes, some of which showed features similar to those of 
invertebrates. 

Conclusions 

The mammalian global DNA methylation pattern was probably not acquired at an early stage of 
vertebrate evolution, but gradually expanded from that of a more ancient organism. 

 
 

DODO: an Efficient Orthologous Genes Assignment Tool Based on Domain 
Architectures 
 
Ting-wen Chen1,2, Timothy H. Wu1, Wailap V. Ng1 and Wen-chang Lin1,2 
 
1Institute of Biomedical Informatics, National Yang-Ming University, Taipei, Taiwan, 2Institute of Biomedical 
Sciences, Academia Sinica, Taipei, Taiwan 
 
Correspondence: wenlin{AT}ibms.sinica.edu.tw 

 
Background 
Orthologs are genes derived from the same ancestor gene loci after speciation events. Orthologous 
proteins usually have similar sequences and perform comparable biological functions. Therefore, 
ortholog identification is useful in annotations of newly sequenced genomes. With rapidly increasing 
number of sequenced genomes, constructing or updating ortholog relationship between all 
genomes requires lots of effort and computation time. In addition, elucidating ortholog relationships 
between distantly related genomes is challenging because of the lower sequence similarity. 
Therefore, an efficient ortholog detection method that can deal with large number of distantly related 
genomes is desired. 
 
Results 
An efficient ortholog detection pipeline DODO (DOmain based Detection of Orthologs) is created on 
the basis of domain architectures in this study. Supported by domain composition, which usually 
directly related with protein function, DODO could facilitate orthologs detection across distantly 
related genomes. DODO works in two main steps. Starting from domain information, it first assigns 
protein groups according to their domain architectures and further identifies orthologs within those 
groups with much reduced complexity. Here DODO is shown to detect orthologs between two 
genomes in considerably shorter period of time than traditional methods of reciprocal best hits and it 
is more significant when analyzed a large number of genomes. The output results of DODO are 
highly comparable with other known ortholog databases. 
 
Conclusions 
DODO provides a new efficient pipeline for detection of orthologs in a large number of genomes. In 
addition, a database established with DODO is also easier to maintain and could be updated 
relatively effortlessly. The pipeline of DODO could be downloaded from 
http://140.109.42.19:16080/dodo_web/home.htm. 
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In vitro Homology Search Array Comprehensively Reveals Highly Conserved Genes 
and their Functional Characteristics in Non-sequenced Species 
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Background 
With the increase in genomic and transcriptomic data produced by the recent advancements in next 
generation sequencers and microarrays, it is now easier than ever to conduct large-scale 
comparative genomic studies for familiar species. However, there are more than ten million species 
on earth, and the study of all remaining species is not realistic in terms of cost and time. There have 
been a number of attempts at using microarrays for cross-species hybridization; however, those 
approaches only utilized the same probes for each species or different probes designed from 
orthologous genes. To establish easier and cheaper methods for the large-scale comparative 
genomic study of non-sequenced species, we developed an in vitro homology search array with the 
aid of a bioinformatic approach to probe design. 
 
Results 
To perform large-scale genomic comparisons of non-sequenced species, we chose squid, one of 
the most intelligent species among Protostomes, for comparison with human genes. We designed a 
microarray using human single copy genes and conducted microarray experiments with mRNAs 
extracted from the squid. Multi-copy genes could not be detected using the microarray in this study 
because their sequence similarity caused cross-hybridization. A search for squid homologous genes 
among human genes revealed that 68% of the human probes tested showed the expression of 
squid homolog genes and 95 genes were confirmed to be expressed highly in squid. Functional 
classification analysis showed that these highly expressed genes comprise DNA binding proteins, 
which are under pressure of DNA level mutation and, consequently, show high similarity at the 
nucleotide level. 
 
Conclusions 
Our array could detect homologous genes in squids and humans in spite of the distant phylogenic 
relationships between the species. This experimental method will be useful for identifying homologs 
in non-sequenced species, for the development of genetic resources and for the collection of 
information on biodiversity, particularly when using the genome of sibling or closely related species. 
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Background 
Harnessing vast amounts of genomic data in phylogenetic context stemming from massive sequencing 
of multiple closely related genomes requires new tools and approaches. We present a tool for the 
genome-wide analysis of frequencies and patterns of amino acid substitutions in multiple alignments of 
genes’ coding regions, and a database of amino acid substitutions in the phylogeny of 12 Drosophila 
genomes. We illustrate the use of these resources to address three types of evolutionary genomics 
questions: about fluxes in amino acid composition in proteins, about asymmetries in amino acid 
substitutions and about patterns of molecular evolution in duplicated genes. 

Results 
We demonstrate that amino acid composition of Drosophila proteins underwent a significant shift over 
the last 70 million years encompassed by the studied phylogeny, with less common amino acids (Cys, 
Met, His) increasing in frequency and more common ones (Ala, Leu, Glu) becoming less frequent. 
These fluxes are strongly correlated with polarity of source and destination amino acids, resulting in 
overall systematic decrease of mean polarity of amino acids found in Drosophila proteins. Frequency 
and radicality of amino acid substitutions are higher in paralogs than in orthologous single-copy genes 
and are higher in gene families with paralogs than in gene families without surviving duplications. Rate 
and radicality of substitutions, as expected, are negatively correlated with overall level and uniformity of 
gene expression. However, these correlations are not observed for substitutions occurring in duplicated 
genes, indicating a different selective constraint on the evolution of paralogous sequences. Clades 
resulting from duplications show a marked asymmetry in rate and radicality of amino acid substitutions, 
possibly a signal of widespread neofunctionalization. These patterns differ among protein families of 
different functionality, with genes coding for RNA-binding proteins differing from most other functional 
groups in terms of amino acid substitution patterns in duplicated and single-copy genes.  

Conclusions 
We demonstrate that deep phylogenetic analysis of amino acid substitutions can reveal interesting 
genome-wide patterns. Amino acid composition of drosophilid proteins is shaped by fluxes similar to 
those previously observed in prokaryotic, yeast and mammalian genomes, indicating globally present 
patterns. Increased frequency and radicality of amino acid substitutions in duplicated genes and the 
presence of asymmetry of these parameters between paralogous clades indicate widespread 
neofunctionalization among paralogs as the mechanism of duplication retention. 
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Background  
In eukaryotes, the cell is divided into several compartments enclosed by unitary membranes. Such 
compartmentalization is critical for cells to restrict different pathways to be carried out in different 
subcellular regions. Summary and classification of subcellular localizations of metabolic pathways 
are the first steps towards understanding their roles in spatial differentiation and specialization of 
metabolic pathways in different organisms.  

Results  

Integrating subcellular localization of enzymes and their pathways from UniProt Knowledgebase 
and KEGG pathway databases, we present the first database for subcellular localization of 43014 
pathways from 80676 UniProt entries and their pathway annotations from UniProt and KEGG 
pathway databases. To extract pathway localization across organisms, we defined 889 
superpathways as clusters of basic pathways with the same pathway annotations from different 
organisms. Over eighty-eight percent of superpathways in Swiss-Prot dataset occur in cytoplasm 
and mitochondria. And over seventy percent of Swiss-Prot superpathways have multiple localization 
annotations. We summarized four common reasons for the multiple localization of superpathways. 
Based on this database, we also discovered eighty-eight potential transport systems between 
different steps of multiple localized pathways and 45 duplicated genes from17 pathways occurring 
parallel in several locations in human.  

Conclusions  

PathLocdb is a free web-accessible database that enables biochemical researchers to quickly 
access summarized subcellular localization of pathways from UniProt and KEGG pathway 
databases. As the first effort to systematically integrate pathway localization, this database is very 
useful in discovering the variation of localization of pathways between organisms and also cross-
talk between different organelles within a pathway. The Pathlocdb database is available at 
http://pathloc.cbi.pku.edu.cn. 
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Background 

Understanding cellular systems requires the knowledge of a protein’s subcellular localization (SCL). 
Although experimental and predicted data for protein SCL are archived in various databases, SCL 
prediction remains a non-trivial problem in genome annotation. Current SCL prediction tools use 
amino-acid sequence features and text mining approaches. A comprehensive analysis of protein 
SCL in human PPI and metabolic networks for various subcellular compartments is necessary for 
developing a robust SCL prediction methodology.  

Results 

Based on protein-protein interaction (PPI) and metabolite-linked protein interaction (MLPI) networks 
of proteins, we have compared, contrasted and analysed the statistical properties across different 
subcellular compartments. We integrated PPI and metabolic datasets with SCL information of 
human proteins from LOCATE and GOA (Gene Ontology Annotation) and estimated three statistical 
properties: Chi-square (χ2) test, Paired Localisation Correlation Profile (PLCP) and network 
topological measures. For the PPI network, Pearson’s chi-square test shows that for the same SCL 
category, twice as many interacting protein pairs are observed than estimated when compared to 
non-interacting protein pairs (χ2=1270.19, P-value < 2.2 x 10-16), whereas for MLPI, metabolite-
linked protein pairs having the same SCL are observed 20% more than expected, compared to non-
metabolite linked proteins (χ2=110.02, P-value < 2.2 x10-16). To address the issue of proteins with 
multiple SCLs, we have specifically used the PLCP (Pair Localization Correlation Profile) measure. 
PLCP analysis revealed that protein interactions are majorly restricted to the same SCL, though 
significant cross-compartment interactions are seen for nuclear proteins. Metabolite-linked protein 
pairs are restricted to specific compartments such as the mitochondrion (P-value < 6.0e-07), the 
lysosome (P-value < 4.7e-05) and the Golgi apparatus (P-value < 1.0e-15). These findings indicate 
that the metabolic network adds value to the information in the PPI network for the localisation 
process of proteins in human subcellular compartments. 

Conclusions 

The MLPI network differs significantly from the PPI network in its SCL distribution. The PPI network 
shows passive protein interaction, possibly due to its high false positive rate, across different 
subcellular compartments, which seem to be absent in the MLPI network, as the MLPI network has 
evolved to maintain high substrate specificity for proteins. 
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Background 
Protein-protein interactions (PPIs) play important roles in various cellular processes. However, the 
low quality of current PPI data detected from high-throughput screening techniques has diminished 
the potential usefulness of the data. We need to develop a method to address the high data noise 
and incompleteness of PPI data, namely, to filter out inaccurate protein interactions (false positives) 
and predict putative protein interactions (false negatives). 
 
Results 
In this paper, we proposed a novel two-step method to integrate diverse biological and 
computational sources of supporting evidence for reliable PPIs. The first step, interaction binning or 
InterBIN, groups PPIs together to more accurately estimate the likelihood (Bin-Confidence score) 
that the protein pairs interact for each biological or computational evidence source. The second step, 
interaction classification or InterCLASS, integrates the collected Bin-Confidence scores to build 
classifiers and identify reliable interactions. 
 
Conclusions 
We performed comprehensive experiments on two benchmark yeast PPI datasets. The 
experimental results showed that our proposed method can effectively eliminate false positives in 
detected PPIs and identify false negatives by predicting novel yet reliable PPIs. Our proposed 
method also performed significantly better than merely using each of individual evidence sources, 
illustrating the importance of integrating various biological and computational sources of data and 
evidence. 
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Background 
Computational prediction of noncoding RNAs (ncRNAs) is an important task in the post-genomic era. 
One common approach is to utilize the profile information contained in alignment data rather than 
single sequences. However, this strategy involves the possibility that the quality of input alignments 
can influence the performance of prediction methods. Therefore, the evaluation of the robustness 
against alignment errors is necessary as well as the development of accurate prediction methods. 
 
Results 
We describe a new method, called Profile BPLA kernel, which predicts ncRNAs from alignment data 
in combination with support vector machines (SVMs). Profile BPLA kernel is an extension of base-
pairing profile local alignment (BPLA) kernel which we previously developed for the prediction from 
single sequences. By utilizing the profile information of alignment data, the proposed kernel can 
achieve better accuracy than the original BPLA kernel. We show that Profile BPLA kernel 
outperforms the existing prediction methods which also utilize the profile information using the high-
quality structural alignment dataset. In addition to these standard benchmark tests, we extensively 
evaluate the robustness of Profile BPLA kernel against errors in input alignments. We consider two 
different types of error: first, that all sequences in an alignment are actually ncRNAs but are aligned 
ignoring their secondary structures; second, that an alignment contains unrelated sequences which 
are not ncRNAs but still aligned. In both cases, the effects on the performance of Profile BPLA 
kernel are surprisingly small. Especially for the latter case, we demonstrate that Profile BPLA kernel 
is more robust compared to the existing prediction methods. 
 
Conclusions 
Profile BPLA kernel provides a promising way for identifying ncRNAs from alignment data. It is more 
accurate than the existing prediction methods, and can keep its performance under the practical 
situations in which the quality of input alignments is not necessarily high. 
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Background 
RNA editing is a transcript-based layer of gene regulation. To date, no systemic study on RNA 
editing of plant nuclear genes has been reported. Here, a transcriptome-wide search for editing 
sites in nuclear transcripts of Arabidopsis (Arabidopsis thaliana) was performed. 
 
Results 
MPSS (massively parallel signature sequencing) and PARE (parallel analysis of RNA ends) data 
retrieved from public databases were utilized, focusing on one-base-conversion editing. Besides 
cytidine (C)-to-uridine (U) editing in mitochondrial transcripts, many nuclear transcripts were found 
to be diversely edited. Interestingly, a sizable portion of these nuclear genes are involved in 
chloroplast- or mitochondrion-related functions, and many editing events are tissue-specific. Some 
editing sites, such as adenosine (A)-to-U editing loci, were found to be surrounded by peculiar 
elements. The editing events of some nuclear transcripts are highly enriched surrounding the 
borders between coding sequences (CDSs) and 3′ untranslated regions (UTRs), suggesting site-
specific editing. Furthermore, RNA editing is potentially implicated in new start or stop codon 
generation, and may affect alternative splicing of certain protein-coding transcripts. RNA editing in 
the precursor microRNAs (pre-miRNAs) of ath-miR854 family, resulting in secondary structure 
transformation, implies its potential role in microRNA (miRNA) maturation. 
 
Conclusions 
To our knowledge, the results provide the first global view of RNA editing in plant nuclear transcripts. 
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Background 

MicroRNAs (miRNAs) are endogenous non-protein-coding RNA genes which exist in a wide variety 
of organisms, including animals, plants, virus and even unicellular organisms. Medaka (Oryzias 
latipes) is a useful model organism among vertebrate animals. However, no medaka miRNAs have 
been investigated systematically. It is beneficial to conduct a genome-wide miRNA discovery study 
using the next generation sequencing (NGS) technology, which has emerged as a powerful 
sequencing tool for high-throughput analysis. 

 

Results 

In this study, we adopted ABI SOLiD platform to generate small RNA sequence reads from medaka 
tissues, followed by mapping these sequence reads back to medaka genome. The mapped 
genomic loci were considered as candidate miRNAs and further processed by a support vector 
machine (SVM) classifier. As result, we identified 599 novel medaka pre-miRNAs, many of which 
were found to encode more than one isomiRs. Besides, additional minor miRNAs (also called 
miRNA star) can be also detected with the improvement of sequencing depth. These quantifiable 
isomiRs and minor miRNAs enable us to further characterize medaka miRNA genes in many 
aspects. First of all, many medaka candidate pre-miRNAs position close to each other, forming 
many miRNA clusters, some of which are also conserved across other vertebrate animals. Secondly, 
during miRNA maturation, there is an arm selection preference of mature miRNAs within precursors. 
We observed the differences on arm selection preference between our candidate pre-miRNAs and 
their orthologous ones. We classified these differences into three categories based on the 
distribution of NGS reads. Finally, we also investigated the relationship between conservation status 
and expression level of miRNA genes. We concluded that the evolutionally conserved miRNAs were 
usually the most abundant ones. 

 
Conclusions 
Medaka is a widely used model animal and usually involved in many biomedical studies, including 
the ones on development biology. Identifying and characterizing medaka miRNA genes would 
benefit the studies using medaka as a model organism. 
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Background 
In metagenomic sequence data, majority of sequences/reads originate from new or partially 
characterized genomes, the corresponding sequences of which are absent in existing reference 
databases. Since taxonomic assignment of reads is based on their similarity to sequences from 
known organisms, the presence of reads originating from new organisms poses a major challenge 
to taxonomic binning methods. The recently published SOrt-ITEMS algorithm uses an elaborate 
work-flow to assign reads originating from hitherto unknown genomes with significant accuracy and 
specificity. Nevertheless, a significant proportion of reads still get misclassified. Besides, the use of 
an alignment-based orthology step (for improving the specificity of assignments) increases the total 
binning time of SOrt-ITEMS. 
 
Results 
In this paper, we introduce a rapid binning approach called DiScRIBinATE (Distance Score Ratio for 
Improved Binning And Taxonomic Estimation). DiScRIBinATE replaces the orthology approach of 
SOrt-ITEMS with a quicker 'alignment-free' approach. We demonstrate that incorporating this 
approach reduces binning time by half without any loss in the specificity and accuracy of 
assignments. Besides, a novel reclassification strategy incorporated in DiScRIBinATE results in 
reducing the overall misclassification rate to around 3 - 7%. This misclassification rate is 1.5 – 3 
times lower as compared to that by SOrt-ITEMS, and 3 - 30 times lower as compared to that by 
MEGAN. 
 
Conclusions 
A significant reduction in binning time, coupled with a superior assignment accuracy (as compared 
to existing binning methods), indicates the immense applicability of the proposed algorithm in 
rapidly mapping the taxonomic diversity of large metagenomic samples with high accuracy and 
specificity. 
 
Availability 
The program is available on request from the authors. 
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Background 
Human papillomaviruses (HPVs) are the most common on sexually transmitted viruses in the world. 
HPVs are responsible for a large spectrum of deseases, both benign and malignant. The certain 
types of HPV are involved in the development of cervical cancer. In attemps to find additional drugs 
in the treatment of cervical cancer, inhibitors of the histone deacetylases (HDAC) have received 
much attention due to their low cytotoxic profiles and the E6/E7 oncogene function of human 
papilomavirus can be completely by passed by HDAC inhibition. The histone deacetylase inhibitors 
can induce growth arrest, differentiation and apoptosis of cancer cells. HDAC class I and class II are 
considered the main targets for cancer.  
  
Results and Conclusions 
Therefore, the six HDACs class II was modelled and about two inhibitors (SAHA and TSA) were 
docked using AutoDock4.2, to each of the inhibitor in order to identify the pharmacological 
properties. Based on the results of docking, SAHA and TSA were able to bind with zinc ion in 
HDACs models as a drug target. SAHA was satisfied almost all the properties i.e., binding affinity, 
the Drug-Likeness value and Drug Score with 70% oral bioavailability and the carbonyl group of 
these compound fits well into the active site of the target where the zinc is present. Hence, SAHA 
could be developed as potential inhibitors of class II HDACs and valuable cervical cancer drug 
candidate.  
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Background 
Nuclear factor kappa B (NF-κB) is a chief nuclear transcription factor that can control the 
transcription of various genes; and its activation is tightly controlled by Inhibitor Kappa B Kinase 
(IKK). The irregular transcription of NF- κB has linked to auto-immune disorders, cancer, and other 
diseases. The IKK complex has composed of three units, such as, IKKα, IKKβ, and the regulatory 
domain NEMO; of these, IKKβ is well understood in the canonical pathway. Therefore, inhibition of 
IKKβ by a chemical substance forms a molecular basis for anti-inflammatory drug research.  
 
Results  
The ligand- and structure-based virtual screening (VS) techniques have been applied to identify 
IKKβ inhibitors from ChemDiv database having 0.7 million compounds. Initially, a 3D-QSAR 
pharmacophore model has been employed to reduce the database compounds to a large extent. 
Subsequently, recursive partitioning (RP) and docking filters are used to screen the pharmacophore 
hits. Finally, 29 compounds are selected for IKKβ enzyme inhibition assay and identified a novel 
small molecule inhibitor of IKKβ protein.  
 
Conclusions  
In the present investigation, we have applied various computational models in a sequential manner 
to virtual screen the ChemDiv database, and identified a small molecule that has an IC50 value of 
20.3μM. This compound is found to be novel among the known IKKβ inhibitors, and further 
optimization of the hit compound that can reveal a more potent anti-inflammatory agent.  
Inhibition of the NEMO/IKKβ association complex formation, a novel mechanism associated with the 
NF-κB activation suppression by Withania somnifera’s key metabolite withaferin A 
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Background 

The UPP (ubiquitin proteasome pathway) is the major proteolytic system in the cytosol and nucleus 
of all eukaryotic cells which regulates cellular events, including mitotis, differentiation, signal 
transduction, apoptosis, and inflammation. UPP controls activation of the transcriptional factor NF-
κB (nuclear factor κB), which is a regulatory protein playing central role in a variety of cellular 
processes including immune and inflammatory responses, apoptosis, and cellular proliferation. 
Since the primary interaction of proteasomes occurs with endogenous proteins, the signalling action 
of transcription factor NF-κB can be blocked by inhibition of proteasomes. A great variety of natural 
and synthetic chemical compounds classified as peptide aldehydes, peptide boronates, nonpeptide 
inhibitors, peptide vinyl sulfones and epoxyketones are now widely used as research tools for 
probing their potential to inhibit proteolytic activities of different proteasomes and to investigate the 
underlying inhibition mechanisms. The present work reports a bio-computational study carried out 
with the aim of exploring the proteasome inhibition capability of WA (withaferin A), a steroidal 
lactone, by understanding the binding mode of WA as a ligand into the mammalian proteasomes (X-
ray crystal structure of Bos taurus 20S proteasome and multiple template homology modelled 
structure of 20S proteasome of Homo sapiens) using molecular docking and molecular dynamics 
simulation studies. 

Results 

One possible mode of action which is proposed here for WA to act as a proteasome inhibitor is by 
suppression of the proteolytic activity which depends on the N-terminal threonine (Thr1) residue 
hydroxyl group. Docking studies carried out with herbal ligand WA into the structures of bovine and 
human proteasomes substantiate that WA has the ability to inhibit activity of mammalian 20S 
proteasomes by blocking the nucleophilic function of N-terminal Thr1. Results from molecular 
dynamics simulations in water show that the trajectories of both the native human 20S proteasome 
and the proteasome complexed with WA are stable over a considerably long time period of 4 ns 
suggesting the dynamic structural stability of human 20S proteasome/WA complex.  

Conclusions 

Inhibition of proteasomal activity are promising ways to retard or block degradation of specific 
proteins to correct diverse pathologies. Though quite a number of selective and efficient 
proteasomal inhibitors exist nowadays, their toxic side effects limit their potential in possible disease 
treatment. Thus there is an indispensable need for exploration of novel natural products as 
antitumor drug candidates. The present work supports the mammalian proteasomes inhibiting 
activity of WA along with elucidation of its possible mode of action. Since WA is a small herbal 
molecule, it is expected to provide one of the modest modes of inhibition along with added favours 
of ease in oral administration and decreased immunogenicity. The molecular docking results 
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suggest that WA can inhibit the mammalian proteasomes irreversibly and with a high rate through 
acylation of the N-terminal Thr1 of the β-5 subunit. 
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Background 
The increasing numbers of 3D compounds and protein complexes stored in databases contribute 
greatly to current advances in biotechnology, being employed in all kinds of pharmaceutical and 
industrial applications. However, screening and retrieving appropriate candidates as well as 
handling false positives presents a challenge for all post-screening analysis methods employed in 
retrieving therapeutic and industrial targets. 
 
Results 
Using the TSCC method, virtually screened compounds were clustered based on their protein-
ligand interactions then structure clustering employing physical-chemical features was done to 
retrieve the final compounds. Based on the protein-ligand interaction profile (first stage), docked 
compounds can be clustered into groups with distinct binding interactions. Structure clustering 
(second stage) grouped similar compounds obtained from the first stage into similar structures 
clusters; the lowest energy compound from each cluster being selected as a final candidate. 
 
