
Lecture Notes in Bioinformatics 13064

Subseries of Lecture Notes in Computer Science

Series Editors

Sorin Istrail
Brown University, Providence, RI, USA

Pavel Pevzner
University of California, San Diego, CA, USA

Michael Waterman
University of Southern California, Los Angeles, CA, USA

Editorial Board Members

Søren Brunak
Technical University of Denmark, Kongens Lyngby, Denmark

Mikhail S. Gelfand
IITP, Research and Training Center on Bioinformatics, Moscow, Russia

Thomas Lengauer
Max Planck Institute for Informatics, Saarbrücken, Germany

Satoru Miyano
University of Tokyo, Tokyo, Japan

Eugene Myers
Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany

Marie-France Sagot
Université Lyon 1, Villeurbanne, France

David Sankoff
University of Ottawa, Ottawa, Canada

Ron Shamir
Tel Aviv University, Ramat Aviv, Tel Aviv, Israel

Terry Speed
Walter and Eliza Hall Institute of Medical Research, Melbourne, VIC, Australia

Martin Vingron
Max Planck Institute for Molecular Genetics, Berlin, Germany

W. Eric Wong
University of Texas at Dallas, Richardson, TX, USA



More information about this subseries at http://www.springer.com/series/5381

http://www.springer.com/series/5381


Yanjie Wei ·Min Li · Pavel Skums ·
Zhipeng Cai (Eds.)

Bioinformatics Research
and Applications
17th International Symposium, ISBRA 2021
Shenzhen, China, November 26–28, 2021
Proceedings



Editors
Yanjie Wei
Shenzhen Institutes of Advanced Technology
Shenzhen, China

Pavel Skums
Georgia State University
Atlanta, GA, USA

Min Li
Central South University
Changsha, China

Zhipeng Cai
Georgia State University
Atlanta, GA, USA

ISSN 0302-9743 ISSN 1611-3349 (electronic)
Lecture Notes in Bioinformatics
ISBN 978-3-030-91414-1 ISBN 978-3-030-91415-8 (eBook)
https://doi.org/10.1007/978-3-030-91415-8

LNCS Sublibrary: SL8 – Bioinformatics

© Springer Nature Switzerland AG 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors
give a warranty, expressed or implied, with respect to the material contained herein or for any errors or
omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-91415-8


Preface

On behalf of the Program Committee, we would like to welcome you to the proceedings
of the 17th International Symposium on Bioinformatics Research and Applications
(ISBRA 2021), held in Shenzhen, China, November 26–28, 2021. The symposium
provides a forum for the exchange of ideas and results among researchers, developers,
and practitioners working on all aspects of bioinformatics and computational biology
and their applications.

This year, we received 135 submissions in response to the call for extended abstracts.
The Program Committee decided to accept 51 of these for full publication in the
proceedings; at the symposium a list of these contributions can be found in this front
matter.

The technical program also featured keynote talks delivered by six distinguished
speakers: Guoliang Chen, Academician of the Chinese Academy of Sciences, from
Shenzhen University and Nanjing University of Posts and Telecommunications, China;
Dongqing Wei from Shanghai Jiaotong University, China; Yixue Li from the Chinese
Academy of Sciences, China; Bairong Shen from West China Hospital, Sichuan Uni-
versity, China; Shaoliang Peng from Hunan University and Xiaolong Xu from Nanjing
University of Information Science and Technology, China.

We would like to thank the Program Committee members and the additional
reviewers for volunteering their time to review and discuss symposium papers.Wewould
like to extend special thanks to the steering and general chairs of the symposium for their
leadership, and to the finance, publicity, workshops, local organization, and publications
chairs for their hard work in making ISBRA 2021 a successful event. Last but not least,
we would like to thank all authors for presenting their work at the symposium.

