Genome Informatics Series Vol. 23 ISSN: 0919-9454

Genome Informatics 2009

Shinichi Morishita * SangYup Lee * Yasubumi Sakakibara

Editors

Imperial College Press




Genome Informatics Series Vol. 23 ISSN: 0919-9454

benome Informafics 2009

Proceedings of the 20th International Conference

Pacifico Yokohama, Japan 14— 16 December 2009

Editors

Shinichi Morishita

University of Tokyo, Japan

SangYup Lee

Korea Advanced Institute of Science & Technology, Korea

Yasubumi Sakakibara

Keio University, Japan

@ Imperial College Press



Published by

Imperial College Press
57 Shelton Street
Covent Garden
London WC2H 9HE

Distributed by

World Scientific Publishing Co. Pte. Ltd.

5 Toh Tuck Link, Singapore 596224

USA office: 27 Warren Street, Suite 401-402, Hackensack, NJ 07601
UK office: 57 Shelton Street, Covent Garden, London WC2H 9HE

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

GENOME INFORMATICS 2009
Proceedings of the 20th International Conference (GIW 2009)

Copyright © 2009 by the Japanese Society for Bioinformatics (http:/www.jsbi.org)

All rights reserved. This book, or parts thereof, may not be reproduced in any form or by any means, electronic or
mechanical, including photocopying, recording or any information storage and retrieval system now known or to
be invented, without written permission from the JSBi.

For photocopying of material in this volume, please pay a copying fee through the Copyright Clearance Center,
Inc., 222 Rosewood Drive, Danvers, MA 01923, USA. In this case permission to photocopy is not required from
the publisher.

ISBN-13 978-1-84816-562-5
ISBN-10 1-84816-562-5

Printed By Fulsland Offset Printing (S) Pte Ltd, Singapore



Genome Informatics 2009



GENOME INFORMATICS SERIES (GIS)
ISSN: 0919-9454

The Genome Informatics Series publishes peer-reviewed papers presented at the
International Conference on Genome Informatics (GIW) and some conferences on
bioinformatics. The Genome Informatics Series is indexed in MEDLINE.

No. Title Year ISBN Cl./Pa.

1 Genome Informatics Workshop I 1990 (in Japanese)

2 Genome Informatics Workshop 11 1991 (in Japanese)

3 Genome Informatics Workshop III 1992 (in Japanese)

4 Genome Informatics Workshop IV 1993 4-946443-20-7

5 Genome Informatics Workshop 1994 1994 4-946443-24-X

6  Genome Informatics Workship 1995 1995 4-946443-33-9

7  Genome Informatics 1996 1996 4-946443-37-1

8  Genome Informatics 1997 1997 4-946443-47-9

9  Genome Informatics 1998 1998 4-946443-52-5

10 Genome Informatics 1999 1999 4-946443-59-2

11 Genome Informatics 2000 2000 4-946443-65-7

12 Genome Informatics 2001 2001 4-946443-72-X

13 Genome Informatics 2002 2002 4-946443-79-7

14 Genome Informatics 2003 2003 4-946443-82-7

15 Genome Informatics 2004 Vol. 15, No. 1 2004 4-946443-88-6

16  Genome Informatics 2004 Vol. 15, No. 2 2004 4-946443-91-6

17 Genome Informatics 2005 Vol. 16, No. | 2005 4-946443-93-2

18  Genome Informatics 2005 Vol. 16, No. 2 2005 4-946443-96-7

19  Genome Informatics 2006 Vol. 17, No. 1 2006 4-946443-97-5

20 Genome Informatics 2006 Vol. 17, No. 2 2006 4-946443-99-1

21 Genome Informatics 2007 Vol. 18 2007 978-1-86094-991-3
22 Genome Informatics 2007 Vol. 19 2007 978-1-86094-984-5
23 Genome Informatics 2008 Vol. 20 2008 978-1-84816-299-0
24 Genome Informatics 2008 Vol. 21 2008 978-1-84816-331-7
25  Genome Informatics 2009 Vol. 22 2009 978-1-84816-569-4
26  Genome Informatics 2009 Vol. 23 2009 978-1-84816-562-5



PREFACE

This issue of Genome Informatics contains papers presented at the Twentieth
International Conference on Genome Informatics (GIW 2009) held in Yokohama,
Japan from December 14th to 16th, 2009.

The first Genome Informatics Workshop (GIW) was held in Tokyo in 1990,
the dawn of human genome sequencing. Remarkably, the invited talks by Akiyoshi
Wada, Ross Overbeek, and Yoshiyuki Sakaki that year were all on the subject of
the computational support for genome sequencing. Since then, GIW has provided
unique opportunities to encourage bioinformatics and create bridges between theory
and experiments, academia and industry, and East and West. GIW is the longest
running international bioinformatics conference.

