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Welcome to ICIBM 2014! 

On behalf of all our conference committees and organizers, we welcome you to the 2014 
International Conference on Intelligent Biology and Medicine (ICIBM 2014), co-hosted by the 
University of Texas Health Science Center and University of Texas at San Antonio. Given the 
rapid innovations in the fields of bioinformatics, systems biology, and intelligent computing and 
their importance to scientific research and medical advancements, we are pleased to once 
again provide a forum that fosters interdisciplinary discussions, educational opportunities, and 
collaborative efforts among these ever growing and progressing fields. 

We are proud to have built on the successes of last two years’ conferences to take ICIBM 2014 
to the next level. In this year, our keynote speakers include Dr. Tim Huang of University of 
Texas Health Science Center San Antonio, Dr. Lynda Chin, UT MD Anderson Cancer Center, 
Dr. Jasmine Zhou of University of Southern California, and Dr. Joshua Stuart of University of 
California Santa Cruz. These individuals are world-renowned experts in their respective fields, 
and we are privileged to host their talks at ICIBM 2014. Throughout the conference, we will also 
feature invited speakers and speakers in four workshops and tutorials that will each provide an 
in-depth presentation or lesson on some of the most popular informatics topics in the biological 
and biomedical research areas. We also have faculty members, postdoctoral fellows, Ph.D 
students and trainee travel awardees selected from a substantial number of outstanding 
manuscripts and abstracts that span a diverse array of research subjects. These researchers, 
chosen through a rigorous review process, will showcase the innovative technologies and 
approaches that are the hallmark of our featured interdisciplinary fields and their related 
applications. 

Overall, we anticipate this year’s program will be incredibly valuable to research, education, and 

innovation, and we hope you are as excited as we are to experience ICIBM 2014’s program.

We’d like to extend our thanks to our sponsors for making this event possible, including the 

National Science Foundation, the International Society of Intelligent Biological Medicine, 
University of Texas Health Science Center and University of Texas San Antonio and Vanderbilt 
University. Furthermore, our sincerest thanks to the members of all our committees and our 
volunteers for their valuable efforts; we could not have accomplished so much without your 
dedication to making ICIBM 2014 a success. 

On behalf of all of us, we hope that our hard work has provided a conference that is thought 
provoking, interactive, innovative, and enjoyable for all of our attendees.  

Sincerely, 

Zhongming Zhao, PhD ICIBM General Chair 
Victor Jin, PhD, ICIBM General Chair  
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International Conference on Intelligent Biology and Medicine (ICIBM 2014) 
December 4-6, 2014, Sheraton Gunter Hotel, San Antonio, TX, USA 

Conference Agenda (December 4-6, 2014)

December 4, 2014, Thursday 

10:00-12:00pm Registration 

12:00-12:10pm Welcome Address by Organizer 

12:10 – 1:00pm 

Magnolia Room 

Session Chair: Yidong Chen 

Keynote: Single-Cell Analysis of Tumor Heterogeneity 
Dr. Tim Huang, Professor and Chair,  

Department of Molecular Medicine, The University of Texas Health Science Center at San Antonio 

1:00 – 1:15pm: 15 minutes Break 

Magnolia Room Baker Room 

1:15-3:45pm Tutorial 1: Proteomics and 

Metabolomics 
Susan E Weintraub, Chair 

Steve Patrie 

Bill Alley and 

Michelle Zhang 

1:15-3:45pm Tutorial 3: Single-cell 
Chun-Liang Chen, Chair 

Chenghang Zong 

Zhao Lai 

Yidong Chen 

3:45 – 4:00pm 15 minutes Break 3:45 – 4:00pm 15 minutes BREAK 

4:00 – 5:30pm Tutorial 2: 

Next-generation sequencing and data 

analysis 
Yunlong Liu, Chair 

Kun Huang, 

4:00-5:30pm Tutorial 4: Metagenomics 
Babu Guda, Chair  

Qunfeng Dong 

5:30-7:30 pm Reception and Poster session 
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December 5, 2014, Friday 
8:30-9:30am 

Magnolia Room 

Session Chair: Zhongming Zhao 

Keynote: Identifying all of cancer’s manifestations through integrated Pan-Cancer analysis 
Dr. Josh Stuart, Professor,Biomolecular Engineering Department Baskin Engineering Endowed Chair, 

Associate Director, Center for Biomolecular Science and Engineering, University of California Santa Cruz 

9:30 – 9:40 am 10 minutes Break 

Magnolia Room 
9:40 -12:00am 

Gene Regulation and Protein Interaction Networks, I 
Session Chair: Dr. Feixiong Cheng 

Baker Room 
9:40 -12:00am 

Algorithms in NGS Data Analysis 
Session Chair: Dr. Eric Chuang 

9:40 – 10:00am Translational Bioinformatic Approach In 

Identifying And Validating An Interaction 

Between Vitamin A And Cyp19a1, Santosh 

Philips, Guanglong Jiang, Lei Wang, Todd 

Skaar and Lang Li 

9:40 – 10:00am Hung-I Chen, Yuanhang Liu, Yi Zou, Zhao Lai, 

Devanand Sarkar, Yufei Huang and Yidong 

Chen. Differential expression analysis of RNA 

sequencing data by incorporating non-exonic 

mapped reads 

10:00 – 10:20am Global transcriptome analysis profiles 

metabolic pathways in traditional herb 

Astragalus membranaceus Bge.var. 

mongolicus (Bge.) Hsiao, Jing Chen, 

Xue-Ting Wu, Yi-Qin Xu, Yang Zhong, 

Yi-Xue Li, Jia-Kuan Chen, Xuan Li and 

Peng Nan 

10:00 – 10:20am Adam Cornish and Chittibabu Guda. A 

comparison of variant calling pipelines using 

Genome in a Bottle as a reference 

10:20 – 10:40am BMRF-MI: integrative identification of protein 

interaction network by modeling the gene 

dependency, Xu Shi, Xiao Wang, Ayesha 

Shajahan, Leena Hilakivi-Clarke, Robert 

Clarke and Jianhua Xuan. 

10:20 – 10:40am Yang Xiang and Sarath Janga. Building 

integrated ontological knowledge structures 

with efficient approximation algorithms 

10:40 – 11:00am Network-based stratification analysis 

of 13 major cancer types using 

mutations in panels of cancer genes, 

Xue Zhong, Hushan Yang, Shuyang 

Zhao, Yu Shyr and Bingshan Li. 

10:40 – 11:00am Qi Liu, Xue Zhong and Yu Shyr. Assessing 

Computational Steps for CLIP-Seq Data 

Analysis 

11:00 – 11:20am Network-based Gene Prediction for 

Plasmodium falciparum Malaria Towards 

Genetics-based Drug Discovery, Yang Chen 

and Rong Xu. 

11:00 – 11:20am Yu-Ching Hsu, Yu-Chiao Chiu, Yidong Chen, 

Eric Y. Chuang and Tzu-Hung Hsiao. A gene 

set approach to analyze copy number 

alterations profiles of breast cancer 

11:20 – 11:40am Ishwor Thapa, Howard Fox and Dhundy 

Bastola. Co-expression network analysis of 

miRNA-142 over-expression in neuronal cells 

11:20 – 11:40am Kashish Chetal and Sarath Chandra Janga. 

OperomeDB: a database of condition-

specific transcription units in prokaryotic 

genomes 
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11:40 – 12:00pm Studying Tumorigenesis through Network 

Evolution and Somatic Mutational 

Perturbations in the Cancer Interactome, 

Feixiong Cheng and Zhongming Zhao 

(highlight talk) 

11:40 – 12:00pm Amplification of Distant Estrogen Response 

Elements Deregulates Target Genes 

Associated with Tamoxifen Resistance in Breast 

Cancer, Pei-Yin Hsu (highlight talk) 

Noon-1:30 pm Lunch Break 

1:30-2:30 pm 
Magnolia Room 

Session Chair: Victor Jin 

Keynote: Genomic Medicine:  Transforming Cancer Research and Care 
Dr. Lynda Chin, Professor and Chair, Department of Genomic Medicine,  

Division of Cancer Medicine, The University of Texas MD Anderson Cancer Center 

2:30 – 2:40 pm Break 

Magnolia Room 
2:40-6:00pm 

Gene Regulation and Protein Interaction Networks, II  
Session Chair: Drs. Yufang Jin, Yongsheng Bai 

Baker Room 
2:40-6:00pm 

Metagenomics and Bioinformatics methods 
Session Chair: Drs.  Babu Guda, Patrick Zhao 

2:40 – 3:00pm MOST+: A de novo motif finding approach 
combining genomic sequence and 
heterogeneous genome-wide signatures, 
Yizhe Zhang, Yupeng He, Guangyong Zheng 
and Chaochun We 

2:40 – 3:00pm Akram Mohammed and Chittibabu Guda. 
Application of a hierarchical enzyme 
classification method reveals the role of gut 
microbiome in human metabolism 

3:00 – 3:20pm Kevin Zhu, Qi Liu, Yubo Zhou, Cui Tao, Hua 

Xu and Jingchun Sun. Oncogenes and 

tumor suppressor genes: comparative 

genomics and network perspectives 

3:00 – 3:20pm Rong Xu, Quanqiu Wang and Li Li. A 

genome-wide systems analysis reveals 

strong link between colorectal cancer and 

trimethylamine N-oxide (TMAO), a gut 

microbial metabolite of dietary meat and 

fat 

3:20 – 3:40pm Liang-Chin Huang, Ergin Soysal, W. Jim 

Zheng, Hua Xu and Jingchun Sun. A 

weighted and integrated drug-target 

interactome: drug repurposing for 

schizophrenia as a use case 

3:20 – 3:40pm Yukun Chen, Jingchun Sun, Liang-Chin 

Huang, Hua Xu and Zhongming Zhao. 

Classification Of Cancer Primary Sites Using 

Machine Learning And Somatic Mutations 

3:40 – 4:00pm Finding pathway-modulating genes from a 

novel Ontology Fingerprint-derived gene 

network, Tingting Qin, Nabil Matmati, Lam 

Tsoi, Bidyut Mohanty, Nan Gao, Jijun Tang, 

Andrew Lawson, Yusuf Hannun and W. Jim 

Zheng (highlight talk) 

3:40 – 4:00pm MeT-DB: A database of transcriptome 
methylation in mammalian cells, Lui Hui, Mario 
Flores, Jia Meng, Lin Zhang, Xinyu Zhao, 
Manjeet Rao, Yidong Chen and Yufei Huang 
(highlight talk) 
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4:00 – 4:10pm Coffee Break 4:00 – 4:10pm Coffee Break 
4:10 – 4:30pm Nguyen T. Nguyen, Merry L. Lindsey and Yu-

Fang Jin. Systems analysis of gene ontology 

and biological pathways post-myocardial 

infarction 

4:10 – 4:30pm Yanhui Liang, Fusheng Wang, Darren Treanor, 
Derek Magee, George Teodoro, Yangyang 
Zhu and Jun Kong. A Framework for 3D Vessel 
Analysis with Whole Slide Images of Serial 
Liver Sections 

4:30 – 4:50pm Yu-Chiao Chiu, Chin-Ting Wu, Tzu-Hung 

Hsiao, Yi-Pin Lai, Chuhsing K. Hsiao, Yidong 

Chen and Eric Y. Chuang. Co-modulation 

analysis of gene regulation in breast cancer 

reveals complex interplay between ESR1 and 

ERBB2 genes 

4:30 – 4:50pm Pei-Fang Su, Yan Guo, Chung-I Li, Qi Liu, John 
Boice and Yu Shyr. Paired mitochondrial DNA 
data analysis using bivariate Poisson 
regression model 

4:50 – 5:10pm Comprehensive genome-wide transcription 

factor analysis reveals that a combination of 

high affinity and low affinity DNA binding is 

needed for human gene regulation, Junbai 

Wang, Agnieszka Malecka, Gunhild Trøen and 

Jan Delabie 

4:50 – 5:10pm Jun Li and Patrick Xuechun Zhao. Mining 
functional modules in heterogeneous 
biological networks using Multiplex PageRank 
method 

5:10 – 5:30pm Lei Wang, Chiangwei Chang, Hong Liang, 

Heng-Yi Wu, Weixing Feng, Sara Quinney, Jin 

Li and Lang Li. How to Choose In Vitro 

Systems to Predict In Vivo Drug Clearance: A 

System Pharmacology Prospective 

5:10 – 5:30pm Shilin Zhao, Yan Guo, Quanhu Sheng, 
Mingsheng Guo, Brian Lehmann, Jennifer 
Pietenpol, David Samuels and Yu Shyr. 
RNAseq by Total RNA Library Identifies 
Additional lncRNA Compared to Poly(A) RNA 
library 

5:30 – 5:50pm Emad Ramadan, Moataz Ahmed and Ahmed 

Naef. Bio-inspired Algorithm for Identifying 

Overlapping Clusters in Protein-Protein 

Interaction Networks 

5:30 – 5:50pm Weirong Cui, Yulan Qian, Xiaoke Zhou, Yuxin 
Lin, Junfeng Jiang, Jiajia Chen, Zhongming 
Zhao and Bairong Shen. Discovery and 
characterization of long intergenic non-
coding RNAs (lincRNA) module biomarkers in 
prostate cancer: an integrative analysis of 
RNA-Seq data 

5:50 – 6:10pm Novel Bioinformatics Method for Identification 

of Genome-Wide Non-Canonical Spliced 

Regions Using RNA-Seq Data, Yongsheng Bai 

(highlight talk) 

5:50 – 6:10pm Detecting evolutionary strata on the human x 
chromosome in the absence of gametologous 
y-linked sequences, Ravi Shanker Pandey, 
Melissa Wilson Sayres and Rajeev Azad 
(highlight talk) 

6:30-8:30pm Banquet 
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December 6, 2014, Saturday 
8:30-9:30am 
Magnolia Room 

Session Chair: Victor Jin 

Keynote: Make Big Data Useful: Horizontal and Vertical Data Integration to Study Genes, 

Networks and Diseases 
Dr. Jasmine Zhou, Professor,  
Departments of Biological Sciences and Computer Science, University of Southern California 

9:30 – 9:45am 15 minutes Break 

Magnolia Room Baker Room 

9:45 – 1:15pm 

Epigenetics & Systems Biology 
Session Chair: Drs. Steve Qin and Jason Ernst 

9:45 – 1:15pm 

Biomarker Identification Methods 
Session Chair: Drs. Jianhua Ruan, Fuhai Li 

9:45 – 10:15am Systematic epigenome imputation of over 

4000 datasets, Jason Ernst 

9:45 – 10:05am Ghim Siong Ow and Vladimir Kuznetsov. 

Multiple signatures of a disease in potential 

biomarker space: Getting the signatures 

consensus and identification of novel 

biomarkers 

10:15 – 10:45am Base-resolution methylation patterns 

accurately predict transcription factor 

bindings in vivo, Steve Qin 

10:05 – 10:25am Lin Wang, Fuhai Li, Jianting Sheng and 

Stephen T.C. Wong. A Computational Method 

for Clinically Relevant Cancer Stratification and 

Driver Mutation Module Discovery Using 

Personal Genomics Profiles  

10:45 – 11:15am Synthetic long read next generation 

sequencing, Jeremy Edwards 

10:25 – 10:45am Jing Wang, Qi Liu and Yu Shyr. Dysregulated 

transcription across diverse cancer types 

reveals the importance of RNA-binding 

protein in carcinogenesis 

11:15 – 11:35am Computational analysis reveals a correlation 

of exon-skipping events with splicing, 

transcription and epigenetic factors, Zhenqing 

Ye, Zhong Chen, Xun Lan, Stephen Hara, 

Benjamin Sunkel, Tim Huang, Laura Elnitski, 

Qianben Wang and Victor Jin (highlight talk) 

10:45 – 11:05am A Personalized Committee Classification 

Approach to Improving Prediction of Breast 

Cancer Metastasis, Md Jamiul Jahid, Tim 

Huang and Jianhua Ruan (highlight talk) 

11:35 – 11:50 am Coffee Break 11:05 – 11:25am Coffee Break 

11:50 – 12:20pm Toward personalized cancer medicine: A 

cancer hallmark network framework, Edwin 

Wang 

11: 25 – 11:50am Jian-Yu Shi, Zun Liu, Hui Yu and Yong-Jun Li. 

Drug Repositioning Via Drug-Target Pair 

Space Built by Within-Score and Between-

Score Features 

 12:20 – 12:50pm A comparative analysis of the cis-regulatory 

landscape between human and mouse, Feng 

Yue, Yin Shen, Samantha Kuan, Zhen Ye, 

Weisheng Wu, Ross Hardison, Mike Beer, Bing 

Ren & The mouse ENCODE consortium 

11:50 – 12:15pm William Budd, Greg Meyers, Jeri Dilts, 

Katherine O'Hanlon, John Woody, David 

Bostwick, John Drury and Thomas Reynolds. 

Next Generation Sequencing Reveals 

Disparate Population Frequencies Among 

Cytochrome P450 Genes: Clinical 

Pharmacogenomics of the CYP2 Family 
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12:50 – 1:10pm Prediction of promoters and enhancers using 

multiple DNA methylation-associated 

features, Woochang Hwang, Verity Oliver, 

Shannath Merbs, Heng Zhu and Jiang Qian. 

12:15 – 12:40pm Fan Zhang, Mu Wang and Renee Drabier. 

Identification of novel alternative splicing 

biomarkers for breast cancer with LC/MS/MS 

and RNA-Seq 

1:10 – 1:30pm Hong Cai, Timothy Lilburn, Changjin Hong, 

Jianying Gu, Rui Kuang and Yufeng Wang. 