Conclusion 
By representing interactions at the atomic-level and including measures of interactions strength, 
better descriptions of protein-ligand interactions and a more specific analysis of virtual screening 
was achieved. The two-stage clustering approach enhanced our post-screening analysis by 
revealing accurate performances in clustering, mining and visualizing compound candidates, thus, 
improving virtual screening enrichment. 
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Background 

Human disease genes can be distinguished from essential (embryonically lethal) and non-disease 
genes using gene attributes. Such attributes include gene age, tissue specificity of expression, 
regulatory capacity, sequence length, rate of sequence variation and capacity for interaction. The 
resulting information has been used to inform data mining approaches seeking to identify novel 
disease genes. Given the dynamic nature of this field and the rapid rise in relevant information, we 
have chosen to perform a single integrated mining approach to explore relationships among gene 
attributes and thereby characterise evolutionary trends associated with disease genes.  

Results  

All against all cross comparison of 2,522 disease gene attributes revealed significant  relationships 
existed between the age, disease-association and expression pattern of genes and the tissues 
within which they are expressed. We found that the over-representation of disease genes among 
old genes holds for tissue-specific genes, but the correlation between age and disease association 
vanished when conditioning on tissue-specificity. Of the 32 tissues studied, the genes expressed in 
pancreas are on average older than the genes expressed in any other tissue, while the  testis 
expressed the lowest proportion of old genes.  Following a focussed analysis on the impact of 
regulatory apparatus on evolution of disease genes, we show that regulators, comprising 
transcription factors and post-translation modified proteins, are over-represented among ancient 
disease genes. In addition, we show that the proportion of regulator genes is affected by gene age 
among disease genes and by tissue-specificity among non-disease genes. Finally, using 55,606 
true positive gene interaction data, we find that old disease genes interacts with other old disease 
genes and interacting new genes interacts with genes originating from higher phylostrata.   

Conclusion 
This study supports the non-random nature of the human diseasome. We have identified a variety 
of distinct features and correlations to other molecular attributes that can be used to distinguish the 
set of disease causing genes. This was achieved by harnessing the power of mining large scale 
datasets from OMIM and other databases. Ultimately such knowledge may contribute to the 
identification of novel human disease genes and an enhanced understanding of human biology.  
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Background 
Aging is a complex and challenging phenomenon that requires interdisciplinary efforts to unravel its 
mystery. Insight into genes relevant to the aging process would offer the chance to delay and avoid 
some of deteriorative aspects of aging through the use of preventive methods. To assist basic 
research on aging, a comprehensive database and analysis platform for aging-related genes is 
required. 
 
Results 
We developed a web-based database server, called Gerontome that contains aging-related gene 
information and user-friendly analysis pipelines. To construct the Gerontome database, we 
integrated aging-related genes and their annotation data. The aging-related genes were categorized 
by a set of structural terms from Gene Ontology (GO). Analysis pipelines for promoter analysis and 
protein-ligand docking were developed. The promoter analysis pipeline allows users to investigate 
the age-dependent regulation of gene expression. The protein-ligand docking pipeline provides 
information on the position and orientation of a ligand in an age-related protein surface.  
 
Conclusion 
Gerontome can be accessed through web interfaces for querying and browsing. The server 
provides comprehensive age-related gene information and analysis pipelines. Gerontome is 
available free at http://gerontome.kobic.re.kr. 
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Background 
Mutation impact extraction is a hitherto unaccomplished task in state of the art mutation extraction 
systems. Protein mutations and their impacts on protein properties are hidden in scientific literature, 
making them poorly accessible for protein engineers and inaccessible for phenotype-prediction 
systems that currently depend on manually curated genomic variation databases. 
 
Results 
We present the first rule-based approach for the extraction of mutation impacts on protein properties, 
categorizing their directionality as positive, negative or neutral. Furthermore protein and mutation 
mentions are grounded to their respective UniProtKB IDs and selected protein properties, namely 
protein functions to concepts found in the Gene Ontology. The extracted entities are populated to an 
OWL-DL Mutation Impact ontology facilitating complex querying for mutation impacts using 
SPARQL. We illustrate retrieval of proteins and mutant sequences for a given direction of impact on 
specific protein properties. Moreover we provide programmatic access to the data through semantic 
web services using the SADI (Semantic Automated Discovery and Integration) framework. 
 
Conclusion 
We address the problem of access to legacy mutation data in unstructured form through the 
creation of novel mutation impact extraction methods which are evaluated on a corpus of full-text 
articles on haloalkane dehalogenases, tagged by domain experts. Our approaches show state of 
the art levels of precision and recall for Mutation Grounding and respectable level of precision but 
lower recall for the task of Mutant-Impact relation extraction. The system is deployed using text 
mining and semantic web technologies with the goal of publishing to a broad spectrum of 
consumers.  
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Food-borne fluke infections/trematodiases are emerging as a major public health problem worldwide 
with over 40 million people affected and over 10% of world population at risk of infection. The major 
concentration of these infections is in Southeast Asian and Western Pacific Regions, where the 
epidemiological factors (including the prevalent socio-cultural food habits) are conducive for 
transmission of these infections. The preponderance of these infections is usually in food deficit 
poor communities that lack access to proper sanitary infrastructure. While targeting health for all, 
especially the poor rural tribal communities, it is imperative to take these infections into account. 
Bayesian analysis phylogeny of food-borne trematode parasites under study showed that they are 
closely related phylogenetic groups.  To focus the control strategies at the target populations, the 
aim of the present study was to establish molecular methods for accurate discrimination between 
common food-borne trematodes parasites Paragonimus (lung fluke), Fasciolopsis (giant intestinal 
fluke) and Fasciola (liver fluke), the infection of which commonly prevail in NE India. In the first step, 
we amplified and sequenced the second internal transcribed spacer (ITS2) region of ribosomal DNA, 
utilizing nucleotide differences between the multiple sequence alignments of the parasites under 
study. Based upon the differences in nucleotide sequences of conserved regions, we designed 
species-specific primers that can unequivocally discriminate one species from another. ITS2 
sequence motifs allowed an accurate in-silico distinction of the trematodes. The data indicate that 
ITS2 motifs (≤ 50 bp in size) can be considered promising tool for trematode species identification. 
Using molecular morphometrics that is based on ITS2 secondary structure homologies, 
phylogenetic relationships with various isolates of several trematode species have been discussed. 
The present results suggest that the ITS2 specific primers can be used for epidemiological 
investigations of the prevalence of trematodiasis. 
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Background 
Recent studies have found that overexpression of the High-mobility group box-1 (HMGB1) protein, 
in conjunction with its receptors for advanced glycation end products (RAGEs) and toll-like receptors 
(TLRs), is associated with proliferation of various cancer types, including that of the breast and 
pancreatic. 
 
Results 
We have developed a rule-based model of crosstalk between the HMGB1 signaling pathway and 
other key cancer signaling pathways. The model has been simulated using both ordinary differential 
equations (ODEs) and discrete stochastic simulation. We have applied an automated verification 
technique, Statistical Model Checking, to validate interesting temporal properties of our model. 
 
Conclusions 
Our simulations show that, if HMGB1 is overexpressed, then the oncoproteins CyclinD/E, which 
regulate cell proliferation, are overexpressed, while tumor suppressor proteins that regulate cell 
apoptosis (programmed cell death), such as p53, are repressed. Discrete, stochastic simulations 
show that p53 and MDM2 oscillations continue even after 10 hours, as observed by experiments. 
This property is not exhibited by the deterministic ODE simulation, for the chosen parameters. 
Moreover, the models also predict that mutations of RAS, ARF and P21 in the context of HMGB1 
signaling can influence the cancer cell's fate - apoptosis or survival - through the crosstalk of 
different pathways. 
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Background 
Nuclear Factor kappa B (NF-κB) is a transcription factor involved in the regulation of cell signaling 
responses and is a key regulator of cellular processes involved in the immune response, 
differentiation, cell proliferation, and apoptosis. The constitutive activation of NF-κB contributes to 
multiple cellular outcomes and pathophysiological conditions such as rheumatoid arthritis, asthma, 
inflammatory bowel disease, AIDS and cancer. Thus there lies a huge therapeutic potential beneath 
inhibition of NF-κB signalling pathway for reducing these chronic ailments. Withania somnifera, a 
reputed herb in ayurvedic medicine, comprises a large number of steroidal lactones known as 
withanolides which show plethora of pharmacological activities like anti- inflammatory, antitumor, 
antibacterial, antioxidant, anticonvulsive, and immunosuppressive. Though a few studies have been 
reported depicting the effect of WA (withaferin A) on suppression of NF-κB activation, the 
mechanism behind this is still eluding the researchers. The study conducted here is an attempt to 
explore NF-κB signalling pathway modulating capability of Withania somnifera’s major constituent 
WA and to elucidate its possible mode of action using molecular docking and molecular dynamics 
simulations studies.  
 
Results 
Formation of active IKK (IκB kinase) complex comprising NEMO (NF-κB Essential Modulator) and 
IKKβ subunits is one of the essential steps for NF-κB signalling pathway, non-assembly of which 
can lead to prevention of the above mentioned vulnerable disorders. As observed from our semi-
flexible docking analysis, WA forms strong intermolecular interactions with the NEMO chains thus 
building steric as well as thermodynamic barriers to the incoming IKKβ subunits, which in turn pave 
way to naive complex formation capability of NEMO with IKKβ. Docking of WA into active 
NEMO/IKKβ complex using flexible docking in which key residues of the complex were kept flexible 
also suggest the disruption of the active complex. Thus the molecular docking analysis of WA into 
NEMO and active NEMO/IKKβ complex conducted in this study provides significant evidence in 
support of the proposed mechanism of NF-κB activation suppression by inhibition or disruption of 
active NEMO/IKKβ complex formation being accounted by non-assembly of the catalytically active 
NEMO/IKKβ complex. Results from the molecular dynamics simulations in water show that the 
trajectories of the native protein and the protein complexed with WA are stable over a considerably 
long time period of 2.6 ns.   
 
Conclusions 
NF-κB is one of the most attractive topics in current biological, biochemical, and pharmacological 
research, and in the recent years the number of studies focusing on its inhibition/regulation has 
increased manifolds. Small ligands (both natural and synthetic) are gaining particular attention in 

 
 

this context. Our computational analysis provided a rationalization of the ability of naturally occurring 
withaferin A to alter the NF-κB signalling pathway along with its proposed mode of inhibition of the 
pathway. The absence of active IKK multisubunit complex would prevent degradation of IκB 
proteins, as the IκB proteins would not get phosphorylated by IKK. This would ultimately lead to 
non-release of NF-κB and its further translocation to the nucleus thus arresting its nefarious acts. 
Conclusively our results strongly suggest that withaferin A is a potent anticancer agent as 
ascertained by its potent NF-κB modulating capability. Moreover the present MD simulations made 
clear the dynamic structural stability of NEMO/IKKβ in complex with the drug WA, together with the 
inhibitory mechanism. 
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Background 
sRNAs, which belong to the non-coding RNA family and range from approximately 50 to 400 
nucleotides, serve various important gene regulatory roles. Most are believed to be trans-regulating 
and function by being complementary to their target mRNAs in order to inhibiting translation by 
ribosome occlusion. Despite this understanding of their functionality, the global properties 
associated with regulation by sRNAs are not yet understood. Here we use topological analysis of 
sRNA targets in terms of protein-protein interaction and transcription-regulatory networks in 
Escherichia coli to shed light on the global correlation between sRNA regulation and cellular control 
networks. 
 
Results 
The analysis of sRNA targets in terms of their networks showed that some specific network 
properties could be identified. In protein-protein interaction network, sRNA targets tend to occupy 
more central positions (higher closeness centrality, p-val = 0.022) and more cliquish (larger 
clustering coefficient, p-val = 0.037). The targets of the same sRNA tends to form a network module 
(shorter characteristic path length, pval = 0.015; larger density, p-val = 0.019; higher in-degree ratio, 
p-val = 0.009). Using the transcription-regulatory network, sRNA targets tend to be under multiple 
regulation (higher indegree, p-val = 0.013) and the targets usually are important to the transfer of 
regulatory signals (higher betweenness, p-val = 0.012). As was found for the protein-protein 
interaction network, the targets that are regulated by the same sRNA also tend to be closely knit 
within the transcription-regulatory network (larger density, p-val = 0.036), and inward interactions 
between them are greater than the outward interactions (higher in-degree ratio, p-val = 0.023). 
However, after incorporating information on predicted sRNAs and down-stream targets, the results 
are not as clear-cut, but the overall network modularity is still evident. 
 
Conclusions  
Our results indicate that sRNA targeting tends to show a clustering pattern that is similar to the 
human microRNA regulation associated with protein-protein interaction network that was observed 
in a previous study. Namely, the sRNA targets show close interaction and forms a closely knit 
network module for both the protein-protein interaction and the transcription-regulatory networks. 
Thus, targets of the same sRNA work in a concerted way toward a specific goal. In addition, in the 
transcription regulatory network, sRNA targets act as “multiplexor”, accepting regulatory control from 
multiple sources and acting accordingly. Our results indicate that sRNA targeting shows different 
properties when compared to the proteins that form cellular networks. 
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Given the absence of universal marker genes in the viral kingdom, researchers typically use BLAST 
(with stringent E-values) for taxonomic classification of viral metagenomic sequences. Since 
majority of metagenomic sequences originate from hitherto unknown viral groups, using stringent e-
values results in most sequences remaining unclassified. Furthermore, using less stringent evalues 
results in a high number of incorrect taxonomic assignments. The SOrt-ITEMS algorithm provides 
an approach to address the above issues. Based on alignment parameters, SOrt-ITEMS follows an 
elaborate work-flow for assigning reads originating from hitherto unknown archaeal/bacterial 
genomes. In SOrt-ITEMS, alignment parameter thresholds were generated by observing patterns of 
sequence divergence within and across various taxonomic groups belonging to bacterial and 
archaeal kingdoms. However, many taxonomic groups within the viral kingdom lack a typical 
Linnean-like taxonomic hierarchy. In this paper, we present ProViDE (Program for Viral Diversity 
Estimation), an algorithm that uses a customized set of alignment parameter thresholds, specifically 
suited for viral metagenomic sequences. These thresholds capture the pattern of sequence 
divergence and the non-uniform taxonomic hierarchy observed within/across various taxonomic 
groups of the viral kingdom. Validation results indicate that the percentage of 'correct' assignments 
by ProViDE is around 1.7 to 3 times higher than that by the widely used similarity based method 
MEGAN. The misclassification rate of ProViDE is around 3 to 19% (as compared to 5 to 42% by 
MEGAN) indicating significantly better assignment accuracy. ProViDE software and a 
supplementary file (containing supplementary figures and tables referred to in this article) is 
available for download from http://metagenomics.atc.tcs.com/binning/ProViDE/. 
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Background 
A gene regulatory relation often changes over time rather than being constant. But many gene 
regulatory networks available in databases or literatures are static in the sense that they are either 
snapshots of gene regulatory relations at a time point or union of successive gene regulations over 
time. Such static networks cannot represent temporal aspects of gene regulatory interactions such 
as the order of gene regulations or the pace of gene regulations. 
 
Results 
We developed a new qualitative method for representing dynamic gene regulatory relations and 
algorithms for identifying dynamic gene regulations from the time-series gene expression data using 
two types of scores. The identi_ed gene regulatory interactions and their temporal properties are 
visualized as a gene regulatory network. All the algorithms have been implemented in a program 
called GeneNetFinder (http://wilab.inha.ac.kr/genenet_nder/) and tested on several gene expression 
data. 
 
Conclusions 
The dynamic nature of dynamic gene regulatory interactions can be inferred and represented 
qualitatively without deriving a set of di_erential equations describing the interactions. The approach 
and the program developed in our study would be useful for identifying dynamic gene regulatory 
interactions from the large amount of gene expression data available and for analyzing the 
interactions. 
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Background 
A key problem in systems biology is estimating dynamical models of gene regulatory networks. 
Traditionally, this has been done using regression or other ad-hoc methods when the model is linear. 
More detailed, realistic modeling studies usually employ nonlinear dynamical models, which lead to 
computationally difficult parameter estimation problems. Functional data analysis methods, however, 
offer a means to simplify fitting by transforming the problem from one of matching modeled and 
observed dynamics to one of matching modeled and observed time derivative − a regression 
problem, albeit a nonlinear one. 
 
Results 
We formulate a functional data analysis approach for estimating the parameters of nonlinear 
dynamical models and evaluate this approach on data from two real systems, the gap gene system 
of Drosophila melanogaster and the synthetic IRMA network, which was created expressly as a test 
case for genetic network inference. We also evaluate the approach on simulated data sets 
generated by the GeneNetWeaver program, the basis for the annual DREAM reverse engineering 
challenge. We assess the accuracy with which the correct regulatory relationships within the 
networks are extracted, and consider alternative methods of regularization for the purpose of 
overfitting avoidance. We also show that the computational efficiency of the functional data analysis 
approach, and the decomposability of the resulting regression problem, allow us to explicitly 
enumerate and evaluate all possible regulator combinations for every gene. This gives deeper 
insight into the the relevance of different regulators or regulator combinations, and lets one check 
for alternative regulatory explanations. 
 
Conclusions 
Functional data analysis is a powerful approach for estimating detailed nonlinear models of gene 
expression dynamics, allowing efficient and accurate estimation of regulatory architecture. 

 
 
 
 
 
 
 
 

 
 

InCoB2010 28

http://metagenomics.atc.tcs.com/binning/ProViDE/
http://wilab.inha.ac.kr/genenet_nder/


 
 

Sensitivity Analysis of Dynamic Biological Systems with Time-Delays 
 
Wu Hsiung Wu1, Feng Sheng Wang2 and Maw Shang Chang1 
 
1Department of Computer Science and Information Engineering, National Chung Cheng University, Chiayi 
62102, Taiwan, 2Department of Chemical Engineering, National Chung Cheng University, Chiayi 62102, 
Taiwan 
 
Correspondence: chmfsw{AT}ccu.edu.tw 

 
Background 
Mathematical modeling has been applied to the study and analysis of complex biological systems 
for a long time. Some processes in biological systems, such as the gene expression and feedback 
control in signal transduction networks, involve a time delay. These systems are represented as 
delay differential equation (DDE) models. Numerical sensitivity analysis of a DDE model by the 
direct method requires the solutions of model and sensitivity equations with time-delays. The major 
effort is the computation of Jacobian matrix when computing the solution of sensitivity equations. 
The computation of partial derivatives of complex equations either by the analytic method or by 
symbolic manipulation is time consuming, inconvenient, and prone to introduce human errors. To 
address this problem, an automatic approach to obtain the derivatives of complex functions 
efficiently and accurately is necessary. 
 
Results 
We have proposed an efficient algorithm with an adaptive step size control to compute the solution 
and dynamic sensitivities of biological systems described by ordinal differential equations (ODEs). 
The adaptive direct-decoupled algorithm is extended to solve the solution and dynamic sensitivities 
of time-delay systems describing by DDEs. To save the human effort and avoid the human errors in 
the computation of partial derivatives, an automatic differentiation technique is embedded in the 
extended algorithm to evaluate the Jacobian matrix. The extended algorithm is implemented and 
applied to two realistic models with time-delays: the cardiovascular control system and the TNF-α 
signal transduction network. The results show that the extended algorithm is a good tool for 
dynamic sensitivity analysis on DDE models with less user intervention. 
 
Conclusions 
By comparing with direct-coupled methods in theory, the extended algorithm is efficient, accurate, 
and easy to use for end users without programming background to do dynamic sensitivity analysis 
on complex biological systems with time-delays. 
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Homozygosity mapping is a powerful procedure that is capable of detecting recessive disease-
causing genes in a few patients from families with a history of inbreeding.  We report here a 
homozygosity mapping algorithm for high-density single nucleotide polymorphism arrays that is able 
to (i) correct genotyping errors, (ii) search for autozygous segments genome-wide through regions 
with runs of homozygous SNPs, (iii) check the validity of the inbreeding history, and (iv) calculate 
the probability of the disease-causing gene being located in the regions identified.  The genotyping 
error correction restored an average of 94.2% of the total length of all regions with run of 
homozygous SNPs, and 99.9% of the total length of them that were longer than 2 cM.   At the end 
of the analysis, we would know the probability that regions identified contain a disease-causing 
gene, and we would be able to determine how much effort should be devoted to scrutinizing the 
regions.  We confirmed the power of this algorithm using 6 patients with Siiyama-type a1-antitrypsin 
deficiency, a rare autosomal recessive disease in Japan.  Our procedure will accelerate the 
identification of disease-causing genes using high-density SNP array data.  
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Background 
Variety of information relating between genome and the pathological findings in disease will yield a 
wealth of clues to discover new function, the role of genes and pathways, and future medicine. In 
addition to molecular information such as gene expression and genome copy number, detailed 
clinical information is essential for such systematic omics analysis. 
 
Results 
In order to provide a basic platform to realize a future medicine based on the integration of 
molecular and clinico-pathological information of disease, we have developed an integrated clinical 
omics database (iCOD) in which comprehensive disease information of the patients is collected,  
including not only molecular omics data such as CGH (Comparative Genomic Hybridization) and 
gene expression profiles but also comprehensive clinical information such as clinical manifestations, 
medical images (CT, X-ray, ultrasounds, etc), laboratory tests, drug histories, pathological findings 
and even life-style/environmental information. The iCOD is developed to combine the molecular and 
clinico-pathological information of the patients to provide the holistic understanding of the disease. 
Furthermore, we developed several kinds of integrated view maps of disease in the iCOD, which 
summarize the comprehensive patient data to provide the information for the interrelation between 
the molecular omics data and clinico-pathological findings as well as estimation for the disease 
pathways, such as three layer-linked disease map, disease pathway map, and pathome-genome 
map.  
 
Conclusion 
With these utilities, our iCOD aims to contribute to provide the omics basis of the disease as well as 
to promote the pathway-directed disease view. The iCOD database is available online, containing 
140 patient cases of hepatocellular carcinoma, with raw data of each case as supplemental data set 
to download. The iCOD and supplemental data can be accessed at 
http://omics.tmd.ac.jp/icod_pub_eng. 
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Background  

MicroRNAs (miRNAs) are small noncoding RNAs about 22 nt long that negatively regulate gene 
expression at the post-transcriptional level. Their key effects on various biological processes, e.g., 
embryonic development, cell division, differentiation and apoptosis, are widely recognized. Evidence 
suggests that aberrant expression of miRNAs may contribute to many types of human diseases, 
including cancer. Here we present a database of differentially expressed miRNAs in human cancers 
(dbDEMC), to explore aberrantly expressed miRNAs among different cancers.  

Results  

We collected the miRNA expression profiles of 14 cancer types, curated from 48 microarray data 
sets in peer-reviewed publications. The Significance Analysis of Microarrays method was used to 
retrieve the miRNAs that have dramatically different expression levels in cancers when compared to 
normal tissues. This database provides statistical results for differentially expressed miRNAs in 
each data set. A total of 607 differentially expressed miRNAs (590 mature miRNAs and 17 
precursor miRNAs) were obtained in the current version of dbDEMC. Furthermore, low-throughput 
data from the same literature were also included in the database for validation. An easy-to-use web 
interface was designed for users. Annotations about each miRNA can be queried through miRNA ID 
or miRBase accession numbers, or can be browsed by different cancer types.  

Conclusions  

This database is expected to be a valuable source for identification of cancer-related miRNAs, 
thereby helping with the improvement of classification, diagnosis and treatment of human cancers. 
All the information is freely available through http://159.226.118.44/dbDEMC/index.html. 
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Background 
Effectors of Type III Secretion System (T3SS) play a pivotal role in establishing and maintaining 
pathogenicity in the host and therefore the identification of these effectors is important in 
understanding virulence. However, the effectors display high level of sequence diversity, therefore 
making the identification a difficult process. There is a need to collate and annotate existing effector 
sequences in public databases to enable systematic analyses of these sequences for development 
of models for screening and selection of putative novel effectors from bacterial genomes that can be 
validated by a smaller number of key experiments. 
 