October 2021 Zhipeng Cai
Min Li

Pavel Skums
Yanjie Wei



Organization

Steering Committee

Yi Pan (Chair) Georgia State University, USA
Dan Gusfield University of California, Davis, USA
Ion Mandoiu University of Connecticut, USA
Marie-France Sagot Inria, France
Zhirong Sun Tsinghua University, China
Ying Xu The University of Georgia, USA
Aidong Zhang State University of New York, USA

General Chairs

Ye Li Shenzhen Institutes of Advanced Technology, CAS,
China

Sanguthevar Rajasekaran University of Connecticut, USA
Jianxin Wang Central South University, China
Alexander Zelikovsky Georgia State University, USA

Program Chairs

Zhipeng Cai Georgia State University, USA
Min Li Central South University, China
Pavel Skums Georgia State University, USA
Yanjie Wei Shenzhen Institutes of Advanced Technology, CAS,

China

Publicity Chairs

Gangman Yi Dongguk University, Korea
Xiujuan Lei Shaanxi Normal University, China
Fa Zhang Institute of Computing Technology, CAS, China

Publication Chair

Jin Liu Central South University, China

Local Arrangement Chair

Yunpeng Cai Shenzhen Institutes of Advanced Technology, CAS,
China



viii Organization

Workshop Chairs

Gulsah Altun Thermo Fisher, USA
Quan Zou University of Electronic Science and Technology, China
Le Zhang Sichuan University, China

Web Chairs

Filipp Rondel Georgia State University, USA
Sergey Knyazev Centers for Disease Control and Prevention, USA
Haiping Zhang Shenzhen Institutes of Advanced Technology, CAS,

China

Program Committee

Yanjie Wei Shenzhen Institutes of Advanced Technology, CAS,
China

Daniel Brown University of Waterloo, Canada
Jian Liu Harbin Institute of Technology, China
Shuai Cheng Li City University of Hong Kong, China
Steffen Heber North Carolina State University, USA
Zhi-Ping Liu Shandong University, China
Juan Wang Inner Mongolia University, China
Lu Zhang Hong Kong Baptist University, China
Jian-Yu Shi Northwestern Polytechnical University, China
Wei Jiang Nanjing University of Aeronautics and Astronautics,

China
Liang Cheng Harbin Medical University, China
Gabriel Valiente Technical University of Catalonia, Spain
Russell Schwartz Carnegie Mellon University, USA
Serghei Mangul University of California, Los Angeles, USA
Hongmin Cai South China University of Technology, China
Tatsuya Akutsu Kyoto University, Japan
Murray Patterson Georgia State University, USA
Seth Weinberg The Ohio State University, USA
Xuan Guo University of North Texas, USA
Ruxin Wang Shenzhen Institutes of Advanced Technology, CAS,

China
Nikita Alexeev ITMO University, Russia
Xing Chen China University of Mining and Technology, China
Junwei Luo Henan Polytechnic University, China
Oliver Eulenstein Iowa State University, USA
Qi Zhao University of Science and Technology Liaoning, China
Filipp Rondel Georgia State University, USA
Danny Krizanc Wesleyan University, USA



Organization ix

Chunyan Ji Georgia State University, USA
Pufeng Du Tianjin University, China
Peng Yin Shenzhen Institutes of Advanced Technology, CAS,

China
Yuedong Yang Sun Yat-sen University, China
Shuqiang Wang Shenzhen Institute of Advanced Technology, CAS, China
Zhipeng Cai Georgia State University, USA
Jin Liu Central South University, China
Min Li Central South University, China
Pavel Skums Georgia State University, USA
Meng Jintao Shenzhen Institutes of Advanced Technology, CAS,

China
Fen Miao Shenzhen Institutes of Advanced Technology, CAS,

China
Shuigeng Zhou Fudan University, China
Emily Chia-Yu Su Taipei Medical University, China
Le Zhang Sichuan University, China
Fa Zhang Institute of Computing Technology, CAS, China
Hongyan Wu Shenzhen Institutes of Advanced Technology, CAS,

China
Andrei Paun University of Bucharest, Romania
Jianxin Wang Central South University, China
Zengyou He Dalian University of Technology, China
Yi Shi Shanghai Jiao Tong University, China
Wei Peng Kunming University of Science and Technology, China
Nadia Pisanti University of Pisa, Italy
Yuri Porozov Saint Petersburg National Research University of

Information Technologies, Mechanics and Optics,
Russia

Lei Deng Central South University, China
Xin Gao King Abdullah University of Science and Technology,