Predicting and exploring network 

components involved in pathogenesis in the 

malaria parasite via novel subnetwork 

alignments 

12:40 – 1:05pm Jasjit Banwait, Kaitlin Goettsch and Dhundy 

Bastola. Proteins localized to human 

mitochondria show structural element 

enrichment in their corresponding mRNA 

  1:05 – 1:25pm Improve the prognostic estimation of cancer 

patients by incorporating the molecular data 

of tumor samples, Han Liang (Highlight talk) 

9



Keynote Talk #1 
 
Title: Single-Cell Analysis of Tumor Heterogeneity 
Tim H.-M. Huang, Ph.D., Department of Molecular Medicine at the University of Texas Health Science 
Center, San Antonio 
  
Abstract: Intratumoral heterogeneity is a critical impediment to improving prognosis of prostate cancer 
(PCa). Here we present a quantitative modal to identify subpopulations of prostate single cells 
exfoliated from urine. By converting bimodal expression of six genes into a series of binary codes (e.g., 
101010, 0 for low and 1 for high expression), this binary-coding system can identify unique concordant 
expression patterns in 1220 analyzed cells from normal controls and PCa patients. Computational 
simulation analysis reveals that 24 unique concordant patterns that can differentiate clonal 
aggressiveness of exfoliated prostate cells. Thus, this digital rendering of single-cell gene expression 
enables non-invasive prognosis of prostate cancer patients.   
 
Biography:  
Dr. Tim Hui-Ming Huang is Alice P. McDermott President’s Distinguished Professor and Professor and 
Chair in the Department of Molecular Medicine at the University of Texas Health Science Center, San 
Antonio.  He is also the holder of Max and Minnie Tomerlin Voelcker Distinguished University Professor 
and Deputy Director of the Cancer Therapy and Research Center, San Antonio 
 
Dr. Huang received his bachelor’s degree in biology from Tunghai University, Taiwan in 1980 and his 
Ph.D. degree in genetics from the University of California at Davis in 1989.  From 1989 to 1991, he was 
a clinical cytogenetics fellow in at Baylor College of Medicine, Houston.  He joined the University of 
Missouri-Columbia as a faculty member in 1991.  Dr. Huang was board certified by the American Board 
of Medical Genetics in Clinical Cytogenetics and had served as Director of Clinical Cytogenetics 
Laboratory at the Ellis Fischel Cancer Center from 1991 to 2003.  He joined at the Ohio State University 
as a faculty member from 2003 to 2011.  In 2006, Dr. Huang was named as a Fellow of the American 
Association for the Advancement of Science.  He previously served a regular member of the NIH 
Cancer Genetics study section and continues to serve as an ad hoc member of other study section 
panels and site visit teams.  Dr. Huang is presently Principal Investigator and Co-Investigator of 3 
federally funded projects and has published more than 250 peer-reviewed papers and book chapters. 
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Keynote Talk #2 
 
Title:  Genomic Medicine:  Transforming Cancer Research and Care 
 
Lynda Chin, M.D., Department of Genomic Medicine, UT MD Anderson Cancer Center 
 
Biography:  
For the 13 years prior to joining the University of Texas MD Anderson Cancer Center in 2011, Dr. Chin 
was a professor of dermatology at Dana-Farber Cancer Institute and Harvard Medical School and a 
senior associate member of the Broad Institute of MIT and Harvard and the Scientific Director of the 
Belfer Institute for Applied Cancer Science.   Dr. Chin is founding chair of the Department of Genomic 
Medicine at MD Anderson, she also serves as the scientific director of the Institute for Applied Cancer 
Science, which merges the best attributes of academia and industry to enable science-driven drug 
discovery.   
 
Dr. Chin was elected a member of the Institute of Medicine of the National Academies in 2012.   
 
Dr. Chin has championed a new model of integration, collaboration and cooperation between the 
research and clinical care enterprises, and between academia and industry, to bring to bear the power 
of technology and patient data on the cancer problem.  She has been the visionary and driver behind 
MD Anderson’s APOLLO-Big Data platform and development of a prototype consumer-centric Amazon-
like care delivery ecosystem in partnership with major industry giants, including IBM-Watson to build 
MD Anderson Oncology Expert AdvisorTM cognitive decision support system.  
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Keynote Talk #3 
 
Title: Make Big Data Useful: Horizontal and Vertical Data Integration to Study Genes, 
Networks and Diseases 
Jasmine Zhou, Ph.D., Department of Biology, University of Southern California 
 
Abstract: The life sciences are becoming a big data enterprise with its own data characteristics.   To 
make big data useful, we need to find ways of dealing with the heterogeneity, diversity, and complexity 
of the data, to identify problems that cannot been solved before, and to develop methods to solve those 
new problems.  In this talk, I will outline a set of novel biological problems that we proposed and solved 
by integrating a large amount of genomic data in public repositories. We define the integration of the 
same type of data (e.g. gene expression data) to be horizontal data integration, and that of different 
type of data (e.g. epigenetic data, gene expression, and genome structures) to be vertical data 
integration.  For the horizontal data integration, I will discuss our recent work on integrating many RNA-
seq datasets to perform high-resolution functional annotation of human genome, namely, predicting the 
functions of individual transcript isoforms. I will also briefly describe our effort in transform public gene 
expression repositories into a disease diagnosis database. For the vertical data integration, I will 
discuss our analysis of TCGA data, where we defined the term “multi-dimensional modules” to describe 
the multi-layer coordinated perturbation on cancer pathways, and describe novel methods to identify 
such cellular activities. Finally, I will report our most recent work on integrating the 3D chromatin 
structures, epigenetic modification, and transcription factors to study gene regulation. 
 
Biography: 
Jasmine Zhou has completed her PhD in Bioinformatics at the Swiss Federal Institute of Technology 
(Zurich), and conducted her post-doc training at Harvard University. She is currently a professor of 
biological sciences and computer science at University of Southern California. Dr. Zhou is the PI of the 
NIH center for knowledge base on disease connections within the MAP Gen consortium. Dr. Zhou 
heads the laboratory of computational integrative genomics at USC, addressing the “Big Data” 
challenges brought by the enormous amount of extremely diverse genomic data in public repositories. 
Such “big data” is revolutionizing biomedical sciences at a level never before imagined. She was 
among the first to develop robust and efficient algorithms for integrative network analysis, where pattern 
mining across large numbers (e.g. hundreds) of massive networks, each with millions of edges, is 
conducted. In addition, she and her collaborators made the first attempt to transform the GEO database 
into an automated disease diagnosis database. Her work in integrative genomics analysis, and 
especially in integrative expression analysis, is highly regarded. She was a recipient of several awards 
including an Alfred Sloan fellowship and a NSF Career award. 
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Keynote Talk #4 
Title: Identifying all of cancer’s manifestations through integrated Pan-Cancer analysis 
Joshua Stuart, Center Biomolecular Science & Engineering and Department of Biomolecular 
Engineering, University of California, Santa Cruz 
 
 
Abstract: Genome projects such as the Cancer Genome Atlas have delineated a diversity of molecular 
events that contribute to cancer onset and progression.  However, the extent to which a mutagen, the 
tissue microenvironment, the cell-of-origin, or the particular genetic pathways that are disrupted shape 
the form of the cancer remains uncharted. I will describe work as part of TCGA’s Pan-Cancer project 
that profiled thousands of human tumors to discover molecular aberrations at the DNA, RNA, protein 
and epigenetic levels to uncover data-driven tumor subtypes.  A picture of the commonalities, 
differences, and emergent themes across tumor lineages is emerging from such work. I will also touch 
on results describing newly uncovered patterns of mutations, copy number changes, and integrative 
subtypes revealed by the coordinated analysis of multiple institutions. I will also discuss methods we 
have developed in my lab to elucidate disrupted cellular circuitry in tumor cells using integrative 
pathway analysis. Through these approaches, we are able to define subtypes predictive of clinical 
outcomes, infer the impact of mutations, and construct personalized networks for use in developing 
combination therapy. 
 
 
Biography: 
Josh Stuart applies his background in machine-learning to high-throughput data sets and his expertise 
in developing computational models to integrating multiple sources of molecular biology information. 
The Stuart lab’s research focuses on discovering how gene networks program cellular responses and 
on developing search engines to scan large collections of high-throughput results to predict how genes 
function. They recently developed the PARADIGM pathway-based models that integrates multiple 
sources of gene activity to predict alterations and clinical outcomes in tumor samples, which deciphers 
pathway alterations in many cancer cohorts. He co-leads a Genome Data Analysis Center for the 
TCGA project, co-chairs the pan-cancer TCGA effort, is a member of the bioinformatics pathways 
group for the International Cancer Genome Consortium, and directs the computational pathway 
analysis for a Stand Up To Cancer (SU2C) Dream Team to identify therapies for resistant prostate 
cancer. Josh received his Ph.D. from Stanford University in 2004. He received the 2006 Kalpana 
Chawla Outstanding Recent Alumni Award from the University of Colorado at Boulder, is an Alfred P. 
Sloan Fellow, and received an NSF CAREER award in 2009. 
 

 

13



Invited Talk #1 
 
Title: Base-resolution methylation patterns accurately predict transcription factor 
bindings in vivo 
Steve (Zhaohui) Qin, Ph.D., Department of Biostatistics and Bioinformatics, Emory University 
 
Abstract: Detecting in vivo transcription factor (TF) binding is important for understanding gene 
regulatory circuitries. Because inferring genome-wide binding profiles experimentally for multiple TFs is 
labor-intensive and costly, algorithms for in silico prediction of TF binding have been developed, based 
mostly on histone modification or DNase I hypersensitivity data in conjunction with DNA motif and other 
genomic features. However, technical limitations of these methods prevent them from being applied 
broadly, especially in clinical settings. Exploiting the connection between DNA methylation and TF 
binding, we proposed a novel supervised learning approach to predict TF-DNA interaction using data 
from base-resolution whole-genome methylation sequencing experiments (BS-seq and TAB-seq) on 
both CG and non-CG sites. Comprehensive tests show that the proposed method accurately predicts 
TF binding and performs favorably versus competing methods. Our proposed method is implemented in 
software named Methylphet (freely available from https://github.com/benliemory/Methylphet).  
  
Biography:  
Steve Qin is an Associate Professor of Biostatistics and Bioinformatics at Emory University. He 
received his PhD degree in Statistics from the University of Michigan and was a Postdoctoral Fellow at 
the Department of Statistics of Harvard University. The major goal of Dr. Qin’s work is to utilize his 
extensive training in statistics to provide analytical tools for the genetics and genomics research 
community. His current research focuses on topics such as developing and evaluating model-based 
methods to analyze high-throughput genomics and epigenomics data from ChIP-Seq, RNA-Seq, and 
Hi-C experiments. In addition to method development, he has collaborated extensively with biologists 
and clinicians to assist their efforts of extracting novel insights from biomedical data. 
 
 

  

14



Invited Talk #2 
 
Title: Systematic epigenome imputation of over 4000 datasets  
Jason Ernst, Ph.D., Departments of Biological Chemistry and Computer Science at the University of 
California, Los Angeles 
 
Abstract: Here, we introduce epigenome imputation, and apply our method ChromImpute for it for the 
prediction of 4,315 high-resolution genome-wide signal maps, consisting of 31 histone marks, DNaseI, 
DNA methylation, and RNA-Seq across 127 tissue/cell types. Imputed signal tracks show strong 
concordance with observed signal, and surpass observed datasets in effective sequencing coverage, 
consistency, and correspondence with relevant gene annotations. Global discrepancy between 
observed and imputed data reveals low-quality experiments. Importantly, imputed epigenomic data has 
better agreement than observed data with locations of disease associated variants from genome-wide 
association studies. We also use imputed datasets to generate the most comprehensive prediction of 
chromatin state information to date, consisting of 25 chromatin states based on 12 imputed marks 
across 127 epigenomes.  
 
Biography:  
Jason Ernst is an assistant professor of Biological Chemistry and Computer Science at the University of 
California, Los Angeles. He completed a PhD in the School of Computer Science at Carnegie Mellon 
University advised by Ziv Bar-Joseph, and was a postdoctoral fellow working with Manolis Kellis at MIT. 
He is a member of the editorial board at Genome Research and a recipient of a Sloan Fellowship, NSF 
Career Award, NSF Postdoctoral Fellowship, a Siebel Scholarship, and a Goldwater Scholarship. 
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Invited Talk #3 
 
Title: Synthetic long read next generation sequencing. 
Jeremy Edwards, Ph.D., Departments of Chemistry and Chemical Biology, and Chemical and Biological 
Engineering, University of New Mexico 
 
Abstract: Recent advances in whole genome sequencing have significantly driven down the 
associated costs of sequencing and increased the throughput and availability of genetic information to 
the biomedical research field.  However, major roadblocks to discovery and innovation still stand in 
spite of these breakthroughs.  Namely, device expense, operating costs, and data complexity is still 
prohibitive to most but large laboratories, preventing small research and clinical laboratories from 
integrating whole genome sequencing into their platforms.  Additionally, the ability to sequence complex, 
repetitive regions of DNA still eludes all of the current available sequencing technologies, thus limiting 
the analysis of the “whole” genome.  Finally, haplotype-resolved whole genome sequencing, a critical 
element necessary to establish context in disease-association studies, need to be further developed.  
We are developing new strategies for ultra-long sequencing based on innovative library construction 
and direct sequencing of 1MB DNA. These efforts hold the potential for haplotype-resolved whole 
genome sequencing and a paradigm shift in our understanding of the human genome and complex 
disease states. 
 
Biography: 
Dr. Edwards has worked at the interface of biology, bioinformatics, and engineering since the beginning 
of his scientific career.  During his graduate studies, he worked with Dr. Bernhard Palsson, and was the 
first person to take genome sequence information and develop predictive mathematical models of 
bacterial metabolism.  Dr. Edwards became fascinated by the transformative potential of genomics 
technology, and thus decided to work with Dr. George Church at Harvard Medical School for his post-
doctoral studies.  Dr. Edwards has worked on the development of genome technologies since that time.  
Now, his laboratory is in the NCI designated Cancer Research and Treatment Center at the University 
of New Mexico Health Sciences Center, where he has an active group of engineers, biologists, and 
chemists, all working together toward the development of ultrahigh-throughput DNA sequencing 
technology and computational biology.  The move to the UNM in 2005 was ideal because he was born 
and raised in Albuquerque, NM.   
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Invited Talk #4 
 
Title: Toward personalized cancer medicine: A cancer hallmark network framework 
Edwin Wang, Ph.D., National Research Council Canada and McGill University 
 
 
Abstract: Cancer is a complex and an evolving disease; each tumor often contains several 
subpopulations. Omic technologies allow to generating many kinds of molecular data for tumors. 
Systems biology plays an important role in integrating these data and molecular networks to tickle 
cancer problems. Cancer hallmark network framework enables qualify, model and predict cancer 
clinical phenotypes by integrating big data of tumors. This framework helps in developing predictive 
models for cancer early diagnosis, prognosis, and personalized drug treatment and personalized 
cancer prevention.  
 
 
Biography: 
Edwin Wang is a senior investigator at National Research Council Canada and a professor at McGill 
University. He works on systems biology of cancer, and develops network approaches for integrating 
omic data for personalized medicine. He edited the first book of the field, Cancer Systems Biology 
(2010). He is the member of AACR's Cancer Systems Biology Think Tank, an Editor of PLoS 
Computational Biology. His work on cancer rework motifs has been featured in the textbook: Genetics 
(2014) which is edited by Hartwell and colleagues.   
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Workshop #1  Next-generation sequencing and data analysis 
 
Yunlong Liu, Ph.D, Indian University 
Kun Huang, Ph.D., Ohio State University 
 
RNA-seq technology has been widely used in biomedical research. In this tutorial, Dr. Yunlong Liu will 
first give a general introduction on various aspects of RNA-seq experimental design and data analysis, 
including experimental consideration, transcriptome alignment, gene expression analysis, and 
alternative splicing analysis. Dr. Kun Huang will further demonstrate how to use popular analysis tools 
in the Galaxy environment. 
 
 
Workshop #2  Proteomics and Metabolomics 
 
Introduction to Mass Spectrometry in Proteomics Research 
Susan E Weintraub, Ph.D, UTHSCSA 
 
Intact Protein & Top-down Proteomics: Data Analysis and Informatics 
Steven M. Patrie, Ph.D., UT Southwestern Medical Center 
 
Conventional proteomics identifies and quantifies proteins at the peptide level.  Such analysis 
discriminates against hard to predict sources of biological information, including mutations, alternative 
splicing, and post-translational modifications.  This is particularly problematic when they are 
concomitant to one another. Combinatorial processing leads to a family of gene-related “proteoforms” 
whose subtle chemical differences may have significant impact on the protein’s interactions or 
biological function.  Proteomic evaluation of intact proteins (i.e., top-down proteomics) provides a 
“birds-eye” perspective of combinatorial complexity potentially providing insight into both absolute levels 
of expressed gene products, as well as, relative amounts of related proteoforms.  In recent years, 
efforts to streamline chromatography and mass spectrometry tools for intact processing have been 
hugely successful.  These new tools have revealed a significant bottleneck exists in the data analysis 
and informatics steps that seek to identify and quantify members of a translated protein’s proteoform 
family.  In this workshop, we will explore the state-of-the-art data processing and informatics tools 
available to tackle the chemical complexity associated with top-down protein analysis.   
 
Challenges with database searching of tandem mass-spectral data for glycopeptides 
William R. Alley, Jr., Ph.D. The University of Texas at San Antonio 
 
Glycosylation of proteins is a very important, and complex, post-translational modification (PTM). 
Understanding the key changes in carbohydrate patterns, and ultimately their biological reasons, will 
further our understanding of disease onset, progression, and may lead to better molecular indicators of 
a particular disease.  Many laboratories around the world study glycosylation and frequently simplify 
their analysis by either analyzing only the carbohydrate, losing information pertaining to the protein, or 
by monitoring glycoprotein levels, leading to diminished levels of structural information of the 
carbohydrate.  To obtain the maximum level of information, our laboratory is developing the methods 
needed to analyze intact glycopeptides by employing electron-transfer dissociation as our preferred 
tandem mass-spectral (MS) approach. Ultimately, this approach will provide the amino acid sequence 
and indicate the attached carbohydrate.  However, the bioinformatic tools for the automated analysis of 
the resulting data has not yet reached the same level of maturity as those for un-modified peptides or 
those bearing less complex PTMs.  Thus, as the number of investigators studying glycopeptides 
increases, the need for tools to allow for automated database searching for peptide/protein 
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identification is becoming more urgent.  Possible avenues for a solution will be discussed. 
 