Results 
Herein, we present T3SEdb (http://effectors.bic.nus.edu.sg/T3SEdb), a specialized database of 
annotated T3SS effector (T3SE) sequences containing 1089 records from 46 bacterial species 
compiled from the literature and public protein databases. Procedures have been defined for i) 
comprehensive annotation of experimental status of effectors, ii) submission and curation review of 
records by users of the database, and iii) the regular update of T3SEdb existing and new records. 
Keyword fielded and sequence searches (BLAST, regular expression) are supported for both 
experimentally verified and hypothetical T3SEs. More than 117 clusters of T3SEs were detected 
based on sequence identity comparisons (intra-cluster difference up to ~60%). Owing to this high 
level of sequence diversity of T3SEs, the T3SEdb provides a large number of experimentally known 
effector sequences with wide species representation for creation of effector predictors. We created 
a reliable effector prediction tool, integrated into the database, to demonstrate the application of the 
database for such endeavours. 
 
Conclusions 
T3SEdb is the first specialised database reported for T3SS effectors, enriched with manual 
annotations that facilitated systematic construction of a reliable prediction model for identification of 
novel effectors. The T3SEdb represents a platform for inclusion of additional annotations of 
metadata for future developments of sophisticated effector prediction models for screening and 
selection of putative novel effectors from bacterial genomes/proteomes that can be validated by a 
small number of key experiments. 
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Background 
Nucleic acid hybridization is an extensively adopted principle in biomedical research, in which the 
performance of any hybridization-based method depends on the specificity of probes to their targets. 
To determine the optimal probe(s) for detecting target(s) from a sample cocktail, we developed a 
novel algorithm, which has been implemented into a web platform for probe designing. This probe 
design workflow is now upgraded to satisfy experiments that require a probe designing tool to take 
the increasing volume of sequence datasets.  

Results 
Algorithms and probe parameters applied in UPS 2.0 include GC content, the secondary structure, 
melting temperature (Tm), the stability of the probe-target duplex estimated by the thermodynamic 
model, sequence complexity, similarity of probes to non-target sequences, and other empirical 
parameters used in the laboratory. Several probe background options, Unique probe within a 
group, Unique probe in a specific Unigene set, Unique probe based onthe pangenomic level, 
and Unique Probe in the user-defined genome/transcriptome, are available to meet the 
scenarios that the experiments will be conducted.  Parameters, such as salt concentration and the 
lower-bound Tm of probes, are available for users to optimize their probe design query. Output files 
are available for download on the result page. Probes designed by the UPS algorithm are suitable 
for generating microarrays, and the performance of UPS-designed probes has been validated by 
experiments. 

Conclusions 
The UPS 2.0 evaluates probe-to-target hybridization under a user-defined condition to ensure high-
performance hybridization with minimal chance of non-specific binding at the pangenomic and 
genomic levels. The UPS algorithm mimics the target/non-target mixture in an experiment and is 
very useful in developing diagnostic kits and microarrays. The UPS 2.0 website has had more than 
1,300 visits and 360,000 sequences performed the probe designing task in the last 30 months. It is 
freely accessible at http://array.iis.sinica.edu.tw/ups/.  
 
Screen cast: http://array.iis.sinica.edu.tw/ups/ups_demo_en/ups_view.htm  
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Background 
While the accuracy and precision of deep sequencing data is significantly better than those obtained 
by the earlier generation of hybridization-based high throughput technologies, the digital nature of 
deep sequencing output often leads to unwarranted confidence in their reliability. 
 
Results 
The NGSQC (Next Generation Sequencing Quality Control) pipeline provides a set of novel quality 
control measures for quickly detecting a wide variety of quality issues in deep sequencing data 
derived from two dimensional surfaces, regardless of the assay technology used. It also enables 
researchers to determine whether sequencing data related to their most interesting biological 
discoveries are caused by sequencing quality issues.  
 
Conclusions 
Next generation sequencing platforms have their own share of quality issues and there can be 
significant lab-to-lab, batch-to-batch and even within chip/slide variations. NGSQC can help to 
ensure that biological conclusions, in particular those based on relatively rare sequence alterations, 
are not caused by low quality sequencing. 
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Background 
Nucleosome, the fundamental unit of chromatin, is formed by wrapping nearly 147bp of DNA around 
an octamer of histone proteins. This histone core has many variants that are di_erent from each 
other by their biochemical compositions as well as biological functions. Although the deposition of 
histone variants onto chromatin has been implicated in many important biological processes, such 
as transcription and replication, the mechanisms of how they are deposited on target sites are still 
obscure. 
 
Results 
By analyzing genomic sequences of nucleosomes bearing di_erent histone variants from human, 
including H2A.Z, H3.3 and both (H3.3/H2A.Z, so-called double variant histones), we found that 
genomic sequence contributes in part to determining target sites for di_erent histone variants. 
Moreover, dinucleotides CA/TG are remarkably important in distinguishing target sites of H2A.Z-only 
nucleosomes with those of H3.3-containing (both H3.3-only and double variant) nucleosomes. 
 
Conclusions 
There exists a DNA-related mechanism regulating the deposition of di_erent histone variants onto 
chromatin and biological outcomes thereof. This provides additional insights into epigenetic 
regulatory mechanisms of many important cellular processes. 
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Background 
Orthologues are genes in different species that are related through divergent evolution from a 
common ancestor and are expected to have similar functions. Many databases have been created 
to describe orthologous genes based on existing sequence data. However, alternative splicing (in 
eukaryotes) is usually disregarded in the determination of orthologue groups and the functional 
consequences of alternative splicing have not been considered. Most multi-exon genes can encode 
multiple protein isoforms which often have different functions and can be disease related. Extending 
the definition of orthologue groups to take account of alternate splicing and the functional 
differences it causes requires further examination. 
 
Results 
A subset of the orthologous gene groups between human and mouse was selected from the 
InParanoid database for this study. Each orthologue group was divided into sub-clusters, at the 
transcript level, using a method based on the sequence similarity of the isoforms. Transcript based 
sub-clusters were verified by functional signatures of the cluster members in the InterPro database. 
Functional similarity was higher within than between transcript based sub-clusters of orthologous 
groups. In certain cases, cancer-related isoforms of a gene could be distinguished from other 
isoforms of the gene. Predictions of intrinsic disorder in protein regions were also correlated with the 
isoform sub-clusters within an orthologue group. 
 
Conclusions 
Sub-clustering of orthologue groups at the transcript level is an important step to more accurately 
define functionally equivalent orthologue groups. This work appears to be the first effort to refine 
orthologous groupings of genes based on the consequences of alternative splicing on function. 
Further investigation and refinement of the methodology to classify and verify isoform sub-clusters is 
needed, particularly to extend the technique to more distantly related species. 
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Background 
In order to characterize mammalian intrinsically disordered domains (IDDs) we examined the 
patterns in their amino acid abundance as well as overrepresented local sequence motifs. We 
considered IDDs from mouse proteins associated with innate immune responses as well as a set of 
generic human genes. These sets were compared with artificially generated random sequences 
with the same overall amino acid abundance and length distributions. IDDs were then clustered by 
amino acid abundance, and further analyzed in terms of co-occurrence of clusters with functionally 
characterized Pfam domains.  
 
Results 
Overall, IDDs were very different from randomly generated sequences. The deviation from random 
distributions was at least as great as that for ordered domains, for which the deviation can be 
rationalized in terms of strong evolutionary pressure for structure and function. The co-occurrence of 
certain Pfam domains with specific IDD clusters was found to be significant (p-value < 0.01). Local 
sequence motifs that were over-represented in the innate immune set consisted mostly of low 
complexity fragments, primarily characterized by amino acid repeats, and could not be assigned an 
obvious functional role. 
 
Conclusions 
Our results suggest that IDDs are constrained within a narrow subset of possible sequences. This is 
most likely a result of biophysical restraints that have yet to be elucidated. More detailed 
examination of the functional relationship between the IDDs and associated Pfam domains is one 
possible avenue of investigation. 
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Background 
RNA-binding proteins (RBPs) play crucial roles in post-transcriptional control of RNA.  RBPs are 
designed to efficiently recognize specific RNA sequences after it is derived from the DNA sequence.  
To satisfy diverse functional requirements RNA binding proteins are composed of multiple blocks of 
RNA-binding domains (RBDs) presented in various structural arrangements to provide versatile 
functions.  The ability to computationally predict RNA-binding residues in a RNA-binding protein can 
help biologists reveal important site-directed mutagenesis in wet-lab experiments. 
 
Results 
The proposed prediction framework named “ProteRNA” combines a SVM-based classifier with 
conserved residue discovery by WildSpan to identify the residues that interact with RNA in a RNA-
binding protein.  Although these conserved residues can be either functionally conserved residues 
or structurally conserved residues, they provide clues on the important residues in a protein 
sequence.  In the independent testing dataset, ProteRNA has been able to deliver overall accuracy 
of 89.78%, MCC of 0.2628, F-score of 0.3075, and F0.5-score of 0.3546. 
 
Conclusions 
This article presents the design of a sequence-based predictor aiming to identify the RNA-binding 
residues in a RNA-binding protein by combining machine learning and pattern mining approaches.  
RNA-binding proteins have diverse functions while interacting with different categories of RNAs 
because these proteins are composed of multiple copies of RNA-binding domains presented in 
various structural arrangements to expand the functional repertoire of RNA-binding proteins.  
Furthermore, predicting RNA-binding residues in a RNA-binding protein can help biologists reveal 
important site-directed mutagenesis in wet-lab experiments. 
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Background 
Developing effective strategies to reveal modular structures in protein interaction networks is crucial 
for better understanding of molecular mechanisms of underlying biological processes. In this paper, 
we propose a new density-based algorithm (ADHOC) for clustering vertices of a protein interaction 
network using a novel subgraph density measurement. 
 
Results 
By statistically evaluating several independent criteria, we found that ADHOC could significantly 
improve the outcome as compared with five previously reported densitydependent methods. We 
further applied ADHOC to investigate the hierarchical and overlapping modular structure in the 
yeast PPI network. Our method could effectively detect both protein modules and the overlaps 
between them, and thus greatly promote the precise prediction of protein functions. Moreover, by 
further assaying the intermodule layer of the yeast PPI network, we classified hubs into two types, 
module hubs and inter-module hubs. Each type presents distinct characteristics both in network 
topology and biological functions, which could conduce to the better understanding of relationship 
between network architecture and biological implications. 
 
Conclusions 
Our proposed algorithm based on the novel subgraph density measurement makes it possible to 
more precisely detect hierarchical and overlapping modular structures in protein interaction 
networks. In addition, our method also shows a strong robustness against the noise in network, 
which is quite critical for analyzing such a high noise network. 
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Informatics for Integrating Biology and the Bedside (i2b2) is a database system to facilitate sharing 
and reuse of clinical patients’ data collected in individual hospitals. The i2b2 provides an ontology 
based object-oriented database system with highly simple and flexible database schema which 
enables us to integrate clinical patients’ data from different laboratories and different hospitals. 392 
patients’ data including carcinoma and non-carcinoma specimens from cancer patients are 
transported from the Integrated Clinical Omics Database (iCOD) to the i2b2 database for a 
feasibility study to check applicability of i2b2 ontology and database schema on Japanese clinical 
patients’ data. No modification is required for the i2b2 data model to deal with Japanese characters. 
Some modification of ontology is required to integrate biomedical information extracted from the 
cancer patients’ data. We believe that the i2b2 system will be practical infrastructure to integrate 
Japanese clinical databases if appropriate disease ontology for Japanese patients is provided.                           
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Background 
Recent advances in Immunology highlighted the importance of local properties on the overall 
progression of HIV infection. In particular, the gastrointestinal tract is seen as a key area during 
early infection, and the massive cell depletion associated with it may influence subsequent disease 
progression. This motivated the development of a large-scale agent-based model. 
 
Results 
Lymph nodes are explicitly implemented, and considerations on parallel computing permit large 
simulations and the inclusion of local features. The results obtained show that GI tract inclusion in 
the model leads to an accelerated disease progression, during both the early stages and the long 
term evolution, compared to a theoretical, uniform model. 
 
Conclusion 
These results confirm the potential of treatment policies currently under investigation, which focus 
on this region. They also highlight the potential of this modelling framework, incorporating both 
agent-based and network-based components, in the context of complex systems where scaling-up 
alone does not result in models providing additional insights. 
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Changes to the glycosylation profile on HIV gp120 can influence viral pathogenesis and alter AIDS 
disease progression. The characterization of glycosylation differences at the sequence level is 
inadequate as the placement of carbohydrates is structurally complex. However, no structural 
framework is available to date for the study of HIV disease progression. In this study, we propose a 
novel machine-learning based framework for the prediction of AIDS disease progression in three 
stages (RP, SP, and LTNP) using the HIV structural gp120 profile. This new intelligent framework 
proves to be accurate and provides an important benchmark for predicting AIDS disease 
progression computationally. The model is trained using a novel HIV gp120 glycosylation structural 
profile to detect possible stages of AIDS disease progression for the target sequences of HIV+ 
individuals. The performance of the proposed model was compared to seven existing different 
machine-learning models on newly proposed gp120-Benchmark_1 dataset in terms of error-rate 
(MSE), accuracy (CCI), stability (STD), and complexity (TBM). The novel framework showed better 
predictive performance with 67.82% CCI, 30.21 MSE, 0.8 STD, and 2.62 TBM on the three stages 
of AIDS disease progression of 50 HIV+ individuals. This framework is an invaluable bioinformatics 
tool that will be useful to the clinical assessment of viral pathogenesis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Modeling the Competition Between Lung Metastases and the Immune System using Agents 
 
Marzio Pennisi1, Francesco Pappalardo1, Ariannna Palladini2, Giordano Nicoletti3, Patrizia 
Nanni2, Pier-Luigi Lollini4 and Santo Motta1 
 
1Department of Mathematics and Computer Science, University of Catania,V.le A. Doria 6, Catania, Italy, 
2Laboratory of Immunology and Biology of Metastasis, Cancer Research Section, Department of Experimental 
Pathology, University of Bologna, Bologna, Italy, 3Laboratory of Experimental Oncology, Rizzoli Orthopedic 
Institute, Bologna, Italy, 4Department of Hematology and Oncologic Sciences \L. e A. Seragnoli", University of 
Bologna, Bologna, Italy 

 
Correspondence: mpennisi{AT}dmi.unict.it 

 
Background 
The Triplex cell vaccine is a cancer cellular vaccine that can prevent almost completely the 
mammary tumor onset in HER-2/neu transgenic mice. In a translational perspective, the activity of 
the Triplex vaccine was also investigated against lung metastases showing that the vaccine is an 
effective treatment also for the cure of metastases. A future human application of the Triplex 
vaccine should take into account several aspects of biological behavior of the involved entities to 
improve the efficacy of therapeutic treatment and to try to predict, for example, the outcomes of 
longer experiments in order to move faster towards clinical phase I trials. To help to address this 
problem, MetastaSim, a hybrid Agent Based - ODE model for the simulation of the vaccine-elicited 
immune system response against lung metastases in mice is presented. The model is used as in 
silico wet-lab. As a first application MetastaSim is used to and protocols capable of maximizing the 
total number of prevented metastases, minimizing the number of vaccine administrations. 
 
Results 
The model shows that it is possible to obtain “in silico” a 45% reduction in the number of 
vaccinations. The analysis of the results further suggests that any optimal protocol for preventing 
lung metastases formation should be composed by an initial massive vaccine dosage followed by 
few vaccine recalls. 
 
Conclusions 
Such a reduction may represent an important result from the point of view of translational medicine 
to humans, since a downsizing of the number of vaccinations is usually advisable in order to 
minimize undesirable effects. The suggested vaccination strategy also represents a notable 
outcome. Even if this strategy is commonly used for many infectious diseases such as tetanus and 
hepatitis B, it can be in fact considered as a relevant result in the field of cancer-vaccines 
immunotherapy. These results can be then used and verified in future “in vivo” experiments, and 
their outcome can be used to further improve and refine the model. 
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Background  

When characterizing the structural topology of proteins, protein secondary structure (PSS) plays an 
important role in analyzing and modeling protein structures because it represents the local 
conformation of amino acids into regular structures. Although PSS prediction has been studied for 
decades, the prediction accuracy reaches a bottleneck at around 80%, and further improvement is 
very difficult.  

Results  

In this paper, we present an improved dictionary-based PSS prediction method called SymPred, 
and a meta-predictor called SymPsiPred. We adopt the concept behind natural language 
processing techniques and propose synonymous words to capture local sequence similarities in a 
group of similar proteins. A synonymous word is an n-gram pattern of amino acids that reflects the 
sequence variation in a protein’s evolution. We generate a protein-dependent synonymous 
dictionary from a set of protein sequences for PSS prediction. On a large non-redundant dataset of 
8,297 protein chains (DsspNr-25), the average Q

3 
of SymPred and SymPsiPred are 81.0% and 

83.9% respectively. On the two latest independent test sets (EVA_Set1 and EVA_Set2), the 
average Q

3 
of SymPred is 78.8% and 79.2% respectively. SymPred outperforms other existing 

methods by 1.4% to 5.4%. We study two factors that may affect the performance of SymPred and 
find that it is very sensitive to the number of proteins of both known and unknown structures. This 
finding implies that SymPred and SymPsiPred have the potential to achieve higher accuracy as the 
number of protein sequences in the NCBInr and PDB databases increases. 
 
Conclusions  
Our experiment results show that local similarities in protein sequences typically exhibit conserved 
structures, which can be used to improve the accuracy of secondary structure prediction. For the 
application of synonymous words, we demonstrate an example of a sequence alignment which is 
generated by the distribution of shared synonymous words of a pair of protein sequences. We can 
align the two sequences nearly perfectly which are very dissimilar at the sequence level but very 
similar at the structural level. The SymPred and SymPsiPred prediction servers are available at 
http://bio-cluster.iis.sinica.edu.tw/SymPred/. 
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Experimentally verified protein-protein interactions (PPIs) cannot be easily retrieved by researchers 
unless they are stored in PPI databases. The curation of such databases can be made faster by 
employing text-mining systems to identify genes which play the interactor role in PPIs and to map 
these genes to unique database identifiers, also referred to as the interactor normalization task 
(INT). Our previous INT system won first place in the BioCreAtIvE II.5 INT challenge by exploiting 
the different characteristics of individual paper sections to guide gene normalization (GN) and using 
a support-vector-machine(SVM)- based ranking procedure. The best AUC achieved by our original 
system was 0.435 in the BioCreAtIvE II.5 INT offline challenge. After employing the pro- posed re-
ranking algorithm, we have been able to improve our system’s AUC to 0.447. In this paper, we 
present a new relational re-ranking algorithm that considers the associations among identifiers to 
further improve INT ranking results. 
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Background 
The enrichment and importance of some aromatic residues, such as Tyr and Trp, have been widely 
noticed at the binding interfaces of antibodies from many experimental and statistical results, some 
of which were even identified as “hot spots” contributing significantly greater to the binding affinity 
than other amino acids. However, how these aromatic residues influence the immune binding still 
deserves further investigation. A large-scale examination was done regarding the local spatial 
environment around the interfacial Tyr or Trp residues. Energetic contribution of these Tyr and Trp 
residues to the binding affinity was then studied regarding 82 representative antibody interfaces 
covering 509 immune complexes from the PDB database and IMGT/3Dstructure-DB. 
 
Results 
The connectivity analysis of interfacial residues showed that Tyr and Trp tended to cluster into the 
spatial Aromatic Islands (AI) rather than being distributed randomly at the antibody interfaces. Out 
of 82 antibody-antigen complexes, 72% (59) interfaces were found to contain AI with more than 3 
aromatic residues. The statistical test against an empirical distribution indicated that the existence of 
AI was significant in about 60% representative antibody interfaces. Secondly, the loss of solvent 
accessible surface area (SASA) for side chains of aromatic residues between actually crowded 
state and independent state was nicely correlated with the AI size increasing in a linearly positive 
way which indicated that the aromatic side chains in AI tended to take a compact and ordered 
stacking conformation at the interfaces. Interestingly, the SASA loss of AI was also correlated 
roughly with the averaged gap of binding free energy between the theoretical and experimental data 
for immune complexes.  
 
Conclusions 
The results of our study revealed the wide existence and statistical significance of “Aromatic Island” 
(AI) composed of the spatially clustered Tyr and Trp residues at the antibody interfaces. The regular 
arrangement and stacking of aromatic side chains in AI could probably produce extra cooperative 
effects to the binding affinity which was firstly observed through the large-scale data analysis. The 
finding in this work not only provides insights into the functional role of aromatic residues in the 
antibody-antigen interaction, but also may facilitate the antibody engineering and potential clinical 
applications. 
 

 
 
 

 
 

pDOCK: a New Technique for Rapid and Accurate Docking of Peptide Ligands to 
Major Histocompatibility Complexes 
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Background 
Identification of antigenic peptide epitopes is an essential prerequisite in T cell-based molecular 
vaccine design. Computational (sequence-based and structure-based) methods are inexpensive 
and efficient compared to experimental approaches in screening numerous peptides against their 
cognate MHC alleles. In structure-based protocols, suited to alleles with limited epitope data, the 
first step is to identify high-binding peptides using docking techniques, which need improvement in 
speed and efficiency to be useful in large-scale screening studies. We present pDOCK: a new 
computational technique for rapid and accurate docking of flexible peptides to MHC receptors and 
primarily apply it on a non-redundant dataset of 186 pMHC (MHC-I and MHC-II) complexes with X-
ray crystal structures. 

Results 
We have compared our docked structures with experimental crystallographic structures for the 
immunologically relevant nonameric core of the bound peptide for MHC-I and MHC-II complexes. 
Primary testing for re-docking of peptides into their respective MHC grooves generated 159 out of 
186 peptides with C� RMSD of less than 1.00 Å, with a mean of 0.56 Å. Amongst the 25 peptides 
used for single and variant template docking, the C� RMSD values were below 1.00 Å for 23 
peptides. Compared to our earlier docking methodology, pDOCK shows upto 2.5 fold improvement 
in the accuracy and is ~60% faster. Results of validation against previously published studies 
represent a seven-fold increase in pDOCK accuracy.  

Conclusions 
The limitations of our previous methodology have been addressed in the new docking protocol 
making it a rapid and accurate method to evaluate pMHC binding. pDOCK is a generic method and 
although benchmarks against experimental structures, it can be applied to alleles with no structural 
data using sequence information. Our outcomes establish the efficacy of our procedure to predict 
highly accurate peptide structures permitting conformational sampling of the peptide in MHC binding 
groove. Our results also support the applicability of pDOCK for in silico identification of promiscuous 
peptide epitopes that are relevant to higher proportions of human population with greater propensity 
to activate T cells making them key targets for the design of vaccines and immunotherapies.   
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Clustering-based Identification of Clonally-related Immunoglobulin Gene Sequence 
Sets 
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Background 

Clonal expansion of B lymphocytes coupled with somatic mutation and antigen selection allow the 
mammalian humoral immune system to generate highly specific immunoglobulins (IG) or antibodies 
against invading bacteria, viruses and toxins. The availability of high-throughput DNA sequencing 
methods is providing new avenues for studying this clonal expansion and identifying the factors 
guiding the generation of antibodies. The identification of groups of rearranged immunoglobulin 
gene sequences descended from the same rearrangement (clonally-related sets) in very large sets 
of sequences is facilitated by the availability of immunoglobulin gene sequence alignment and 
partitioning software that can accurately predict component germline gene, but has required 
painstaking visual inspection and analysis of sequences.  