Saudi Arabia
Yufeng Wu University of Connecticut, USA
Xing-Ming Zhao Tongji University, China
Joao Setubal University of São Paulo, Brazil
Ion Mandoiu University of Connecticut, USA
Weiguo Liu Shandong University, China
Yaohang Li Old Dominion University, USA
Mukul S. Bansal University of Connecticut, USA
Sing-Hoi Sze Texas A&M University, USA
Yuk Yee Leung University of Pennsylvania, USA
Weitian Tong Eastern Michigan University, USA
Yubao Wu Georgia State University, USA
Sergey Knyazev Georgia State University, USA
Xiaowen Liu Indiana University-Purdue University Indianapolis, USA
Xinghua Shi Temple University, USA



x Organization

Quan Zou Tianjin University, China
Xiaoqing Peng Central South University, China
Ileana Streinu Smith College, USA
Yunpeng Cai Shenzhen Institute of Advanced Technology, CAS, China
Zeng Xiangxiang Hunan University, China
Fatemeh Mohebbi Georgia State University, USA
Paola Bonizzoni Università degli Studi di Milano-Bicocca, Italy
Derek Aguiar University of Connecticut, USA
Alexandre G. De Brevern University of Paris, France
Yongxian Fan Guilin University of Electronic Technology, China
Jun Wang Southwest University, China
Fei Guo Tianjin University, China
Xiaobo Li Lishui University, China
Lei Xu Shenzhen Polytechnic, China
Leyi Wei Shandong University, China
Junjie Chen Harbin Institute of Technology, China
Xuefeng Cui Shandong University, China
Ruiqing Zheng Central South University, China
Cheng Yan Hunan University of Chinese Medicine, China
Hongdong Li Central South University, China
Min Zeng Central South University, China
Mengyun Yang Shaoyang University, China
Xingyi Li Northwestern Polytechnical University, China



Contents

AI and Disease

MKL-LP: Predicting Disease-Associated Microbes
with Multiple-Similarity Kernel Learning-Based Label Propagation . . . . . . . . . . . 3
Ying-Lian Gao, Meng-Meng Yin, Jin-Xing Liu, Junliang Shang,
and Chun-Hou Zheng

Immune-Microbiota Crosstalk Underlying Inflammatory Bowel Disease . . . . . . . 11
Congmin Xu, Quoc D. Mac, Qiong Jia, and Peng Qiu

Epidemic Vulnerability Index for Effective Vaccine Distribution Against
Pandemic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Hunmin Lee, Mingon Kang, Yingshu Li, Daehee Seo, and Donghyun Kim

Exploiting Multi-granular Features for the Enhanced Predictive Modeling
of COPD Based on Chinese EMRs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Qing Zhao, Renyan Feng, Jianqiang Li, and Yanhe Jia

Task-Oriented Feature Representation for Spontaneous Speech of AD
Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
Jiyun Li and Peng Huang

Identification of Protein Markers Predictive of Drug-Specific Survival
Outcome in Cancers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
Shuting Lin, Jie Zhou, Yiqiong Xiao, Bridget Neary, Yong Teng,
and Peng Qiu

Diabetic Retinopathy Grading Base on Contrastive Learning
and Semi-supervised Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
Yunchao Gu, Xinliang Wang, Junjun Pan, and Zhong Zhou

Reinforcement Learning for Diabetes Blood Glucose Control with Meal
Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
Jinhao Zhu, Yinjia Zhang, Weixiong Rao, Qinpei Zhao, Jiangfeng Li,
and Congrong Wang

Predicting Microbe-Disease Association via Tripartite Network
and Relation Graph Convolutional Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
Yueyue Wang, Xiujuan Lei, and Yi Pan



xii Contents

Combining Model-Based and Model-Free Reinforcement Learning
Policies for More Efficient Sepsis Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
Xiangyu Liu, Chao Yu, Qikai Huang, Luhao Wang, Jianfeng Wu,
and Xiangdong Guan

An Efficient Two-Stage Fusion Network for Computer-Aided Diagnosis
of Diabetic Foot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
Anping Song, Hongtao Zhu, Lifang Liu, Ziheng Song, and Hongyu Jin

A Heterogeneous Graph Convolutional Network-Based Deep Learning
Model to Identify miRNA-Disease Association . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
Zicheng Che, Wei Peng, Wei Dai, Shoulin Wei, and Wei Lan

Identification of Gastric Cancer Immune Microenvironment Related
Genes with Poor Prognosis and Tumor Immune Infiltration . . . . . . . . . . . . . . . . . . 142
Yishu Wang, Lingyun Xu, Xuehan Tian, and Zhe Lin

A k-mer Based Approach for SARS-CoV-2 Variant Identification . . . . . . . . . . . . . 153
Sarwan Ali, Bikram Sahoo, Naimat Ullah, Alexander Zelikovskiy,
Murray Patterson, and Imdadullah Khan