Issues in Large Scale Comparison of Protein Expression over Multiple Samples in LC-MS/MS 
Jianqiu (Michelle) Zhang, Ph.D., The University of Texas at San Antonio 
 
Currently, only the expression levels of a small percentage of proteins can be compared across multiple 
samples in Liquid-Chromatography Mass Spectrometry/Tandem Mass Spectrometry (LC-MS/MS) due 
to the selective nature of tandem MS peptide identification. This greatly hampers biomedical research 
that aims at finding biomarkers for disease diagnosis and treatment. We will discuss possible strategies 
and potential pitfalls in these methods. We proposed to address the issues by combining multiple 
search engine results and implementing PeakLink, for significant improvement of protein comparison 
coverage.  However, these two strategies cannot be implemented within current software architectures. 
We propose a new architecture, MZDASoftTM, which extracts LC-MS peak features, and saves them in 
database files. Based on the proposed architecture, these two strategies have been implemented 
successfully, and 3-6 fold more proteins can be compared in tested cases with better quantification 
accuracy than that of the popular software MaxQuant. The software has been developed within a 
parallel processing framework that can be efficiently deployed in High Performance Computing (HPC) 
environments. 
 
  
Workshop #3  Metagenomics  
 
Taxonomic profiling of metagenomic samples at the finest resolution 
Chittibabu (Babu) Guda, Ph. D., College of Medicine, University of Nebraska Medical Center 
 
Advances in next-generation sequencing (NGS) technology has provided us with an opportunity to 
analyze and evaluate the rich microbial communities present in all natural environments. Several 
computational methods are available for taxonomic profiling at the genus- and species-level, yet none 
of these methods are effective at the strain-level identification due to the increasing difficulty in 
detecting variation at that level. We developed MetaID, an alignment-free n-gram based method that 
can accurately identify microorganisms at the strain level and estimate the abundance of each 
organism in a sample, given a metagenomic sequencing dataset.  MetaID is an n-gram based method 
that calculates the profile of unique and common n-grams from the dataset of 2,031 prokaryotic 
genomes and assigns weights to each n-gram using a scoring function. Our 10-fold cross-validation 
results on a simulated dataset show a remarkable accuracy of 99.7% at the strain-level identification of 
the organisms in gut microbiome. Our multipronged validation tests demonstrate that MetaID is 
sufficiently robust to accurately identify and estimate the abundance of each taxon in any natural 
environment even when using incomplete or partially sequenced genomes.  In this workshop, we 
provide the introduction to tools and demonstrate the utility of popular tools used in the analysis of 
metagenomic data. 
 
 
Introduction to 16S rDNA sequence data processing and analysis 
Qunfeng Dong, Ph.D., University of North Texas 
 
In this talk, we will first describe our own research efforts on developing phylogenetic-based machine-
learning method to use 16S rDNA sequence data for classificaiton. Then, we will provide step-by-step 
tutorials on three public freely available metagenomics software, Mothur, METAGENassist, and Picrust. 
Users will learn how to process 16S rDNA sequence data produced by MiSeq platform, perform basic 
statistical analysis, and infer potential metagenome functions. All the data and instructions used for the 
tutorial can also be accessible at http://cas-qdev.cas.unt.edu/workshop/ 
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Workshop #4  Single cell data analysis 
 
Single Cell Analysis and Clinical Applications 
Chun-Liang Chen, Ph.D, UTHSCSA 
  
Single cell analysis has emerged as a new paradigm for the study of biological and pathological 
heterogeneity. The innovative nanotechnologies have made omics (genomics, transcriptomics, 
methylomics, proteomics, metabolomics and morph-omics) research possible at the single cell level. 
The single cell study sheds new light on the biological and pathological mechanisms and shows 
promise for clinical applications.  
  
Single Cell Whole Genome sequencing and Transcriptome sequencing: overview of the 
methods and applications 
Chenghan Zong, Ph.D., Baylor College of Medicine 
 
In this presentation, the technical challenges and methodology development of single cell whole 
genome and transcriptome sequencing will be presented. The potential applications of these two omic 
techniques will be discussed.  
  
  
Single cell omic sequencing and GCCRI genomic core facility  
Zhao Lai, Ph.D., University of Texas Health Science Center at San Antonio, San Antonio, TX, 78229 
 
RNA-Seq is a recently developed approach to transcriptome profiling that uses next generation 
sequencing technology. By quantitation based on sequencing reads counts, RNA-Seq provides a far 
more precise measurement of levels of transcripts than other methods such as microarray and Q-PCR, 
with great sensitivity and unlimited dynamic range. Regular RNA-Seq requests the RNA input from 
multiple cells and the transcriptome analysis has been forged mainly by population-level observations. 
However, the knowledge of distinct cell lineage, cell differentiation and evolution existed in the cell 
populations and characterization of cell types present in a mixed popu¬lation has long been interested 
in. Single –cell RNA-Seq analysis offers unique opportunities for quantifying and dissecting gene 
expression heterogeneity in populations of mixed cells.  

In a typical single-cell RNA-seq experiment, tens to hundreds or even thousands of single cells are 
isolated from a tissue or culture, and the transcriptome of each cell is reverse tran¬scribed into cDNA. 
The cDNA is then ampli¬fied and further processed for next-generation sequencing. Here I will describe 
the current methods for single cell RNA-Seq. I will discuss the sequencing platform, sequencing 
coverage and number of samples requested for single cell RNA-Seq. These studies usually involve a 
trade-off between the number of samples analyzed and the number of RNA transcripts sequenced per 
cell, or sequencing depth, that can be achieved.   

Finally I will spend time to introduce the Genome Sequencing Facility (GSF) at Greehey Children’s 
Cancer Research Institute (GCCRI). The GSF utilizes state-of-the-art genomic platforms to generate 
high-quality genomic data and to support its analysis. 
 
Single-cell omics data analysis  
Yidong Chen, Ph.D., UTHSCSA 
  
Single cell RNA-seq data possess higher biological variability, library preparation dependency, and high 
sequencing noise. All of them render analysis difficulty in data normalization and in differential gene 
expression analysis. In this short presentation, we will summarize some common single-cell data 
quality control procedures, single cell expression measurement units and normalization, common 
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pitfalls for conventional RNA-seq data analysis, and differential gene expression analysis specific for 
single cell RNA-seq data. 
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ICIBM 2014 Accepted Papers with Abstracts for 

ICIBM 2014 Abstract Track 

The Role of Microorganisms in Biodegrading Organochlorine Compounds in Closed 

Environment. 

Junbai Wang, Agnieszka Malecka, Gunhild Trøen and Jan Delabie. 

Oslo University Hospital - Norwegian Radium Hospital 

 

Abstract: Pathogenic fungi to plant namely, Trichoderma harzianum, Aspergillus niger, 

Penicilliun digetatum and Cladosporium oxysporum were used to degrade chorothalonil 

pesticide (CLT). The recovered amount of CLT was extracted based on the solid phase 

extraction (SPE) then analyzed at the range of 0.025 to 10 ppm and the limits of detection 

(LOD) and quantification (LOQ). The percentages of CLT degradation in media enriched 

with fungi and containing sucrose were 3-19, 4-38, 4-78, 22-90, 29-98 and 39-100% after 

1, 4, 7, 14, 21 and 28 days. In case of media without sucrose, the percentages of CLT 

degradation were and 44-78, 50-95, 81-97, 89-97, 92-98 and 91-100% after 1, 4, 7, 14, 21 

and 28 days of incubation. A biphasic model was assumed to explore the disappearance 

CLT from media enriched with fungi with and without sucrose in all case except with 

Cladosporium oxysporum in the presence of sucrose it was monophasic model and the rate 

of disappearance in the first phase was faster than the second. This is clearly reflected in 

the t1/2 values for the first and second phases, where the half-lives of CLT ranged from 

4.80 -35.days in the presence of sucrose and amended, while they were 1-4.60 days in the 

absence of sucrose. The data suggest that the rapid and a very high efficiency of CLT 

degradation to support microbial growth. The fungal strain could prove valuable for 

bioremediation of chlrothalonil contamination. The results have implications for the 

development of a bioremediation strategy. Residues of chemicals are still a world-wide 

problem although the use of chlorinated hydrocarbon insecticides has been sharply 

curtailed or banned. Chlrothalonil contaminates soil by drift and reach the ground water 

and threat human health. Unfortunately, limited data are available on in vitro 

biodegradation of Chlorothalonil by pure cultures. Therefore, the present study will be 

carried out to use to find out the capability of mixed microbial media such as Bacillus 

subtilis (Ehrenberg) Cohn culture BI, Pseudomonas fluoresences, Trichoderma viride and 

T. harzianum which are e used as biological control agents for plant pathogens or plant 

growth promoters to degrade Chlorothalonil. Chlorothalonil at the rate of 100 ppm in pure 

liquid culture media was incubated for different time intervals (0, 1, 2, 4, 12 and 24 hr. and 

1, 2, 3 and 4 weeks) with these isolates. 
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Second-order partial correlation based novel integrative framework reveals miR-5p and 

miR-3p mediated co-operative regulations in lung squamous cell carcinoma 

Ramkrishna Mitra, Chen-Ching Lin, Christine M. Eischen, Sanghamitra Bandyopadhyay 

and Zhongming Zhao. 

Vanderbilt University 

 

Abstract: Background  

microRNAs (miRNAs) are small non-coding RNAs that have emerged as crucial 

regulators of gene expression at the post-transcriptional level. miRNA biogenesis process 

yields a miRNA duplex containing two mature arms: miR-5p and miR-3p. Depending on 

tissue- or cell-type, both miR-5p and miR-3p (miR-5p/-3p) arms can become functional 

and co-regulate common set of genes. Here, for the first time, we developed an integrative 

framework to explore possible co-regulatory mechanisms of miR-5p/-3p pairs in lung 

squamous cell carcinoma (LSCC).  

 

Materials and methods  

We constructed the framework based on 243 LSCC patient samples and 36 normal lung 

tissue samples. We extracted the data from The Cancer Genome Atlas data portal 

(https://tcga-data.nci.nih.gov/tcga/). The framework integrated matched miRNA and 

mRNA expression profiles in LSCC and the gene co-expression after mapping it to the 

human protein interaction network (PIN) to predict miR-5p/-3p co-regulated PINs in lung 

cancer. As a novel part in the method, we uniquely applied the second-order partial 

correlation (SOPC) to minimize false positive regulations. By definition, the SOPC 

measures gene co-expression with the effect of two controlling variables (here miR-5p/-

3p) removed.  

 

Results and conclusions  

We identified 17 miR-5p/-3p pairs that potentially modulate the expression of cancer-

associated protein complexes. Specifically, we revealed that miR-145-5p/-3p pair 

potentially contributes to elevated expression of genes in the ‘FOXM1 transcription 

factor network’ pathway, which may consequently lead to uncontrolled cell proliferation. 

In summary, our network-assisted analyses could elucidate potentially critical miR-5p/-3p 

pairs in the pathology of LSCC.  
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Detection and quantification of mutation hotspots through mutation set enrichment 

analysis (MSEA) 

Peilin Jia and Zhongming Zhao. 

Vanderbilt University 

 

Abstract: Although cancer genomes are extremely heterogeneous both within and among 

tumors, mutation hotspots are emerging as a prevalent mechanism in many cancer genes. 

Many of these mutation hotspots disrupt functional domains or active sites, leading to 

gain- or loss-of-function in the protein product. In this study, we explore the feasibility of 

predicting cancer genes based on their mutation hotspot patterns. We propose a mutation 

set enrichment analysis (MSEA) implemented by two novel methods: MSEA-clust and 

MSEA-domain. Each independent algorithm targets the unique characteristics of mutation 

hotspots yet provide complementary results. We demonstrated the performance of MSEA 

methods on simulated data and highlighted conditions under which each method is best 

suited. We applied the methods to data from the Catalog of Somatic Mutations in Cancer 

database. In particular, we found approximately 51% of eligible known cancer genes 

formed detectable mutation hotspots, while the remaining genes did not show a clear 

pattern of mutation hotspots. We further applied MSEA to mutation data for eight cancers 

from The Cancer Genome Atlas. A total of 82 genes were identified with mutation 

hotspots, including well-studied cancer genes, known cancer genes re-found in new cancer 

types, and new candidates that have not been intensively studied in cancer. In addition, 

MSEA greatly reduced false positive discoveries and improved precision when compared 

with an earlier method, OncodriveCLUST. Collectively, these analyses demonstrate that 

MSEA methods are well-suited to detect cancer genes based on mutation hotspots and 

provide valuable tools for future cancer gene studies.  

 

Acknowledgements  

This work was partially supported by National Institutes of Health grants (R01LM011177, 

R03CA167695, P30CA68485, P50CA095103, and P50CA098131), Ingram Professorship 

Funds, and American Cancer Society Institutional Research Grant pilot project (#IRG-58-

009-55). 

 

 

Genome-wide DNA methylation reveals the roles of distal and genic methylation in 

contributing to prostate tumorigenesis 

Yao Wang, Rohit Jadhav, Joseph Liu, Tim Huang and Victor Jin. 

University of Texas Health Science Center at San Antonio 
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Abstract: Background: DNA methylation is one of several epigenetic mechanisms 

involved in gene regulation. It is acknowledged that disruption of DNA methylation is a 

universal feature of tumorigenesis as cancer-associated repression occurs with strong DNA 

hyper-methylation at promoters region. But many aspects of DNA methylation remain not 

fully understood, including the individual roles of distal and gene body methylation, as 

well as their collaborative roles with promoter methylation.  

Results: Here we present an integrated analysis of MBD-seq from our cohort of 52 

patients, with cancer samples divided into NED (no evidence of disease recurrence), BCR 

(patients who experienced BCR but no metastatic progression) and MET (metastatic PCa 

confirmed by positive CT or bone scans), and RNA-seq data from TCGA. We investigate 

the methylation pattern in the distal (<=100kb), TSS (±2kb), gene body and TES (±1kb) 

region on a 100bp bin level, and identify genes with differential methylations in 

consecutive 300 bps in distal/TSS/TES and 500 bps in genic regions when comparing 

tumor to normal samples. Then the differential methylation regions (DMR) are compared 

between TSS and the other three regions resulted in 12 groups of genes. While TSS 

methylation correlates positively with distal/gene body/TES as generally observed, we 

found several sets of genes that show opposite methylation patterns in distal and gene 

body regions comparing with TSS region. We further correlate the expression of genes 

with DMR in TCGA RNA-seq data, and found these genes show abnormally differential 

expression in tumors vs control normal in general. IPA analysis on significantly 

differentially expressed genes in three groups yields AR/TP53 related signaling network, 

and corresponding genes will be further investigated in a survival analysis.  

Conclusion: Our results suggest that DNA methylation in distal and gene body regions 

also plays critical roles in prostate tumorigenesis, and may act either positively or 

negatively with TSSs to alter gene regulation in tumors.  

 

Development of a urinary single-cell method for evaluating intratumoral heterogeneity in 

prostate cancer 

Chun-Lin Lin, Chun-Liang Chen and Chiou-Miin Wang. 

University of Texas Health Science Center at San Antonio 

 

Abstract: In this study, we describe a combined micromanipulation-microfluidics (C2M) 

approach for single-cell expression analysis that overcomes difficulties in detecting 

intratumoral heterogeneity. Using this platform, we have identified a group of TGFB-

responsive genes that are dichotomously expressed (either high or low) in single prostate 

cells exfoliated in urine specimens of PCa patients and normal controls. A binary code 

system has been used to digitize expression profiles of these bimodal genes for 

computational simulation analysis. Two or more cells sharing the same combinatorial 
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binary code are unlikely to occur by chance, but belong to a clonal population of a tumor. 

This approach has led to the identification of unique binary codes that distinguish between 

cancer cells in patients and healthy cells in normal individuals with 100% sensitivity and 

93% specificity and stratify patients at risk of developing aggressive PCa. The applications 

of C2M are substantial, including early detection of high-grade PCa and risk-assessment of 

low-grade tumors in patients who desire surveillance. 

 

Understanding the evolution of virulence and drug resistance in Pseudomonas aeruginosa 

LESB58 

Mehul Jani and Rajeev Azad. 

University of North Texas 

 

Abstract: Persistent respiratory infections caused by Pseudomonas aeruginosa is the 

leading cause of fatality in cystic fibrosis patients. Liverpool epidemic strain of 

P.aeruginosa, the first epidemic strain of P.aeruginosa to be isolated, is an opportunistic 

pathogen implicated in cystic fibrosis. This strain, namely, LESB58, is known to have a 

propensity to acquire virulence associated and antibiotic resistance genes through the 

process of horizontal gene transfer. Often these genes arrive in large clusters, referred to as 

“genomic islands”. Horizontal transfers of genomic islands harboring virulence and 

antibiotic resistance genes have spawned many new virulent and antibiotic resistant strains. 

In order to decipher the evolution of pathogenicity and resistance in the highly resistant 

and aggressive bacterial strain LESB58, we implemented a recursive segmentation and 

agglomerative clustering procedure based on Jensen-Shannon entropic divergence to 

delineate large regions with atypical composition. Because genomic islands are often 

mosaic, arriving from different donor strains, we also leveraged the ability of our 

integrative methodology in deciphering the mosaic compositional structure of islands in 

LESB58 strain and in understanding the contribution of mosaicism in pathogenicity. We 

further used gene context, biological functions of genes, presence of motility genes and 

unusual phyletic pattern as an indicator of horizontal gene transfer to further bolster our 

predictions. Of 6062 genes in this strain, we identified 605 genes residing on 20 predicted 

genomic islands, including 12 previously unidentified islands. These newly found islands, 

harboring many pathogenicity associated genes revealed by sequence comparisons, have 

likely made LESB58 strain hyper producer of biofilm, hypervirulent, metal resistant and 

multidrug resistant. We further built phylogenetic trees to identify potential donor strains. 