Results 

We have developed and implemented an algorithm for identifying sets of clonally-related sequences 
in large human immunoglobulin heavy chain gene variable region sequence sets. The program 
processes sequences that have been partitioned using iHMMune-align, and uses pairwise 
comparisons of CDR3 sequences and similarity in IGHV and IGHJ germline gene assignments to 
construct a distance matrix. Agglomerative hierarchical clustering is then used to identify likely 
groups of clonally-related sequences.  The program is available for download from 
http://www.cse.unsw.edu.au/~ihmmune/ClonalRelate/ClonalRelate.zip. 

Conclusions 

The method was evaluated on several benchmark datasets and provided a more accurate and 
considerably faster identification of clonally-related immunoglobulin gene sequences than visual 
inspection by domain experts.  
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Backgound 
The identification of B-cell epitopes on antigens has been a subject of intense research as the 
knowledge of these markers has great implications for the development of peptide-based 
diagnostics, therapeutics and vaccines. As experimental approaches are often laborious and time 
consuming, in silico methods for prediction of these immunogenic regions are critical. Such efforts, 
however, have been significantly hindered by high variability in the length and composition of the 
epitope sequences, making naïve modeling methods difficult to apply.  
 
Results 
We analyzed two benchmark datasets and found that linear B-cell epitopes possess distinctive 
residue conservation and position-specific residue propensities which could be exploited for epitope 
discrimination in silico. We developed a support vector machines (SVM) prediction model employing 
Bayes Feature Extraction to predict linear B-cell epitopes of diverse lengths (12- to 20-mers). The 
best SVM classifier achieved an accuracy of 74.50% and AROC of 0.84 on an independent test set 
and was shown to outperform existing linear B-cell epitope prediction algorithms. In addition, we 
applied our model to a dataset of antigenic proteins with experimentally-verified epitopes and found 
it to be generally effective for discriminating the epitopes from non-epitopes.  
 
Conclusion 
We developed a SVM prediction model utilizing Bayes Feature Extraction and showed that it was 
effective in discriminating epitopes from non-epitopes in benchmark datasets and annotated 
antigenic proteins. A web server for predicting linear B-cell epitopes was developed and is available, 
together with supplementary materials, at http://www.immunopred.org/bayesb/index.html. 
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Background 

Selective peptide transport by the transporter associated with antigen processing (TAP) represents 
one of the main candidate mechanisms that may regulate the presentation of antigenic peptides to 
HLA class I molecules. Because TAP-binding preferences may significant impact T-cell epitope 
selection, there is great interest in applying computational techniques to systematically discover 
these elements.   

 

Results 

We describe TAP Hunter, a web-based computational system for predicting TAP-binding peptides. 
A novel encoding scheme, based on representations of TAP peptide fragments and composition 
effects, allows the identification of variable-length TAP ligands using SVM as the prediction engine. 
The system was rigorously trained and tested using 613 experimentally verified peptide sequences. 
The results showed that the system has good predictive ability with area under the receiver 
operating characteristics curve (AROC) ≥0.88. In addition, TAP Hunter is compared against several 
existing public available TAP predictors and has showed either superior or comparable performance.  

 

Conclusions 

TAP Hunter provides a reliable platform for predicting variable length peptides binding onto the TAP 
transporter. To facilitate the usage of TAP Hunter to the scientific community, a simple, flexible and 
user-friendly web-server is developed and freely available at http://datam.i2r.a-
star.edu.sg/taphunter/. 
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Prediction of Subcellular Locations of Proteins: Where to Proceed? 
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Background 
Since the proposal of subcellular sorting signals, a number of algorithms for predicting subcellular 
localization sites of input protein sequences have been developed. However, it seems that many of 
the state-of-the-art methods are published without sufficiently objective tests although some of them 
claim rather high (e.g., over 90%) prediction accuracies. In addition, with the advance of subcellular 
proteomics, simple homology-based methods can be useful for the prediction when a homologous 
protein with known location exists in the reference organism. Therefore, we need to review the 
principles and the performances of a variety of existing prediction algorithms as well as to explore 
the future direction of this field. 
 
Results 
First, we classified the input features of prediction methods into four groups: features based on 1) 
protein sorting signals, 2) empirically correlated characteristics (such as amino acid composition), 3) 
sequence homology with reference proteins with known location, and 4) sources other than 
sequences (such as protein-protein interaction data). The major problem with the methods that rely 
on homology is the difficulty in assessing their usefulness with novel proteins. Second, we surveyed 
the literature for recently proposed sorting signals that can be incorporated into future algorithms. 
Although most of them are applicable to only a small subset of proteins, we believe that the 
continual maintainance of ‘knowledge-bases’ on protein sorting signals would be the most desirable 
approach. Third, we compared the performance of a very simple blastp-based method with that of 
three existing predictors using both redundant (identical less than 90%) and non-redundant (less 
than 30%) datasets. Surprisingly, the accuracy of the homology-based method is still comparable 
with that of the others, even for the non-redundant dataset. 

Conclusions 
We conclude that 1) a few percentages of performance difference between prediction methods do 
not have much significant meaning and 2) the problem of subcellular localization may not be 
suitable for benchmarking of machine-learning algorithms because proteome sequence data are 
inherently redundant in any organism. Thus, development of programs specifically designed for 
detecting potential annotation errors or for finding novel sorting signals would be more promising. 
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Background 
The number of biological databases and bioinformatics analysis tools has been rapidly increasing. 
Many of the databases and tools are accessible via web services, such as DNA sequence search or 
protein alignment analysis. Researchers can compose bioinformatics workflows using those web 
services through the SOAP or REST protocols. However, it is not easy to discover appropriate web 
services for their workflows since no standard directories of the web services currently exist and the 
services are not always able to connect to each other due to incompatibility of input/output 
parameters between them. 
 
Results 
In this study, we propose a metadata management system for supporting the workflow composition 
using two types of metadata; (1) a list of web services associated with their functions (data retrieval, 
sequence alignment, structural analysis, etc.) and related databases (nucleotide, protein, organism, 
etc.), and (2) the input/output parameter compatibility between any pair of the web services (i.e., the 
condition whether or not the output data of a web service can be used as the input data of the other 
web service). For the implementation of the system, a single database is not suitable to register the 
metadata of web services since the service sites are widely distributed and the number of the 
services is rapidly increasing. We have developed a metadata management system as a distributed 
information system based on the Open Grid Forum RNS (Resource Namespace Service) 
specification. An RNS-based system stores the metadata separated in hierarchical directories. The 
information can be distributed into multiple RNS servers corresponding to the hierarchical 
directories (servers for root directory, sub-directories, sub-sub-directories, etc.). Thus the metadata 
information can be managed distributedly in the RNS servers located at service sites. The system 
can hierarchically search against all the servers with a single query like the domain name system 
(DNS). 
 
Conclusions 
We have developed a metadata management system for bioinformatics web services based on 
RNS. The effectiveness of the system is demonstrated by the composition of example workflows 
obtained from the myExperiment database 
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PheMaDB: A Web-based Database Management System for Storage, Retrieval, 
Visualization, and Analysis of OmniLog Phenotypic Microarray Data 
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Background 
PheMaDB is a web-based relational database management system that is standardized for 
OmniLog phenotypic microarrays (PM) data. It is used to store, visualize, and analyze large 
collections of time-series PM data for bio-pathogens.  PheMaDB includes seven analytical modules: 
outlier analysis, negative control analysis, phenotype barplot, correlation matrix, phenotype profile 
search, k-means clustering, and heatmap analysis. These tools provide users with a number of 
ways to analyze the PM data in order to better understand the growth patterns among different 
strains within one or multiple organisms as they respond to various environmental conditions such 
as different metabolites, antibiotics, etc.  The system provides three access levels for registered 
users to control the permissions for viewing, uploading, deleting, and modifying the data.  In addition, 
PheMaDB allows data to be shared between users more easily than on the OmniLog platform which 
is limited to a single attached computer in the laboratory.  

Results 
PheMaDB allows the users to select the records of interest for data analysis by filtering in the order 
of Project, Strain, Phenotype, Replicate, and Temperature. PheMaDB provides various statistical 
analysis options in addition to the tools that are provided by the OmniLog instrument. This web-
based database management system also allows easy data sharing compared to the Omnilog 
platform which is limited to a single attached computer in the laboratory. 

Conclusions 
PheMaDB is a web-based relational database for storage and analysis of phenotypes for multiple 
organisms and conditions. This open source system is standardized for Omnilog PM data and 
allows investigators to better manage and interpret their data. 

Availability and Requirements 
* Project name: Phenotypic Microarray Database 
* Project home page: http://phemadb.sourceforge.net/  
* Operating system(s): Mac OS 
* Programming language: PHP, Perl, R 
* Other requirements: Apache 
* License: GNU GPL version 3+ 
* Any restrictions to use by non-academics: Respect the licence 

 
 

BioCichlid: Central Dogma-based 3D Visualization System of Time-course Microarray 
Data on a Hierarchical Biological Network 
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Background 
The microarray technique has succeeded in comprehensively identifying differentially expressed 
genes that are expected to result in characteristic cell behaviors and phenotypes. However, the 
main difficulty in analysis does not lie in the identification of differentially expressed genes but lies in 
their interpretation. Aiming at a method that could reveal the underlying mechanisms causing these 
differential gene expressions, pathway mapping analyses have been conducted (Dahlquist et al., 
2002; Vlasblom et al., 2006; Weniger et al., 2007). These are attempts to map microarray data onto 
molecular networks such as signaling networks, which enables the user to identify the signaling 
pathways relevant to gene expression changes. However, these existing methods tend to confuse 
transcriptional regulations with signaling and physical interactions, by representing them on the 
same plane. To clarify the transcriptional mechanisms behind gene expression dynamics, we need 
a novel visualization system to clearly distinguish transcriptional regulations from signaling 
interactions.  

Results 
We developed a 3D visualization system of time-course microarray data on molecular networks, 
which we call ‘BioCichlid’. BioCichlid visualizes both physical (protein) and genetic (regulatory) 
network layers, and provides animation of time-course gene expression data on the genetic network 
layer. It also visualizes transcriptional regulations bridging the physical network (which contains 
transcription factors) and genetic network (which consists of regulated genes) layers, thus 
integrating promoter analysis into the pathway mapping analysis. BioCichlid was released in 2009, 
and we have implemented a new feature of animation visualization of signaling among molecules. 

Conclusions 
BioCichlid enhances the interpretation of microarray data and allows for revealing the underlying 
mechanisms causing differential gene expressions. 
 
Ishiwata, R.R., Morioka, M.S., Ogishima, S.†, Tanaka, H. (2009) BioCichlid: central dogma-based 
3D visualization system of time-course microarray data on a hierarchical biological network. 
Bioinformatics 25(4):543-544. 
 
Availability and Requirements 
 
* Project name: BioCichlid 
* Project home page: http://newton.tmd.ac.jp/  
* Operating system(s): Linux, Windows, Mac OS X 
* Programming language: C/C++ 
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Background 
The determination of protein sub-cellular localisation remains a major challenge for non-model 
eukaryotes lacking appropriate molecular tools. Though plentiful experimental localisations exist for 
proteins in model organisms, the extent to which these findings can be transferred to orthologues in 
other eukaryotes is unclear. Additionally, bioinformatic prediction tools trained on model organisms 
appear to perform poorly when applied to distantly related eukaryotes. Apicomplexan parasites 
present a particularly difficult challenge for sub-cellular localisation prediction due to their 
evolutionary distance from well-studied model organisms, and limited availability of molecular tools 
for most species. Like many other protists they also possess some novel organelles that are absent 
in any well-characterised model organism. To investigate the potential of orthologue mapping to 
predict localisation we generated a database of apicomplexan protein localisations.  
 

Results 
We performed a comprehensive literature survey of Apicomplexa to construct a database of ~850 
experimentally verified, published protein localisations from 23 species. Most entries are for proteins 
from the malaria parasite Plasmodium falciparum and from the genetically-tractable parasite 
Toxoplasma gondii. A structured ontology was used to record method of localisation, the life/cell 
stage of the experiment and author statements supporting the assigned localisation. Proteins are 
linked by orthology to curated entries for other apicomplexan proteins, as well as to experimentally 
determined protein localisations for model eukaryotes (Human, Mouse, Drosophila, Yeast, 
Arabidopsis). Users can interrogate the database to find all proteins experimentally localised to a 
particular species or organelle, and can navigate between orthologues to explore shared or 
conflicting localisations. The database, called ApiLoc, is freely available at 
http://apiloc.bio21.unimelb.edu.au.  
 
Conclusions 
Orthology is an inconsistent predictor of subcellular localisation. For some organelles simple 
possession or absence of orthologues in another species was highly predictive of localisation. 
Localisation to some compartments could be successfully predicted by mapping to a localised 
orthologue, but for other shared organelles this presented conflicting assignments. These data 
highlight the difficulties of assigning subcellular localisation in protist groups based on localisation 
data from model eukaryotes or by employing predictors based thereon. The database will also serve 
as a useful resource for training of apicomplexan- specific bioinformatic prediction tools. 
 
Availability and Requirements 
ApiLoc – a database of protein subcellular localisation in Apicomplexa 
* Project home page http://apiloc.bio21.unimelb.edu.au/apiloc   
* Platform independent 
* no licence needed 
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Background 
Vaccines form preventive medicine and nearly entire population of the world (660 crores) have 
received vaccinate atleast for few dreadful infections. Children who form nearly 1/3 of the total 
population are the thrust group for vaccination followed by pregnant women. There are about 17 
vaccines of current use in human and two vaccines are under trail. Besides vaccines for human, 16 
vaccines are in use to pet or domestic animals. The financial input for research on vaccines will be 
around $ 15 billion in 2010. Though about six databases are available on vaccines, many of these 
are confined to specific groups like viral/AIDS etc. Only two data base cover all human vaccines and 
no data base is available on animal vaccine. However even these databases are without genomic 
information. In an era of bioinformatics, a comprehensive database on vaccine with a thrust on 
bioinformatics is highly relevant.   

Traditional vaccines (Killed, Attenuated) particularly against viruses, have limitations such as 
difficulty in ascertaining complete loss of pathogenic potential, need of multiple dosages as the 
immunity is only for short period and hence repeated vaccination increases the cost of vaccines. 
Among new approaches recommended, recombinant DNA vaccines and peptide vaccines have 
high potential and are being tried in several laboratories. The use of bioinformatic tools and 
techniques not only reduce the time required to identify the highly immunogenic protein/peptide for  
developing of vaccine but also provides an insight in to the structural and functional relationship of 
virus protein. 
 
Results and Conclusions 
A comprehensive and an update database on essential features of human and animal vaccines are 
available for free online access on www.bifcpresidency.tn.gov.in/vachome.html. This will be of 
immense use for the scientific community, medical & paramedical professionals and consumers 
(patients). This database covers data on all the known vaccines namely subunit, VLP (virus like 
particle), attenuated   and killed. Though the main thrust of the database was to provide genomic 
details of all vaccines, associated relevant basic information on the vaccine have also been 
incorporated. The access to various information on each of the vaccines includes vivid details on 
genomic information, about Discoverer, dosage details, and their side effects. Also, access to these 
data will be easier by adopting an user friendly interface, utilizing hyper text mark-up language 
(HTML), extensible markup language (XML) and cascading style sheet (CSS). The mining of the 
text included many relevant reference books, websites like pub-med and research papers etc. 
 
Availability and Requirements 
* Project name: DATABASE ON HUMAN AND ANIMAL VACCINES 
* Project home page: http://www.bifcpresidency.tn.gov.in/vachome.html   
* Operating system(s): Web server 
* Programming language: 
* Other requirements:  
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Background 
It has recently become clear that RNA molecules have a variety of important biological functions in 
cells. Basically, structures of molecules evolve more slowly than their sequences and, therefore, 
their structural comparison can bring more significant insights into their functions and evolutionary 
relationships. However, comparing two RNA 3D structures to determine their structural similarities 
are computationally intractable. Therefore, it will be useful to develop a heuristic approach and tool 
that allows the user to efficiently and accurately perform structural comparisons of two RNAs. 
 
Results 
In this study, we have implemented a new web server, called iPARTS (short for improved PARTS), 
for aligning two RNA 3D structures using a structural alphabet (SA)-based approach. The main 
steps of this SA-based algorithm are as follows. First, a Ramachandran-like diagram of RNAs was 

derived by plotting nucleotides on a 2D axis using their two pseudotorsion angles  and . Next, an 
SA of 23-nt conformations was obtained by applying the affinity propagation clustering algorithm to 

this - plot. Finally, the input RNA 3D structures were transformed into two 1D sequences of SA 
letters, which were further compared to determine their structural similarities using classical 
sequence alignment methods. Currently, iPARTS provides the user four different kinds of structural 
alignments: (1) global structural alignment for determining overall structural similarity, (2) semiglobal 
structural alignment for detecting structural motifs or substructures, (3) local structural alignment for 
finding locally similar substructures, and (4) normalized local structural alignment for identifying 
more similar local substructures without non-similar internal fragments. In addition, our experimental 
results have shown that our iPARTS indeed outperforms its previous version PARTS, as well as 
other similar tools ARTS and LaJolla, on accuracy of aligning two RNA 3D structures without 
compromising the computational efficiency.  
 
Conclusions 
In this study, we have developed a web-based tool iPARTS that allows the user quickly and 
accurately to perform global, semiglobal, local and normalized local alignments of two RNA 3D 
structures. 
 
Availability and Requirements 
* Project name: Pairwise Alignment of RNA Tertiary Structures 
* Project home page: http://bioalgorithm.life.nctu.edu.tw/iPARTS/  
* Operating system(s): Web server 
* Programming language: PHP 
* Other requirements: Java 1.4 or higher 
* License: none 
* Any restrictions to use by non-academics: none 

 
 

OpenHTS: an Integrated Tool for the Analysis of Hormone Concentration Time-series 
Data 
 
Abhishek Tiwari1, Peter J Hunter1, John R Ingram2 
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Background 
At present our understanding of complex hormone dynamics plays no role in the development of 
treatment strategies related to Hypothalamic–pituitary–adrenal axis dysfunction and stress related 
disorders. However hormone concentration time-series analysis has been used as a diagnostic tool 
in disease states for quite some time now. The lack of clinically relevant software tool is one of the 
major hurdles for translating the hormone dynamics models in a clinical setting. Keeping these 
requirements in mind a prototype tool OpenHTS was developed which is designed to be used as 
diagnostic tool and the same time it can be employed in the development of treatment strategies. 
. 
Results 
OpenHTS is a platform independent application developed in Python and it’s graphical user 
interface (GUI) is designed with PyQT. OpenHTS can be used for data collection as well as for data 
analysis. Currently OpenHTS supports various entropies such as Approximate entropy (ApEn), 
Sample entropy (SampEn), Multiscale Entropy (MSE), Cross-entropy approaches (cross-ApEn and 
cross-SampEn) and few basic criterion-based hormone pulse-detection algorithms. It also 
implements Python object model for the CellML representation of the published Hypothalamic–
pituitary–adrenal axis models. By mapping the patient specific hormone concentration time-series 
data on the appropriate models, OpenHTS can be also used for the development of treatment 
strategies.  

Conclusions 
OpenHTS is a collection of algorithms and tools to analyse the hormone concentration time-series 
data. OpenHTS package is currently evolving and current focus is to include various deconvolution 
algorithms.  
 
 
Availability and Requirements 
* Project name: OpenHTS 
* Project home page: http://bitbucket.org/abhishektiwari/openhts 
* Operating system(s):  Platform independent 
* Programming language: Python 
* Other requirements: Python 2.6 or higher 
* License: GNU GPL 
* Any restrictions to use by non-academics: None 
 
 
 
 

 
 

OGtree2: A Tool for Reconstructing Genome Trees of Prokaryotes Using Overlapping 
Genes                                 

Chung-Han Yang1, Chih-Hsien Cheng1, Hsien-Tai Chiu2 and Chin Lung Lu1,2  
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Background 
Overlapping genes (OGs) are defined as adjacent genes whose coding sequences overlap partially 
or entirely. Actually, OGs can serve as a useful phylogenetic character because they occur 
frequently in all prokaryotic genomes and particularly they are more conserved between species 
than nonoverlapping genes. Previously, we have implemented a web server, called OGtree, to 
reconstruct genome trees of some prokaryotic species based on a measure of combining 
overlapping-gene content (i.e., the normalized number of shared orthologous OG pairs) and 
overlapping-gene order (i.e., the normalized OG breakpoint distance) in their whole genomes. For 
some closely related Proteobacterial genomes, our OGtree indeed outperformed another similar 
tool BPhyOG in the quality of their genome trees. 

Results 
In this study, we further improve the accuracy of our OGtree by extending the gene to include both 
its coding sequence and regulatory regions and also redefining the OG distance between two 
species using more biologically accurate genome rearrangements, such as reversals, generalized 
transpositions and translocations (including fusions and fissions). Based on these two modifications, 
we have implemented a new web server, called OGtree2, and have also evaluated the accuracy of 
genome tree reconstruction on a testing dataset with 21 Proteobacterial genomes. Consequently, 
our experimental results have shown that OGtree2 indeed outperforms OGtree and BPhyOG 
significantly in the quality of genome tree reconstruction. 
 
Conclusions 
OGtree2 (http://bioalgorithm.life.nctu.edu.tw/OGtree2.0/) can serve as a useful web server that 
allows biologists to reconstruct more accurate and robust genome trees of prokaryotes using their 
overlapping genes 

Availability and Requirements 
* Project name: Reconstructing the phylogenetic relationships among prokaryotes 
* Project home page: http://bioalgorithm.life.nctu.edu.tw/OGtree2.0/  
* Operating system(s): Web Sever 
* Programming language: C & PHP 
* Other requirements: none 
* License: none 
* Any restrictions to use by non-academics: none 
* Name of publication:  BMC Bioinformatics 2010 
* Website: http://bioalgorithm.life.nctu.edu.tw/OGtree2.0/  
* Date: 24 February 2010  
* Comments: none 
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Genomics Fox Tool (GFT): An Interface for Comparative and Functional Analysis of 
Microbial Genomes 
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Background 
The major issue in biological sequence analysis using standalone tools and software package is the 
lack of efficient interfaces. In the case of online bioinformatics applications, most of the operations 
are remote side operations and it requires good internet connectivity. To overcome these problems, 
we have developed an enhanced live interface tool named as “Genomics Fox Tool” for the 
functional and comparative analysis of 894 microbial organisms in a local computer machine. Using 
the Genomics Fox tool, two different sets of genomes can be compared and analyzed in order to 
study the similarities and the differences in the genomes. 
 
Results 
The user can perform comparative analysis of whole genome sequences of any two microbial 
organisms using Genomics Fox Tool. The ultimate aim of this work is to provide an equivalent of 
basic Linux environment with program combination, customization, OS independent and user 
friendly study of microbial genomes. When Geobacter sulfurreducens and G.metallireducens is 
compared at E-value of 0.0001, about 2,789 genes are found to be homologous; 593 genes are 
specific to G. sulfurreducens and 579 genes are specific to G. metallireducens. Whereas, both of 
these organisms when compared at E-value 1.000, there are 3, 067 homologous genes, 357 genes 
specific to G. sulfurreducens and 322 genes specific to G. metallireducens obtained as a result. So 
lower the E-value, greater the number of hits returned and higher E-values (0.0) give more specific 
hits. 
 
Conclusions 
The comparative analysis of microbial genome will reveal the major evolutionary relationship 
between related species in terms of functional role of proteins and functional genomics study and it 
will further lead to the discovery of genomics products like new genes and proteins. It is an unique 
tool for retrieving homologous genes as well as non-homologous genes from two genomes at the 
concurrent time. Individual alignments for each homologous gene are provided by this tool which is 
not provided by any of the existing comparative genomics tools. 
 