The 20th International Conference on Genome Informatics (GIW 2009) was held
at PACIFICO Yokohama Convention Center, Japan, on December 14-16, 2009. We
accepted 18 papers from the 39 submissions. The two best papers were:

e C. Nelson Hayes, Diego Diez, Nicolas Joannin, Minoru Kanehisa, Mats
Wahlgren, Craig E. Wheelock, and Susumu Goto. “Tools for investigating
mechanisms of antigenic variation: new extensions to varDB.”

e Kouichi Kimura and Asako Koike. “Localized suffix array and its applica-
tion to genome mapping problems for paired-end short reads.”

In addition, this book contains abstracts from the five invited speakers: Sean
Eddy, HHMI’s Janelia Farm (USA), Minoru Kanehisa, Kyoto University (Japan),
Sang Yup Lee, KAIST (Korea), Hideyuki Okano, Keio University, (Japan), and
Mark Ragan, University of Queensland (Australia).

The electronic versions of all these papers in this issue are also freely available
from the website of the Japanese Society for Bioinformatics (JSBi) (http://wuw.
jsbi.org/journal.html).

Shinichi Morishita
Sang Yup Lee
GIW 2009 Program Committee Co-Chairs

Yasubumi Sakakibara
GIW 2009 Conference Chair
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PREDICTING PROTEIN-PROTEIN RELATIONSHIPS
FROM LITERATURE USING LATENT TOPICS

TATSUYA ASO! KOJI EGUCHI!
dango-r@cs26.scitec.kobe-u.ac.jp eguchi@port .kobe-u.ac. jp

! Department of Computer Science and Systems Engineering, Kobe University, 1-1
Rokkoudai, Nada-ku, Kobe, 657-8501, Japan

This paper investigates applying statistical topic models to extract and predict relation-
ships between biological entities, especially protein mentions. A statistical topic model,
Latent Dirichlet Allocation (LLDA) is promising; however, it has not been investigated for
such a task. In this paper, we apply the state-of-the-art Collapsed Variational Bayesian
Inference and Gibbs Sampling inference to estimating the LDA model. We also apply
probabilistic Latent Semantic Analysis (pLSA) as a baseline for comparison, and com-
pare them from the viewpoints of log-likelihood, classification accuracy and retrieval
effectiveness. We demonstrate through experiments that the Collapsed Variational LDA
gives better results than the others, especially in terms of classification accuracy and
retrieval effectiveness in the task of the protein-protein relationship prediction.

Keywords: Biomedical text mining; probabilistic topic models.

1. Introduction

There have been increasing demands for organizing knowledge accumulated in doc-
uments and then generating potential hypotheses in biomedical fields. This paper
focuses on the task to predict relationships between biological entities. Research
trends on the biomedical relationship extraction can be categorized into: (1) meth-
ods using manually or automatically generated templates, (2) methods based on
natural language processing, and (3) statistical co-occurrence-based methods |[1, 2].
This paper focuses on the third approaches targeting a specific type of biomedical
entities, proteins. While the natural language processing-based approaches usually
extract entity relationships within a document, statistical methods are based on co-
occurrence of biomedical entities or their related statements in a set of documents
to extract relationships between the entities. Statistical topic models are promising
for this objective.

Statistical topic models (e.g., (3, 4]) are based on the idea that documents are
mixtures of topics, where a topic is a probability distribution over words, in order
to capture semantics or to achieve dimensionality reduction. “Probabilistic Latent
Semantic Analysis” (pLSA) [5], proposed by Hoffman, can model underlying topics
for given documents; however, it cannot model the topics for unseen documents
that were not used for parameter estimation. Blei et al. [3] proposed one of the
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Fig. 1. The graphical model of LDA.
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topic models called “Latent Dirichlet Allocation” (LDA) in an extension of pLSA,
introducing a Dirichlet prior on a multinomial distribution over topics for each doc-
ument. This makes the model applicable to unseen documents. The LDA model has
been accepted in various fields; however, it has not been investigated for predict-
ing biological entity relationships, to our knowledge. In this paper, we investigate
applying the LDA model to extract and predict protein-protein relationships from
biomedical literature. In the statistical topic modeling, a set of topics are usually
assumed to be unobserved in a document collection, and so we need to infer such
unknown distributions from the documents. To estimate the LDA model, “Col-
lapsed Gibbs Sampling inference”® method can be used [4]. “Collapsed Variational
Bayesian inference” (CVB) [6] is alternative approach to estimate the LDA model.

The focus of this paper is to investigate how to apply the LDA model to the
task of protein-protein relationship prediction from biomedical literature, and to
evaluate, in an extrinsic manner, the effectiveness over different model estimation
methods.

2. LDA and Estimation Algorithms
2.1. Generative Process of LDA
Figure 1 shows the graphical model of LDA. We formally describe generative process

of LDA [3], as follows,

(1) For all j documents sample 6; ~ Dir(a)
(2) For all k topic sample ¢ ~ Dir(/3)
(3) For each of the N; words z; in document d;

(a) Sample a topic z; ~ Mult(6;)
(b) Sample a word x; ~ Mult(¢.,)

21t is sometimes simply called “Gibbs Sampling inference” [4].