Most donor strains were opportunistic virulent pathogens implicated in cystic fibrosis. 

Horizontal transfers of genes among these virulent and antibiotic resistant microorganisms 

living within cystic fibrosis patients have led to a more morbid and multi-drug resistant 
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LESB58 strain, specifically evolved to adapt to the conditions in the lungs of cystic 

fibrosis patients.  

 

Identification of the differential gene expression and alternative splicing of chronic 

lymphocytic leukemia patients by RNA-seq 

Jianbo Wang, Victor Jin and Huidong Shi. 

University of Texas Health Science Center, San Antonio; Georgia Regents University 

 

Abstract: Chronic lymphocytic leukemia (CLL) is the most common type of leukemia in 

adults in the western world. Currently, there is no cure for CLL. Advances in exome 

sequencing have led to the characterization of the mutational spectrum of the disease. 

However, limited data exists on the whole transcriptional landscape and alternative 

splicing (AS) spectrum of CLL. In this study, we performed RNA-seq analysis in CD19+ 

B-cells isolated from 47 CLL patients and 5 normal donors. We applied graph-based exon-

skipping scanner (GESS), recently developed in our lab, for de novo detection of skipping 

event sites from raw RNA-seq reads without prior knowledge of gene annotations. We 

identified thousands of alternative splicing (AS) events in major classes, including skipped 

exons (SE), alternative 5’ splice site (A5SS), alternative 3’ splice site (A3SS), mutually 

exclusive exons (MXE), and retained intron (RI), in CLL patients grouped according to 

clinical parameters such as Rai Stage and the status of immunoglobulin heavy chain 

variable region (IGHV) mutation. In addition, we identified recurrent AS events in CLL 

patients with or without mutation in SF3B1, a splicing factor frequently mutated in CLL 

patients. Genes involved in critical oncogenic pathways such as mTOR, PI3K/Akt, 

MAPK/ERK pathway and B-cell activation signaling showed differential skipping pattern 

in patients with high risk or poor outcomes defined based on patient’s clinical stage and 

the presence of risk factors such as unmutated IGHV, 11q deletion or TP53 deletion, 

compared to non-high risk group. Analysis using DESeq identified 1676 differentially 

expressed genes in high risk CLLs as compared to non-high risk CLL samples with a fold 

change > 2 and FDR < 0.05. Gene set enrichment analysis (GSEA) of the differentially 

expressed genes between high risk and non-high risk groups of CLL patients revealed the 

enrichment of previously identified CLL prognostic gene signatures. Genes involved in 

cell cycle, post translational modification, metabolic pathways and immunological 

responses showed higher expression in CLL, while genes related to proteasome and 

ribosome were among the most down regulated in CLL. Next, we will develop a model to 

correlate risk factors with clinical treatment and progression of CLL. Furthermore, we will 

conduct in silico analysis by comparing different subpopulations of CLL and normal B cell 

donors from a cohort of 107 patients in International Cancer Genome Consortium (ICGC) 

27



database with our data. Our result may provide new insights into identifying splicing 

biomarkers that may predict clinical outcome of CLL. 

 

Identification of Osteoporosis-related Genes using Support Vector Machines 

Jacob Luber, Catherine Sharp, Kb Choi, Cheryl Ackert-Bicknell and Matthew Hibbs. 

Trinity University 

 

Abstract: Osteoporosis is a degenerative bone condition characterized by decreased bone 

density which currently affects 40 million Americans. The only current FDA-approved 

anabolic treatment for low bone density, that is capable of forming new healthy bone, is 

teriparatide. However, this drug carries risks for development of osteosarcomas, and as 

such is recommended for no more than 2 years of treatment. Characterizing the proteins 

and pathways responsible for osteoblast development and subsequent formation of new 

bone would be valuable to discover new anabolic osteoporosis treatments. Machine 

learning and classification methods hold great promise to determine protein function given 

the volume of genome-scale data now available. We have collected information from 661 

gene expression experiments (both microarray and RNA-seq based) in laboratory mouse 

and created a machine-learning model utilizing Support Vector Machines (SVMs) to 

predict novel genes related to osteoporosis and bone formation. Microarray data was 

primarily obtained from the Gene Expression Omnibus, and RNA-seq data was generated 

by our lab sampling a time course of cells differentiating in culture from mesenchymal 

stem cells to mature osteoblasts derived from 5 different mouse strains. These data span 

approximately 120M measurements suitable for downstream analysis. Data was converted 

into approximately 500B pairwise data points using multiple distance metrics in order to 

predict relationships between all gene pairs. We manually curated a training set of known 

osteoporosis and bone density gene relationships, which was used to train SVM classifiers 

to produce models, which were then applied to unclassified gene pairs to predict the 

likelihood of them being involved in bone development. One of the major challenges of 

machine learning in biology is the high levels of correlation between data due to reuse of 

biological pathways and components in different contexts, which often leads to circular 

models that do not generalize to new data, which is referred to as “over-fitting” in 

machine learning terms. We evaluated the accuracy and over-fitting of this approach 

through both 4-fold cross validation and feature elimination. Cross validation revealed 

modest levels of over-fitting with an area under the ROC curve of approximately 0.96 in 

our optimal model. In order to combat this mild over-fitting, we performed feature 

elimination to iteratively remove the least informative datasets, which further reduced the 

amount of over-fitting observed. These results demonstrate the accuracy and value of our 

method and suggest many novel osteoporosis genes suitable for further laboratory study. 
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HMPL: A pipeline for identifying hemimethylation patterns 

Shuying Sun and Peng Li. 

Texas State University; Case Western Reserve Univeristy  

 

Abstract: DNA methylation is the addition of a methyl group to the 5’ cytosine. If 

methylation only occurs on one strand, at a specific cytosine site, it is called 

hemimethylation. Recent studies show that although hemimethylated sites are found in 

both cancers and controls, hemimethylated sites in cancer cells tend to occur in clusters. In 

addition, several studies have found polarity hemimethylation patterns in individual genes. 

For example, at one CG site the methylation pattern on the positive strand is M 

(methylated), on the negative strand is U (unmethylated), while the next adjacent CG site 

will have a reversed hemimethylation pattern, i.e., U and M on the positive and negative 

strands respectively. These polarity hemimethylation patterns reveal the possibility of de 

novo methylation and demethylation since it is unlikely that the two hemimethylated CG 

sites have been both produced by the failure of methylation maintenance. All these 

clustering and polarity patterns were reported in single genes. It is unclear if the 

hemimethylation cluster patterns are seen in a genome globally. It is also unclear if there is 

significant difference between cancerous and non-cancerous hemimethylation patterns. To 

address these questions, we have developed a pipeline, named HMPL (HemiMethylation 

PipeLine), to identify hemimethylated sites and clusters in breast cancer genomes. Our 

pipeline uses perl and R scripts to align raw bisulfite sequencing reads, parse the alignment 

output, and summarize the final results. It identifies hemimethylation patterns in a single 

sample and compares two different samples (e.g., cancerous vs. normal individuals). 

 

Deciphering Horizontal Gene Transfer Events in Galdieria sulphuraria 074W 

Garima Saxena, Ravi Pandey, Stevens Brumbley and Rajeev Azad. 

University of North Texas 

 

Abstract: Unicellular alga Galdieria sulphuraria is an interesting species because it can 

survive on more than 50 different types of carbon media and has adapted to survive in 

hostile environments like high heat, toxicity due to heavy metals and high acidity. 

Naturally it is known to survive in hot water springs. This environmental adaptation can be 

attributed to the genes that were transferred horizontally to G. sulphuraria 074W during the 

course of evolution. Horizontal transferred genes are the genes inherited from the genome 

of a donor organism other than the parental genome. G.sulphuraria has 42% orthologs of 

6623 proteins with Cyanidioschyzon merolae which is the closest genome available to G. 

sulphuraria. The genome of G. sulphuraria was analysed by recursive segmentation and 

agglomerative clustering method. This method involves repetitive segmentation of the 
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genome and then clustering the similar fragments together in different groups. The largest 

cluster is the native genome and the smaller clusters are alien. The clusters formed in G. 

sulphuraria revealed that almost 30% of the genome of G. sulphuraria is made up of alien 

genes. The genes found in these regions were further tested by means of alignment of the 

amino acids expressed from these alien genes using protein BLAST. This method revealed 

the donor organisms are mostly proteobacteria and archaea. Most of the donor organisms 

are known to thrive in various hostile conditions and thereby have genes which can 

metabolize various toxic elements. Phylogenetic trees were made using some genes that 

were clustered in the alien groups. The trees reflected that these genes share the same 

clade with bacteria, archaea and sometimes fungi and animals. A small number of alien 

genes were found in the clade of cyanobacteria. Analysis of the whole genome hereby 

revealed that G. sulphuraia does have certain genes which are absent from many algal 

species that have been sequenced. Some of these alien genes have important functions that 

can be used for bioremediation purposes, for instance, Arsenic methyltransferase degrades 

arsenic. Therefore understanding the evolution of these genes becomes important. Analysis 

of the evolution of G. sulphuraria will also help us to understand the mechanisms of 

horizontal gene transfer in eukaryotes. Horizontal gene transfer appears to be an important 

component of G.sulphuraria evolutionary adaptation from bacteria and archaea. This study 

reflects a compelling event of horizontal gene transfer from a prokaryote to eukaryote.  

 

Causal Structure Learning Techniques in Temporal Neuronal Connectivity Data 

Bisakha Ray and Alexander Statnikov. 

New York University School of Medicine 

 

Abstract: Introduction: While reverse engineering of high-dimensional network structures 

is common in bioinformatics, it has not yet gained popularity in neuroscience. Unraveling 

the brain structure at the neuronal level at a large scale is an important step in brain 

neuroscience. It could have tremendous implications and impact in gaining insight into 

animal and human intelligence and learning capabilities. It would also help to understand 

and treat neuronal diseases like epilepsy and Alzheimer’s and injuries. However, 

understanding the brain’s anatomical structure using traditional methods like axonal 

tracing by dismantling the complicated intertwining of the dendrons and axons is 

extremely difficult and time intensive. Another way to attempt to solve this problem could 

be to reconstruct the connections of a neuronal network from observational data of 

neuronal activity of thousands of neurons. This observational data can be obtained with 

state-of-the-art fluorescence calcium imaging.  
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Methods: A crowdsourcing challenge was organized to reverse engineer the structure of 

neuronal networks from patterns of activity recorded with calcium fluorescence imaging. 

To evaluate the effectiveness of relevant algorithms, we have used data obtained with a 

realistic simulator of real neurons from the challenge for which we have ‘surrogate’ 

ground truth of the causal neuronal connections. From the simulator, we generated 

networks of sizes 100 and 500 closely resembling real anatomical topologies. The 

connectivity model takes into account realistic node clustering and proximity. The 

clustering coefficients of the networks ranged from 0.2 to 0.6. For modeling spiking 

behavior of neurons, the simulator uses a leaky integrate-and-fire model. We then 

produced simulated calcium imaging time series data, taking into account a model of fl

uorescence and light scattering for a total of 180000 samples. Subsamples of 500, 2000, 

10000, and 180000 were drawn from this set. The problem reduced to a causal structure 

learning problem from time series data.  

The proposed network reconstruction algorithms could be divided into Granger 

causality(GC) based, Causal network (CN) based which included stationary and non-

stationary instances of PC algorithm and PC with temporal constraints (PC stable), and 

heuristic algorithms which included random, Pearson’s Correlation, Cross-Correlation, 

Mutual Information based, Gini, and Generalized Transfer Entropy(GTE). The datasets 

were discretized and conditioning levels of 0.10 and 0.15 were applied. For Cross-

Correlation, GC, PC, and PC stable, time lags of 1 and 10 were considered. A benchmark 

comparison between the scalability and reconstruction accuracy of GC-based inference 

procedures and different CN-based inference procedures was performed.  

Performance metrics included area under ROC curve (AUROC) and area under Precision-

Recall curve. In order to test statistical stability of the connections, disjoint shuffles of the 

series were performed and sensitivity, specificity, positive predictive value, and negative 

predictive value were evaluated at a significance level of 0.05, with and without false 

discovery rate correction.  

 

Results: For appropriate time lags, GC and CN based methods had comparable 

performances. For some sample sizes, Gini and Mutual Information had promising results 

with AUROC around 0.88. In general, correlation and GTE outperformed other 

reconstruction techniques with AUROC of 0.92-0.93 for larger sample sizes.  

 

Conclusion: In economics, GC is a widespread method for learning causality; in 

biomedicine, causal graph induction via conditional independence testing or search-and-

score is a widely used approach. However, for this problem transfer entropy based GTE, 

which is independent of model assumptions, performed better causal network 
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reconstruction.  

Keywords (up to six words)  

Neuroscience, brain connectivity, Granger causality, causal structure learning  

 

Counter Measures to Defeat Inference Attacks on Database Systems 

Satish Mahadevan Srinivasan and Abhishek Tripathi. 

Penn State Great Valley; University of Nebraska at Omaha 

 

Abstract: It is with no doubt that big data promises to revolutionize the healthcare 

industries in terms of reducing the spiraling healthcare cost by providing access to massive 

amount of data from various different sources. To harvest the benefits from big data 

healthcare industries (Insurance and Medicine) are bracing from the volume of data that 

will hit in to their data warehouse and databases. Apart from just worrying about the 

storage, cleaning or analyzing of the high volume data one should also consider the 

dimension of data privacy. The databases pertaining to the healthcare industries often hold 

data which are very sensitive and that should not be made public. The most difficult 

problem of all and also the most interesting one is the case in which some but not all of 

the elements in the database are sensitive. Users (potential attackers) could query these 

databases and have access to the sensitive data either accidently or intentionally. Sensitive 

data can be revealed accidently if enough measures were not taken to safeguard it and 

intentionally if one performs a more sophisticated kind of attack also known as an 

inference attack i.e. an user could trick the system in to revealing sensitive information 

(infer) by posting several queries that are deemed to reveal only the non-sensitive data but 

a statistical analysis of one or more of these queries could infer or device sensitive data 

from nonsensitive data. In this paper we would like to discuss about different types of 

statistical inference attacks on large databases and provide a countermeasure solution as to 

how a system can thwart such an attack. One approach would be to maintain a log of all 

the user queries submitted to the database and the generated results and perform an 

association rule mining to discover interesting patterns that could reveal the vulnerabilities 

that were exploited by the attackers. From the emerging new patterns the database engine 

can learn about how to negotiate different user queries that are targeted to retrieve 

nonsensitive data eventually uncovering sensitive information. We also propose a modified 

version of the Apriori algorithm i.e. Apriori algorithm based on updated minimum support 

count which will result in mining patterns from large candidate sets. The improved Apriori 

algorithm initially partitions the user query logs so that each partition can fit in to the main 

memory and then for each partition updates the minimum support count so as to generate 

less number of valuable candidate item sets. Using these valuable candidate item sets we 
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believe our algorithm can mine rich patterns that can eventually help the system in 

defending statistical based inference attacks. 

 

The TTSMI Database: a Catalogue of Triplex Target DNA Sites Associated with Genes 

and Regulatory Elements in the Human Genome 

Piroon Jenjaroenpoon, Siang Chew Chee, Tai Pan Yong and Vladimir Kuznetsov. 

Bioinformatics Institute/A*STAR 

 

Abstract: A triplex target DNA site (TTS), a stretch of DNA that is composed of 

polypurines, is able to form a triple-helix (triplex) structure with triplex-forming 

oligonucleotides (TFOs) and is able to influence the site-specific modulation of gene 

expression and/or the modification of genomic DNA. It has been shown that TFOs (e.g., 

anti-IGF-I) can effectively suppress the development of tumours in animal models and in 

human malignancies. Moreover, an antisense anti-IGF-I TFO has been used in Phase I and 

II clinical trials to treat patients with glioblastoma and other types of cancers. These 

applications of AT should be considered promising models of the specific antigene therapy 

of cancers and other genetic disorders.  

The co-localization of a genomic TTS with gene regulatory signals and functional genome 

structures suggests that TFOs could potentially be exploited in antigene strategies for the 

therapy of cancers and other genetic diseases. Here, we present the TTS Mapping and 

Integration (TTSMI; http://ttsmi.bii.a-star.edu.sg) database, which provides a catalogue of 

unique TTS locations in the human genome and tools for analyzing the co-localization of 

TTSs with genomic regulatory sequences and signals that were identified using next-

generation sequencing (NGS) techniques and/or predicted by computational models. 

TTSMI was designed as a user-friendly tool that facilitates (i) fast searching/filtering of 

TTSs using several search terms and criteria associated with sequence stability and 

specificity, (ii) interactive filtering of TTSs that co-localize with gene regulatory signals 

and non-B DNA structures, (iii) exploration of dynamic combinations of the biological 

signals of specific TTSs and (iv) visualization of a TTS simultaneously with diverse 

annotation tracks via the UCSC genome browser.  

 

AN EXPLORATION OF THE RELATIONSHIP BETWEEN RESILIENCE AND 

QUALITY OF LIFE 

Xiaodong Wang. 

Quanzhou Normal University 

 

Abstract: AIM: To study the relationship between resilience and quality of life (QOL) in 

patients with digestive cancer.  

33



Methods: The resilience of patients was measured prior to treatment, and their 

psychological distress, fatigue status, and treatment side effects were assessed 3 weeks 

after. Their QOL was measured after their treatment ended. A relationship model of these 

variables was constructed using path analysis.  

Results: Resilience explained 33.2% of the variance in psychological distress, 16.1% of the 

variance in fatigue, and 1.23% of the variance in side effects. The relationship between 

psychological distress, fatigue, and side effects were absent from the regression model, 

whereas the adjusted regression coefficient of resilience was not statistically significant (t 

= 1.562, P > 0.05) when these variables were added. Psychological distress together with 

fatigue and side effects could explain 52.40% of the variance in QOL (P < 0.05). 

Physiological distress accounted for 28.94% of the total effect on QOL, fatigue accounted 

for 33.72%, side effects accounted for 22.53%, and resilience accounted for 14.80%.  