Availability and Requirements 
* Project name: GFT project 
* Project home page: http://bioinfo.au-kbc.org.in/gfox/gfoxv1.iso   
* Operating system(s): Platform independent 
* Programming language: Javascript 
* Other requirements: nil 
* License: Open Source 
* Any restrictions to use by non-academics: licence needed 
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Using a Gene-set based Analysis of Expression Profiles to Guide Pathway Analysis 
of GWAS: A Study in Alzheimer’s Disease       
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Thompson6, Melissa C. Southey1, John L. Hopper3

 and Izhak Haviv2,8,9 
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Background 
Complex diseases are thought to involve the action of multiple genes, where each exerts a small 
effect on the overall phenotype. Genome Wide Association Studies (GWAS) can identify these low 
penetrant common variants, however the variants identified presently tend to contribute only 
modestly to disease risk. Recently a pathway approach to GWAS has been proposed. Nonetheless, 
this approach requires appropriate single nucleotide polymorphism (SNP)-to-gene mapping, and 
conventional mapping is inadequate for potential long-range gene regulations. Furthermore, 
integrative approaches to such problems commonly use data from expression quantitative trait loci 
(eQTL) analysis, which needs to be performed on individuals with both expression and genomic 
data available. This method also requires expression profiling of relevant tissues which may be 
impractical when large sample sets are needed to detect low penetrant genes. 
 
Results 
We propose a framework that first performs a gene-set based analysis of relevant tissue expression 
data, and uses it to guide SNP-to-gene mapping in a pathway based analysis of GWAS. Our 
algorithm includes regions a few hundred kilobases upstream and downstream of SNP locations. 
We applied this to an Alzheimer’s disease (AD) study and identified pathways implicated in AD 
which are lost using conventional pathway analysis. One of the significant changes in pathway 
representation we observed after the expression dataset integration was the Gene Ontology term 
associated with cell differentiation. We noticed that by mapping genes according to their putative 
protein domains, there was an increase in similarity score for the canonical Wnt pathway, which was 
supported by transcription factor (TF) binding analysis. 
 
Conclusions 
We have demonstrated that by incorporating expression data and accounting for potential 
longrange gene regulation, we could replicate pathways in different GWAS datasets. Furthermore, 
our analysis of TF binding provided support for the data we generated using our integrative 
approach. Based on our results, we postulate that the Wnt pathway could be a worthwhile target for 
future strategies aimed at ameliorating AD. 
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Biomarkers of survival after melanoma        
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Background 
Predicting outcome for patients with melanoma currently relies on clinical and histological features 
of tumour and host. Despite intensive research efforts, within-stage survival rates vary widely and 
thus it remains difficult to decide whether the costs of aggressive treatment of the disease will 
outweigh its potential therapeutic benefits. The pursuit of molecular biomarkers with improved 
prognostic significance has therefore produced an extensive and heterogeneous body of literature. 
Recent reviews have begun to synthesise these data but none have systematically partitioned high 
quality studies from the remainder across different molecular methods, nor have they focussed on 
gene interaction networks and molecular pathways rather than separate genes. PubMed and Web 
of Science databases were searched for studies that analysed protein expression by 
immunohistochemistry (n=617, extending the only systematic review to date by 102 studies), or 
gene expression by microarray analysis (n=45) in human melanoma samples, in relation to outcome. 
These manuscripts were systematically evaluated using criteria derived from the REporting 
recommendations for tumour MARKer prognostic studies (REMARK) to identify high quality studies. 
Biomarkers and pathways associated with outcome were functionally assessed using MetaCoreTM 
software. 

Results and Conclusions 
Of 81 evaluable proteins, 42 showed a significant association with outcome, 12 more than were 
identified previously. The full set of evaluable proteins populated 103 canonical pathways, with 
those pathways presumably reflecting the a priori hypotheses of these biomarker investigations. We 
have identified a subset of 21 pathways that are populated by the marker proteins linked to 
melanoma outcome, but not by those that failed to show such an association; we propose that this 
set of pathways warrants closer investigation to understand the drivers of poor outcome in 
melanoma. Only two gene expression studies to date meet REMARK criteria. One of those eligible 
studies yielded a predictive signature retaining significance in a multivariate context. The 254-gene 
classifier identified in that study was interrogated for correspondences with the protein “signature” 
that had been identified by systematic review. We show that while there is a high level of 
concordance between these approaches, there are instances of genes that are only identifiable as 
significantly associated with melanoma outcome when measured at the protein level, and others in 
which a significant association at the level of gene expression is not mirrored by differences in 
protein expression. There is therefore a need to integrate these alternative approaches to biomarker 
discovery in melanoma translational research. 
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Alternative Splicing Pattern Recognition in NGS Transcriptome Data of C. elegans 
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Background  
Alternative splicing is a mechanism for the generation of multiple isoforms of protein. In C. elegans, 
it can play an important role in development by providing an additional mechanism for regulation of 
gene expression in spite of relatively less number of alternatively-spliced forms when compared to 
other major model organisms. We introduce a novel method to understand unknown gene structure 
and transcript pattern variants based on Affymetrix microarrays and Illumina/Solexa sequencing 
data.  
 
Results  
We have analyzed Solexa sequencing data and confirmed differential gene expression by 
comparing with the datasets from the NCBI GEO database. The sequence alignment of all 
sequencing data were performed by using several short oligonucleotide alignment programs and 
appropriate filtering methods following previously automated optimum flow for analysis of gene 
expression. The number of reads which map to constitutive gene bodies was counted for measuring 
gene expression level. Approximately 70% of gene list contained in two different datasets were 
matched according to the supervised hierarchical clustering analysis. The genes showing specific 
patterns in differentially expressed genes (DEGs) were considered as novel splice variants. These 
provided the clue to understand the diversity of protein.  
 
Conclusions  
The use of NGS transcriptome data provide insights into discovering new gene variants undetected 
in microarray data. The standard analysis process of microarray expression data plays an important 
role for interpreting massive transcriptome data as more practical data for discovering alternative 
splicing patterns, understanding the diversity of protein, annotating gene functions and mapping 
pathways. Alternative splicing pattern recognition in NGS data of C. elegans developmental stages 
shows the more efficient way to interpret the result of the genomic and proteomic studies. 
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Background 
Systems biology aims at constructing a large-scale dynamic model for a biochemical network map 
based on a variety of biological knowledge and experimental data, and elucidating the relationship 
between molecular architecture and its function. Many biochemical reactions and gene regulations 
have rapidly been revealed, while kinetic data in vivo are extremely shortage due to experimental 
complexity. Thus, numerical optimization is key to estimate the values of kinetic parameters so that 
the dynamic model reproduces the behaviors of the existing experimental data. It is required to 
develop general and practical strategies for the optimization of a large-scale biochemical network 
with a huge space of search parameters, under the condition that kinetic and quantitative data are 
hardly available. 
 
Results 
We propose an integrative and practical strategy for optimizing a large-scale dynamic model by 
using qualitative and incomplete experimental data. The key technologies are the divide and 
conquer method for a large-scale model, handling of multiple objective functions representing 
different types of biological behaviors, and design of rule-based objective functions that are suitable 
for qualitative and error-prone experimental data. This strategy is applied to constructing a dynamic 
model of the yeast cell cycle which consists of 116 differential-algebraic equations with 156 kinetic 
parameters. The optimized model well reproduces the experimental behaviors of not only wild-type 
but also genetic mutants, demonstrating the feasibility of it. 

Conclusions 
The proposed evolutionary optimization method is effective in building large-scale dynamic models 
with different objective functions by using qualitative and fragmental experimental data. It presents 
an integrative and practical method to challenge the intrinsic and real problems accompanied by the 
qualities of the existing biological data and by an increase in network size. It can be distinguished 
from the widely-used optimization methods that require the exact time-course reference of 
molecular components to pursuit a global solution. 
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Background 
The elucidation of the protein-protein interaction (PPI) network is an important problem in the 
understanding of the cellular system and structure-based drug design. To predict PPI from protein 
structures, we have been studying the protein docking approach based on the physico-chemical 
properties and shape complementarity. To realize these procedures that require huge number of 
protein dockings and predicting interactions, we have developed high-speed protein docking 
calculation and interaction classifying system, called MEGADOCK. In this study, we applied to a 
general protein docking benchmark data and bacterial chemotaxis pathway, which is a typical basic 
problem in systems biology. 
 
Results 
The docking calculation accuracy of MEGADOCK was evaluated by using the subset of Protein-
Protein Benchmark 2.0, which is widely used as a benchmark of the protein docking. As a result, we 
obtained almost the same level of accuracy with that yielded by conventional docking software 
ZDOCK 3.0 with the four times faster calculation time. Then, the PPI network was predicted by 
using the result of all-to-all protein docking with the same dataset. We assumed known PPIs as 
positive samples and obtained F-measure value of 0.42. 

Additionally, MEGADOCK was applied to the cell signaling pathway of the bacterial 
chemotaxis. The same parameter used in the experiment with benchmark dataset was applied, with 
that we obtained F-measure value of 0.44. When we rule out some PPI predictions based on the 
protein cellular localization information, we yielded F-measure value of 0.52. We also found some 
interactions such as CheY–CheD among “False-Positives” that were worthy of further analysis. 
 

Conclusions 
MEGADOCK was applied to the benchmark dataset and bacterial chemotaxis pathway. All-to-all 
calculation at F-measure value of around 0.5 in realistic time was achieved. This technique is useful 
for finding new target proteins in drug discovery process. Now we are also applying the 
MEGADOCK to the EGFR cell signaling pathway. The all-to-all calculation using 497 protein 
conformations (497x497) is being executed. 
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Background 
In contrast to analytical approach in most molecular biology studies, synthetic biology searches for 
life by the bottom up approach. As an artificial combination of “part” of a cell, nucleic acids and/or 
proteins are arranged to construct an artificial system in a cell or a test tube. In order to reconstitute 
cellular systems, a library of standardized parts with known behavior is required. 

BioBrick was proposed for the standardization of biological parts. BioBrick parts are 
interchangeable DNA parts, which encode basic biological functions. A BioBrick part within a 
plasmid is flanked by prefix and suffix, which contain specific restriction sites. Each of BioBrick parts 
is combined into a new BioBrick part. Thus, the experimental method of BioBrick is standardized, 
and everyone engineers the living cell by introducing a new BioBrick part. 

In order to spread utility of BioBrick, the worldwide synthetic biology competition, iGEM 
(International Genetically Engineered Machine competition), is held once a year. Nowadays more 
than 5000 BioBrick parts are registered by contribution of the iGEM competition. In this presentation, 
we introduce the project of iGEM 2010 Tokyo_Tech, and explain some material fabrication systems 
which were constructed with BioBrick parts. 
 
Results 
Here we designed and constructed material fabrication systems, as a result of combination of 
various BioBrick parts. We constructed these systems for the exploitation in many research fields 
which are not only biology, but also engineering, medicine, agriculture, informatics, control 
engineering, and earth science. 
 
Conclusions 
In this presentation, we show an application with BioBrick parts. Synthetic biology is expected to 
contribute to many fields of practice such as drug development, food industry, information 
technology, biofuels production and bioremediation. 
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Background 
Even though more than 10,000 genes can be detected in a microarray experiments, patients were 
classified into a few groups by a typical machine learning approach. In many cases, only the good 
and poor prognosis groups were used. There is no way to help individual patients to know their own 
fates in either good or poor prognosis group. For example, a patient who has a good prognosis may 
die earlier than a patient who has a poor prognosis. To reach the goal of personal medicine, there is 
a need to find more ways to classify the patients.  

Results 
The SCN4B and TWF1 genes are implicated in cell adhesion and cell motility, respectively. 
Therefore, this gene pair might be involved in the Epithelial Mesenchymal Transition (EMT), which 
may lead to metastasis and poor survival. Either the low expression of SCN4B or the high 
expression of TWF1 patient group had a poor survival. The patient group, which has both low 
expression of SCN4B and high expression of TWF1, had a drastic decrease of patient’s survival in 
the first 5 years when compared to patient groups of other gene expression combinations. In other 
words, this particular group of patients showed a synergistic effect on patient’s survival. Four other 
genes were selected as control, because the high and low expression patient groups of each gene 
also showed statistically different survival curves. The LYPD6 and LTBP4 genes have similar 
number of patients in the two subgroups. Moreover, these two genes were shown to be involved 
with breast cancer.  The TGFB1 and PPM1D genes were selected from Online Inheritance In Man 
database and were related to breast cancer. In contrast to SCN4B and TWF1 genes, these two pair 
of genes did not show synergistic effect on patient’s survival.  

Conclusions 
The pair-wise synergistic effect of expression level on patient’s survival can be used to identify a 
subgroup of patient, which is important for either diagnosis or treatment. A genome-wide analysis of 
such synergy pairs will reveal many significant subgroups. The ability to identify more risk groups is 
the basis for future personal diagnosis and tailored treatment. 
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Identification of Potential Apicoplast-associated Therapeutic Targets in Human and 
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Background 
Toxoplasma gondii ME49 is an obligatory intracellular Apicomplexa parasite, with a complex life 
cycle, that causes toxoplasmosis in humans, domesticated and wild animals. Waterborne outbreaks 
of acute toxoplasmosis worldwide reinforce the transmission of Toxoplasma gondii ME49 to humans 
through water contaminated with oocysts and may have a greater epidemiological impact than 
previously believed. Availability of genome sequences of pathogens has provided a tremendous 
amount of information that can be useful in drug target and vaccine target identification. One of the 
recently adopted strategies is based on a subtractive genomics approach, in which the subtraction 
dataset between the host and pathogen genome provides information for a set of genes that are 
likely to be essential to the pathogen but absent in the host. This approach has been used 
successfully in recent times to identify essential genes in Pseudomonas aeruginosa. We have used 
the same methodology to analyse the whole genome sequence of the human & animal pathogen 
Toxoplasma gondii ME49.  
 
Results 
Our analysis reveals that out of 7987 protein coding sequences of the pathogen, 950 represent 
essential non –human homologous genes. Subcelluler localization prediction of these essential 
proteins reveals that the apicoplast associated protein targets can be used as potential drug targets 
as the organelle is unique to the protozoa and has no similarity in host organism. 
 
Conclusions 
Analysis of the identified essential proteins, using the KEGG Automated Annotation Server (KAAS) 
housed at Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways database, revealed 
important apicoplast associated enzyme drug targets involved in fatty acid biosynthesis pathway of 
Toxoplasma gondii ME49  that may be used as potential drug targets, as the pathway is vital for the 
survival of the protozoa. Screening of the functional inhibitors against these novel targets may result 
in discovery of novel therapeutic compounds that can be effective against Toxoplasma gondii ME49. 
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Background 
The public clinical trials registry has to balance the diverse expectations from various entities within 
the medical community such as patients, health care professionals, medical journals, regulators, 
researchers, etc. In particular, the sponsors of trials are concerned the balance between to 
guarantee the competitive advantages of their investment and to secure the public trust. Thus, it 
may not be straightforward to look for data trends by accessing all the relevant trials and to 
generate new ideas for investigations and define strategy for clinical development. ClinicalTrials.gov 
information is processed by manual data curation and incorporated into certain commercial 
databases such as clinical biomarker database. In our attempt to overlook and explore 
comprehensive clinical trials across various study designs, we developed a new text mining method 
called logical network mapping. 
 
Results 
As a pilot study, four and three different types of clinical trial maps were created from 1028 clinical 
trials related to cognitive disorders (as of 2009/11/30) and from 920 clinical trials using PET imaging 
technologies (as of 2010/2/10), respectively. Logical network mapping is a unique text mining 
technology to elucidate logical relationships of technical key words appeared in a set of sentences. 
For example, in the study design field, “active” was found in a graph connecting with “open label”, 
“randomized” and “parallel”. Thus, we can refine a searching strategy related to “active control 
study” without assuming any prior professional knowledge. In the eligibility criteria field, certain 
numerical variables were manually coded to the categorized set of key words prior to the analyses. 
We are going to reconsider this process and try to standardize the key words to define patient 
populations. These standardized key words can be extracted from the relevant part of approved 
package insert, e.g. indications and usage, contra-indications and precautions. 

Conclusions 
The Clinical Trial Map would be applied for drug repositioning to pursue potential indications of the 
existing medications. We also expect, clinical trial map support to design innovative clinical trials 
and encourage more practical use of biomarkers. 
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Background 
The use of Integrated Testing Strategies in toxicological hazard identification and characterisation of 
chemicals is considered to be as the promising tool for guiding resource efficient decision-making 
on chemical hazard and risk management.  However, the strategies development is still on the way 
for establishment of the methodology for incorporating all relevant information, for updating and 
reducing uncertainty across testing stages, and for handling conditionally data evidences. 
 
Results 
This paper presents improving the methodology by using Bayesian network analysis for 
categorization, prediction and characterisation of chemical effects on liver toxicities with integrated 
toxicity data, which are gene expression from rats administered with a single oral chemical and 2-
year toxicity tests.  The data include the mechanism-based different categorical toxicity types 
exhibited in each chemical.  First, we constructed matrices of chemical effects using pathological 
data including neoplasms incidences and non-neoplasms alterations in digestive organs.  Then 
modelling and inference for ordinal outcomes nested within categorical toxicities was performed. We 
propose normal distributions for latent variables associated with the ordinal data. Moreover, the 
model is shown to be more flexible in estimating effect probabilities. We extend our model to take 
into account possible dependence among the outcomes in different categories. The dependence 
among the different types of toxicity exhibited by the same mechanism pathway was analyzed by 
introducing chemical-specific random effects.  
 
Conclusions 
We demonstrate how Bayesian network analysis reveals a quantitative measurement of chemical 
effects on minimizing animal use in toxicity testing. 
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Background 
Often dynamics of biological systems is partially and indirectly observed. For instance, direct 
measurement of hormones secreted by an endocrine gland is not possible and generally hormone 
secretion rates are inferred from equilibrium hormone concentration measured in biological fluid 
such as saliva which provides a distorted picture of hormone secretion at the glandular level. In 
clinical settings it is important to get an accurate estimate of the hormone secretion and elimination 
rates from the salivary hormone time series data. Here, we present a dual estimation approach to 
study the dynamics of time evolving states involved in the hormone secretion and elimination 
process using the indirectly observed salivary hormone measurements.  
 
Results 
A non-linear state-space representation was implemented for a published Hypothalamic–pituitary–
adrenal axis model with additional mechanisms accounting for the diffusion of tissue available 
steroid hormones in saliva. Further, for simultaneous estimation of the states (hormone secretion 
and elimination profiles) and parameters of our nonlinear state-space model using noisy and 
discrete salivary hormone time series data, we used both Extended Kalman Filter (EKF) and 
Unscented Kalman Filter (UKF). For both filters estimated hormone profiles resemble the 
experimentally observed plasma hormone concentrations. Although the preliminary findings suggest 
that UKF consistently achieves more-accurate results than the EKF. 

Conclusions  
Recursive estimation techniques such as Kalman Filter are powerful tool for dual estimation of 
partially observed non-linear biological systems from noisy time series data. Predictor-corrector 
nature of these recursive estimation techniques ensures higher prediction accuracy. This current 
study explores the possibility to use these techniques to predict the hormone secretion patterns at 
the glandular level using salivary hormone measurements. 
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Background 
Bipolar disorder (BD) is a psychiatric disorder of polygenetic disease with an estimated 1% of 
lifetime risk. Genome-wide association studies (GWAS) have identified many candidate genes for 
BD; however no gene shows consistency in the studies. Since there are rich resources of gene 
expression data from BP patients, we applied the data to prioritizing such BP candidate genes. We 
studied a new prioritization method focusing on oxidative phosphorylation (OxPhos) in mitochondria, 
on the basis of expert knowledge that dysfunction in mitochondria complexes relates to BD. 
 
Results 
We applied a method of computational screening of genes to find new regulators against a certain 
pathway. The method is grounded on gene set enrichment analysis (GSEA) and identifies genes 
mostly correlated to a given gene set in the genes’ expression values across all the BD patients. We 
selected OxPhos pathway as a given gene set in our analysis of gene expression data from 
prefrontal cortex of BD patients (GSE12649). We calculated the vector of Pearson correlation 
coefficients between a gene and all other genes in the genes’ expression values across the patients. 
At each vector we calculated the GSEA enrichment scores and prioritized genes according to the 
GSEA scores. False discovery rate (FDR) was calculated by comparison of the GSEA sores against 
random distribution of the scores. 
 
Conclusions 
Our analysis identified that hexokinase 2 (ES=0.85, FDR<10-5) has the highest ES score (top 6th) 
among genes identified by GWAS studies reporting 329 candidate genes for BD in total. 
Hexokinase 2 plays a pivotal role in Glycolysis pathways and locates upstream of OxPhos pathway. 
Our analysis indicated that SNPs in hexokinase 2 could cause a BD risk by deteriorating biological 
functions upstream of OxPhos pathway, ending up with mitochondrial dysfunction. Gene expression 
values of hexokinase 2 had no characteristic pattern compared to controls, so that there has been 
no report on hexokinase 2 to be a risk gene for BD. This study shows that our methods could 
identify a gene of hidden regulation to a certain biological pathway that potentially causes a disease, 
applying existing OMICS data and expert knowledge. 
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Background 
Various pathway databases are publicly available, which have facilitated the understanding of 
mechanisms behind many biological processes. Biological pathways incorporate all types of 
biological molecules and their interactions. However, the contributions of different 
modifications/interactions to specific biological processes have not been extensively analyzed. 
 
Results 
The Human Diseases sections in the KEGG Pathway database collects genes involved in diseases; 
the interactions among these genes are also included. Based on these and supplementary 
information from the Pathway Interaction Database (PID), we tried to analyze the associations of 
different modifications/interactions and diseases. Modifications/interactions from PID have been 
extracted and classified as defined in the XML file. These interactions have been integrated with 
disease pathways from KEGG. Genes in KEGG are identified with Entrez Gene ID, whereas 
molecules in PID are labelled with Uniport accession. Therefore, HPRD ID MAPPINGS table has 
been used to help the integration process. KEGG Pathway has put diseases into six categories, 
including Cancers, Immune System Diseases, Neurodegenerative Diseases, Cardiovascular 
Diseases, Metabolic Diseases, and Infectious Diseases. 

Our results indicate that different types of modifications contribute unevenly to different disease 
categories. Different disease categories also exhibit diverse preferences over these 
modifications/interactions. Statistical analysis has also been applied to evaluate the significances of 
these differences. For example, protein phosphorylation is much more abundant in Cancers than 
any other disease categories. In terms of the ratio of phosphorylated gene products, the p-value of 
2-tailed T-test between Cancers and other disease categories is statistically significant (p < 0.001). 

Conclusions 
Integration and analysis of molecular modifications in pathways reveals their diverse contribution 
profiles for different disease categories. Protein modification is significantly more abundant in 
Cancers, which is consistent with previous findings on complicated signalling pathways involved in 
cancers. Our results may help to redefine the boundaries of disease categories with pathway 
information. Further analysis could integrate network pharmacology to assess the complex 
interplays among diseases, genes (gene products), drugs, and side effects. 
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Background 

Bone mineral density (BMD) is an indirect indicator of osteoporosis and fracture risk with high 
heritability. Genome-wide association (GWA) studies have identified a number of genes whose 
variations may affect BMD levels. However, their functional implications have been elusive. Since 
gene-set approaches can be informative by identifying associations of modest but consistent effects, 
we re-analyzed GWA scanning data for 4,659 Korean women using a recently published gene-set 
method, GSA-SNP. 

 
Results 

Single marker association P values were estimated from linear regression after adjusting age and 
height. For each gene, SNPs within the genic boundary were identified and their P values are 
summarized and the 2nd best P value was assigned to the gene. The genic P values were then 
summerized to each Gene Ontology (GO) term by taking log-average. After correcting for multiple 
testing, GO gene sets having P < 0.05 were identified as follows: calcium channel, GTPase, 
glutamate, extracellular matrix, cytoskeletal protein, actin binding. Implication of these GO terms in 
bone formation is well supported from the literature survey. 