A Novel Network Representation of SARS-CoV-2 Sequencing Data . . . . . . . . . . 165
Sergey Knyazev, Daniel Novikov, Mark Grinshpon, Harman Singh,
Ram Ayyala, Varuni Sarwal, Roya Hosseini, Pelin Icer Baykal,
Pavel Skums, Ellsworth Campbell, Serghei Mangul, and Alex Zelikovsky

Computational Proteomics

A Sequence-Based Antibody Paratope Prediction Model Through
Combing Local-Global Information and Partner Features . . . . . . . . . . . . . . . . . . . . 179
Shuai Lu, Yuguang Li, Xiaofei Nan, and Shoutao Zhang

SuccSPred: Succinylation Sites Prediction Using Fused Feature
Representation and Ranking Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
Ruiquan Ge, Yizhang Luo, Guanwen Feng, Gangyong Jia, Hua Zhang,
Chong Xu, Gang Xu, and Pu Wang

BindTransNet: A Transferable Transformer-Based Architecture
for Cross-Cell Type DNA-Protein Binding Sites Prediction . . . . . . . . . . . . . . . . . . 203
Zixuan Wang, Xiaoyao Tan, Beichen Li, Yuhang Liu, Qi Shao, Zijing Li,
Yihan Yang, and Yongqing Zhang

Overlapping Protein Complexes Detection Based on Multi-level
Topological Similarities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
Wenkang Wang, Xiangmao Meng, Ju Xiang, and Min Li



Contents xiii

LPI-FKLGCN: Predicting LncRNA-Protein Interactions Through Fast
Kernel Learning and Graph Convolutional Network . . . . . . . . . . . . . . . . . . . . . . . . 227
Wen Li, Shulin Wang, and Hu Guo

Biomedical Imaging

Prediction of Protein Subcellular Localization from Microscopic Images
via Few-Shot Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Francesco Arcamone, Yanlun Tu, and Yang Yang

A Novel Pseudo-Labeling Approach for Cell Detection Based on Adaptive
Threshold . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Tian Bai, Zhenting Zhang, Chen Zhao, and Xiao Luo

Parameter Transfer Learning Measured by Image Similarity to Detect CT
of COVID-19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266
Chang Zhao and Shunfang Wang

A Novel Prediction Framework for Two-Year Stroke Recurrence Using
Retinal Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
Yidan Dai, Yuanyuan Zhuo, Xingxian Huang, Haibo Yu, and Xiaomao Fan

The Classification System and Biomarkers for Autism Spectrum Disorder:
A Machine Learning Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289
Zhongyang Dai, Haishan Zhang, Feifei Lin, Shengzhong Feng,
Yanjie Wei, and Jiaxiu Zhou

LiteTrans: Reconstruct Transformer with Convolution for Medical Image
Segmentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300
Shuying Xu and Hongyan Quan

CFCN: A Multi-scale Fully Convolutional Network with Dilated
Convolution for Nuclei Classification and Localization . . . . . . . . . . . . . . . . . . . . . . 314
Bin Xin, Yaning Yang, Dongqing Wei, and Shaoliang Peng

Image to Image Transfer Makes Malpositioned Teeth Orderly . . . . . . . . . . . . . . . . 324
Sanbi Luo

MIFS: A Peer-to-Peer Medical Images Storage and Sharing System Based
on Consortium Blockchain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 336
Hao Liu, Xia Xiao, Xinglong Zhang, Kenli Li, and Shaoliang Peng

StarLace: Nested Visualization of Temporal Brain Connectivity Data . . . . . . . . . 348
Ming Jing, Yunjing Liu, Xiaoxiao Wang, and Li Zhang



xiv Contents

BatchWeighted Nuclear-NormMinimization for Medical Image Sequence
Segmentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 360
Kele Xu, Zijian Gao, Jilong Wang, Yang Wen, Ming Feng,
Changjian Wang, and Yin Wang

Drug Screening and Drug-Drug Interaction Prediction

Predicting Drug Drug Interactions by Signed Graph Filtering-Based
Convolutional Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375
Ming Chen, Yi Pan, and Chunyan Ji

Drug-Target Interaction Prediction Based on Gaussian Interaction Profile
and Information Entropy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 388
Lina Liu, Shuang Yao, Zhaoyun Ding, Maozu Guo, Donghua Yu,
and Keli Hu