Conclusion: Resilience is not an independent predictor of QOL in patients with digestive 

cancer, but it is a main factor influencing psychological distress and side effects.  

 

Analysis of neurotrophic impact of blood serum of patients with spinal muscule atrophy of 

2 type on growth of sensory ganglion neurites 

Maria Sokolova and Valentina Penniyaynen. 

North-West State Medical University n.a. I.I. Mechnikov, neurology chair n.a. acad. S.N. 

Davidenkov; FSBU Institute of physiology n.a. I.P. Pavlov of RAS 

 

Abstract: Research purpose: Study of impact of blood serum of patients with 2 type SMA 

on growth of sensory ganglion neurites of 10-12-day old chicken embryos in an 

organotypic tissue culture. Spinal muscle atrophy (SMA) of type 2 is an autosomal-

recessive disease defined by a degenerative change in alpha-motor neurons of anterior 

horns, with mutant gene carriage rate of 1/40—1/50 and occurrence rate of 1 per 6000 — 

10 000 newborn. The disease is manifested in weakness of proximal muscles, pareses, 

respiratory disturbance and early death.  

Materials and methods: The research was performed on 500 explants of sensory ganglia of 

10-12-day old chicken embryos incubated in Petri dishes on collagen substrates in a СО² 

incubator («Sanyo», Japan) within 3 days at 36,5°С and 5% of СО². In experimental 

dishes, blood serum of patients with 2 type SMA was added in the cultural medium. To 

visualize objects, microscope «Axio Observer Zl» («Carl Zeiss», Germany) and program 

ImageJ were used. For quantitative assessment of explant growth, morphometric criterion 

of area index (AI) was used, which was computed as explant area to central zone area 

ratio. AI control value was accepted as 100%.  

Resuts and discussion: Blood serum of 12 patients with type 2 SMA was researched in a 
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wide range of dilution (1:100-1:2). In dilutions 1:2, 1:10, 1:50 the serum of patients 

blocked completely the growth of sensory ganglion neurites. When adding in cultural 

medium  

blood serum in dilution 1:70, a positive neurite inhibitory effect was observed. AI of the 

examined explants was circa 25% below the control values.  

Summary: The performed research has shown that blood serum of patients with type 2 

SMA inhibits growth of neurites of sensory neurons of spinal ganglia. It can be connected 

with the fact that the blood of patients with type 2 SMA contains substances which can 

suppress neurite growth. The research results reveal a necessity of further scientific inquiry 

to identify these substances.  

 

Identification of novel mutational site in drug resistant strain of mycobacterium 

tuberculosis 

Vivek Chandramohan, Devashish Das and Manjunath Dammalli. 

Siddaganga institute of technology 

 

Abstract: Mycobacterium tuberculosis is an acid fast bacterium that is responsible for 

causing tuberculosis. The new strains that are evolving with time are resistance to drugs 

currently being used for tuberculosis treatment. The study is focused on locating 

mutational sites of a new strain, Mycobacterium tuberculosis, using next generation 

sequencing techniques. In silico Genome assembly had been done to find out conserved 

and divergent regions of reference strains. The Sequence data of the new strain was 

derived from public database, analyzed and assembled using both de novo and mapping 

methods. The assembled sequence compares reference genome followed by gene 

prediction and analysis. The thus found genome is aligned with annotated reference 

genome to retrieve mutational sites on the new strain. The new strain shows several 

numbers of mutation sites at or nearby exon regions that can cause resistance to drug 

treatment. 

 

Discovering distinct functional modules of specific cancer types using protein-protein 

interaction networks 

Ru Shen, Xiaosheng Wang and Chittibabu Guda. 

UAlbany; University of Nebraska Medical Center 

 

Abstract: Background: Because highly heterogeneous molecular profiles exist in different 

cancer types, discovering distinct functional modules associated with specific cancer types 

is important. Protein-protein interaction (PPI) networks carry vital information about 

molecular interactions in cellular systems, where a set of interactions represents a specific 
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function. The identification of functional modules (subgraphs) in PPI networks is one of 

the most important applications of biological network analysis.  

 

Results: In this study, we proposed a new graph theory based method to identify distinct 

functional modules from nine different cancer PPI networks. The method is composed of 

three major steps that include: (i) extracting modules from PPI network using network 

clustering algorithms; (ii) identifying distinct subgraphs from the modules obtained in the 

first step; and (iii) further processing the distinct subgraphs to identify distinct subgraph 

patterns. The subgraph patterns were evaluated using experimentally determined cancer 

specific PPI data from the Ingenuity knowledgebase. The distinct modules identified by 

our algorithm have a high correlation with those found in the experimental datasets from 

specific cancers, suggesting that our method is able to find the distinct functional modules 

that are specific to each cancer type. 

 

Conclusion: There exist cancer-type specific PPI networks that may underlie the molecular 

pathogenesis of different cancer types. Our method can serve as an effective tool to 

discover cancer-type specific functional modules from large PPI network data. 

 

Development of mathematical model to predict the dynamics of dengue virus mutation 

Farouq Hatem Hamad Hamad. 

Albaz Co. 

 

Abstract: Dengue virus (DENV) is a small virus that carries a single strand of RNA as its 

genome. The virus is a member of the virus family known as Flaviviridae, and it is 

transmitted to human through the bite of the female mosquitoes. The types of mosquitoes 

found in a Tropical countries that carry the virus are Aedesaegypti and Aedesalbopictus. 

Part of the genome, in this case the envelope ‘E” protein was observed to likely mutate 

from collected samples so far. We analyze such data from the DENV1 database provided 

by University of Baghdad using two data mining procedures: logistic regression and 

Markov Model with assumption based on two factors namely first the historical DENV1 

DNA sequences and second the time of the mutations prediction occurrence. The results 

paved a possible way of prediction of the DENV1 mutation and can effectively identify 

strong predictors of mutation change. 

 

Pharmacological Mechanisms of JinChaiKangBingDu Capsule in Influenza A (H1N1) 

Explored by Network Biology Approaches 

Cheng Zhide, Guang Huimin, Ye Qiuyang, Zhao Jing and Chen Gao. 

School of Life Sciences,Hubei University 
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Abstract: Objective To explore the pharmacological mechanisms of JinChaiKangBingDu 

Capsule(JCKBD) in Influenza A(H1N1). Methods Genes/proteins related to Influenza 

A(H1N1) or ingredient of JCKBD were obtained by text mining; Influenza A(H1N1) 

network and JCKBD network was constructed by interaction between the Genes/proteins 

related to them from multiple protein-protein interaction databases, respectively; 

subnetwork of JCKBD in Influenza A(H1N1) was produced by mapping JCKBD network 

to Influenza A(H1N1) network; these networks were analyzed via topological structure 

and GO. Results The pharmacological mechanisms of JCKBD in Influenza A(H1N1) have 

negative regulation to stimulus, regulation of apoptosis and signal transduction, involved 

in TP53, RELA, NFKB1, HSP90AA1, MAPK1, AKT1, CASP3, etc. Conclusion 

Mechanisms of JCKBD in Influenza A(H1N1) involved in reduction of H1N1 virus by 

regulation of apoptosis and signaling pathways. 

 

A study to understand the effectiveness of active compounds of Perilla frutescens in the 

treatment of diabetes by means of computational approach 

Kumarasamy Periyagounder, Preethi Sundar, Sujatha Loganathan and Sureshkannan 

Sundaram. 

Madras Veterinary College 

 

Abstract: Diabetes mellitus is a group of metabolic diseases characterized by 

hyperglycemia resulting from defects in insulin secretion, insulin action, or both. Since 

there is no medicine to cure diabetes fully. The drugs which are available in the market 

would just helps to maintain the blood sugar level in the proper range.This study was 

performed to provide a better drug for the diabetes from the plant source(Perilla).To 

facilitate the above said, Active ingredients of Perilla (a class of Organic compounds 

known possesses anti-microbial, anti-inflammatory and anti-diabeticproperties) derivatives 

were evaluated for their anti-diabetic property.Molecular docking studies were carried out 

for these target proteins of Perilla.Discovery Studio tools were used for understanding 

binding affinity and affinity of the ligands to the active site of Perilla.Of the 8 compounds 

docked,3 hits were obtained.The results indicate that compound thiamine 

Pyrophosphokinase 1was found to be the most active in terms of the high docking score 

value of 226.65and a PMF value of -24.39. This compound exactly fit in the binding site 

of all the active ingredients of Perilla,which acts as a ligand. The best three hit compounds 

are Thiamine Pyrophosphokinase 1, Delta-aminolevulinic acid dehydratase and Ferritin. 

The best docked compounds were further evaluated for ADMET and simulation properties. 

The study proved that the compounds can very well act as drug candidates in the treatment 
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of diabetes. More clinical research is needed to support the bioinformatics research carried 

out. 

 

A novel unsupervised feature selection method for early biomarkers discovery post 

myocardial infarction 

Yunji Wang, Yonggang Ma, Merry Lindsey, Feiping Nie and Yufang Jin. 

University of Texas at San Antonio 

 

Abstract: Background  

The biomarkers discovery from proteomics data is typically to find the most discriminating 

features for classifying the large-scale data into different groups. In the machine learning 

area, a popular approach for facilitating the analysis and interpretation of such biological 

data is feature selection. Most feature selection methods are supervised methods, whose 

target function or label information is known. However, some biological data is lack of 

label information and some experimental results offer some label information without high 

accuracy. Thus, unsupervised feature selection methods are crucial for biomarker 

discovery or gene selection. Our unsupervised feature selection method may result in not 

only accurately predicting the label information, but also aid in discovering the 

biomarkers.  

Methods  

We proposed a trace ratio based unsupervised feature selection method to combine the -

means++ clustering method and unsupervised trace ratio formulation, which can be 

considered as trace ratio linear discriminant analysis (LDA). In this method, our goal is to 

predict the label information and select the most important features simultaneously. The -

means++ clustering results offers the label information for the trace ratio linear 

discriminant analysis. The trace ratio LDA can find the best subset of feature list based on 

the unsupervised discriminant score (UDS), which can improve the clustering results from 

-means++. The proteomics data from post myocardial infarction is used to evaluate the 

effectiveness of the proposed method. Also the computational results are compared with 

the experimental results.  

Results  

We apply the propose method to the proteomics data from post myocardial infarction for 

detecting the early biomarkers and use the UDS to find the top ranking features. The 

proteomics data is divided into five groups based on the echo day, which are 0, 1, 3, 5, 7 

days. The computational results show that the selected features are Il1f8, Cxcl5, Crp, Il1r2, 

Ccr10, Ccl20. The selected features are evaluated by checking the mean and variance from 

different groups and all the experimental results validate our computational results. The 

accuracy of the clustering result for our methods based on the selected top features is 62%. 
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All the samples from the group of day 0 are well differentiated with other samples.  

Conclusions  

In this paper, we first propose a novel unsupervised feature selection method via trace ratio 

formulation and introduce a new term called unsupervised discriminant score. The 

proposed method can harness the discriminate power of trace ratio LDA, thus the 

discriminative features can be selected by our method. The real biological data from post 

myocardial infarction is used to evaluate the effectiveness of our method. The 

computational results show that the proposed method is a good tool for solving 

unsupervised feature selection problem. Meanwhile, the proposed method is also a good 

way to predict the label information based on the clustering result.  

 

Determination and Analysis of Chameleon protein sequences in the Protein Data Bank 

(PDB). 

Golnaz Bahramali, Bahram Goliaei, Zarrin Minuchehr and Majid Reza Ghatee. 

Institute of Biochemistry and Biophysics, University of Tehran, Tehran, Iran;  

Department of Electrical Engineering, K. Nassir Toosi University of Technology 

 

Abstract: A three-dimensional protein structure is determined by its amino acid sequence. 

Chameleon sequences are segments which can adopt alpha, Beta sheet or coil 

conformations in natural proteins. These sequences have been implicated in the 

pathogenesis of amyloid diseases and in the structural fold conservation and functional 

diversity of alternative splicing protein isoforms. In this study a program was developed to 

search peptide segments with identical sequences but significantly different structures. A 

set of 10133 non-redundant protein sequences were extracted in which had less than 25 

percent identity from the protein data bank (PDB). The final transition lists were classified 

as helix to strand, helix to coil and strand to coil alterations respectively. In addition we 

analyzed the occurrence of single and paired amino acids and solvent accessibility in 

chameleon sequences. Based on the literature, this is the first report of an assay calculating 

the frequency of paired amino acid in chameleon sequences. Because of the recent 

explosive growth of the PDB, our work obviously facilitates updating the information 

providing important tools for secondary structure prediction methods (for example in 

neural network predictor) and also could be applied in identifying amyloid formation 

regions in neurodegenerative diseases.  
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Genomic analysis of arsenic resistant microbial communities found in the Atacama Desert, 

Chile 

Claudia Vilo, Carla Leon, Rubén Moraga, Victor Campos and Qunfeng Dong. 

University of North Texas 

 

Abstract: Chile is the third country with the highest population affected by arsenic 

contamination in the world. The areas near the Atacama Desert show the country’s 

highest levels of arsenic, which contaminates the drinking water supply, soil and crops. In 

Chile, arsenic contamination has become a serious health issue since exposure to this 

metalloid can cause several kinds of cancer, miscarriages and pregnancy problems. 

Because human health becomes seriously affected by the exposure to arsenic, it is 

imperative to develop effective remediation methods to clean our environments. Currently, 

the most used methods utilize chemical and physical equipment to clean the waste. 

However, often those methods have high costs, and they produce secondary by-products 

that are also contaminants. For these reasons, bioremediation could be a good strategy 

since it does not utilize chemicals, but microorganisms capable of transforming arsenic. To 

help in the development of arsenic bioremediation methods, we studied the microbial 

communities of two rivers located at the Atacama Desert: Loa river and Camarones river. 

In Loa river, we measured higher arsenic concentrations whereas in Camarones river we 

measured lower arsenic concentrations. Three samples were taken from each river and they 

were subject to 16S rRNA sequencing. Bioinformatics procedures were carried out on the 

data by using Mothur software, RDP classifier, and Picrust software. Our results showed 

thirty four different phyla on the river samples, which greatly improves the knowledge 

from previous studies on arsenic contaminated environments. Predominant Phyla observed 

in all samples were Proteobacteria followed by Firmicutes. Interestingly, we observed 

different communities on each river, which indicated that the microorganisms might have 

adapted to different arsenic conditions. In addition, the most abundant metabolic 

capabilities observed in all samples were amino acid metabolism, carbohydrate metabolism 

and membrane transport. Interesting, in Loa river we observed higher proportion of 

translation, replication and repair, and nucleotide metabolism genes, which might indicate 

the need of more DNA repair mechanisms compared to Camarones river. On the other 

hand, in Camarones river we observed a significantly increase on xenobiotic metabolism, 

and membrane transport genes, which could indicate microorganisms more focused on 

degradation and expulsion of contaminants rather than DNA repair. We believe that 

understanding how bacterial communities interact and the genomic basis of arsenic 

resistance could lead to an improvement in bioremediation techniques. 
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A Multiple-Instance Learning based Approach to Predicting Transcription Factor-DNA 

Interaction 

Zhen Gao and Jianhua Ruan. 

The University of Texas at San Antonio 

 

Abstract: Background: Study of the mechanism of transcriptional regulation is still a 

crucial research area of molecular biology. Currently, in vitro protein-binding microarray 

experiment has prominently enhanced the understanding of transcription factor-DNA 

interaction. We present a multiple-instance learning based method to predicting 

transcription factor binding.  

Results: Evaluation on an in vitro data of eighty-six mouse transcription factors and a 

ChIP-seq in vivo time series data in the process of mouse’s liver regeneration against 

Cebpb shows that our method outperforms a method based on simple-instance learning 

with DNA structural properties, and the widely used k-mer counting method. Our analysis 

showed that the multiple-instance learning based approach can utilize subtle structural 

features, location features and other kinds of features when a strong sequence consensus is 

not available.  

Conclusion: Combining multiple-instance learning and variety kinds of features of DNA 

have promising potential for studying biological regulatory networks.  

 

KEGGprofile: an analyzing and visualization package for multi-types and multi-groups 

expression data in KEGG pathway 

Shilin Zhao, Yan Guo and Yu Shyr. 

Vanderbilt University 

 

Abstract: Introduction  

The KEGG pathway database is a prominent reference knowledge base for integration and 

interpretation of large-scale molecular data sets generated by high-throughput experimental 

technologies. There are plenty of tools for KEGG pathway mapping or function 

annotation. But none of the currently available software could be used for visualizing the 

expression profiles in multi-types or multi-groups expression data analysis.  

Result  

KEGGprofile provided an easy and automatic pipeline of analyzing and visualization for 

multi-types and multi-groups expression data in KEGG pathway. The expression profile of 

genes and small molecules could be integrated with the annotation inner KEGG pathway 

maps. The correlations between different groups in each pathway can also be compared. 

Here a previously published data of proteome and phosphoproteome analysis in different 

cell phases was taken as an example [1]. In the cell cycle pathway map, the temporal 
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profiles for each gene could be visualized (Figure 1). Further analysis for individual gene 

revealed the different expression profiles were highly correlated with their functions.  

Availability  

KEGGprofile is implemented in the R language and freely available at the Bioconductor 

web site [http://www.bioconductor.org]. A user friendly web interface is also provided at 

Center for Quantitative Sciences web site 

[http://cqs.mc.vanderbilt.edu/shiny/KEGGprofile/].  
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Detecting evolutionary strata on the human x chromosome in the absence of gametologous 

y-linked sequences 

Ravi Shanker Pandey, Melissa Wilson Sayres and Rajeev Azad. 

University of North Texas 

 

Abstract: Mammalian sex chromosomes arose from a pair of homologous autosomes that 

differentiated into the X and Y chromosomes following a series of recombination 

suppression events between the X and Y. The stepwise recombination suppressions from 

the distal long arm to the distal short arm of the chromosomes are reflected as regions with 

distinct X-Y divergence, referred to as evolutionary strata on the X. All current methods 

for stratum detection depend on X-Y comparisons but are severely limited by the paucity 

of X-Y gametologs. We have developed an integrative method that combines a top-down, 

recursive segmentation algorithm with a bottom-up, agglomerative clustering algorithm to 

decipher compositionally distinct regions on the X, which reflect regions of unique X-Y 

divergence. In application to human X chromosome, our method correctly classified a 

concatenated set of 35 previously assayed X-linked gene sequences by evolutionary strata. 