 

Conclusions 

Although none of the SNPs assorted in this gene-set analysis showed P values better than 10-5, the 
GO terms identified here showed significantly better average associations compared to the 
background distribution. The ability to identify moderate but consistent associations among the 
myriad of false positives and the interpretability of the result in terms of biology warrant more 
popular use of gene-set approach in GWA studies. 
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Background 
Mice have been used as a genetically-modifiable model animal of human disease in various 
biomedical research field. Recently, mouse resources have been expanded by the coordinated 
production of knockout mouse for all genes promoted by the International Knockout Mouse 
Consortium (IKMC). Then, it is need that more useful system enabling the effective selection of 
experimental mice from such a huge resources. Therefore, we aimed to develop the software 
system to search and classify experimental mice using information of diseases and ontology. 
 
Results 
In this study, we have linked mouse strains to orthologous human genes connected with diseases, 
and to pathways using “disease/human gene/pathway/ortholog” information from Kyoto 
Encyclopedia of Genes and Genomes (KEGG) and “strain/allele” information from the International 
Mouse Strain Resource (IMSR). As a result, out of 3036 mouse strains in RIKEN BioResource 
Center (RIKEN BRC) on IMSR data, 232 strains were linked to curated human disease genes. On 
the other hand, 433 strains were linked to genes in disease pathways. 
 
Conclusions 
So far, the Human Disease Vocabulary Browser developed in The Jackson Laboratory provides the 
function to search disease model mice classified by the information from Online Mendelian 
Inheritance in Man (OMIM). By contrast, this study realized to search mouse strains with alleles 
matched to either of curated disease genes directly or the pathway related to diseases in KEGG. 
Further study will contribute to build utilization of experimental mice in the disease researches. 
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Background 
The most common type of lung cancer is lung adenocarcinoma (AC). The genetic mechanisms of 
the early stages and steps of lung AC progression are poorly understood. There is currently no 
clinically applicable gene test for the early diagnosis and prediction of lung AC. 

Results 
We developed statistically-based computational feature selection method that allowed us to identify 
a set of the most extreme discriminative variables (without sample misclassification errors) in a 
small number of paired samples. Using 54 paired U133A microarray expression profiles we 
identified the global reprogramming of the transcriptional profile in human lung AC versus normal 
adjacent lung tissue, which was associated with at least 2,428 genes discriminating lung AC 
tumours from the normal lung tissues at 100% accuracy. The superior classification ability of our 
method in comparison with four alternative methods is demonstrated. The list of the discriminative 
genes was classified on five clusters of highly enriched with those involved in mitotic cell 
cycle/mitosis, DNA metabolic processes (e.g. replication, reparation, chromosome packaging), 
negative regulation of cell proliferation, cell motility, cell communication/focal adhesion and immune 
system processes. Our gene list (i) includes a vast majority of known lung AC gene markers and (ii) 
contains many novel gene markers. Several markers were validated using human lung cancer 
tissue array assay.   

Conclusions 
We developed a novel computational method that selected highly discriminative microarray gene 
expression signals and identified the global reprogramming of the transcriptional profile in human 
lung AC versus normal adjacent lung tissue. We predicted hundreds of prospective diagnostic and 
prognostic markers of lung AC and proposed five major functional gene groups associated with 
essential properties of lung AC. Based on these findings we suggest that many selected genes and 
their products could represent perspective early diagnostic and prognostic markers of lung AC. 
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Background 
Connectin is an elastic protein found in vertebrate striated muscle. In addition, it has been found in 
several invertebrates in the form of connectin-like proteins. The whole SDS extract of amphioxus 
striated muscle was subjected to SDS-PAGE and a band with a size identical to the rabbit connectin 
mother molecule (alpha-connectin), which is found to be close to 3,000 kDa. When western blot was 
performed, the Pc1200 connectin antibody reacted weakly with the 3,000 kDa band. This finding 
suggested the presence of a high molecular weight protein in amphioxus striated muscle with 
sequences partially similar to those of vertebrate connectin. Therefore, we mapped the gene of this 
connectin-like protein based on the genomic information of amphioxus that belongs to 
cephalochordates, which are the direct ancestors of vertebrates.  
 
Results 
We found regions with repeatedly aligned immunoglobulin C2 (Ig) domains and with fibronectin type 
III (Fn) and Ig domain repeats of approximately 700 kb in amphioxus genome. With regard to this 
gene sequence, the region corresponding to the N-terminus close to the I band is homologous with 
the invertebrate connectin-like proteins zormin and I-connectin and has a Ig-PEVK sequence in the 
4,000K protein of Neanthes sp. Polyclonal antibody against Ig-PEVK region of amphioxus reacted 
with the 3,000 kDa band of amphioxus striated muscle. On the other hand, the region corresponding 
to the A band has a super-repeat structure of Ig and Fn domains and a kinase domain close to the 
C-terminus has super-repeats similar to those found in vertebrate connectin. 
 
Conclusions 
These findings revealed that with a region close to the I band as a border, the amphioxus connectin-
like protein has a domain structure similar to invertebrate connectin-like proteins at the side of the Z 
line and that similar to vertebrate connectin at the side of the M line. Therefore, the amphioxus 
connectin-like protein has a novel gene structure among the characterized connectin-like proteins.  
 
Information: Only the region corresponding to the A band of amphioxus connectin-like protein was reported in a poster 
presentation at the 80th Annual Meeting of the Zoological Society of Japan (September 17, 2009).  
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Background 
In skeletal muscle sarcomeres, it has been shown that the barbed-end (fast-growing end) of the thin 
filament is capped by beta-actinin (Cap Z) at the Z line, and the pointed-end (slow-growing end) is 
capped by tropomodulin. Beta-actinin and tropomodulin are present in vertebrates and have also 
been found in numerous invertebrates. However, it is unknown whether invertebrate amphioxus 
striated muscle contains the beta-actinin and tropomodulin.  
 
Results 
We determined the sequences of two beta-actinin subunits from amphioxus striated muscle. 
Subunit I consisted of 288 residues and subunit II consisted of 276 residues. Beta-actinin subunit I 
showed 70% identity with the beta-actinin subunit I (capZ alpha 1 subunit) of human skeletal muscle. 
On the other hand, beta-actinin subunit II showed 85% identity with human skeletal muscle beta-
actinin subunit II (capZ beta subunit). The polyclonal antibody to human skeletal muscle beta-actinin 
(subunit I) was reacted with amphioxus striated muscle using western blot analysis.  

Furthermore, we determined the sequence of tropomodulin cDNA from the striated muscle of 
amphioxus. Tropomodulin consisted of 361 residues with a predicted molecular weight of 40,481 Da. 
The tropomodulin gene exhibited 50% identity with that of human skeletal muscle. Western blot 
analysis was used to detect tropomodulin in amphioxus striated muscle with a polyclonal antibody to 
human skeletal muscle tropomodulin. The protein had a similar molecular weight to that of mouse 
skeletal muscle.  
 
Conclusions 
When observing amphioxus striated muscle under an electron microscope, the sarcomere structure 
is similar to that of vertebrates. The uniform length (1 micrometer) of the thin filaments in amphioxus 
striated muscle may be attributed to the fact that amphioxus striated muscle has beta-actinin, 
tropomodulin and nebulin, which are also present in vertebrate skeletal muscle.  
 
Information: Only amphioxus tropomodulin was presented as a poster at the 61st Annual Meeting of the Japan Society for 
Cell Biology (May 19, 2010).  
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Background 
Water stress (WS) is known to decrease crop productivity and predispose peanut to pre-harvest 
aflatoxin contamination. During WS, plants respond to adopt for survival through ion homeostasis, 
and conformation of proteins are disconcerted as plant cells lose water. Some of these changes 
include oxidative stress leading to destruction of photosynthetic apparatus and other 
macromolecules within cells.  To obtain insight into the effects of WS on molecular and cellular 
functions of peanut, changes in leaf protein composition was studied by 2-DE complemented with 
MALDI TOF Mass spectrometry.  Selected peanut cultivars with diverse drought tolerance 
characteristics were subjected to WS, leaf samples were collected at different stress intervals and 
analyzed.  Protein-protein interactions were studied to determine stress tolerance in drought-
tolerant (DT) and drought-susceptible (DS) cultivars.   
 
Results 
Four proteins viz. serine/threonine protein phosphate PP1, choline dehydrogense peroxidase 43 
and SNF 1 related protein kinase regulatory sub unit beta-2, which plays a role as chaperone and 
cryoprotectants in plants were induced in DT cultivars following WS. In addition, heat shock protein, 
ATPase alpha subunit, putative quinone oxidoreductase and putative triose phosphate isomerase 
were up-regulated in DT cultivars. Several proteins with apparent molecular weight between 14 kDa 
and 70 kDa, and pI between pH 4.0 and 8.5 were down-regulated in DS cultivars.  

Conclusions 
WS suppressed majority of leaf proteins in DS cultivars while their expression either increased or 
maintained in DT cultivars. Identification of drought-responsive proteins will be useful for 
determining their role in drought tolerance, and as markers for screening peanut germplasm to 
identify DT cultivars. This would enable using seedlings for screening breeding population which will 
reduce screening cost, time and land use. Protein-protein interaction analysis revealed the 
response network of DT and DS cultivars, and proteins positioned as hubs in system response 
networks in DT cultivar. Expression of the above polypeptides following WS in DT may be 
responsible for their drought tolerance.  The results indicated that water stress excites different 
interaction networks and that more proteins were associated with interactions in DT cultivars than 
DS cultivars. 
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Background 
Systems biology aims at an understanding of the mechanism of large-scale molecular networks 
such as a protein interaction network (PIN), revealing relationships between network structures and 
their biological functions. Clustering of PIN is one of the most common approaches for predicting 
functional modules. Earlier methods employ a variety of similarity measures between nodes to 
partition PINs, but they often result in a poor clustering arrangement that contains one or a few giant 
core clusters with many tiny ones.  
 
Results 
To solve this problem, we propose a diffusion matrix-based spectral clustering by introducing a 
power factor that adjusts the spectrums of eigenvectors to the heterogeneity of PINs. This algorithm 
is named the adjustable diffusion matrix-based spectral clustering (ADMSC). To demonstrate the 
feasibility of ADMSC, we apply it to decomposition of a yeast PIN, identifying biologically significant 
clusters with a small variation in size. We evaluate a geometric measure and consistency of 
biological functions that are based on overlaps between clusters and known groups of proteins. 
ADMSC is demonstrated to facilitate clear decomposition of PINs in comparison with established 
algorithms. 
 
Conclusions 
ADMSC divides PINs into the cluster with an almost even size and improves more consistency of 
biological functions than earlier methods. The efficient decomposition by ADMSC could be 
attributed to two factors: the selection of the angular distance between nodes in the eigenspace and 
the introduction of the power factor to adjust the spectrums of eigenvectors to the heterogeneity of 
the networks. ADMSC is able to partition PINs into biologically significant clusters with almost equal 
sizes, while it is very fast, robust and appealing simple. 
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Background 
It is well established to elucidate structural properties from protein-protein interaction (PPI) network. 
In contrast, it is required much effort to identify useful and/or hidden information from the network 
due to its complexity. It is, therefore, of interest to employ a proper methodology for the 
characterization of simple but core network from complex network. Here we employed k-core 
algorithm as a useful tool for obtaining a core network from the complex PPI network in yeast. 
 
Results 
As applying k-core value to complex yeast PPI networks, we constructed cytoplsmic and nuclear 
core networks. We measured the lethal protein ratios and evolution rates of the each step in the 
process of core network identification. With increased k-core value, evolution rate was reduced but 
lethal protein ratio was increased. When we applied 6 and 7 core values to cytoplasmic and nuclear 
PPI networks, respectively, we obtained modular-structured core networks that contain six 
functional classes. We also elucidated that several special proteins, denoted “hidden bottleneck 
proteins”, have lower evolution rate, higher decreasing rate of degree and are directly connected 
with different functional modules during the core network construction processes.  
 
Conclusions 
As employing k-core algorithm to the yeast PPI network, we obtained useful and/or hidden 
information during core network construction processes, indicating that k-core algorithm is a useful 
tool for structural and informational studies in the networks. We, especially, found hidden bottleneck 
proteins that might have an important role for the understanding protein network and have a clue to 
understanding of network evolution as well. 
 
*This work was supported by MEST, the Regional Core Research Program/Chungbuk BIT Research-Oriented University 
Consortium and by MEST and KOTEF through the Human Resource Training Project for Regional Innovation. 

 
 
 
 
 
 
 
 
 
 

 
 

 17 (#141) 
 
 
HitPredict: A Database of High Confidence Protein-Protein Interactions 
 
Ashwini Patil1, Kenta Nakai1 and Haruki Nakamura2 
 

1Human Genome Center, Institute of Medical Science, University of Tokyo, Tokyo, Japan, 2Institute for Protein 
Research, Osaka University, Osaka, Japan. 
 

Correspondence: ashwini{AT}hgc.jp 

 
 
Background 
Despite the frequent use of protein-protein interaction (PPI) information in numerous studies, the 
availability of large high confidence PPI datasets is limited. Most studies either use small high-
confidence subsets from large experiments or interaction databases, whose reliability is derived 
using only one or two characteristics of the interactions. This severely limits the interaction 
information used and often results in biased datasets leading to incorrect conclusions. 
 
Results 
HitPredict is a resource of high confidence protein-protein interactions. 176983 interactions were 
obtained from the database IntAct, BIOGRID and the Human Protein Reference Database for 9 
species and annotated. Interactions from high-throughput experiments and those derived from 
protein complex data obtained from Co-IP or pull down experiments were tested for reliability using 
the sequence, structure and annotation information of the interacting proteins using a previously 
published method. The interactions with a reliability score greater than 1 and those obtained from 
small-scale yeast two hybrid experiments were then combined to form a high confidence data set of 
116198 interactions across 9 species. HitPredict also enabled the study of the content of the 3 
interaction databases used and the rate of false positive interactions in datasets obtained from high-
throughput experiments. All interactions can be searched and downloaded at 
http://hintdb.hgc.jp/htp/  
 
Conclusions 
HitPredict is a resource of a large number of high confidence protein-protein interactions across 9 
species and provides an unbiased dataset for large-scale PPI network analyses as well as small 
scale studies of protein interactions.  
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Background 
Elucidating the network of protein-protein interactions (PPIs) that underlines various biological 
processes has become one of the major tasks of proteomics and computational biology. Recent PPI 
studies can be roughly categorized into two distinct groups: a) those based on the observation that 
interacting proteins co-evolve and have patterns of co-occurrence across organisms and b) those 
extracting features from protein sequences and exploiting machine learning techniques to build an 
abstract model of interacting proteins. Evolutionary-based methods rely on the organisms of 
constructing the co-occurrence patterns and have been shown not suitable for eukaryotes. On the 
other hand, the machine learning-based methods suffer a high time complexity and might take 
months or years to perform an organism-wide analysis. 
 
Results 
The proposed PPI predictor is a two-stage framework combining the two different groups of 
techniques. In the first stage, we used the score vector of a protein to a set of organisms as the 
occurrence pattern of that protein, where the score of a protein to an organism is defined as the 
highest bit score of the protein to proteins in the organism using PSI-BLAST. Protein pairs with 
similar score vectors were considered as interacting and submitted to the second stage. In the 
second stage, the frequencies of conjoint triads of the two protein sequences were used to 
represent a protein pair, where a conjoint triad is a permutation of three continuous amino acids. 
These feature vectors were sent to a support vector machine for the second stage prediction. 
Experimental results show that the proposed method delivered 956 correct predictions in the top 
1714 ones. This performance was much better than the five compared methods (323–644 correct 
predictions), where three belong to the first group and two belong to the second group. This 
advantage was observed consistently in the top 100, 200, …, 1700 and 1714 predictions. 
 
Conclusions 
Accurate prediction of interacting proteins is crucial for understanding general principles of cellular 
systems. We developed a two-stage method combining evolutionary and sequence-based 
techniques of PPI prediction. It achieved superior performance over methods based on only 
evolutionary or sequence information. 
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Background 
DNA-binding proteins are important to many biological processes in a cell. For example, 
transcription factors (TFs) activate or repress gene expression by using its DNA-binding domains 
(DBDs) to recognize specific nucleotide sequences in the genome. DNA sequences that can be 
recognized by the same DBD are usually summarized by a probabilistic model, called position 
weight matrix (PWM), to accommodate DNA mutations that do not affect function. Many of previous 
studies focused on yielding such PWMs by motif finding on sequence data. However, most of the 
approaches revealed very limited information about what proteins can bind to them. 

Results 
The proposed method predicts PWMs based protein-DNA complexes. The server adopts two 
scoring functions because of their efficiency and good performance for PWM prediction. The server 
provides a comprehensive platform to view predictions conveniently. In the main page of the 
proposed server, users can specify the query complex in three ways: (a) provide a PDB ID; (b) 
specify the atomic coordinates of the query structure in PDB format in the text field; or (c) upload a 
structure file in PDB format. In the result page, the predicted PWMs are listed in the left area. Many 
files are prepared for download in this panel, including (a) the user specified complex, (b) contact 
residues, and (c) binding profiles. The right side of the result page contains a 3D view for examining 
protein-DNA interactions interactively. Users can view the query complex there. DBDs on the 
protein chains are displayed as sticks and DNA base pairs are colored based on their conservation 
level. Clicking the PWMs on the left will change the structure models loaded in the Jmol applet. 

Conclusions 
Accurate construction of binding profiles for DNA-binding proteins is an important step for studying 
protein-DNA interactions. We developed a web server for predicting PWMs for protein-DNA 
complexes. It is concluded that the PWMs predicted by the server can be incorporated with other 
sequence-based methods to discover more binding sites in the near future. 
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Background 
Identifying DNA-binding proteins (DBPs) that play a crucial role in the regulation network is an 
important task of proteomics and genome annotation. DBPs have been shown to be recognizable 
by their structure and sequence characteristics. Methods based on structure information achieved 
better performance, while methods based on only sequence information have broader applications 
since they can be applied on proteins without crystallized structures. A compromising strategy is to 
use predicted structure information. In recent years, secondary structure and solvent accessibility 
are the two structure features that have reliable prediction packages and have been incorporated to 
predict DBPs with some successes. 
 
Results 
There have been many biological evidences revealing that the process of DNA-binding probably 
leads to conformational changes of disorder-to-order, the so-called induced folding. Thus, the 
proposed method aims to include the predicted protein disorder information. This is the first study 
using such information for DBP prediction. A protein sequence in this study is described by four 
groups of features: a) amino acid composition, b) position specific scoring matrix (PSSM) obtained 
with PSI-BLAST c) proportion of ordered and disordered regions and d) secondary structure 
composition in the ordered region. The first two groups are widely used in previous studies; the third 
group is based on the predicted disorder information; and the last group combines both predicted 
secondary structure and disorder information. The experimental results show that the proposed 
method (81.2% F-measure) outperformed the two compared methods (69.1% and 77.8% F-
measure) which were recently published. If we disabled the two disorder-related features, the F-
measure is 78.5%. Adding the third group increased 1% and then adding the fourth group increased 
extra 1.7% F-measure. We also analyzed the Protein Data Bank database and found there are 
around 20% of DBPs undergo disorder-to-order transition upon binding DNA. These results 
encourage more efforts on exploiting protein disorder information in predicting DBPs. 
 
Conclusions 
DNA-binding proteins participate in various cellular processes, and characterization of these 
proteins is of great importance. We proposed a novel DBP predictor with predicted secondary 
structure and disorder information. Its promising performance revealed the importance of disordered 
regions in DNA-binding proteins. 
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Background 
The structure of molecular networks allows us to reveal design principles of cellular organizations 
and functions. Protein interaction networks appear to exhibit “modularity” in addition to scale-free 
and small world structres; clustered proteins are involved in the same biological process to 
cooperatively function as modules (functional modules). Modularity is considered to be the 
evolutionary constraint (design principle) on the protein inteaction network. However, evolutionary 
constraints onto the protein interaction networks have not been revealed yet. The relationships 
between between evolutionary rates and the number of protein-protein interactions have been 
controversial; Fraser et al. showed that the connectivity of well-conserved proteins in the network is 
negatively correlated with their rate of evolution, while Koonin et al. claimed no simple dependence 
between protein evolution rate and the number of protein-protein interactions.  
 
Results 
In this study, at sequence level, we found that evolutionary constraints (dN/dS) of module proteins 
are not stronger than those of the hub proteins, even though module proteins contain as many lethal 
proteins as hub proteins do. On the other hand, at network level, module proteins keep modularity 
even though their amino acids are substituted, however module proteins do not if their proteins are 
deleted. Therefore, module proteins do not show high evolutionary constraint at sequence level, but 
they should be evolutionary conserved to form functional modules at network level. In fact, we 
identified chromatin structure remodeling (RSC) complex and the cleavage and polyadenylation 
specificity factor (CPSF) complex. We further studied a global structure of functional modules in the 
yeast protein interaction network by evaluating clustering coefficient and functional coefficient (index 
of sharing functions). 
 
Conclusions 
We concluded that at sequence level module proteins do not show high evolutionary constraints 
(dN/dS), however, at network level module proteins are considered to show high evolutionary 
constratins. We also studied a global structure of functional modules in the yeast protein interaction 
network by evaluating clustering coefficient and functional coefficient. 
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Background 
Researchers have employed wide number of methods to determine the function of proteins whose 
annotation is not yet known. For example, protein interaction studies using Yeast-two hybrid 
screens have been employed but till date, no statistical or in silico based methodology could be 
used as a benchmark to predict the function of hypothetical proteins. Consequently an automatic 
annotation system in the form of machine learning based on the data from experimental evidence 
was felt needed.   
 
Results 
The data was divided into training and testing data randomly in 8:2 ratios. To avoid the selection 
bias, training set cross validation of 10-fold was carried out producing an accuracy of 79.5%. While 
testing on remaining 20% test dataset, the predictive accuracy was found to be 82.3% for radial 
basis function (RBF) SVM kernel. 
 
Conclusions 
Support Vector Machine (SVM) based classifier gives the best result among all other classifier but 
the limited accuracy performance challenges the machine learning classifier. The number and 
inappropriate set of descriptors and multiple target classes makes this method more cumbersome to 
act as an efficient tool for functional annotations of hypothetical protein.       
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Background 
Members of the family Gastrothylacidae (Trematoda: Paramphistomata) are parasitic in ruminants 
throughout Africa and Asia. In Northeast India, five species of pouched amphistomes belonging to 
this family have been reported so far. In the present study, molecular phylogeny of these five 
species is discussed using the ITS2 sequence and secondary structure analyses, since the highly 
conserved core secondary structure of the ITS2 rDNA region using inferred structure data in 
addition to the primary sequence data makes it a ‘double-edged’ tool for use in systematic and 
taxonomic studies. 
 
Results 
Sequence identity matrix data showed interspecific variations among the various gastrothylacid 
fluke species ranging from 1.4 - 4.9%. The inferred secondary structures of the ITS2 rDNA region 
for the five species using minimum free energy modeling agreed with the core four helix domain 
structure that has been recently identified as common to almost all eukaryote taxa. Tree topology 
obtained on the basis of primary sequence data alone showed the query sequences forming a well 
supported clade with other amphistomes of the family Paramphistomidae. However, tree 
reconstructed using combined sequence-structure data showed a better resolution with the 
gastrothylacid species forming a monophyletic group that is well separated from members of the 
other family Paramphistomidae of the amphistomid flukes group as indicated by a high bootstrap 
value. 
 
Conclusion 
The study provides the molecular characterization based on primary sequence data of rDNA ITS2 
region of the gastrothylacid amphistome flukes. In addition, results also demonstrate the 
phylogenetic utility of the ITS2 sequence-secondary structure data for inferences at higher 
taxonomic levels. 
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Background 
In biodiversity information fields, major concern about inefficient conventional taxonomic 
approaches for dealing with lots of species boost a demand of automated, rapid and reliable 
molecular identification system and large-scale biological database. DNA barcoding based on the 
use of short DNA fragments having easily accessible format is a standardized method that enable 
assignment of specimens to known species and scientists to understand clear species relationships. 
 