A Deep Learning Approach Based on Feature Reconstruction
and Multi-dimensional Attention Mechanism for Drug-Drug Interaction
Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400
Jiang Xie, Jiaming Ouyang, Chang Zhao, Hongjian He, and Xin Dong

OrgaNet: A Deep Learning Approach for Automated Evaluation
of Organoids Viability in Drug Screening . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 411
Xuesheng Bian, Gang Li, Cheng Wang, Siqi Shen, Weiquan Liu,
Xiuhong Lin, Zexin Chen, Mancheung Cheung, and XiongBiao Luo

HGDD: A Drug-Disease High-Order Association Information Extraction
Method for Drug Repurposing via Hypergraph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 424
Shanchen Pang, Kuijie Zhang, Shudong Wang, Yuanyuan Zhang,
Sicheng He, Wenhao Wu, and Sibo Qiao

IDOS: Improved D3DOCK on Spark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 436
Yonghui Cui, Zhijian Xu, and Shaoliang Peng

Biomedical Data

A New Deep Learning Training Scheme: Application to Biomedical Data . . . . . 451
Jianhong Cheng, Qichang Zhao, Lei Xu, and Jin Liu

EEG-Based Emotion Recognition Fusing Spacial-Frequency Domain
Features and Data-Driven Spectrogram-Like Features . . . . . . . . . . . . . . . . . . . . . . . 460
Chen Wang, Jingzhao Hu, Ke Liu, Qiaomei Jia, Jiayue Chen, Kun Yang,
and Jun Feng



Contents xv

ECG Arrhythmia Detection Based on Hidden Attention Residual Neural
Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 471
Yuxia Guan, Jinrui Xu, Ning Liu, Jianxin Wang, and Ying An

EEG-Based Depression Detection with a Synthesis-Based Data
Augmentation Strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 484
Xiangyu Wei, Meifei Chen, Manxi Wu, Xiaowei Zhang, and Bin Hu

Sequencing Data Analysis

Joint CC and Bimax: A Biclustering Method for Single-Cell RNA-Seq
Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 499
He-Ming Chu, Xiang-Zhen Kong, Jin-Xing Liu, Juan Wang,
Sha-Sha Yuan, and Ling-Yun Dai

Improving Protein-protein Interaction Prediction by Incorporating 3D
Genome Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 511
Zehua Guo, Kai Su, Liangjie Liu, Xianbin Su, Mofan Feng, Song Cao,
Mingxuan Zhang, Runqiu Chi, Luming Meng, Guang He, and Yi Shi

Boosting Metagenomic Classification with Reads Overlap Graphs . . . . . . . . . . . . 521
M. Cavattoni and M. Comin

ScDA: A Denoising AutoEncoder Based Dimensionality Reduction
for Single-cell RNA-seq Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 534
Xiaoshu Zhu, Yongchang Lin, Jian Li, Jianxin Wang, and Xiaoqing Peng

Others

PickerOptimizer: A Deep Learning-Based Particle Optimizer
for Cryo-Electron Microscopy Particle-Picking Algorithms . . . . . . . . . . . . . . . . . . 549
Hongjia Li, Ge Chen, Shan Gao, Jintao Li, and Fa Zhang

SkeIn: Sketchy-Intensive Reading Comprehension Model for Multi-choice
Biomedical Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 561
Jing Li, Shangping Zhong, Kaizhi Chen, and Taibiao Li

DNA Image Storage Using a Scheme Based on FuzzyMatching on Natural
Genome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 572
Jitao Zhang, Shihong Chen, Haoling Zhang, Yue Shen, and Zhi Ping

Prediction of Virus-Receptor Interactions Based on Similarity and Matrix
Completion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 584
Lingzhi Zhu, Guihua Duan, Cheng Yan, and Jianxin Wang



xvi Contents

An Efficient Greedy Incremental Sequence Clustering Algorithm . . . . . . . . . . . . . 596
Zhen Ju, Huiling Zhang, Jingtao Meng, Jingjing Zhang, Xuelei Li,
Jianping Fan, Yi Pan, Weiguo Liu, and Yanjie Wei

Correlated Evolution in the Small Parsimony Framework . . . . . . . . . . . . . . . . . . . . 608
Brendan Smith, Cristian Navarro-Martinez, Rebecca Buonopane,
S. Ashley Byun, and Murray Patterson

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 621


	 Preface
	 Organization
	 Contents