We then extended our analysis, applying this method to the entire sequence of the human 

X chromosome, in an effort to define stratum boundaries. The boundaries of more recently 

formed strata on X-added region, namely the fourth and fifth strata, have been defined by 

previous studies and are recapitulated with our method. The older strata, from the first up 

to the third stratum, have remained poorly resolved due to paucity of X-Y gametologs. By 

analyzing the entire X sequence, our method identified seven evolutionary strata in these 

ancient regions, where only three could previously be assayed, thus demonstrating the 

robustness of our method in detecting the evolutionary strata.  

 

Improve the prognostic estimation of cancer patients by incorporating the molecular data 

of tumor samples 

Han Liang. 

University of Texas MD Anderson Cancer Center 

 

Abstract: An important task in cancer research is how to accurately predict the prognosis 

of cancer patients. Using the genomic and proteomic data from The Cancer Genome Atlas 

(TCGA) project, we performed several systematic studies on this topic. First, we evaluated 

the power of diverse TCGA molecular data (including copy number alterations, DNA 
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methylation, mRNA, miRNA and protein expression data) with or without clinical 

variables in predicting patient survival using purely data mining approaches, and found 

that incorporating molecular data with clinical variables yielded statistically significantly 

improved predictions but those quantitative gains were limited (Yuan et al. Nature 

Biotechnology 2014). We next assessed the prognostic utility of transcribed pseudogenes 

in multiple cancer types and found that expressed pseudogenes represent a new paradigm 

for discovering prognostic biomarkers (Han et al. Nature Communications 2014). Finally, 

we studied the properties of prognostic genes in gene co-expression network analysis 

across cancer types and identified some of their common properties at the system level 

(Yang et al. Nature Communications 2014). These studies provide deep insights into how 

to build reliable prognostic models by incorporating informative molecular data.  

 

Amplification of Distant Estrogen Response Elements Deregulates Target Genes 

Associated with Tamoxifen Resistance in Breast Cancer 

Pei-Yin Hsu. 

University of Texas Health Science Center at San Antonio 

 

Abstract: A causal role of gene amplification in tumorigenesis is well known, whereas 

amplification of DNA regulatory elements as an oncogenic driver remains unclear. In this 

study, we integrated next-generation sequencing approaches to map distant estrogen 

response elements (DEREs) that remotely control the transcription of target genes through 

chromatin proximity. Two densely mapped DERE regions located on chromosomes  

17q23 and 20q13 were frequently amplified in estrogen receptor-a-positive luminal breast 

cancer. These aberrantly amplified DEREs deregulated target gene expression potentially 

linked to cancer development and tamoxifen resistance. Progressive accumulation of 

DERE copies was observed in normal breast progenitor cells chronically exposed to 

estrogenic chemicals. These findings may extend to other DNA regulatory elements, the 

amplification of which can profoundly alter target transcriptome during tumorigenesis. 

 

Computational analysis reveals a correlation of exon-skipping events with splicing, 

transcription and epigenetic factors 

Zhenqing Ye, Zhong Chen, Xun Lan, Stephen Hara, Benjamin Sunkel, Tim Huang, Laura 

Elnitski, Qianben Wang and Victor Jin. 

Department of Molecular Medicine, University of Texas Health Science Center at San 

Antonio, San Antonio, TX, USA 

 

Abstract: Alternative splicing (AS), in higher eukaryotes, is one of the mechanisms of 

post-transcriptional regulation that generate multiple transcripts from the same gene. One 
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particular mode of ASis the skipping event where an exon may be alternatively excluded 

or constitutively included in the resulting mature mRNA. Both transcriptisoforms from this 

skipping event site,i.e.that in which the exon is either included (inclusion isoform) or 

excluded (skipping isoform), are typically present in one cell, and maintain a subtle 

balance that is vital to cellular function and dynamics. However, how the prevailing 

conditions dictate which isoform is expressed and what biological factors might influence 

the regulation of this process remain areas requiring further exploration.In this study, we 

have developed a novel computational method,graph-based exon-skipping scanner 

(GESS), forde novo detection ofskipping event sites from raw RNA-seqreads without prior 

knowledge ofgene annotations, as well as for determining thedominant isoformgenerated 

from such sites. We have applied our method to publicly available RNA-seq data in 

GM12878 and K562 cells from the ENCODE consortium andexperimentally validated 

several skipping site predictions by RT-PCR. Furthermore, weintegrated other sequencing-

based genomic data to investigate the impact of splicing activities, transcription factors and 

epigenetic histone modificationson splicing outcomes. Our computational analysis found 

that splice sites within the skipping-isoform-dominated group (SIDG) tended to exhibit 

weaker MaxEntScan-calculated splice site strength around middle, “skipping,” exons 

compared to those in the inclusion-isoform-dominated group (IIDG).We further showed 

the positional preference pattern of splicing factors, characterized by enrichment in the 

intronic splice sites immediately bordering middle exons.Finally, our analysis suggested 

that different epigenetic factors may introduce a variable obstacle in the process of exon-

intron boundary establishment leading to skipping events. 

 

Studying Tumorigenesis through Network Evolution and Somatic Mutational 

Perturbations in the Cancer Interactome 

Feixiong Cheng and Zhongming Zhao. 

Vanderbilt University Medical Center 

 

Abstract: Cells govern biological functions through complex biological networks. 

Perturbations to networks may drive cells to new phenotypic states, e.g., tumorigenesis. 

Identifying how genetic lesions such as somatic mutations perturb molecular networks is a 

fundamental challenge in cancer biology. In this study, we focused on two questions: (1) 

Do cancer genes occupy more critical network topological positions than Mendelian 

disease genes? And (2) from a network biology perspective, how does the transition occur 

from a normal cell to a tumor cell as initiated by a few driver genetic mutations? We used 

large-scale human interactome data to systematically explore the relationship among 

network topology, somatic mutation, evolutionary rate, and evolutionary origin of cancer 

genes. We found cancer genes tend to be ancient, are subjected to strong purifying 
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selection and have a low evolutionary rate. Moreover, evolutionary origin (age) was found 

to be a major determinant of the unique network centrality of cancer proteins. We further 

investigated the network-attacking perturbations due to somatic mutations that were 

identified from 3,268 tumors across 12 cancer types in The Cancer Genome Atlas 

(TCGA). Our study revealed that the somatic mutational network-attacking perturbations 

to central hub genes of the cancer interactome are a major feature of tumor emergence and 

evolution. This finding sheds light on the rapid tumorigenesis initiated by a few driver 

mutations. We felt this work illustrates the dynamics and evolution of somatic mutations 

during tumorigenesis through network-attacking perturbations. Collectively, this work has 

broad biomedical implications for both basic cancer biology and the development of hy 

 

RAMESES: A Methyltranscriptome Sequencing Database 

Lui Hui, Mario Flores, Jia Meng, Lin Zhang, Xinyu Zhao, Manjeet Rao, Yidong Chen and 

Yufei Huang. 

School of Information and Electrical Engineering, China University of Mining and 

Technology, Xuzhou, Jiangsu 221116, China; 

Department of Electrical and Computer Engineering, University of Texas at San Antonio, 

Texas 78249-0669, USA 

 

Abstract: Methyltranscriptome is an exciting new area that studies the mechanisms and 

functions of methylation in transcripts. RNA methylation by sequencing database 

(RAMESES, http://compgenomics.utsa.edu/methylation/index.html) is the first 

comprehensive resource for N6-methyladenosine (m6A) mammalian methyltranscriptome. 

It includes a database that records publically available datasets from methylated RNA 

immunoprecipitation sequencing (MeRIP-Seq), which was recently developed to 

interrogate m6A methyltranscriptome. RAMESES includes ~300k m6A methylation sites 

in 74 MeRIP-Seq samples from 22 different experimental conditions predicted by 

exomePeak and MACS2 algorithms. RAMESES also provides a genome browser to query 

and visualize context-specific m6A methylation under different conditions. To help 

explore the potential functions of m6A, the binding site data of microRNA, splicing 

factors, and RNA binding proteins are also included in the browser for comparison with 

m6A sites. Analysis of differential m6A methylation and the corresponding differential 

gene expression under two conditions is also available in the browser. Circular ideograms 

are provided to present the user a global perspective of the genome-wide distribution of 

m6A methylation in all the data. The query results and the entire dataset can be exported 

to assist publication and additional analysis. RAMESES is a valuable resource for m6A 

methyltranscriptome research. 
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Finding pathway-modulating genes from a novel Ontology Fingerprint-derived gene 

network 

Tingting Qin, Nabil Matmati, Lam Tsoi, Bidyut Mohanty, Nan Gao, Jijun Tang, Andrew 

Lawson, Yusuf Hannun and W. Jim Zheng. 

University of Michigan; University of Texas Health Science Center at Houston 

 

Abstract: To enhance our knowledge regarding biological pathway regulation, we took an 

integrated approach, using the biomedical literature, ontologies, network analyses and 

experimental investigation to infer novel genes that could modulate biological pathways. 

We first constructed a novel gene network via a pairwise comparison of all yeast genes’ 

Ontology Fingerprints—a set of Gene Ontology terms overrepresented in the PubMed 

abstracts linked to a gene along with those terms’ corresponding enrichment p-values. 

The network was further refined using a Bayesian hierarchical model to identify novel 

genes that could potentially influence the pathway activities. We applied this method to the 

sphingolipid pathway in yeast and found that many top-ranked genes indeed displayed 

altered sphingolipid pathway functions, initially measured by their sensitivity to myriocin, 

an inhibitor of de novo sphingolipid biosynthesis. Further experiments confirmed the 

modulation of the sphingolipid pathway by one of these genes, PFA4, encoding a 

palmitoyl transferase. Comparative analysis showed that few of these novel genes could be 

discovered by other existing methods. Our novel gene network provides a unique and 

comprehensive resource to study pathway modulations and systems biology in general. 

 

Novel Bioinformatics Method for Identification of Genome-Wide Non-Canonical Spliced 

Regions Using RNA-Seq Data 

Yongsheng Bai. 

Indiana State University 

 

Abstract: Setting: During endoplasmic reticulum (ER) stress, the endoribonuclease 

(RNase) Ire1a initiates removal of a 26 nt region from the mRNA encoding the 

transcription factor Xbp1 via an unconventional mechanism (atypically within the cytosol). 

This causes an open reading frame-shift that leads to altered transcriptional regulation of 

numerous downstream genes in response to ER stress as part of the unfolded protein 

response (UPR). Strikingly, other examples of targeted, unconventional splicing of short 

mRNA regions have yet to be reported. Objective: Our goal was to develop an approach to 

identify non-canonical, possibly very short, splicing regions using RNASeq data and apply 

it to ER stress-induced Ire1a heterozygous and knockout mouse embryonic fibroblast 

(MEF) cell lines to identify additional Ire1a targets.  

Results: We developed a bioinformatics approach called the Read-Split-Walk (RSW) 
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pipeline, and evaluated it using two Ire1a heterozygous and two Ire1a-null samples. The 

26 nt non-canonical splice site in Xbp1 was detected as the top hit by our RSW pipeline in 

heterozygous samples but not in the negative control Ire1a knockout samples. We 

compared the Xbp1 results from our approach with results using the alignment program 

BWA, Bowtie2, STAR, Exonerate and the Unix ‘‘grep’’ command. We then 

applied our RSW pipeline to RNA-Seq data from the SKBR3 human breast cancer cell 

line. RSW reported a large number of non-canonical spliced regions for 108 genes in 

chromosome 17, which were identified by an independent study. Conclusions: We 

conclude that our RSW pipeline is a practical approach for identifying non-canonical 

splice junction sites on a genome-wide level. We demonstrate that our pipeline can detect 

novel splice sites in RNA-Seq data generated under similar conditions for multiple species, 

in our case mouse and human. 

 

A Personalized Committee Classification Approach to Improving Prediction of Breast 

Cancer Metastasis 

Md Jamiul Jahid, Tim Huang and Jianhua Ruan. 

UTSA 

 

Abstract: Motivation: Metastasis prediction is a well-known problem in breast cancer 

research. As breast cancer is a complex and heterogeneous disease with many molecular 

subtypes, predictive models trained for one cohort often perform poorly on other cohorts, 

and a combined model may be suboptimal for individual patients. Furthermore, attempting 

to develop subtype-specific models is hindered by the ambiguity and stereotypical 

definitions of subtypes.  

 

Results: Here, we propose a personalized approach by relaxing the definition of breast 

cancer subtypes. We assume that each patient belongs to a distinct subtype, defined 

implicitly by a set of patients with similar molecular characteristics, and construct a 

different predictive model for each patient, using as training data, only the patients 

defining the subtype. To increase robustness, we also develop a committee-based 

prediction method by pooling together multiple personalized models. Using both intra- and 

inter-dataset validations, we show that our approach can significantly improve the 

prediction accuracy of breast cancer metastasis compared with several popular approaches, 

especially on those hard-to-learn cases. Furthermore, we find that breast cancer patients 

belonging to different canonical subtypes tend to have different predictive models and 

gene signatures, suggesting that metastasis in different canonical subtypes are likely 

governed by different molecular mechanisms.  
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A comparative analysis of the cis-regulatory landscape between human and mouse 

Feng Yue1,2, Yin Shen1, Samantha Kuan1, Zhen Ye1, Weisheng Wu, Ross Hardison, Mike 

Beer3, Bing Ren1 & The mouse ENCODE consortium 
1Ludwig Institute for Cancer Research, UCSD School of Medicine, La Jolla, 

CA, 2Pennsylvania State University School of Medicine, Dept. of Biochemistry and 

Molecular Biology, Hershey, PA, 3Johns Hopkins University School of Medicine, Dept. of 

Biomedical Engineering and Molecular Biology, Baltimore, MD 

 

Abstract: As the premier model organism in biomedical research, the laboratory mouse 

shares the vast majority of protein-coding genes with humans, but significant differences 

exist between the two mammals, posing considerable challenges in the study and modeling 

of human diseases.  The mouse ENCODE consortium applied the same high throughput 

approaches as the human ENCODE studies and produced more than1000 coordinated 

datasets in over 100 mouse cell types and tissues and greatly expanded the annotation of 

the mouse genome. By comparative analysis with the human genome, we found that 

although the majority of gene expression and cis-regulatory elements are conserved 

between the two species, a large degree of gene regulatory elements appear to be species-

specific and these species-specific elements are enriched for genes involved in immune 

system and metabolic process, suggesting that different gene pathways evolve at distinct 

rates. Moreover, we found that species-specific elements are also enriched for repetitive 

DNA elements such LTR and SINE, which we hypothesize to be responsible generating 

the species-specific elements. Finally, we developed a novel computational method to 

study the functional conservation between two species without requiring perfectly matched 

cell lines or tissues. The result confirms that cis-elements with different evolutionary rates 

are associated distinct biological pathways and reveals the complex driving forces in the 

evolution of cis-regulatory landscape in mammals. 
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MOST+: A de novo motif finding approach combining genomic sequence and 

heterogeneous genome-wide signatures 

Yizhe Zhang, Yupeng He, Guangyong Zheng and Chaochun Wei. 

Duke University; Shanghai Jiao Tong University 

 

Abstract: Background 

Motifs are regulatory elements that will activate or inhibit the expression of related genes 

when proteins (transcription factors, TFs) bind to them. Therefore, motif finding is 

important to understand the mechanisms of gene regulation. De novo discovery of 

regulatory elements, like transcription factor binding sites (TFBSs), has long been a major 

challenge to gain insight on mechanisms of gene regulation. Recent advances in 

experimental profiling of genome-wide signals such as histone markers and DNase I allow 

scientists to develop better computational methods to enhance motif discovery. However, 

existing methods for motif finding suffer from high false positive rates and slow speed, 

and it's difficult to evaluate the performance of these methods systematically. 

Result 

Here we present MOST+, a MOtif finder integrating genomic sequences and genome-wide 

signals such as intensity and shape features from histone modification marks and DNase I 

hypersensitivity sites, to improve the prediction accuracy. MOST+ can detect motifs from 

a large input sequence of about 100Mbs within a few minutes. Systematic comparison 

method has been established and MOST+ has been compared with existing methods. 

Conclusion 

MOST+ is a fast and accurate de novo methods for motif finding by integrating genomic 

sequence and experimental signals as clues. It is freely available at: 

http://cbb.sjtu.edu.cn/~ccwei/software/MOST/MOST.php. 

 

Prediction of promoters and enhancers using multiple DNA methylation-associated 

features 

Woochang Hwang, Verity Oliver, Shannath Merbs, Heng Zhu and Jiang Qian. 

Johns Hopkins School of Medicine 

 

Abstract: Background  

Regulatory regions (e.g. promoters and enhancers) play an essential role in human 

development and disease. Many computational approaches have been developed to predict 
50

http://cbb.sjtu.edu.cn/~ccwei/software/MOST/MOST.php


the regulatory regions using various genomic features such as sequence motifs and 

evolutionary conservation. However, these DNA sequence-based approaches do not reflect 

the tissue-specific nature of the regulatory regions. In this work, we propose to predict 

regulatory regions using multiple features derived from DNA methylation profile.  

Results  

We discovered several interesting features of the methylated CpG (mCpG) sites within 

regulatory regions. First, a hypomethylation status of CpGs within regulatory regions, 

compared to the genomic background methylation level, extended out >1000 bp from the 

center of the regulatory regions, demonstrating a high degree of correlation between the 

methylation statuses of neighboring mCpG sites. Second, when a regulatory region was 

inactive, as determined by histone mark differences between cell lines, methylation level 

of the mCpG site increased from a hypomethylated state to a hypermethylated state, the 

level of which was even higher than the genomic background. Third, a distinct set of 

sequence motifs was overrepresented surrounding mCpG sites within regulatory regions. 