Results 
The successful molecular identification depends on the substantial variation between species more 
than that within species, and no two species shared barcodes. However there are difficulties for 
identifying species because of unbalanced taxonomic sampling, unclear statistical significance, and 
complex evolutionary distance models. We developed a novel identification system based on a 
profile hidden Markov model (profile HMM) with high accuracy and a large-scale database system 
for managing biodiversity information. 
 
Conclusions 
The Korea Barcode of Life (KBOL) database system is a web-based system for assembling high-
volume DNA barcode data and identifying unknown biological specimens. For biological 
identification, this system offers a sequence similarity search and a reliable statistical search based 
on a profile HMM. Using the KBOL database system, researchers can not only link DNA barcodes 
and biodiversity information, but also undertake conservation activities including monitoring and 
detecting specific organisms. 
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Background 
Next-generation giga-sequencing technologies have been able to provide low-cost, enormous 
genomic data, which accelerate filing up a variety of and complete genome information. The high-
throughput sequencing makes these technologies suitable for sequencing of individuals with known 
reference sequence for studies of genetic variations such as CNVs. Sequence-based method using 
giga-sequencing data is cost-effective but hard to detect CNVs owing to the low signal-to-noise 
especially on low level of coverage data. In this study, we propose a novel and effective CNV 
detection method based on the variation of the shape of read coverage data. 
 
Results 
The proposed method adopts two transforms that we call mean shift and mean slope for a precise 
modelling of a CNV region, a genomic segment with stationary mean coverage deviating by a given 
number of standard deviations from the mean coverage of all segments. The mean shift transform is 
a procedure for pre-estimating CNV regions of a given read coverage data by sampling and 
statistically estimating according to central limit theorem. The mean slope transform is to extract 
candidate CNV regions by filtering out non-stationary sub-regions from each of the CNV regions 
pre-estimated in the mean shift transform. Each of the resulting candidate CNV regions is then 
merged with the nearest ones according to its interval scores to be finally identified as a putative 
CNV region. We validated the proposed method by carrying out a simulation on various window size 

of 100-8000bps, coverage of 1 - 10 , and p-value range of 0.000001-0.05 and by using real 
human data, NA10851, NA12878, and NA12891. The overall specificity and sensitivity were 98.05-
99.99% and 91.25-99.99% for the simulation; 76.74-99.03% and 31.2-88.1% for the three human 
data compared to DGV (Database of Genomic Variants) data, respectively on window size of 
>2000bps and p-value of 0.05. 
 

Conclusions 
The results of the simulation showed that small size of CNV regions (>1kbp) was able to be 

precisely detected from relatively low level of coverage (> 1 ) data suggesting that our proposed 
method is very effective in reduction of noise inherited in the real data and in detection of various 
size of CNV regions. 
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Background 
Eukaryotic promoter sequences contain numerous functional motifs such as transcription factor 
binding sites (TFBSs), of which many remain unidentified. An effective approach to identify and 
characterize novel functional motifs is to search for localized motifs with a relative distance from 
transcription start sites in a set of promoter sequences. This approach have found novel motifs for 
some species, such as Human and Arabidopsis. The analysis can be applied to any prepared sets 
of promoters or genes e.g. up-regulated genes against a certain stimulus. The aim of this work is to 
provide a ready-made tool to find localized promoter motifs in the user-defined promoter sequences. 
 
Results 
We developed a Web-based tool, named the Motif Distribution Viewer (MDV), for searching for 
localized promoter motifs by visualizing the positional distribution of various motifs on a user-defined 
set of promoter sequences. The user can select a promoter set from human or mouse genes and 
single or multiple motifs. The motifs can be specified by the user using either known motif names 
which indicates position weight matrices (PWMs) or text patterns represented by International Union 
of Biochemistry (IUB) codes such as consensus sequences for novel or yet unknown motifs. 
Moreover, in addition to orthodox text patterns, MDV accepts complex text patterns using 
exceptions. MDV outputs not only a histogram for a single motif, but also a two-dimensional panel 
that provides a view of the positional distributions of multiple different motifs. The image data of the 
distribution and sequences of the promoters with the motif positional information in FASTA format 
can be downloaded, and would be used for further analyses or the user's publication. 

Conclusions 
Motif Distribution Viewer is a effective tool to identify and visualize localized motifs on promoters. 
MDV is applicable, for example, to analyse a set of tissue-specific genes in predicting TFBSs that 
regulate tissue-specific gene expression. MDV is freely available for use at http://h-
invitational.jp/mdv/. 

 
 

 

 

 
InCoB2010 44

http://h-invitational.jp/mdv/
http://h-invitational.jp/mdv/
http://h-invitational.jp/mdv/


 
 

27 (#156) 

 

Defining Long Non-protein Coding RNAs Associated with Neuronal Differentiation  
 
Igor V. Kurochkin1, Aliaksandr Yarmishyn1, Arsen Batagov1, Piroon Jenjaroenpun1, Yuichiro Nishida2,3, 
Tadayuki Takeda2, Vladimir A. Kuznetsov1 
 

1Genome and Gene Expression Data Analysis Division, Bioinformatics Institute (BII), A*STAR (Agency for 
Science, Technology and Research), Biopolis, Singapore, 2Computational Systems Biology Research Group, 
RIKEN Advanced Science Institute, Yokohama, Japan, 3United Centers for advanced Research and 
Translational Medicine (ART), Tohoku University School of   Medicine, Sendai, Japan 
 
Correspondence: igork{AT}bii.a-star.edu.sg 
 
 

Background 
Recent large-scale analyses of mouse (FANTOM project) and human (H-Invitational project) 
transcriptomes indicated the presence of thousands of transcripts without significant protein-coding 
potential. The most prominent group among them is represented by long non-protein coding RNAs 
(lncRNAs) that are defined as RNAs longer than 200 nucleotides. It is still has to be established, 
however, whether these RNAs are functional. Information about when and where lncRNAs are 
expressed should be useful for probing their function. We selected for our study human 
neuroblastoma cells SH-SY5Y.  Retinoic acid (RA)-differentiated SH-SY5Y cell line has been widely 
utilized as an in vitro model for neuronal differentiation and for Parkinson’s disease research. 
 
Results 
We utilized a custom-designed microarray containing 12,974 60-mer oligonucleotide probes from 
the H-Invitational database of full-length human cDNAs. Stimulation of SH-SY5Y cells with RA 
resulted in the induction or repression of a small set (5%) of lncRNAs. Mapping of lncRNAs to the 
genome revealed that about 40% of these transcripts are located outside protein-coding genes and 
thus categorized as intergenic lncRNAs. Protein-coding gene associated lncRNAs (60% of the total) 
were categorized as intronic, promoter-associated, bidirectional and cis-antisense (head-to-head, 
tail-to-tail, embedded). Induced lncRNAs genes were found to be positioned in proximity (less than 
5 kbp away) or overlap with protein-coding genes implicated in the processes of cell proliferation, 
growth and differentiation. Analysis of four time points during the differentiation allowed us to 
evaluate correlation between the expression of lncRNAs and their associated protein-coding 
mRNAs. Most of the lncRNAs appear to correlate positively in their expression pattern with the 
overlapping protein-coding genes with a small minority showing negative correlation. We identified 
lncRNA located in the homeobox D (HOXD) gene cluster 13-fold up-regulated in the differentiated 
cells. RNA-interference-based depletion of the HOXD lncRNAs followed by a standard gene-
expression array analysis revealed a group of genes that are regulated by this lncRNA. 

Conclusions 
This is the first report detailing a set of lncRNAs associated with human neuronal differentiation. 
Combination of lncRNA expression survey with bioinformatics approach based on correlation 
analysis of the dynamical changes in the expression of proximal protein-coding genes allowed us to 
generate a list of potentially functional lncRNA transcripts. 
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Background 
Splice signals play an important role in the regulation of splicing, such as position and timing of 
alternative exon usage or exon skipping. Splice signals adjacent to alternative exons are often 
weaker as they deviate from the consensus splice motifs. However exonic splice enhancers (ESE) 
compensate for the weaker splicing signals. ESE are 6 to 12-mer motifs that are recognized by 
spliceosomal proteins. Various predictions methods, for example position weight matrix-based 
probabilistic modelling are used to identify ESE candidates in alternative exons. 
 
Results 
Here, ESE candidate motifs were identified without prior assumptions on splice site strength and 
position to differentiate alternative exons from skipped or constitutive exons. Using the word 
enumeration method Weeder with adjusted background frequencies, 323 6-mer candidates were 
predicted from the supplemental data set of Wang et al. (Mol. Cell. 23:61-70, 2006). One hundred 
forty-four (45%) were exon type-specific candidates that are conserved between mouse and human. 
Sixty-seven (21%) candidates matched to known ESE, whereas 77 (24%) are potential new 
candidates that may facilitate splicing of specific variants. Overall, conservation of splice signal 
candidates was more prevalent in alternative exons compared to constitutive exons. On average the 
motif frequency for skipped exons was two- to threefold greater compared to alternative exons with 
length variations, suggesting an inverse correlation between motif frequency and strength. 
 
Conclusions 
The method can identify splice regulatory motifs without prior assumptions about splice sites and 
their strength. The motifs included also ESE candidates for exons with non-canonical TG-AG splice 
sites. Of interest are motifs that may act as a splice decoy or ESE candidates in genes encoding 
spliceosome interacting proteins. Regulation of splicing of targets and itself through own splice 
variants by binding to specific ESE allows for specific biological functions. The functionality of the 
new 6-mer motifs and the relationships between motif strength and occurrence in particular exon 
types remain to be examined experimentally. 
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Background 
RNA-Seq is an emerging technology for analyzing gene expression using the next-generation high-
throughput sequencing technology. Unlike microarray data analysis, it enables us to discover novel 
transcripts and new isoforms of alternatively spliced transcripts by the measurement of huge 
amount of sequence fragments (or reads) derived from very deeply and broadly covered samples of 
the transcripts. Several methods for analyzing RNA-Seq data analysis, such as ERANGE and 
CuffLinks, have been proposed. They measure the expression value of a gene or an isoform based 
on the number of the reads mapped at its genomic location. However, multireads (mapped at two or 
more locations on the genome) are possibly caused by homologous or repetitive regions on the 
genome, or exonic sequences shared between the multiple isoforms of alternatively spliced 
transcripts. 
 
Results 
In an isoform-level gene expression analysis, it is needed to identify the fractions of multireads 
mapped at two or more isoforms. The fraction of multireads corresponding to an isoform is 
estimated from the expression value of the isoform. Thus the estimation of the fraction of multireads 
and the prediction of isoform-level gene expression values mutually depend on each other. In order 
to cope with this issue, we have developed a simple iterative method for (1) predicting the isoform-
level gene expression values from the expected counts of mapped reads and (2) estimating the 
expected counts of multireads based on the predicted isoform-level expression values. Initially, Step 
(1) is computed from the counts of uniquely-mapped reads only. The iteration is repeated until those 
values are converged. We applied our method to the analysis of two RNA-Seq data of human total 
RNA from adult brain (Clonetech, 636530) and fetal brain (Clonetech, 636526) using Illumina GAIIx. 
By comparing the results of our method against those of CuffLinks, our method predicted the 
alternative isoforms of several known genes that are consistent with the Ensembl transcripts. We 
are now examining fetal brain-specific novel isoforms by comparing analysis of the fetal and adult 
brains. 
 
Conclusions 
Using our method, each isoform expression can be quantified adequately, and it would contribute to 
the rigorous analysis of RNA-Seq data. 
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Background 
The synergy between structure and dynamics is essential to understand a principle of structural 
architecture and biological function of biological macromolecules such as proteins, DNA, and RNA. 
Protein Data Bank (PDB) data can provide sufficient information for a static structure through atomic 
coordinate data, but a little for dynamics even though temperature factor data are given. 
Consequently we have to derive the information about dynamics from PDB data by some 
computational methodolgy. Normal mode analysis (NMA) is one of such methods. Taking 
advantage of NMA in computation time and systematic analysis, we have constructed a database of 
NMA for PDB data. 
 
Results 
We have developed an elastic-network-model based normal mode analysis (ENM based NMA) 
program using dihedral angles as independent variables. The results for PDB data are available at 
the database named ProMode-Elastic. The smaller number of independent variables compared to 
the NMA calculation with Cartesian coordinates makes it possible to apply the program to a full-
atom system rather than a representative-atom system. Although this ENM based NMA is an 
approximative calculation, compared to the databases, ProMode and ProMode-Oligomer, 
constructed earlies by us, it has the advantage of being applied to various systems in PDB data, for 
example, DNA-protein complex that cannot be dealt with in ProMode and ProMode-Oligomer, and 
of being much faster in computation because of no need for energy-minimization. ProMode-Elastic 
provides animations of vibrations for the several lowest-frequency modes displayed on the viewers 
jV and Jmol. A chart for fluctuation of atoms and a triangular map of correlations between atomic 
fluctuations are also provided. The results and the application software to perform ENM based NMA 
are downloadable at ProMode-Elastic.  
 
Conclusions 
The NMA is useful to study concerted motions in proteins and mutual motions between domains, 
between subunits, and between protein and other molecules such as DNA and ligand. A user can 
observe such motions through animation and examine them through various charts. ProMode-
Elastic is expected to be used as an invaluable source of information on dynamics of biological 
macromolecule structures in Protein Data Bank. 
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Background 
Adenosine triphosphate (ATP) is an essential energy source in a cell. Its breakage to adenosine 
diphosphate (ADP) on an enzyme releases energy stored in a phosphoanhydride bond and the 
energy is transferred to a wide variety of chemical reactions. The mechanism of ATP to ADP 
conversion is a simply hydrolysis and apparently it does not require any complicated environment to 
make the reaction proceeds. However, there are many proteins from different fold classes that are 
known to bind ATP and to release its energy, and the diversity of these proteins in the context of 
differences in ATP structure and function has not been documented. We, therefore, classified the 
structure of ATP bound to proteins and investigated its relationship to function. 

Results 
In the Protein Data Bank, we found about 20 high resolution structures of the same protein with both 
ATP and ADP bound forms. Most of them including ADP showed no significant conformational 
changes between the two forms, except for residues around the gamma phosphate. The structure 
of ATP bound to proteins of different fold was, however, significantly different from one another and 
were classified into, at least, three different types. The differences seemed to be induced by 
differences in ATP environment built by ATP-binding pocket, and these structures of ATP were 
shown to be sparsely populated one in ATP in solution. The classification has correlation to the 
chemical reactions the enzymes catalyze. 

Conclusions 
The difference in fold classes in ATP-binding proteins seems to reflect different usage of ATP in 
chemical reactions that the protein catalyzes. Each protein fold builds a pocket to accommodate an 
ATP molecule in a very specific conformation that is favorable on the chemical reaction but is rare 
conformation in solution. The differences in conformation may relate to the electron state of ATP 
molecules. 
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Background 

Recently, more than 50,000 kinds of proteins are registered in PDB. There exist a lot of data bases 
about the classification of their structure. The definition of the protein secondary structure is, in a 
sense, ambiguous. We propose a new definition of the protein secondary structure and the 
classification method by the mathematical topology. It is a method of focusing on the network 
structure of the main strand and the hydrogen bonds, and enables us the first principle classification. 
 
Results 
We classified about 10,000 proteins by using the new method, where the classification index is the 
Euler number, or so-called the genus, of the two dimensional surface in the mathematical topology. 
Plots of the Euler number as a function of the number of the residue are obtained for 465 of the 
oxdoreductase, for 991 of the transferase, for 1282 of the hydorlase, for 221 of the lyase, for 178 of 
the isomeralse, and for 210 of the lygase in the enzyme classification in PDB, and for 2031 of the 
all-alpha, for 263 of the all-beta, for 2852 of the alpha-beta, for 42 of the coiled-coil, for 68 of the 
designed proteins, for 66 of the membrane, for 95 of the multi-domain protein, and for 345 of the 
peptide in the SCOP classification. The irreducible representation of the embedding to obtain the 
Euler number is regarded as a new definition of the protein secondary structure. This method 
excludes the ambiguity of definition of the secondary structure. We also calculated the statistics of 
the occurrence rate of each secondary structure in our new definition. 

Conclusions 
We proposed a new definition of the protein secondary structure and the classification methods of 
them, and demonstrated the classification for about 10000 proteins. The statistics of the occurrence 
rate of the secondary structure is calculated. 
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Background 

HIV-1 protease is an important target for treatment of AIDS, and efficient drugs have been 
developed. Retroviral protease (PR) from the human immunodeficiency virus type 1 (HIV-1) was 
identified over a decade ago as a potential target for structure-based drug design. However, the 
resistance and negative side effects of the current drugs has necessitated the development of new 
compounds with different binding patterns. We have attempted with the help of virtual screening and 
molecular docking approach using Lamarckian Genetic Algorithm to elucidate the extent of 
specificity of HIV-1 PR towards different classes of Coumarins (an anti-HIV agent). The HIV-1 
protease is a C2 symmetric homodimer. The protein monomer consists of 99 amino acids. The 
active site, with the two catalytic aspartate residues Asp25 and Asp125, is located at the interface 
between the two monomers.  

Results 

The docking result of the study of 500 Coumarins demonstrated that the binding energies were in 
the range of -7.88 kcal/mol to -4.80 kcal/mol, with 15 molecules showing hydrogen bonds with the 
active site residues.  

Conclusions 

Total no of Coumarins were 500 in number with the minimum binding energy of -7.88 kcal/mol. All 
the selected 500 inhibitors were taken from different databases on the basis of the structural 
specificity to the enzyme towards its substrate and inhibitors. The structure of the protein-ligand 
complex reveals that Coumarin partially occupies the active-site triplet (Asp25-Thr26-Gly27), 
providing a framework for the design of compounds with potential therapeutic applications. The 
study provides hints for the future design of new derivatives with higher potency and specificity. 
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Background 
Bisphosphonates are currently the most important class of antiresorptive agents used in the 
treatment of metabolic bone diseases, including tumor-associated osteolysis and hypercalcemia. 
These compounds have high affinity for calcium ions and therefore target bone mineral, where they 
are internalized by bone-resorbing osteoclasts and inhibit osteoclast function. Nitrogen-containing 
bisphosphonates (N-BPs) are currently used as clinical inhibitors of bone-resorption diseases. It 
target osteoclast farnesyl pyrophosphate synthase (FPPS) and inhibit protein prenylation. FPPS, a 
key branchpoint of the mevalonate pathway, catalyzes the successive condensation of isopentenyl 
pyrophosphate with dimethylallyl pyrophosphate and geranyl pyrophosphate. In this study the 
docking accuracy and scoring reliability for the docking of nitrogen containing bisphosphonate with 
human FPPS using Auto Dock 4.0 has been presented the most potent drug for the treatment of 
osteoporosis. 
 
Results 
Target protein fernasyl pyrophosphate synthase (2F7M) with 349 residues and Nitrogen containing 
bisphosphonate, alendronate, zoledronate, pamidronate and ibandronate were selected for docking. 
Identifying the ten different conformation of each ligand and best conformation has been chosen for 
docking analysis on the basis of their binding energies.The docking accuracy was evaluated in 
terms of the root mean square deviation (RMSD) between the docked position and the 
experimentally determined position for the ligand. In this molecular docking study, prediction was 
considered successful if the RMSD value is less than 2.0 Å for the best-scored conformation. 
Lipinski's rule of five was calculated for all the four ligand molecules that satisfy the 'rule-of-5' and it 
was found that all the ligand molecules satisfied the rule for potent inhibitors. 
 
Conclusions 
On the basis of minimum energy concept, it can be concluded that alendronate is most powerful 
inhibitor of FPPS amongst others considered in the study. It also confirms the Lipinski rule of five. It 
is depicted from the observation that except ibandronate other three ligand molecule namely 
alendronate, pamidronate and zoledronate participate in hydrogen bond formation with nitrogen 
atom of the LYS57. ARG60, ARG113 and LYS257 take part in hydrogen bonding with 
comparatively higher frequency. The findings of present study may prove to be very useful for 
design of new drugs for osteoporosis in which potential inhibitors should interact strongly with 
residues mentioned as above. 
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Background 
Comparative modelling of Envelope protein (E) in Tick-borne encephalitis virus using known protein 
crystal structure was done. Its 3-D structure was evaluated and validated using PROCHECK 
comprising amino acid residues in favoured region of Ramachandran plot. E protein forms a large 
family of proteins which ubiquitously distributes in wide variety of organisms. It plays crucial role for 
the assembly of virus-like particles. Consequently, E protein represents an interesting target for the 
development of specific antiviral inhibitors. 
 
Results 
Several envelope protein inhibiting effective drugs and analogs were selected and the active amino 
acid residues were targeted. B-Octylglucoside, sucrose myristate and rhamnulose were found more 
potent to inhibit TBEV on the basis of robust binding affinity between protein-drug interactions. 

Conclusions 
The present study was undertaken to model and validate the E protein of TBEV, which displayed 
several meaningful features: secondary structure, RMSD value, conserved residues engaged in 
non-bonded interaction, study of surface topography for predicted 3-D model and effective inhibitor 
identification provided clue for inhibitor molecules to inhibit the virus assembly. Since the above 
study was in-silico, the predicted model and development of  specific anti‐TBEV  therapies can be useful 
for all those researcher and pharmaceutical persons who are currently struggling for this incurable 
disease. The insilico approach helps researchers by giving them an in-hand idea so that they can 
gladly advance towards the treatment of the disease. 
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Background 
Often dynamics of biological systems is partially and indirectly observed. For instance, direct 
measurement of hormones secreted by an endocrine gland is not possible and generally hormone 
secretion rates are inferred from equilibrium hormone concentration measured in biological fluid 
such as saliva which provides a distorted picture of hormone secretion at the glandular level. In 
clinical settings it is important to get an accurate estimate of the hormone secretion and elimination 
rates from the salivary hormone time series data. Here, we present a dual estimation approach to 
study the dynamics of time evolving states involved in the hormone secretion and elimination 
process using the indirectly observed salivary hormone measurements.  
 
Results 
A non-linear state-space representation was implemented for a published Hypothalamic–pituitary–
adrenal axis model with additional mechanisms accounting for the diffusion of tissue available 
steroid hormones in saliva. Further, for simultaneous estimation of the states (hormone secretion 
and elimination profiles) and parameters of our nonlinear state-space model using noisy and 
discrete salivary hormone time series data, we used both Extended Kalman Filter (EKF) and 
Unscented Kalman Filter (UKF). For both filters estimated hormone profiles resemble the 
experimentally observed plasma hormone concentrations. Although the preliminary findings suggest 
that UKF consistently achieves more-accurate results than the EKF. 

Conclusions 
Recursive estimation techniques such as Kalman Filter are powerful tool for dual estimation of 
partially observed non-linear biological systems from noisy time series data. Predictor-corrector 
nature of these recursive estimation techniques ensures higher prediction accuracy. This current 
study explores the possibility to use these techniques to predict the hormone secretion patterns at 
the glandular level using salivary hormone measurements. 
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Background 
Human immunodeficiency virus (HIV) infection is spreading quickly on worldwide. HIV easily 
acquires drug-resistance, and a number of HIV-1 protease inhibitors have serious side effects. 
Therefore, there is a pressing need for new and better anti-AIDS drug candidates. As part of our 
study to gain a clear understanding of the characteristics of approved HIV-1 protease inhibitors 
through computational simulations, we have previously calculated at MP2/STO-3G level the binding 
energies between HIV-1 protease and several peptidomimetics inhibitors by employing ab initio 
fragment molecular orbital (FMO) method. This paper describes the FMO computation at different 
calculation levels toward the complexes of HIV-1 protease with inhibitors, which was performed to 
explore further the relationship between calculated binding energies and clinically reported drug 
effects for HIV-1 inhibitors. 