Using these distinct features, we were able to predict regulatory regions for both promoters 

and enhancers using machine-learning approach. The performance is better than that 

simply based on methylation level, especially for prediction of enhancers.  

Conclusions  

Our study suggests that DNA methylation features of mCpG sites can be used to predict 

regulatory regions. 

  

A TRANSLATIONAL BIOINFORMATIC APPROACH IN IDENTIFYING AND 

VALIDATING AN INTERACTION BETWEEN VITAMIN A AND CYP19A1 

Santosh Philips, Guanglong Jiang, Lei Wang, Todd Skaar and Lang Li. 

IUPUI 

 

Abstract: Introduction  

One major challenge in personalized medicine research is to identify the environmental 

factors that can alter drug response, and to investigate their molecular mechanisms. These 

environmental factors include co-medications, food, and nutrition or dietary supplements. 

The increasing use of dietary supplements and their potential interactions with cytochrome 

P450 (CYP450) enzymes is a highly significant personalized medicine research domain, 

because most of the drugs on the market are metabolized through CYP450 enzymes.  

 

Methods  

Initial bioinformatics analysis revealed a number of regulators of CYP450 enzymes from a 

human liver bank gene expression quantitative loci data set. Then, a compound-gene 

network was constructed from the curated literature data. This network consisted of 
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compounds that interact with either CYPs and/or their regulators that influence either their 

gene expression or activity. We further evaluated this finding in three different cell lines: 

JEG3, HeLa, and LNCaP cells.  

 

Result  

From a total of 868 interactions we were able to identify an interesting interaction between 

retinoic acid (i.e. Vitamin A) and the aromatase gene (i.e. CYP19A1). Our experimental 

results showed that retinoic acid at physiological concentration significantly influenced 

CYP19A1 gene expressions.  

 

Conclusions  

These results suggest that the presence of retinoic acid may alter the efficacy of agents 

used to suppress aromatase expression.  

 

Global transcriptome analysis profiles metabolic pathways in traditional herb Astragalus 

membranaceus Bge. var. mongolicus (Bge.) Hsiao 

Jing Chen, Xue-Ting Wu, Yi-Qin Xu, Yang Zhong, Yi-Xue Li, Jia-Kuan Chen, Xuan Li 

and Peng Nan. 

Fudan University 

 

Abstract: Backround: Astragalus membranaceus Bge. var. mongolicus (Bge.) Hsiao (A. 

mongolicus, family Leguminosae) is one of the most important traditional Chinese herbs. 

Among many secondary metabolites it produces, the effective bioactive constituents 

include isoflavonoids and triterpene saponins. The genomic resources regarding the 

biosynthesis of these metabolites in A. mongolicus are limited. Although roots are the 

primary material harvested for medical use, the biosynthesis of the bioactive compounds 

and its regulation in A. mongolicus are not well understood. Therefore, a global 

transcriptome analysis on A. mongolicus tissues was performed to identify the genes 

essential for the metabolism and to profile their expression patterns in greater details.  

Results: RNA-sequencing was performed for three different A. mongolicus tissues: leaf, 

stem, and root, using the Illumina Hiseq2000 platform. A total of 159.5 million raw 

sequence reads were generated, and assembled into 186,324 unigenes with an N50 of 

1,524bp. Among them, 129,966 unigenes (~69.7%) were annotated using four public 

databases (Swiss-Prot, TrEMBL, CDD, Pfam), and 90,202, 63,946, and 78,326 unigenes 

were found to express in leaves, roots, and stems, respectively. A total of 8,025 

transcription factors (TFs) were identified, in which the four largest families, bHLH, 

MYB, C3H, and WRKY, were implicated in regulation of tissue development, 

metabolisms, stress response, etc. Unigenes associated with secondary metabolism, 
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especially those with isolavonoids and triterpene saponins biosynthesis were characterized 

and profiled. Most genes involved in the isoflavonoids biosynthesis had the lowest 

expression in the leaves, and the highest in the stems. For triterpene saponin biosynthesis, 

we found the genes in MVA and non-MVA pathways were differentially expressed among 

three examined tissues, indicating the parallel but compartmentally separated biosynthesis 

pathways of IPP and DMAPP in A. mongolicus. The first committed enzyme in triterpene 

saponin biosynthesis from A. mongolicus, cycloartenol synthase (AmCAS), which belongs 

to the oxidosqualene cyclase family, was cloned by us to study the astragalosides 

biosynthesis. Further co-expression analysis indicated the candidate CYP450s and 

glycosyltransferases (GTs) in the cascade of triterpene saponins biosynthesis. The presence 

of the large CYP450 families in A. mongolicus was further compared with those from 

Medicago truncatula and Arabidopsis thaliana, and the diversity and phylegenetic 

relationships of the CYP450 families were established.  

Conclusion: A transcriptome study was performed for A. mongolicus tissues to construct 

and profile their metabolic pathways, especially for the important bioactive molecules. The 

results revealed a comprehensive profile for metabolic activities among tissues, pointing to 

the equal importance of leaf, stem, and root in A. mongolicus for the production of 

bioactive compounds. This work provides valuable resources for bioengineering and in 

vitro synthesis of the natural compounds for medical research and for potential drug 

development.  

 

Discovery and characterization of long intergenic non-coding RNAs (lincRNA) module 

biomarkers in prostate cancer: an integrative analysis of RNA-Seq data 

Weirong Cui, Yulan Qian, Xiaoke Zhou, Yuxin Lin, Junfeng Jiang, Jiajia Chen, 

Zhongming Zhao and Bairong Shen. 

Soochow University 

 

Abstract: Background  

Prostate cancer (PCa) is a leading cause of cancer-related death of men worldwide. There 

is an urgent need to develop novel biomarkers for PCa prognosis and diagnosis in the post 

prostate specific antigen era. Long intergenic noncoding RNAs (lincRNAs) play essential 

role in many physiological processes and can serve as alternative biomarkers for prostate 

cancer, but there has been no systematic investigation of lincRNAs in PCa yet.  

Results  

Nine lincRNA co-expression modules were identified from PCa RNA-Seq data. The 

association between the principle component of each module and the PCa phenotype was 

examined by calculating the Pearson’s correlation coefficients. Three modules (M1, M3, 

and M5) were found associated with PCa. Two modules (M3 and M5) were significantly 
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enriched with lincRNAs, and one of them, M3, may be used as a lincRNA module-

biomarker for PCa diagnosis. This module includes seven essential lincRNAs: 

TCONS_l2_00001418, TCONS_l2_00008237, TCONS_l2_00011130, 

TCONS_l2_00013175, TCONS_l2_00022611, TCONS_l2_00022670 and linc-PXN-1. 

The clustering analysis and microRNA enrichment analysis further confirmed our findings.  

Conclusion  

The correlation between lincRNAs and protein-coding genes is helpful for further 

exploration of functional mechanisms of lincRNAs in PCa. This study provides some 

important insights into the roles of lincRNAs in PCa and suggests a few lincRNAs as 

candidate biomarkers for PCa diagnosis and prognosis. 

 

Multiple signatures of a disease in potential biomarker space: Getting the signatures 

consensus and identification of novel biomarkers 

Ghim Siong Ow and Vladimir Kuznetsov. 

Bioinformatics Institute 

 

Abstract: Background  

The lack of consensus among reported gene signature sets (GSS) in the literature is often 

an initial concern for researchers and subsequently, it discourages larger scale prospective 

studies, prevent the translation of such knowledge into a practical clinical setting and 

ultimately hindering the progress of the field of biomarker-based disease classification, 

prognosis and prediction. Understanding the high level of clinical and biological 

heterogeneity in patients’ cohort distribution, limitations and imbalances in the number 

of samples, and uncertainty in the dimensionality of potential biomarker space, are critical 

for getting the signature consensus and identification of novel biomarkers. Differences in 

use of technological platforms, as well as variations in experimental protocols in different 

studies are also often contributing factors in the lack of strong consensus among GSS. In 

view of these differences, it would be inappropriate to compare GSS in entirety.  

 

Methods  

In this work, we define each gene identifier (gID) as distinct event in the entire potential 

disease biomarker space, and attempt to investigate for each gID in a GSS of interest, its 

enrichment of co-occurrences in other published reference GSS when compared to 

randomly generated control GSS. We propose that the random or null frequency 

distribution of the expected number of co-occurrences in other published GSS can be 

approximated by comparing the gID of the GSS of interest with random sets of GSS 

generated via a sampling and simulation-based approach.  
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Results  

We demonstrated an application of our method to identification of statistically novel or 

already-considered genes as biomarkers within two of our gene signatures obtained from 

several previous studies of breast cancer and high-grade serous ovarian cancer. In these 

analyses, our results indicate that while in general there is little overlap between our gene 

sets with published reference GSS, comparison of frequency distributions between the 

actual overlap with the expected overlap suggests it is more common than expected, which 

further validates the use of our signature genes as individual or combined prognostic 

factors.  

 

Conclusions  

Our proposed methodology provides a statistical-based strategy to identify within a GSS of 

interest, subsets of gID that are either statistically novel or well-considered when 

compared to other published reference GSS. 

 

BMRF-MI: integrative identification of protein interaction network by modeling the gene 

dependency 

Xu Shi, Xiao Wang, Ayesha Shajahan, Leena Hilakivi-Clarke, Robert Clarke and Jianhua 

Xuan. 

Virginia Tech 

 

Abstract: Background  

Identification of protein interaction network is a very important step for understanding the 

molecular mechanisms in cancer. Several methods have been developed to integrate 

protein-protein interaction (PPI) data with gene expression data for network identification. 

However, they often fail to model the dependency between genes in the network, which 

makes many important genes, especially the upstream genes, unidentified. It is necessary 

to develop a method to improve the network identification performance by incorporating 

the dependency between genes.  

 

Results  

We proposed an approach for identifying protein interaction network by incorporating 

mutual information (MI) into a Markov random field (MRF) based framework to model 

the dependency between genes. MI is widely used in information theory to measure the 

uncertainty between random variables. Different from traditional Pearson correlation test, 

MI is capable of capturing both linear and non-linear relationship between random 

variables. Among all the existing MI estimators, we choose to use k-nearest neighbor MI 
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(kNN-MI) estimator which is proved to have minimum bias. The estimated MI is 

integrated with an MRF framework to model the gene dependency in the context of 

network. The maximum a posterior (MAP) estimation is applied on the MRF-based model 

to estimate the network score. In order to reduce the computational complexity of finding 

the optimal network, a probabilistic searching algorithm is implemented. We further 

increase the robustness and reproducibility of the results by applying a non-parametric 

bootstrapping method to measure the confidence level of the identified genes. To evaluate 

the performance of the proposed method, we test the method on simulation data under 

different conditions. The experimental results show an improved accuracy in terms of 

subnetwork identification compared to existing methods. Finally, we applied our method 

onto real breast cancer patient data; the identified protein interaction network shows a 

close association with the recurrence of breast cancer, which is supported by functional 

annotation.  

 

Conclusions  

We have developed an integrated approach for protein interaction network identification, 

which combines Markov random field framework and mutual information to model the 

gene dependency in PPI network. Improvements in subnetwork identification have been 

demonstrated with simulation datasets compared to existing methods. We then apply our 

method onto breast cancer patient data to identify recurrence related subnetworks. The 

experiment results show that the identified genes are enriched in the pathway and 

functional categories relevant to progression and recurrence of breast cancer.  

 

Network-based stratification analysis of 13 major cancer types using mutations in panels 

of cancer genes 

Xue Zhong, Hushan Yang, Shuyang Zhao, Yu Shyr and Bingshan Li. 

Vanderbilt University 

 

Abstract: Background: Cancers are complex diseases with heterogeneous genetic causes 

and clinical outcomes. It is critical to classify patients into subtypes and associate the 

subtypes with clinical outcomes for better prognosis and treatment. Large-scale studies 

have comprehensively identified somatic mutations across multiple tumor types, providing 

rich datasets for classifying patients based on genomic mutations. One challenge 

associated with this task is that mutations are rarely shared across patients. Network-based 

stratification (NBS) approaches have been proposed to overcome this challenges and used 

to classify tumors based on exome-level mutations. In routine research and clinical 

applications, however, usually only a small panel of pre-selected genes is screened for 

mutations. It is unknown whether such small panels are effective in classifying patients 
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into clinically meaningful subtypes.  

 

Results: In this study, we applied NBS to 13 major cancer types with exome-level 

mutation data and compared the classification based on the full exome data with those 

focusing only on small sets of genes. Specifically, we investigated three panels, 

FoundationOne (240 genes), PanCan (127 genes) and TruSeq (48 genes). We showed that 

small panels not only are effective in clustering tumors but also often outperform full 

exome data for most cancer types. We further associated subtypes in each tumor with 

clinical data and identified 5 tumor types (CRC-Colorectal carcinoma, HNSC-Head and 

neck squamous cell carcinoma, KIRC-Kidney renal clear cell carcinoma, LUAD-Lung 

adenocarcinoma and UCEC-Uterine corpus endometrial carcinoma) whose subtypes are 

significantly associated with the overall survival, all based on small panels.  

 

Conclusion: Our analyses indicate that effective patient subtyping can be carried out using 

mutations detected in smaller gene panels, probably due to the enrichment of clinically 

important genes in such panels.  

 

Network-based Gene Prediction for Plasmodium falciparum Malaria Towards Genetics-

based Drug Discovery 

Yang Chen and Rong Xu. 

Case Western Reserve University 

 

Abstract: Background: Malaria is the most deadly parasitic 

infectious disease. Existing drug treatments have limited efficacy in malaria elimination, 

and the complex pathogenesis of the disease is not fully understood. Detecting novel 

malaria-associated genes not only contribute in revealing the disease pathogenesis, but also 

facilitate discovering new targets for anti-malaria drugs. 

 

Methods: In this study, we developed a network-based approach to predict malaria-

associated genes. We constructed a cross-species network to integrate human-human, 

parasite-parasite and human parasite protein interactions. Then we extended the random 

walk algorithm on this network, and used known malaria genes as the seeds to find novel 

candidate genes for malaria. 

 

Results: We validated our algorithms using 77 known malaria genes: 14 human genes and 

63 parasite genes were ranked averagely within top 2% and top 4%, respectively among 

human and parasite genomes. We also evaluated our algorithm in predicting novel malaria 

genes using a set of 27 genes with literature supporting evidence. Our approach ranked 12 
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genes within top 1% and 24 genes within top 5%. In addition, we demonstrated that top-

ranked candied genes were enriched for drug targets, and identified commonalities 

underlying top-ranked malaria genes through pathway analysis. In summary, the candidate 

malaria-associated genes predicted by our data-driven approach have the potential to guide 

genetics-based anti-malaria drug discovery. 

 

A Computational Method for Clinically Relevant Cancer Stratification and Driver 

Mutation Module Discovery Using Personal Genomics Profiles 

Lin Wang, Fuhai Li, Jianting Sheng and Stephen T.C. Wong. 

Houston methodist Hospital Research Institute 

 

Abstract: Personalized genomics instability, e.g., somatic mutations, is believed to 

contribute to the heterogeneous drug responses in patient cohorts. However, it is difficult 

to discover personalized driver mutations that are predictive to drug sensitivity owing to 

diverse and complex mutations of individual patients. To circumvent this problem, a novel 

computational method is presented to discover potential drug sensitivity relevant cancer 

subtypes and identify driver mutation modules of individual subtypes by coupling 

differentially expressed genes (DEGs) based subtyping analysis with the driver mutation 

network analysis. The proposed method was applied on breast cancer and lung cancer 

samples available from The Cancer Genome Atlas (TCGA). Cancer subtypes were 

uncovered with significantly different survival rates, and more interestingly, distinct driver 

mutation modules were also discovered among different subtypes, indicating the potential 

mechanism of heterogeneous drug sensitivity. The research findings can be used to help 

guide the repurposing of known drugs and their combinations in order to target these 

dysfunctional modules and their downstream signaling effectively for achieving 

personalized or precision medicine treatment. 

 

Oncogenes and tumor suppressor genes: comparative genomics and network perspectives 

Kevin Zhu, Qi Liu, Yubo Zhou, Cui Tao, Hua Xu and Jingchun Sun. 

Graduate School of Biomedical Sciences, The University of Texas Health Science Center 

at Houston, Houston, TX 77030, USA 

The University of Texas Health Science Center at Houston 

 

Abstract: Background  

Numerous studies have found that defective tumor suppressor genes (TSGs) and 

hyperactive oncogene (OCGs) jointly contribute to cell proliferation and apoptosis during 

cancer development. Thus, a comprehensive investigation of their mutation patterns and 

relationship at the network level may provide a deeper understanding their roles in the 
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cancer development and provide some clues for identification of novel targets.  

Results  

In this study, we performed a comprehensive survey of TSGs and OCGs from the 

perspective of somatic mutations and network. For comparative purposes, we choose five 

gene sets: TSGs, OCGs, cancer drug target genes, essential genes, and other genes. Based 

on the data from Pan-Cancer data, we found that TSGs had the highest mutation frequency 

in most tumor types and the OCGs second. The essential genes had the lowest mutation 

frequency in all tumor types. For the network properties in human protein-protein 

interactions (PPIs), we found that, relative to target proteins, essential proteins, and other 

proteins, the TSG proteins and OCG proteins both tend to have higher degrees, higher 

betweenness, lower clustering coefficients, and shorter shortest-path distances. 

Additionally, the TSG proteins and OCG proteins tend to have direct interactions with 

cancer drug target proteins. Finally, we generated a TSG-OCG network and found that 

TSGs and OCGs connected strongly with each other. Furthermore, integration of the 

mutation frequency with the TSG-OCG network provides a network view of TSGs, OCGs 

and their interactions, which may provide new insight how the TSGs and OCGs jointly 

contribute to the cancer development.  

Conclusions  

Our study revealed that the OCGs and TSGs have different mutation patterns, but have 

similar and stronger protein-protein characteristics relative to the essential proteins or 

control proteins in the whole human interactome. We also found that the TSGs and OCGs 

have the most direct interactions with cancer drug targets. The results will be helpful for 

cancer drug target identification, and ultimately, understanding the etiology of cancer and 

treatment at the network level.  