Results 
Three different Inhibitor-bound HIV-1 protease complexes with Ritonavir, Saquinavir, and Darunavir 
were prepared respectively by the energy minimization using OPLS-AA force field implemented in 
MacroModel software program and subsequently subjected to an all-electron quantum chemical 
calculation utilizing the FMO method available in ABINIT-MP/BioStation software package. The 
binding energies between HIV-1 protease and inhibitors and the interaction energies between 
selected amino acid residues in the protease and inhibitors were computed at five distinct levels 
including HF/6-31G and MP2/6-31G. The FMO calculations showed that the binding energy and the 
interaction energy of Ritonavir having many undesirable side effects are higher than those of 
Saquinavir showing few side effects. The computations also indicate that the calculated binding 
energies for each HIV-1 protease-inhibitor complex can be related to the maximum drug 
concentration (Cmax) and the inhibition constant (Ki) of HIV-1 protease inhibitors.  

Conclusions 

This biomolecular computation, based on the FMO calculations of the complexes between HIV-1 
protease and protease inhibitors, presents that the computed binding energy may enable us to 
evaluate and predict the extent of effects of the individual inhibitors. In addition, the interaction 
energy for the selected amino acid residues in the protease can lead to much useful information for 
developing more effective and safer agents than current ones. We are hoping that our results will 
encourage organic chemists and biochemists to utilize computational simulations. 
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Background 
Staphylococcus aureus is potentially virulent bacteria and cause serious infections of skin, eye, 
brain, blood and respiratory tract etc.  Iron is one of the element which is essential for the 
proliferation and colonization of Staphylococcus aureus, which is mediated into the cell through the 
siderophore protein carried out by the HtsA receptor present on the cell membrane of 
Staphylococcus aureus. Traditionally, extract of Rubiace family were used therapeutically for skin 
disorder and other infection caused by Staphylococcus aureus .It contain substantial amount of 
anthraquinone derivate which motivated us to take 1, 3-Dihydroxy 9, 10 anthraquinone(1 ,3-DHA) 
as ligand and propose a mechanism for its action on Staphylococcus aureus. In our work we 
targeted HtsA receptor and virtual docking was performed by Glide 5.0. Applications, using 1, 3-
Dihydroxy 9, 10 anthraquinone (1, 3-DHA) as ligand. 3D structure of target protein was taken from 
RCSB Protein data bank (3EIW). Protein preparation wizard of Schrödinger Inc was used for 
converting raw PDB structure into well prepared structure for docking. Ligand structure was drawn 
in Maestro and by using Ligprep utility of Glide, structure was geometrically optimized. 

Results 
Docking was performed by Glide 5.0 software and we got Glide score of -6.65 which is fairly good. 
This was validated by wet lab method. First the compound was prepared was using pthalic 
anhydride and resorcinol and then tested for its antimicrobial activity on Staphylococcus aureus and 
we got the zone of inhibition in the range of 19mm-47mm for the concentration of 20mg/ml-50mg/ml 
of 1,3dihydroxy9, 10 anthraquinone(1,3-DHA) respectively. 

Conclusions 
Our study confirm 1, 3-Dihydroxy 9, 10 anthraquinone(1,3-DHA) can act as a drug yet 
Pharmacological study will confirm it to be promising and therefore, this study demonstrate the utility 
of computational tools in inhibitor discovery and design and the presented strategy shall be used as 
an alternative to the time consuming experiments. 
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Background 
In chemoinformatics, confining chemical space for certain type of compounds is important for 
searching them. Previous studies for confining chemical space used various descriptors such as 
number of elements, number of solvated ion, number of bonds and number of rings, etc. Then used 
branch and bound algorithm for enumerating tree like chemical graphs. These descriptors are made 
from the determinant of matrix and the tree structures that express 3-dimensional structures of 
chemical compounds. The well known tree structure is SMILES format. It can be converted to plain 
text using simple rules by humans. But it isn’t unique notation because it can’t express the 
configuration and partial structure. In 2009, IUPAC announced to diffuse the new standard of 
structure identifier, InChI format. It is made of plain text and describes unique structure for each 
compound. Several free databases in the web already uploaded it, so it is useful to calculate 
descriptors from InChI. To determine possible structure and formula from molecular mass is 
combinatorial optimization problem, so it is important to find out heuristic constraints to solve the 
problem in polynomial time. In the present work, we indicate difference of structural aspects 
between metabolites and synthetic compounds. 
 
Results and Discussions 
We used four types of databases. Secondary metabolites were downloaded from KNApSAcK, 
primary metabolites from KEGG compounds, drugs from KEGG drug and DrugBank and small 
chemical compounds were downloaded from ChEBI and PubChem. We prepared some structural 
descriptors from the InChI formats. The descriptors are density, degree, amount of elements, etc. 
We are trying to develop a heuristic method for distinguishing different chemical compounds. The 
complex networks are characterized as random, scale-free, small-world etc. Therefore it can be 
expected that chemical graphs also have certain characteristics. Chemical graphs show a linear 
relationship between number of nodes (atoms) and edges (bonds). These relationships for 
Metabolites and drugs are close straight lines, and have a small margin of error whereas synthetic 
compounds show several straight lines. Straight lines for most synthetic compounds are near those 
of metabolites and drugs, but few synthetic compounds have more edges than metabolites having 
the same number of nodes and thus make the straight line somewhat apart. Aspects of binding 
elements are shown as the correlation between carbon amounts and edges except hydrogen.  

Furthermore, average degrees of metabolites and drugs fall within narrow range, but for 
synthetic compounds spread to wide range. The distribution of compounds with respect to average 
degree contains 3 peaks indicating some sort of classification for structures, and densities of 
metabolites and drugs containing oxygen are small and fall within narrow range, but densities of 
synthetic compounds containing both oxygen and nitrogen are small fall within narrow range. 
 
Conclusions 
We compared the structural aspects between chemical graphs of metabolites and non-metabolites. 
Metabolite structural characters are confined by aspects of binding elements and graph descriptors. 
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Background 
Our interest is in understanding the mechanism of ATP hydrolysis in myosin. For this purpose we 
analyzed PDB X-ray crystallography data of myosin motor domains complexed with different ATP 
analogs. The used PDB data were 1MMA, 1MMD, 1MMG, 1MMN, 1VOM, 1MND, and 1FMW in 
PDB ID. We calculated the distances among alpha carbons of individual residues and investigated 
how similar and how different those crystallographic structures are to each other. 
 
Results 
We introduced a deviation map that indicates a set of differences between the moved distances 
corresponding to pair of alpha carbons of amino acid residues. Using the deviation maps we 
determined structural similarity of 1MMA, 1MMD, 1MMG, 1MMN, 1VOM, 1MND, and 1FMW. This 
similarity suggests the location of these structures in the ATP hydrolysis cycles. 

 
Conclusions 
The obtained locations of those structures with different ATP analogs in the ATP hydrolysis cycle 

are as follows, 1MMA  1FMW  1MMN  1MMG  1MMD  1VOM  1MND  1MMA. This 
result leads us to next stage of understanding the ATP hydrolysis mechanism in the protein. 
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Background 
Hierarchical understanding of complex systems is natural and effective, however, it is generally 
difficult to derive properties of a whole system from ones of its parts. Instead, it is sometimes 
possible to get qualitative properties of biological systems, where we effectively use properties of 
parts to derive ones of a whole system. Our purpose is to develop a qualitative analysis method for 
the interaction effect among biological objects, e.g. the effect of the drug dosage on the area under 
the concentration-time curve of a certain active metabolite. 
 
Results 
We define the approximate relative value, which is the integral of transient response change 
transferred through pathways for given that of input change, and propose an inference system for 
constraints of defined values which reflects network structures and kinetics. In this system, 
applicable networks are limited to a certain class, however, this limitation is not strong and 
constraints on networks are conserved on larger ones in this class. We give a quantitative 
semantics based on mass action kinetics with linear approximation at a steady state and prove the 
soundness of the given rules to guarantee the validity of derived proprieties. We demonstrate the 
effectiveness of our method on the analysis of the drug-drug interaction between irinotecan, which 
is prodrug of active SN-38, and ketoconazole, which is inhibitor of CYP3A4 metabolizing irinotecan. 

 
Conclusions 
Our system can effectively derive qualitative properties which approximately capture an aspect of 
interaction effect among objects. Numerical Simulation traces behaviour of completely defined 
models on only some certain situations, while our method gives a model by a set of constraints and 
can effectively and correctly derive properties which are valid on any situations in the constraints. In 
addition, we can directly use properties of parts to derive ones of a whole system. 
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Background 
Partitioning or clustering is a technique commonly applied to simplify large networks, but applying 
this to metabolic biochemical networks needs to take account of peculiarities such as underlying 
mass balance constraints. A previously published algorithm combining connectivity-based and 
random walk analysis achieves this but like any automated algorithm cannot by itself provide for 
user aims and priorities in the partitioning process. Netsplitter is an application that addresses this in 
a two-stage strategy. First the random walk algorithm is implemented, identifying metabolite nodes 
with the potential to partition the network when cut, but allowing the user full interactive control over 
their selection in each iterative round. In the second stage the user can choose individual subnets to 
be merged together again, based on information about the content and interconnections between 
subnets supplied by Netsplitter in graphic and tabular form. 
 
Results 
Compared to connectivity based splitting, Netsplitter gives efficient partitioning of genome scale 
metabolic networks with reduced fragmentation. This is further improved by the merging step. In the 
case of the M. Pneumonia, the bacterial network of 189 reactions and 229 metabolites is reduced to 
12 subnets, each of which closely corresponds with recognised biochemical functionality. A 
complete SBML specification of each subnet is produced by the program. An application to the 
network for the mouse M. Musculus, shows that it works equally well for a network with more than 
2000 reactions and metabolites which is partitioned into 162 subnets; merging reduces this to 102 
subnets, and increases the mean number of internal metabolites per subnet from 8.9 to 16.7. Again 
the logical partitioning reflects biochemical reality, including cellular compartments. 
 
Conclusions 
Netsplitter is a flexible tool that combines interactive user participation in partitioning with targeted 
assembly of subnets of a size and composition appropriate for the purpose of a particular study. 
Due to the efficient display of network structure in both matrix and layout forms, it is feasible to 
maintain the overview needed for partitioning and merging decisions even for the large and complex 
genome scale networks of eukaryotic organisms. 
 
 

 
 
 
 
 

InCoB2010 48



 
 

 43 (#109) 
 

Mapping of Natural Appetite Regulating Compounds in the Appetite Regulatory 
Receptor Network - an Systems Biology Approach  
 
Biplab Bhattacharjee1, Jayadeepa.R.M1, Venkata Rajesh.P2, Radha Mahendran2  
 

1Institute of Computational Biology, Bangalore, India, 2Vel’s College of science, Pallavaram, Chennai, India 
 

Correspondence: biplabbhaiyu{At}gmail.com 

 
 
Background 
The appetite is the desire to eat food. Appetite exists in all higher life-forms, and serves to regulate 
adequate energy intake to maintain metabolic needs. Several hormones are instrumental in control 
of the appetite. Out of which, some increase hunger, others reduce the urge to eat.  
 
Methods 
Using systems biology approach appetite regulatory receptor network has been drawn .This helps 
to find the best hub proteins which contributes to appetite regulation. The protein information and 
the natural compounds information was collected from online available databases. The appetite 
suppressor molecules were subjected to multi receptor docking analysis, further statistical analysis 
was preceded. Systematic identification of protein-ligand interaction networks is crucial to correlate 
complex modes of drug action to clinical indications. We introduce a novel computational strategy to 
identify protein-ligand interaction network to find the best protein for Appetite. Using the docking 
score the compatible protein and ligand were identified and analyzed using statistical analysis. 
 
Results 
35 Appetite suppressor molecules were collected from the literature survey. Of this only 21 
structures were available and taken from the PubChem database. Multi receptor docking was 
performed using Quantum 3.3.0.Using VisANT application the protein ligand interaction has been 
visualized in the form of network. The highest interacting protein obtained was INSR (insulin 
Receptor) and the corresponding PDB id is 2WBY. Then the list of docking RMSD value taken as 
input in the Biolayout application gives the protein ligand network.  
 
Conclusion 
From the data obtained and the various analysis done the appetite suppressor corosolic acid 
obtained from the leaves of BANBA (Lagerstroemia speciosa) shows highest RMSD value with the 
protein 2WBY corresponding to the gene INSR. The research throws light on appetite suppressing 
potential of corosolic acid & its interaction with INSR playing an important role in the appetite 
regulation process. 
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Background 
Dynamic simulations play an important role in current biology, allowing us to understand the 
mechanism of how biochemical networks generate robust properties to environmental and genetic 
changes. Since it is difficult to measure the precise values of kinetic parameters by biological 
experiments, evolutionary algorithms are often employed to estimate them. The reverse-engineering 
approach intrinsically has two major problems. First, an increase in network size explosively 
increases the search space of kinetic parameters, thereby making optimization hard. Second, one 
cannot specifically determine a single solution that reproduces behaviors of experimental data. 
Therefore, many plausible solutions should be obtained from massive search space so that 
subsequent analyses do not depend on a particular choice of parameters. It is required to develop 
new strategies to search for diverse solutions scattered in huge parameter space of a large-scale 
model. 
 
Results 
We developed a new parameter search method: Two-step search with module-decomposition and 
integration. First, a full mathematical model is divided into subnetworks. Second, random search 
and genetic algorithms (GAs) are performed to obtain coarse solutions in each subnetwork. Third, 
these coarse solutions are hybridized into the parameter sets for a full mathematical model. Finally, 
use of GAs tunes them so as to reproduce experimental data. This strategy is applied to 
constructing a dynamic model of the E. coli nitrogen assimilation system which consists of 74 
differential-algebraic equations with 35 search parameters. The proposed method effectively 
searches for solutions scattered in huge parameter space. Moreover, some resultant solutions can 
reproduce the experimental behavior of not only wild-type but also various mutants, indicating that 
the proposed method can find diverse solutions. 
 
Conclusions 
We introduced the two-step search with module-decomposition and integration as a novel search 
method suitable for large-scale biochemical networks. This approach achieves high efficiency for 
parameter search and obtains a variety of solutions from wide search space, thus enabling 
subsequent analyses to leads to firm results independent from a particular parameter set. The 
proposed method can be distinguished from the widely-used optimization methods that search for a 
single solution. 
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Background 
Gene deletion and overexpression are critical technologies for designing or improving the metabolic 
flux distribution of microbes. Some algorithms including FBA and MOMA predict a flux distribution 
from a stoichiometric matrix in the mutants that lack metabolic genes, but there are few algorithms 
that predict how a broad range of genetic modifications, such as overexpression and partial 
deficiency of metabolic genes, alters the phenotypes of the mutants at the metabolic flux level. 
 
Results 
To overcome such limitations, we developed Genetic Modification Flux (GMF) that predicts the flux 
distribution of the mutants with a broad range of genetic modification, based on elementary mode 
(EM) analysis. GMF couples two algorithms that we have developed: Modified Control Effective Flux 
(mCEF) and Enzyme Control Flux (ECF). mCEF is proposed based on CEF to estimate the gene 
expression patterns in genetically modified mutants in terms of specific biological functions. GMF is 
demonstrated to accurately predict the flux distribution of a variety of genetic mutants in yeast, 
Escherichia coli and Corynebactium glutamicum. In addition, an efficient objective function is 
proposed to optimize hundreds of thousands of EM coefficients under the constraint of the 
Maximum Entropy Principle (MEP). Finally, we implement those algorithms into GUI-based Matlab 
application software. 
 
Conclusions 
We present the EM-based algorithms, GMF, mCEF, ECF, and MEP, to predict the flux distribution of 
mutants with a broad range of genetic modification and develop the GUI-based application software 
together with the database that contains metabolic networks and their associated omics data. The 
database is directly connected to the software. This integrative system greatly enhances the 
efficiency of study in elementary mode analysis and design of microbial systems. 

 
 
 
 
 
 
 
 
 

 
 

 46 (#130) 
 

De novo Pathway Design Platform for Exploring Biosynthetic Capacity in Genome 
Scale Model of Microorganisms as Cell Factories 

Sunisa Chatsurachai1, Chikara Furusawa2, and Hiroshi Shimizu2 
 
1Department of Biotechnology, Graduate School of Engineering, Osaka University, 2-1 Yamadaoka, Suita, 
Osaka 565-0871, Japan, 2Department of Bioinformatics Engineering, Graduate School of Information Science 
and Technology, Osaka University, 1-5 Yamadaoka, Suita, Osaka 565-0871, Japan 
 

Correspondence: shimizu{AT}ist.osaka-u.ac.jp 

 

Background 

Microorganisms are used as cell factories for producing valuable chemical compounds in 
pharmaceuticals, nutraceuticals, biofuels, and so forth. Metabolic engineering is a widely used 
approach to improve productivities of such bio-production processes, by which metabolic pathways 
with high productivity can be designed. In the metabolic engineering approach, expressing 
heterologous biosynthetic pathways in well-characterized host microorganisms is one major way to 
produce desired target product. However, the adequate incorporation of heterologous pathways to 
the hosts organism requires experiences, knowledge and intuition of researchers, and it is still 
difficult to find candidate heterologous pathways to be added to produce target products. Thus, an 
in silico platform to design expanded metabolic network by addition of heterologous pathways is 
desirable for the improvement of target productivity. 

Results 

The algorithm for finding heterologous pathways required to produce desired targets by a host 
microorganism such as Escherichia coli was developed. Here we first compiled an integrated 
metabolic network containing 8123 known metabolic reactions including 6683 metabolites from 
metabolic networks of microorganisms in KEGG database. When a target product is arbitrary given, 
our algorithm can provide information about which heterologous reactions in the integrated 
metabolic network should be added into genome-scale metabolic network of E. coli (iJR904) to 
produce the target. By this method, we screened possible target products that can be produced by 
adding less than 10 heterologous metabolic reactions into E. coli metabolic network, and identified 
2916 metabolites as candidate products. Furthermore, we investigated the effect of adding 
heterologous pathways on the metabolic fluxes based on the scheme of Flux Balance Analysis 
(FBA), by which we can simulate the changes of metabolic fluxes by the addition of heterologous 
pathways. 
 
Conclusions 
In this study, we have developed a de novo pathway design platform by which we can screen the 
candidate heterologous pathways to be added into host organisms to produce target products. 
Using metabolic simulations of in silico expanded metabolic model we can evaluate the effect of the 
pathway addition on metabolic profiles. This platform enables us to provide valuable information for 
rational design of metabolic networks for production of useful materials. 
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Background 
Principal component analysis is a method that summarizes a matrix data by finding out a set of 
several perpendicular axes among the matrix. As it can approximate the original matrix in much 
smaller dimensions, it is frequently used to digest a large data matrix such as obtained in microarray 
experiments. However, the original definitions and conditions of principal component analysis are 
not necessarily suitable for analyzing designed experiments, because the mathematical model does 
not match the underlying structure of data that is determined by the designs. Additionally, the results 
are relative and have only limited capability in comparisons.  

Here I introduce an expanded version of the analysis for designed experiments. To respond groups 
or repeated experiments, processes that find the axes and apply the axes to data to estimate the 
scores are separated. This allows using of training data to settle the axes, clarifying the directions of 
each axis. Additionally, the unitary matrix that defines the axes is further scaled to the dimension of 
the original matrix, giving an absolute character for the obtained scores.  

Results 
The benefit of the expanded version is confirmed in microarray experiments; axes are found among 
representative values in each of the experimental group and applied to original data matrix. Actually, 
separation of repeating groups and robustness to biases in the subjected data are obviously 
improved. The appropriateness of the scaling is confirmed in constancy in the deviations among the 
scores presented.  

Conclusions 
By the expansion, the method has acquired advanced fidelity to the underlying structure of data. 
Axes reflect the design of experiments more clearly, since the effect of noise is much reduced. 
Furthermore, the axes determined in training data could be applied to any data sets to estimate the 
scores. This is beneficial to examination purpose, such as classifying subjected samples in 
toxicology and medical research.  
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Background 
In the analysis of gene regulatory networks, we have to consider many possible behaviors 
depending on initial conditions, scenarios of external inputs, and settings of parameters. 
Quantitative methods, such as numerical simulations of ordinary differential equations, are not 
suitable to analyze all of possible behaviors, since they need concrete values for biological 
parameters, which are usually unknown. Therefore, we developed a qualitative method for 
analyzing all of possible behaviors of gene regulatory networks, by focusing on essential qualitative 
features of behaviors. 

Results 

In our method, behaviors are captured in transition systems using propositions for genes state (ON 
or OFF), and threshold values for genes activation/inhibition. We characterized possible behaviors 
of networks by specifying in Linear Temporal Logic how concentrations of genes’ products change 
according to its state, how genes get ON or OFF, and general rules for order relation on thresholds. 
This constraint is intended to cover all possible behaviors of networks. Then, biological properties to 
be checked, such as reachability, stability and oscillation etc. are also described in Linear Temporal 
Logic. We can check two types of properties, which are possible property and global property, by 
analyzing the logical combinations of the constraint and the property. Possible property is that there 
exists some behavior of the network which satisfies a property. Global property is that all possible 
behaviors satisfy a property. For the demonstration of usability of our method, we analyzed the 
mucus production in Pseudomonas aeruginosa as an example. We checked the hypothesis that the 
wild-type bacteria have multi-stationarity where one is non-mucoid and the other is mucoid in silico. 
The result of checking was true. Based on this result, biologists will be motivated to verify the 
hypothesis in vivo. 

Conclusions 
We developed a method that considers all possible behaviors of gene regulatory networks in purely 
qualitative way. We applied our method to analysis of mucus production in Pseudomonas 
aeruginosa and showed that the bacteria can be in mucoid state and non-mucoid state. Our method 
will be useful for biologists to test many hypotheses and predict behaviors of networks in silico. 
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Background 
We present an algorithm for predicting gene regulatory network structure. The purpose of this work 
is to predict the unknown network structure of a gene regulatory network. 
 
Results 
In this work, gene expression time-series data are regarded as vector trajectories of samples 
obtained from a stochastic dynamical system defined on a graph. For modelling the gene regulatory 
network structure, we use a Gaussian Bayesian network in which a node represents a gene, and a 
link between two nodes represents the relationship between the genes. The output of the Gaussian 
Bayesian network is assumed to be a normal distribution. Since gene expression data may not 
follow a normal distribution, a certain transformation is critical to ensure the performance of the 
prediction algorithm. Here, we applied a Box-Cox transformation to the gene expression data. 

Our algorithm is built on a Bayesian scheme for learning the graph. According to recent 
studies on the topological structure of different networks, including gene regulatory networks, the 
graph topology is assumed to follow a Zipf distribution. In the Bayesian framework, this assumption 
can be incorporated into the prior distribution. 

In our algorithm, the appropriateness of the graph must be evaluated using the posterior 
mean. However, the computational complexity of the Bayesian learning method increases 
exponentially with the number of nodes. We applied the Markov Chain Monte Carlo method to 
calculate the posterior mean. By using the Markov Chain Monte Carlo method, we can avoid the 
complex integration which is necessary to evaluate the graph posterior mean. In addition, we 
applied the Markov Chain Monte Carlo method to predict the parameter of a Zipf distribution. 
 
Conclusions 
The performance of our algorithm was evaluated using synthesized data, and the algorithm appears 
functional. We also applied our algorithm to actual gene expression data obtained from a mouse. 
We discuss the feasibility of the predicted network from a biological viewpoint. In our previous work 
reported at ISMB 2010 (see website reference) the parameter for the Zipf prior was fixed. Here, we 
present how the parameter for the Zipf prior is learned from the observed data as well as 
comparison with the previous work.  
 
ISMB 2010: http://www.iscb.org/cms_addon/conferences/ismb2010/posterlist.php?cat=M (July 11, 2010) 
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