 

Application of a hierarchical enzyme classification method reveals the role of gut 

microbiome in human metabolism 

Akram Mohammed and Chittibabu Guda. 

University of Nebraska Medical Center 

 

Abstract: Background  

 

Enzymes are known as the molecular machines that drive the metabolism of an organism; 

hence identification of the full enzyme complement of an organism is essential to build the 

metabolic blueprint of that species as well as to understand the interplay of multiple 

species in an ecosystem. Experimental characterization of the enzymatic reactions of all 

enzymes in a genome is a tedious and expensive task. The problem is more pronounced in 

the metagenomic samples where even the species are not adequately cultured or 
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characterized. Enzymes encoded by the gut microbiota play an essential role in the host 

metabolism; thus, warranting the need to accurately identify and annotate the full enzyme 

complements of species in the genomic and metagenomic projects. To fulfill this need, we 

develop and apply a method called ECemble, an ensemble approach to identify enzymes 

and enzyme classes and study the human gut metabolic pathways.  

 

Results  

 

ECemble method uses an ensemble of machine-learning methods to accurately model and 

predict enzymes from protein sequences and also identifies the enzyme classes and 

subclasses at the finest resolution. A tenfold cross-validation result shows accuracy 

between 97 and 99% at different levels in the hierarchy of enzyme classification, which is 

superior to comparable methods. We applied ECemble to predict the entire complements 

of enzymes from ten sequenced proteomes including the human proteome. We also applied 

this method to predict enzymes encoded by the human gut microbiome from gut 

metagenomic samples, and to study the role played by the microbe-derived enzymes in the 

human metabolism. After mapping the known and predicted enzymes to canonical human 

pathways, we identified 48 pathways that have at least one bacteria-encoded enzyme, 

which demonstrates the complementary role of gut microbiome in human gut metabolism. 

These pathways are primarily involved in metabolizing dietary nutrients such as 

carbohydrates, amino acids, lipids, cofactors and vitamins.  

 

Conclusions  

 

The ECemble method is able to hierarchically assign high quality enzyme annotations to 

genomic and metagenomic data. This study demonstrated the real application of ECemble 

to understand the indispensable role played by microbe-encoded enzymes in the healthy 

functioning of human metabolic systems.  

 

A genome-wide systems analysis reveals strong link between colorectal cancer and 

trimethylamine N-oxide (TMAO), a gut microbial metabolite of dietary meat and fat 

Rong Xu, Quanqiu Wang and Li Li. 

Case Western Reserve University 

 

Abstract: Background: Dietary intakes of red meat and fat are established risk factors for 

both colorectal cancer (CRC) and cardiovascular disease (CVDs). Recent studies have 

shown a mechanistic link between TMAO, an intestinal microbial metabolism of red meat 

and fat, and risk of CVDs. Data linking TMAO directly to CRC is however lacking. Here, 
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we present an unbiased data-driven network-based systems approach to uncover a potential 

genetic relationship between TMAO and CRC.  

 

Materials and methods:We constructed two different genetic disease networks (GDNs) 

using disease-gene and protein-protein interaction data from multiple large-scale data 

resources. We developed a network-based ranking algorithm to ascertain TMAO-related 

diseases from GDNs. We systematically analyzed disease categories among TMAO-related 

diseases at different ranking cutoffs. We then determined which genetic pathways were 

associated with both TMAO and CRC.  

 

Results:We show that CVDs and their major risk factors were ranked highly among 

TMAO-related diseases, confirming the newly discovered mechanistic link between CVDs 

and TMAO, and thus validating our algorithms. CRC was ranked highly among TMAO-

related disease retrieved from both GDNs (top 0.02, #1 out of 4,372 diseases retrieved 

based on Mendelian genetics and top 10.9 among 882 diseases based on genome-wide 

association genetics), providing strong supporting evidence for our hypothesis that TMAO 

is genetically related to CRC. We have also identified putative genetic pathways that may 

link TMAO to CRC, which warrants further investigation.Through systematic disease 

enrichment analysis, we also demonstrated that TMAO is related to metabolic syndromes 

and cancers in general.  

 

Conclusions:  

Our genome-wide analysis demonstrates that systems approaches hold promise for the 

discovery of novel disease genetic basis. Our results show that TMAO is genetically 

associated with CRC. This study suggests that TMAO may be an important intermediate 

marker linking dietary meat and fat and gut microbiota metabolism to risk of CRC, 

underscoring opportunities for the develop 

 

A weighted and integrated drug-target interactome: drug repurposing for schizophrenia as 

a use case 

Liang-Chin Huang, Ergin Soysal, W. Jim Zheng, Hua Xu and Jingchun Sun. 

School of Biomedical Informatics, The University of Texas Health Science Center at 

Houston 

 

Abstract: Background  

Systems pharmacology approach is critical to address some issues during drug 

development by providing a macroscopic view and deeper understanding of drug action. 

More specially, network-assisted approach is promising for the inference of the 
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associations among drug, target, and disease based on the drug-target associations. 

However, the drug-target associations coming from different resouces and different 

assayes have much noise, which inflates the inference error. To diminish the inference 

error, it is necessary and critical to create a comprehensive and assessed data set of drug-

target associations.  

Results  

In this study, we established a weighted and integrated drug-target interactome 

(WinDTome) to provide a comprehensive and reliable source of drug-target associations 

for further computational pharmacology. We first collected drug-target data from six 

popular sources: DrugBank, KEGG, TTD, MATADOR, PDSP Ki Database, and 

BindingDB. Then we employed the record linkage method to normalize drugs and targets 

to the unique identifiers by utilizing the public data sources including PubChem, ChEBI, 

Entrez Gene, and UniProt. To assess the confidence of the association of drugs and their 

targets, we assigned two scores (Score_S and Score_R) to each drug-target association 

based on data sources and publication references. Consequently, the WinDTome contains 

546,196 drug-target associations among 303,018 compounds and 4,113 genes. To assess 

the application of the WinDTome, we designed a network-based approach for drug 

repurposing using mental disorder schizophrenia (SCZ) as a case. Starting from 41 known 

SCZ drugs and their targets, we identified 264 potential SCZ-related drugs through the 

associations of drug-target with Score_S higher than two in WinDTome and protein-target 

interactions in human protein-protein interactions. Among the 264 SCZ-related drugs, 39 

drugs have been investigated in clinical trials to treat SCZ and 74 have been investigated 

in clinical trials to treat other mental disorders.  

Conclusions  

In this study, we generated a weighted and integrated drug-target interactome, WinDTome, 

which included a comprehensive drug-target associations and confidence scores. The 

application of WinDTome in the SCZ drug repurposing demonstrated that the WinDTome 

is promising as a fundamental network for further computational pharmacology, such as 

drug target identification, drug repurposing, and drug combination. 

 

Systems analysis of gene ontology and biological pathways post-myocardial infarction 

Nguyen T. Nguyen, Merry L. Lindsey and Yu-Fang Jin. 

Department of Electrical and Computer Engineering, University of Texas at San Antonio, 

San Antonio, TX 78249, USA 

 

Abstract: Background 

Pathway analysis has been widely used to gain insight into essential mechanisms of 

myocardial infarction (MI). Currently, there exist multiple pathway databases that organize 
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molecular datasets and manually curate pathway maps for biological interpretation at 

varying forms of organization. However, inconsistencies among different databases in 

pathway descriptions, frequently due to conflicting results in the literature, can generate 

incorrect interpretations. Furthermore, although pathway analysis software provides 

detailed images of interactions among molecules, it does not exhibit how pathways interact 

with one another or with other biological processes under specific conditions. 

Methods 

We propose a novel method to standardize descriptions of enriched pathways for a set of 

genes/proteins using Gene Ontology terms. We used this method to examine the 

relationships among pathways and biological processes for a set of condition-specific 

genes/proteins, represented as a functional biological pathway-process network. We 

applied this algorithm to the set of 613 MI-specific proteins we previously identified.  

Results 

A total of 96 pathways from Biocarta, KEGG, and Reactome, and 448 Gene Ontology 

Biological Processes were enriched with these 613 proteins. The pathways were 

represented as Boolean functions of biological processes, delivering an interactive scheme 

to organize enriched information with an emphasis on involvement of biological processes 

in pathways. We extracted a network focusing on MI to demonstrate that tyrosine 

phosphorylation of Signal Transducer and Activator of Transcription (STAT) protein, 

positive regulation of collagen metabolic process, coagulation and positive/negative 

regulation of blood coagulation have immediate impacts on the MI pathway. 

Conclusions 

Our method organizes biological processes and pathways in an unbiased approach to 

provide an intuitive way to identify biological properties of pathways under specific 

conditions. Pathways from different databases have similar descriptions and diverse 

biological processes, indicating variation in their ability to share similar functional 

characteristics. The coverages of pathways can be expanded with the incorporation of 

more biological processes, predicting involvement of protein members in pathways. 

Further, detailed analyses of the functional biological pathway-process network would 

allow researchers and scientists to explore critical routes in biological systems in the 

progression of diseases. 

 

Co-modulation analysis of gene regulation in breast cancer reveals complex interplay 

between ESR1 and ERBB2 genes 

Yu-Chiao Chiu, Chin-Ting Wu, Tzu-Hung Hsiao, Yi-Pin Lai, Chuhsing K. Hsiao, Yidong 

Chen and Eric Y. Chuang. 

National Taiwan University 
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Abstract: Background  

Gene regulation is dynamic across cellular conditions and disease subtypes. From the 

aspect of regulation under modulation, regulation strength between a pair of genes can be 

modulated by (dependent on) expression abundance of another gene (modulator gene). 

Previous studies have demonstrated the involvement of genes modulated by single 

modulator genes in cancers, including breast cancer. However, analysis of multi-modulator 

co-modulation that can further delineate the landscape of complex gene regulation is, to 

our knowledge, unexplored previously. In the present study we aim to explore the joint 

effects of multiple modulator genes in modulating global gene regulation and dissect the 

biological functions in breast cancer.  

Methods  

To carry out the analysis, we proposed the Covariability-based Multiple Regression 

(CoMRe) method. The method is mainly built on a multiple regression model that takes 

expression levels of multiple modulators as inputs and regulation strength between genes 

as output. Pairs of genes were divided into groups based on their co-modulation patterns.  

Results  

Analyzing gene expression profiles from 286 breast cancer patients, CoMRe investigated 

ten candidate modulator genes interacted and jointly determined global gene regulation. 

Among the candidate modulators, ESR1, ERBB2, and ADAM12 were found modulating 

the most numbers of gene pairs. The largest group of gene pairs was composed of ones 

that were modulated by merely ESR1. Functional annotation revealed that the group was 

significantly related to tumorigenesis and estrogen signaling in breast cancer. ESR1−

ERBB2 co-modulation was the largest group with more than one modulators. Similarly, 

the group was functionally associated with hormone stimulus, suggesting that functions of 

the two modulators are performed, at least partially, through modulation. Analysis of two 

independent datasets showed the findings can be validated in a majority of patients (> 

99%).  

Conclusions  

We have showed CoMRe is a robust method to discover critical modulators in gene 

regulation networks, and it is capable of achieving reproducible and biologically meaning 

results. Our data reveal that gene regulation networks modulated by single modulator or 

co-modulated by multiple modulators play important roles in breast cancer. Findings of 

this report illuminate complex and dynamic gene regulation under modulation and its 

involvement in breast cancer. 
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Differential expression analysis of RNA sequencing data by incorporating non-exonic 

mapped reads 

Hung-I Chen, Yuanhang Liu, Yi Zou, Zhao Lai, Devanand Sarkar, Yufei Huang and 

Yidong Chen. 

UTHSCSA 

 

Abstract: Background: RNA sequencing (RNA-seq) is a powerful tool for genome-wide 

expression profiling of biological samples with the advantage of high-throughput and high 

resolution. There are many existing algorithms nowadays for quantifying expression levels 

and detecting differential gene expression, but none of them takes the misaligned reads 

that are mapped to non-exonic regions into account. We developed a novel algorithm, 

XBSeq, where a statistical model was established based on the assumption that observed 

signals are the convolution of true expression signals and sequencing noises. The mapped 

reads in non-exonic regions are considered as sequencing noises, which follows a Poisson 

distribution. Given measureable observed and noise signals from RNA-seq data, true 

expression signals, assuming governed by the negative binomial distribution, can be 

delineated and thus the accurate detection of differential expressed genes.  

Results: We implemented our novel XBSeq algorithm and evaluated it by using a set of 

simulated expression datasets under different conditions, using a combination of negative 

binomial and Poisson distributions with parameters derived from real RNA-seq data. We 

compared the performance of our method with other commonly used differential 

expression analysis algorithms. We also evaluated the changes in true and false positive 

rates with variations in biological replicates, differential fold changes, and expression 

levels in non-exonic regions. We also tested the algorithm on a set of real RNA-seq data 

where the common and different detection results from different algorithms were reported.  

Conclusions: In this paper, we proposed a novel XBSeq, a differential expression analysis 

algorithm for RNA-seq data that takes non-exonic mapped reads into consideration. When 

background noise is at baseline level, the performance of XBSeq and DESeq are mostly 

equivalent. However, our method surpasses DESeq and other algorithms with the increase 

of non-exonic mapped reads. Only in very low read count condition XBSeq had a slightly 

higher false discovery rate, which may be improved by adjusting the background noise 

effect in this situation. Taken together, by considering non-exonic mapped reads, XBSeq 

can provide accurate expression measurement and thus detect differential expressed genes 

even in noisy conditions.  
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Dysregulated transcription across diverse cancer types reveals the importance of RNA-

binding protein in carcinogenesis 

Jing Wang, Qi Liu and Yu Shyr. 

Vanderbilt University 

 

Abstract: Background  

It is well known that carcinogenesis is in part dictated by dysregulated transcription events 

and signal pathways. Large-scale transcriptional profiling studies in each cancer type have 

reported aberrant gene expression associated with cancer development. However, common 

and specific patterns altered across cancer types, especially the contribution of 

transcriptional and post-transcriptional regulators, are rarely explored.  

Results  

Using transcriptional profiles from matched tumor and normal samples in the Cancer 

Genome Atlas pan-cancer dataset, we performed a comprehensive analysis on the altered 

expression across 9 cancer types, focusing on transcriptional and post-transcriptional 

regulators and cancer-related genes. As we expected, the transcription of cancer-related 

genes was significantly deregulated in tumor vs. normal across all cancer types. 

Surprisingly, the expression of RNA-binding proteins (RBPs), master regulators of post-

transcriptional gene expression, was also significantly changed across most studied cancer 

types. Although the expression of RBPs was not as strongly deregulated as cancer-related 

genes, their direct interaction partners are enriched by cancer-related genes, suggesting the 

cascade regulation effect of RBPs. Integrating genetic and epigenetic profiles found that 

deregulated RBPs were frequently caused by genetic rather than epigenetic alterations. 

Furthermore, tissue-specific genes were under-expressed in tumor vs. normal across all 

cancer types except prostate cancer.  

Conclusions  

Dysregulated transcription across cancer types reveals the importance of RBPs in 

carcinogenesis. The aberrant expression of RBPs was caused by genetic alterations and 

spreads their effect to cancer-related genes. In addition, disruption of tissue-specific genes 

contributes to the corresponding cancer pathology.  

 

Predicting and exploring network components involved in pathogenesis in the malaria 

parasite via novel subnetwork alignments 

Hong Cai, Timothy Lilburn, Changjin Hong, Jianying Gu, Rui Kuang and Yufeng Wang. 

University of Texas at San Antonio 

 

Abstract: Background: Malaria is a major health threat, impacting over 40% of the 

world’s population. The latest report released by the World Health Organization 
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estimated about 207 million cases of malaria infection, and about 627,000 deaths in 2012 

alone. During the past decade, new therapeutic targets have been identified and are at 

various stages of characterization, thanks to the emerging omics-based technologies. 

However, the mechanism of malaria pathogenesis remains largely unknown. In this paper, 

we employ a novel neighborhood subnetwork alignment approach to identify network 

components that are potentially involved in pathogenesis.  

 

Results: Our module-based subnetwork alignment approach identified 24 functional 

homologs of pathogenesis-related proteins in the malaria parasite P. falciparum, using the 

protein-protein interaction networks in Escherichia coli as references. Eighteen out of these 

24 proteins are associated with 418 other proteins that are related to DNA replication, 

transcriptional regulation, translation, signaling, metabolism, cell cycle regulation, as well 

as cytoadherence and entry to the host.  

 

Conclusions: The subnetwork alignments and subsequent protein-protein association 

network mining predicted a group of malarial proteins that may be involved in parasite 

development and parasite-host interaction, opening a new systems-level view of parasite 

pathogenesis and virulence.  

 

Comprehensive genome-wide transcription factor analysis reveals that a combination of 

high affinity and low affinity DNA binding is needed for human gene regulation 

Junbai Wang, Agnieszka Malecka, Gunhild Trøen and Jan Delabie. 

Oslo University Hospital - Norwegian Radium Hospital 

 

Abstract: Background 

High-throughput in vivo protein-DNA interaction experiments are currently widely used in 

gene regulation studies. Hitherto, comprehensive data analysis remains a challenge and for 

that reason most computational methods only consider the top few hundreds or thousands 

strongest protein binding sites whereas weak protein binding sites are completely ignored. 

Results 

A new biophysical model of protein-DNA interactions, BayesPI2+, was developed to 

address the above-mentioned challenges. BayesPI2+ can be run in either a serial 

computation model or a parallel ensemble learning framework. Using BayesPI2+ allowed 

to analyze all binding sites of the transcription factors ESR1 and SPIB in breast carcinoma 

and activated B cell-like diffuse large B- cell lymphoma cell lines, respectively. Both high 

and low affinity binding sites were identified. Conclusions 

Of interest, our analysis revealed that the combination of high and low affinity binding 

67



correlates best with gene expression, and genes are regulated by the combined binding to 

high and low affinity sites. 
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